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©  A  method  for  controlling  the  supply  of  fuel  to  an  internal  combustion  engine. 

A  method  for  improving  fuel  control  in  an  internal 
combustion  engine  employs  a  pressure  ratio  to  determine  the 
engine's  actual  volumetric  efficiency  continuously  as  the 
engine  is  operating.  The  air  fuel  ratio  of  the  engine's 
combustible  mixture  is  affected  by  the  volumetric  efficiency. 
The  volumetric  efficiency  varies  during  engine  operation. 
Determination  of  the  actual  volumetric  efficiency  on  a  real- 
time  basis  allows  greater  accuracy  in  fuel  metering.  The 
pressure  ratio  used  in  the  determination  of  the  volumetric 
efficiency  is  the  ratio  of  the  intake  and  exhaust  pressures  or 
the  inverse  of  this  ratio.  The  ratio  of  pressures  is  combined 
with  a  second  factor  representative  of  the  forces  acting  upon 
the  air  or  air fuel  mixture  inducted  into  the  engine.  The 
pressure  ratio  may  be  obtained  without  actual  measurement 
of the  pressure  in the engine's  exhaustconduit. 



This  i n v e n t i o n   r e l a t e s   to  methods  for  c o n t r o l l i n g   the  s u p p l y  

of  fuel   to  an  i n t e r n a l   combustion  e n g i n e .  

There  are  two  types  of  systems  for  c o n t r o l l i n g   e l e c t r i c a l l y  

the  amount  of  fuel  metered  to  an  i n t e r n a l   combustion  engine.   One 

of  these   is  the  mass  a i r   flow  system,  in  which  the  volume  or  mass  

of  air   f lowing  into  an  engine  is  a c t u a l l y   measured  and  the  f u e l  

is  metered  a c c o r d i n g l y .   The  o ther   system,  s p e e d - d e n s i t y ,   uses  e n g i n e  

speed  and  the  engine  in take   manifo ld   abso lu t e   p r e s s u r e   to  d e t e r m i n e  

i n d i r e c t l y   the  amount  of  a i r   e n t e r i n g   an  engine.   In  both  t y p e s  

of  e l e c t r o n i c   fuel  con t ro l   systems,  the  a p p r o p r i a t e   q u a n t i t y   o f  

fuel  is  metered  with  a  s u i t a b l e   fuel   con t ro l   a p p a r a t u s .   T h i s  

appa ra tu s   t y p i c a l l y   has  been  a  p l u r a l i t y   of  e l e c t r o m a g n e t i c   f u e l  

i n j e c t o r s   i n t e r m i t t e n t l y   ope ra t ed   to  d e l i v e r   fuel   into  the  i n t a k e  

mani fo ld   upstream  of  the  u s u a l l y   provided  i n t ake   v a l v e s .  

In  the  s p e e d - d e n s i t y   fuel  con t ro l   system  de sc r i bed   in  U . S .  

pa ten t   4 ,086 ,884 ,   the  fuel  con t ro l   system  employs  a  d i g i t a l   computer  

to  c a l c u l a t e   the  amount  of  fuel  r e q u i r e d   by  the  engine.   The  c a l c u l a t i o n  

is  done  r e s p e c t i v e l y   to  permit   the  fuel  supply  to  be  ad jus t ed   s u f f i c i e n t l y  

o f t en   so  that   adequa te ly   p r e c i s e   con t ro l   of  fuel   is  achieved  on  a  

r e a l - t i m e   b a s i s .   The  computer  p r e f e r a b l y   c o n t r o l s   fuel  in  a n  

i n t e r a c t i v e   manner,  tha t   is,   fuel   supply,  i g n i t i o n   t iming  and  e x h a u s t  

gas  r e c i r c u l a t i o n   al l   are  c o n t r o l l e d   s i m u l t a n e o u l s y   as  i n t e r d e p e n d e n t  

output   v a r i a b l e s .  

U.S.  pa tent   3 ,969 ,614   d e s c r i b e s   an  i n t e r a c t i v e   engine  c o n t r o l  

system.  In  such  a  d i g i t a l   computer  engine  con t ro l   system,  an  o u t p u t  

v a r i a b l e ,   such  as  i g n i t i o n   t iming,   is  taken  into  account  in  t h e  

d e t e r m i n a t i o n   of  another   output  v a r i a b l e ,   such  as  the  time  and  d u r a t i o n  

of  i n j e c t i o n   in  an  i n t e r m i t t e n t - t y p e   fuel  i n j e c t i o n   system.  ( I f   t h e  

i n j e c t i o n   is  cont inuous ,   of  course,   d e t e r m i n a t i o n   of  the  usual  p o i n t s  

in  the  engine  cycle  at  which  i n j e c t i o n   is  to  be  i n i t i a t e d   i s  

u n n e c e s s a r y . )  



The  s p e e d - d e n s i t y   fuel   i n j e c t i o n  s y s t e m   d e s c r i b e d   in  U . S .  p a t e n t  

4 ,086 ,884   r e q u i r e s   tha t   the  v o l u m e t r i c   e f f i c i e n c y   of  the  e n g i n e  

be  used,  d i r e c t l y   or  i n d i r e c t l y ,   in  the  c a l c u l a t i o n   of  the  q u a n t i t y  

of  fuel  to  be  supp l i ed   to  the  engine .   U n f o r t u n a t e l y ,   the  v o l u m e t r i c  

e f f i c i e n c y   is  a  f u n c t i o n   of  s eve ra l   p a r a m e t e r s  i n c l u d i n g   engine  s p e e d  

and  engine  load.   This  means  t ha t   these   changing  f a c t o r s   have  h a d  

to  be  taken  into  account  in  the  c a l c u l a t i o n   of  the  q u a n t i t y   of  f u e l  

to  be  metered  to  the  engine  to  s a t i s f y   the  oxygen  conten t   of  t h e  

in take   mixture   tha t   a c t u a l l y   e n t e r s   the  e n g i n e ' s   combust ion  c h a m b e r s .  

The  d e s i r e d   fuel   amount  at  any  given  t ime may,  of  course ,   be  s e l e c t e d  

to  provide  a  r i ch ,   a  s t o i c h i o m e t r i c   or  a  lean  a i r / f u e l   mixture   as  may 

be  r e q u i r e d   for  engine  o p e r a t i o n   in  an  open  or  c l o s e d - l o o p   mode  o f  

engine  o p e r a t i o n .  

According  to  the  p r e s e n t   i n v e n t i o n ,   t h e r e   is   p rov ided   a  

method  for  c o n t r o l l i n g   the  supply  of  fuel   to  an  i n t e r n a l   c o m b u s t i o n  

engine  having  an  i n t ake   condui t   and  an  exhaust   condui t ,   the  me thod  

compr is ing   the  s teps   o f :  

(a)  d e t e r m i n i n g   the  r a t i o   of  t h e  e n g i n e ' s   i n t ake   c o n d u i t  

p r e s s u r e   t o  i t s   exhaust   condui t   p r e s s u r e  o r   vice  v e r s a ;  

(b)  us ing   the  de t e rmined   r a t i o   to  determine  the  v o l u m e t r i c  

e f f i c i e n c y   of  the  engine,   t h e  v o l u m e t r i c  e f f i c i e n c y   being  d e t e r m i n e d  

with  r e spec t   to  the  flow  of  gases  into  at  l e a s t   one  combust ion  chamber 

of  the  engine;   and  

(c)  me te r ing   fuel   to  the  engine  in  a  q u a n t i t y   based  upon  such  

de te rmined   v o l u m e t r i c   e f f i c i e n c y .  

The  method  of  the  i n v e n t i o n   improves  fuel   c o n t r o l   in  a n  

i n t e r n a l   combust ion  engine  by  p r o v i d i n g   for   the  computer  c a l c u l a t i o n  

of  an  e n g i n e ' s   c u r r e n t   v o l u m e t r i c   e f f i c i e n c y .   The  v o l u m e t r i c   e f f i c i e n c y  

va r i e s   as  a  f u n c t i o n   of  engine  o p e r a t i n g  p a r a m e t e r s ,   such  as  e n g i n e  

load,  engine  speed  and  o the r   l e s s   s i g n i f i c a n t   v a r i a b l e s .  

P r e f e r a b l y ,   the  method  of  the  i n v e n t i o n   comprises   the  s t e p s  

of  de t e rmin ing   the  r a t i o   of  the  p r e s s u r e   in  a n  e n g i n e ' s   i n t ake   m a n i f o l d  

to  the  a b s o l u t e  p r e s s u r e   of  the  p roduc t s   of  combustion  in  a  p a s s a g e  
through  which  the  p r o d u c t s   of  combust ion  pass  a f t e r   l e a v i n g   t h e  

e n g i n e ' s   combust ion  chamber  or  c h a m b e r s .  



This  r a t i o   of  in take   mixture   and  exhaust  gas  abso lu te   p r e s s u r e s ,   or  t h e  

inve r se   r a t i o ,   is  combined  ma thema t i ca l l y   with  a  second  f a c t o r ,   which 

may  be  r e l a t e d   to  the  engine  s p e e d ,  r e p r e s m t a t i v e   of  fo rces   a c t i n g  

upon  the  in take   mixture   as  i t   flows  toward  the  combustion  chamber s .  

The  combined  r a t i o   and  second  f a c t o r   are  used  to  de termine   t h e  

vo lume t r i c   e f f i c i e n c y   of  the  engine  with  r e spec t   to  the  flow  of  g a s e s  
into  at  l e a s t   one  combust ion  chamber  t h e r e o f .   This  r e a l - t i m e  

vo lume t r i c   e f f i c i e n c y   then  may  be  used  to  determine  the  amount  of  f u e l  

metered  to  the  e n g i n e .  

The  method  of  the  i n v e n t i o n   is  of  value  as  compared  to  t h e  

p r i o r   art  because  of  the  s i m p l i c i t y   and  accuracy  with  which  an  e n g i n e ' s  

cu r ren t   vo lume t r i c   e f f i c i e n c y   can  be  de te rmined .   The  r a t i o   of  t h e  

in take   mixture   and  exhaust   gas  p r e s s u r e s   is  e a s i l y   de termined  w i t h  

the  use  of  sensors   t y p i c a l l y   found  on  engines  having  s p e e d - d e n s i t y  

fuel  con t ro l   systems.   Also,  the  engine  speed  is  a  v a r i a b l e   tha t   i s  

r e a d i l y   a v a i l a b l e   on  a  cont inuous   bas i s   in  e l e c t r o n i c   engine  c o n t r o l  

systems.   The  p r i o r   art   s p e e d - d e n s i t y   systems,  in  c o n t r a s t ,   have 

r e q u i r e d   the  use  of  many  t ime-consuming  c a l c u l a t i o n s ,   e i t h e r   d i g i t a l  

or  analog  or  both,  based  upon  approx imat ions   of  engine  c h a r a c t e r i s t i c s  

and  des ign  f e a t u r e s .   The  system  desc r ibed   in  Moon  et  al  p a t e n t  

4 ,086 ,884   mentioned  above  avoided  t h i s .   The  vo lumet r i c   e f f i c i e n c y  

was  t r e a t e d   as  a  f u n c t i o n   of  t empera tu re   and  p r e s s u r e   c o n d i t i o n s   i n  

the  in take   manifold   at  the  time  the  q u a n t i t y   of  fuel   to  be  d e l i v e r e d  

to  the  engine,   i . e . ,   the  i n j e c t o r   pulse  width,  was  being  c a l c u l a t e d .  

A  very  s i g n i f i c a n t   f e a t u r e   of  the  i n v e n t i o n   is  tha t   t h e  

r e a l - t i m e   d e t e r m i n a t i o n   of  vo lume t r i c   e f f i c i e n c y   takes   into  a c c o u n t  

the  e f f e c t s   of  changes  in  a l t i t u d e   on  the  c h a r a c t e r i s t i c s   of  an  

e n g i n e ' s   o p e r a t i o n .  

The  p r io r   art  c a l c u l a t i o n   of  the  q u a n t i t y   of  fuel  to  be  s u p p l i e d  

to  an  engine  employing  a  s p e e d - d e n s i t y   fuel  con t ro l   system,  whe the r  

accomplished  with  analog  e l e c t r o n i c   c i r c u i t r y   of  with  a  d i g i t a l  

computer  and  a s s o c i a t e d   sof tware   or  a  combinat ion  of  these ,   has  b e e n  

based  p r i m a r i l y   on  the  speed  of  the  engine  and  the  in take   m a n i f o l d  

p r e s s u r e   at  the  time  the  c a l c u l a t i o n   is  made.  In  these  p r io r   art  c o n t r o l  



systems  for  s p a r k - i g n i t i o n   i n t e r n a l   combustion  engines ,   the  o t h e r  

pa ramete r s   of  engine  o p e r a t i o n   have  been  r ega rdes   as  being  o f  

s u b s t a n t i a l l y   l e s s e r   s i g n i f i c a n c e .   T h e  o t h e r   pa rame te r s   are  l e s s  

v a r i a b l e ,   g e n e r a l l y   speaking,   and  c o n s e q u e n t l y   can  be  t r e a t e d   a s  

env i ronmenta l   c o n d i t i o n s  t h a t   should  b e  t a k e n   i n t o  a c c o u n t  f o r  

purposes   of  accuracy   a n d  c a l i b r a t i o n .   The  more  extreme  modes  o f  

engine  o p e r a t i o n ,   s u c h  a s  o c c u r   dur ing   engine  c rank ing   at  s t a r t ,  

co ld - eng ine   warm-up  and  wide-open  t h r o t t l e ,   u s u a l l y   have  b e e n  

t r e a t e d   as  s i t u a t i o n s   r e q u i r i n g   separate  c o n t r o l  p r o v i s i o n s .   B e c a u s e  

c a t a l y s t s   of  the  th ree-way   type  now  a r e  u s e d  e x t e n s i v e l y   in  a u t o m o t i v e  

engines  and  because   exhaust   gas  r e c i r c u l a t i o n   makes  the  oxygen  c o n t e n t  

of  the  in take   mix ture   l e s s  p r e d i c t a b l e   u n d e r  a l l   c o n d i t i o n s   o f  

engine  o p e r a t i o n ,   the  u s e  o f   engine  speed  and   i n t a k e  m a n i f o l d   p r e s s u r e  

alone  to  de te rmine   the  q u a n t i t y   of  fuel   to  be  s u p p l i e d  t o   a n  e n g i n e  

no  longer   is  s a t i s f a c t o r y ,   whe the r  o r   not  t h e  d e n s i t y   of  the  i n t a k e  

mixture  is  taken  in to   a c c o u n t .  

The  system  d i s c l o s e d   in  US  pa ten t   4 t086 ,884   was  i n t ended   t o  

improve  the  s p e e d - d e n s i t y   fuel   con t ro l   s y s t e m  b y  t a k i n g   in to   a c c o u n t  

the  e f f e c t   of  exhaust   gas  r e c i r c u l a t i o n  o n   the  amount  of  fuel   r e q u i r e d  

by  an  engine .   This much  improved  sys tem  also  was  des igned  t o  a l l o w  

the  slowly  va ry ing   pa r ame te r s   o f  e n g i n e   o p e r a t i o n ,   such  as  v o l u m e t r i c  

e f f i c i e n c y ,   to  be  updated   l ess   f r e q u e n t l y  t h a n   the  more  r a p i d l y  

vary ing   pa r ame te r s ,   such  as  i n t a k e  m a n i f o l d   p r e s s u r e   and  the  q u a n t i t y  

of  r e c i r c u l a t e d   exhaust   gas.  The  method  of  the  p r e s e n t   i n v e n t i o n  

c a r r i e s   t h e  d e v e l o p m e n t   of  e l e c t r o n i c   fue l   me te r ing   an  a d d i t i o n a l  

step  by  p r o v i d i n g   an  e f f e c t i v e   way  to  al low  an  e n g i n e ' s   v o l u m e t r i c  

e f f i c i e n c y   to  be  m o n i t o r e d  o n   a  r e a l - t i m e   b a s i s .  

The  v o l u m e t r i c   e f f i c i e n c y  o f   the  engine  c a n  b e  o f  g r e a t  

s i g n i f i c a n c e   where  p r e c i s e   c o n t r o l  o f   the  a i r / f u e l   r a t i o   of  t h e  

mixture  supp l i ed   to  an  engine  is  r e q u i r e d .  I f   fuel   economy,  e n g i n e  

performance  and  exhaust   e m i s s i o n s  a r e   o f  c o n c e r n ,  a i r / f u e l  m i x t u r e s  

must  be  p r e c i s e l y   c o n t r o l l e d   over  a  range  of  r i ch ,   s t o i c h i o m e t r i c   and 

lean  a i r / f u e l   r a t i o s .   The  v o l u m e t r i c  e f f i c i e n c y   of  an  engine  i s   t h e  

volume  of  such  combust ion  chamber  o r  c h a m b e r s  o f   t h e  e n g i n e ;  



the  volume  of  gaseous  m a t e r i a l   e n t e r i n g   the  engine  is  r e f e r e n c e d   t o  

a  s e l e c t e d   t empera tu re   and  p r e s s u r e   and  in  e f f e c t   is  a  mass  f l o w .  

This  d e f i n i t i o n   is  u se fu l   here  in  that   it  i n d i c a t e s   that   v o l u m e t r i c  

e f f i c i e n c y ,   for  an  engine  of  f ixed  d i sp lacement ,   is  d ependen t  

only  upon  the  volume  of  gaseous  ma te r i a l   that   en t e r s   the  c o m b u s t i o n  

chamber  or  chambers  of  the  engine .   N e c e s s a r i l y ,   t h i s   volume  i s  

not  the  same  as  the  volume  exhaus ted   because  a d d i t i o n a l   gases  a r e  

formed  during  c o m b u s t i o n .  

Volumetr ic   e f f i c i e n c y   of  an  engine  in  the  past  has  b e e n  

determined  p r i m a r i l y   from  the  in take   manifold  abso lu te   p r e s su re   and 

the  engine  speed  based  upon  accumulated  engine  dynamometer  data  for  a  

given  engine  and  exhaust   system  des ign .   Every  v a r i a t i o n   in  i n t a k e  

manifold  p r e s su re   changes  the  vo lumet r i c   e f f i c i e n c y ;   in take   m a n i f o l d  

p r e s su re   is  a  f u n c t i o n   of  both  engine  speed  and  engine  load,  a s  

well  as  the  d e n s i t y   of  the  gaseous  mixture  in  the  m a n i f o l d .  

The  p re sen t   i n v e n t i o n   is  based  on  the  a p p r e c i a t i o n   tha t   t h e  

vo lumet r i c   e f f i c i e n c y ,   r e g a r d l e s s   of  engine  o p e r a t i o n   in  g e o g r a p h i c a l  

l o c a t i o n s   of  widely  va ry ing   a l t i t u d e s ,   is  r e l a t e d   to  the  r a t i o   of  t h e  

in take   manifold   ab so lu t e   p r e s s u r e   and  the  engine  exhaust   sys tem 

abso lu te   p r e s su re   immedia te ly   downstream  of  the  combustion  chamber .  

The  r e l a t i o n s h i p   is  almost  h y p e r b o l i c .   If  the  r a t i o   is  i n v e r t e d ,   i t  

is  almost  l i n e a r .   Otherwise   s t a t e d ,   the  r a t i o   of  in take   m a n i f o l d  

abso lu te   p r e s su re   to  the  ab so lu t e   p r e s su re   in  the  e n g i n e ' s   e x h a u s t  

condui t ,   when  combined  with  a  second  f a c t o r ,   can  be  used  to  d e t e r m i n e  

vo lumet r i c   e f f i c i e n c y .   The  second  f a c t o r   r e p r e s e n t s   the  f r i c t i o n a l  

and  i n e r t i a l   forces   t h a t   are  r e s i s t i n g   the  flow  of  the  g a s e o u s  
in take   mixture  e n t e r i n g   the  combustion  chamber  or  chambers  of  t h e  

e n g i n e .  

All  of  the  gaseous  mixture   e n t e r i n g   the  e n g i n e ' s   i n t a k e  

system  and  f lowing  toward  the  e n g i n e ' s   combustion  chamber  or  chambers  

t r a v e l s   through  the  e n g i n e ' s   in take   conduit   or  manifold  before   p a s s i n g  

through  the  r e s p e c t i v e   i n t ake   valves   and  into  the  c o r r e s p o n d i n g  

combustion  chambers.  There  is  r e s i s t a n c e   to  th i s   flow  in  the  form 

of  f r i c t i o n a l   and  i n e r t i a l   f o r c e s .   The  f r i c t i o n a l   forces   are  t h e  



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

chambers  with  the  in take   conduit   and  the  i n t ake   v a l v e s .  

Volumetric   e f f i c i e n c y   of  an  engine  is  a  measure  of  t h e  

q u a n t i t y   of  gaseous  m a t e r i a l   induc ted   in to   a  combustion  chamber 

or  chambers.  Accurate   d e t e r m i n a t i o n   of  the  v o l u m e t r i c   e f f i c i e n c y  

makes  p o s s i b l e   d e l i v e r y   of  exac t ly   the  r i g h t   amount  of  fuel   t o  

the  combustion  chambers  to  s a t i s f y   the  r e q u i r e m e n t s  o f   the  a i r   o r  

oxygen  in  the  combustion  chambers.  In  oh te r   words,  exact  knowledge  

of  an  e n g i n e ' s   vo lume t r i c   e f f i c i e n c y   t h r o u g h o u t  t h e   o p e r a t i o n   o f  

the  engine  allows  the  proper   amount  of  fuel   for  the  oxygen  e n t e r i n g  

the  combust ion  chamber  or  chambers  dur ing  each  cycle  of  the  e n g i n e  

to  be  c a l c u l a t e d   and  d e l i v e r e d .  

The  p r e s s u r e   r a t i o   of  the  engine  can  b e  e x p r e s s e d   by  a  

pneumonic  s u i t a b l e   for  use  in  computer  programming.  T h u s ,  i t  

may  be  r e p r e s e n t e d   as  PIOPE,  which  means  i n t a k e   conduit   a b s o l u t e  

p r e s s u r e ,   over  o r  d i v i d e d   by  exhaust   condui t   a b s o l u t e   p r e s s u r e .  
The  p r e s s u r e   r a t i o   also  can  be  r e p r e s e n t e d   p n e m o n i c a l l y  

in  o ther   ways.  For  example,  the  p r e s s u r e   r a t i o   may  be  w r i t t e n   a s  

PEOPI,  meaning  exhaust   p r e s s u r e   over  or  d iv ided   by  in take   p r e s s u r e ;  

the  PEOPI  is  a  p r e s s u r e   r a t i o ,   as  is  PIOPE.  Volumetr ic   e f f i c i e n c y  

VEFF  p r e f e r a b l y   is  r e l a t e d   to  PEOPI  as  f o l l o w s :  

VEFF  =  (  (  PEOPI )   (K1)  + K2)  ( second  f a c t o r ) .  

In  t h i s   equa t ion ,   K1  and  K2  are  c o n s t a n t s .   The  s econd  

f a c t o r   r e p r e s e n t s   the  f r i c t i o n a l   and  i n e r t i a l   fo rces   ac t ing   on  t h e  

a i r ,   or  a i r   and  exhaust   gas,  or  a i r ,   exhaust   gas  and  fue l   m i x t u r e  

moving  wi th in   the  i n t ake   conduit   toward  the  i n t ake   valves   and 

combust ion  c h a m b e r s .  

Whatever  the  pnenon ic   r e p r e s e n t a t i o n   in  the  d i g i t a l  

computer  computa t ion   of  vo lume t r i c   e f f i c i e n c y   or  i t s   e q u i v a l e n t s ,  

the  s i g n i f i c a n t   f a c t o r   is  the  use  of  the  PIOPE  or  PEOPI  r a t i o   o f  

a b s o l u t e   p r e s s u r e s .   These  p r e s s u r e s   in  r a t i o   and  when  combined 

with  a  second  f a c t o r   provide  d i r e c t   and  a c c u r a t e   i n d i c a t i o n s   o f  

c u r r e n t   or  r e a l - t i m e   engine  vo lume t r i c   e f f i c i e n c y ,   i . e . ,   v o l u m e t r i c  

e f f i c i e n c y   as  of  the  time  the  abso lu te   p r e s s u r e s   are  d e t e r m i n e d .  



(This,   of  course,   assumes  the  i n t ake   and  exhaust  conduit   p r e s s u r e s  

are  measured  or  de termined  at  the  same  or  i n s i g n i f i c a n t l y   d i f f e r e n t  

t imes ) .   The  second  f a c t o r   mentioned  above  is  r e p r e s e n t a t i v e  

of  the  dyanamic  forces   of  f r i c t i o n   and  i n e r t i a   that   act  upon,  and 

tend  to  r e t a r d   the  flow  of,  the  gaseous  mixture  in  the  e n g i n e ' s  

in take   condui t ;   these  f o r ce s   are  p r o p o r t i o n a l   to  engine  speed  and 

other   engine  o p e r a t i n g   p a r a m e t e r s   of  l e s s e r   s i g n i f i c a n c e .   The 

second  f a c t o r ,   and  also  the  c o n s t a n t s   K  and  K2  above,  can  be  

de termined  by  m u l t i p l e   r e g r e s s i o n   a n a l y s i s   of  data  ob ta ined   by  

t e s t i n g   a  p a r t i c u l a r   engine  des ign   on  an  engine  dynamometer.  T h i s  

method  for  de t e rmin ing   the  second  f a c t o r   t y p i c a l l y   r e s u l t s   in  t h e  

second  f a c to r   being  def ined   by  a  q u a d r a t i c   equa t ion ,   having  known 

c o n s t a n t s   K39  K4  and  K5,  as  f o l l o w s : -  

second  f a c to r   =  K3  +  (K4)  (engine   RFM)  +  (K5)(engine   RPM2). 

A  p a r t i c u l a r l y   s u i t a b l e   method  for  de t e rmin ing   v o l u m e t r i c  

e f f i c i e n c y   on  a  r e a l - t i m e   b a s i s   is  with  the  aid  of  values   placed  i n  

computer  memory  in  t a b u l a r   form  as  a  f unc t ion   of  PIOPE  and  e n g i n e  

speed.  The  PIOPE  and  engine  speed  may  be  r e p r e s e n t e d   as  b inary   numbers 

used  to  ob ta in   access  to  a  value  or  va lues   of  vo lumet r i c   e f f i c i e n c y  

r e t a i n e d   in  computer  memory.  Well  known  t e chn iques   p r e f e r a b l y   a r e  

employed  to  i n t e r p o l a t e   between  vo lumet r i c   e f f i c i e n c y   values  s to red   i n  

the  memory;  f o u r - p o i n t   i n t e r p o l a t i o n   is  most  a c c u r a t e .   The  a c c e s s e d  

vo lumet r i c   e f f i c i e n c y   value  then  can  be  used  in  a  computer  p rogram 

for  de t e rmin ing   r e q u i r e d   fuel   d e l i v e r y .  A n   example  of  a  s u i t a b l e  

equa t ion   for  use  in  c a l c u l a t i n g   fuel   i n j e c t i o n   pulse  width  us ing  t h e  

e n g i n e ' s   vo lumet r i c   e f f i c i e n c y ,   in  a  s p e e d - d e n s i t y   system,  is  given  i n  

Moon  et  al  pa ten t   4 ,086 ,884 .   Engine  per iod   and  PEOPI,  or  some  o t h e r  

s u i t a b l e   combinat ion   of  p r e s s u r e   r a t i o   with  a  second  f a c to r   t h a t  

t o g e t h e r   r e f l e c t   the  e n g i n e ' s   cu r r en t   o p e r a t i o n a l   vo lumet r i c   e f f i c i e n c y ,  

can  be  used  to  ob ta in   the  fuel  d e l i v e r y   r equ i r ed   for  such  c u r r e n t  

vo lumet r i c   e f f i c i e n c y .  



In  the  d e t e r m i n a t i o n   of  the  a b s o l u t e   p r e s s u r e   r a t i o ,   i t   i s  

not  n e c e s s a r y   to  a c t u a l l y   measure  the  a b s o l u t e   p r e s su re   in  t h e  

exhaust   conduit   o f  t h e   engine.   The  i n t a k e   m a n i f o l d  a b s o l u t e   p r e s s u r e  

is  a  q u a n t i t y   tha t   is  r o u t i n e l y   used  and  a v a i l a b l e   in known  s p e e d -  

d e n s i t y   fuel  i n j e c t i o n   systems  for  s p a r k - i g n i t i o n   i n t e r n a l   c o m b u s t i o n  

eng ines .   The  ambient  or  b a r o m e t r i c   p r e s s u r e   also  is   a v a i l a b l e   i n  

such  systems.   The  e n g i n e ' s   combust ion  chamber  d i s p l a c e m e n t  i s   a  

cons t an t   equal  to  t h e  c u r r e n t   mass  flow  of  gases  into  t h e  e n g i n e  

d i v i d e d   by  the  v o l u m e t r i c   e f f i c i e n c y   of  the  engine  as  c a l c u l a t e d   on  

the  l a s t   cycle  of  the  engine.   ( I t   should  be  noted   that   the  e x h a u s t  

c o n d u i t  b a c k   p r e s s u r e   also  is  very  much  r e l a t e d   to  the  mass  f l o w  

of  g a s e s  i n t o   the  e n g i n e ' s   combustion  chamber  o r   chambers  i m m e d i a t e l y  

be fo re   i t   is  e x h a u s t e d  t o   produce  the  exhaust   p r e s s u r e .   This  i s  

a  f a c t o r   in  d e t e r m i n i n g   the  vo lume t r i c   e f f i c i e n c y   for  the  n e x t  

succeed ing   engine  c y c l e . )   The  mass  gas  flow  in to   the  engine  o r  

v o l u m e t r i c   e f f i c i e n c y   for  a  p reced ing   cycle   may,  t h e r e f o r e ,   be  u s e d  

to  de te rmine   the  vo lume t r i c   e f f i c i e n c y   for  succeeding   cyc le .   To  do 

t h i s ,   the  d i sp lacemen t   of  the  e n g i n e ' s   combust ion  chambers  may  b e  

d i v i d e d   by  the  v o l u m e t r i c   e f f i c i e n c y  l a s t   de te rmined   to  y i e l d  

a  number  approx imate ly   equal  to  the  a c t u a l   gas  flow  t h r o u g h  

the  engine  per  complete  engine  c y c l e .   I f   then  t h i s   number  i s  

m u l t i p l i e d   by  the  number  of  engine  cyc l e s   p e r  u n i t  t i m e  

( u s u a l l y   RPM/2),  the  g a s  f l o w   r a t e   th rough   the  engine  is  f o u n d .  

This  flow  r a t e   may  i nc lude   r e c i r c u l a t e d   exhaus t   gas  and 

the  amount  of  i t s   c o n t r i b u t i o n   to  the  g a s  f l o w   r a t e  may   be  s u b s t r a c t e d  

as  t augh t   in  the  Moon  et  al  pa t en t   4 , 0 8 6 , 8 8 4 -   The  e x h a u s t  

condui t   gage  p r e s s u r e   is   a  simple  q u a d r a t i c   f u n c t i o n   of  engine  a i r  

mass  flow  r a t e ,   tha t   is ,   exhaust  condui t   gage  p r e s s u r e   i s  e q u a l   t o  

a  cons t an t   t imes  the  square  of  the  a i r   mass  flow  r a t e .   The 

a b s o l u t e   value  of  the achaust   p r e s s u r e   i s   t he  gage   p r e s su re   plus  t h e  

known  or  sensed  b a r o m e t r i c   p r e s s u r e .   Fo l lowing   t h i s ,  t h e   r a t i o  



PIOPE  or  PEOPI  can  be  ob ta ined   with  the  use  of  the  most  r e c e n t l y  

a v a i l a b l e   in take   manifold   abso lu t e   p r e s su re   and  the  c a l c u l a t e d  

exhaust   conduit   abso lu t e   p r e s s u r e .   The  r a t i o   then  is  used,  i n  

combinat ion   with  the  a fo rement ioned   second  f a c t o r   r e p r e s e n t i n g  

f r i c t i o n a l   and  i n e r t i a l   fo rces ,   to  produce  a  new  engine  v o l u m e t r i c  

e f f i c i e n c y   value.   The  c a l a c u l a t i o n   is  r epea t ed   c o n t i n u a l l y   d u r i n g  

engine  o p e r a t i o n .  

If  it  is  d e s i r e d   to  use  the  d i g i t a l   computer  program  and 

memory  for  more  than  one  engine  or  veh ic le   system  without  c h a n g i n g  

the  vo lumet r i c   e f f i c i e n c y   t ab l e   tha t   is  s e l e c t e d ,   t h i s   can  be  

accomplished  by  the  use  of  s c a l i n g   f a c t o r s   and  terms  in  the  b a s i c  

equa t ion   that   r e l a t e s   mass  a i r   flow  into  the  e n g i n e ' s   combus t i on  

chambers  to  the  exhaust   system  gage  p r e s s u r e .   For  t h i s   p u r p o s e ,  

the  exhaust  system  gage  p r e s s u r e   may  be  r egarded   as  a  term  t h a t  

is  equal  to  the  sum  of  a  cons tan t   and  two  or  more  o ther   t e r m s  

each  having  a i r   mass  flow  as  a  f a c t o r   with  a  c o e f f i c i e n t   that   i s  

s e l e c t e d   for  the  p a r t i c u l a r   engine  or  veh ic l e   system  in  q u e s t i o n .  



1.  A  method  for  c o n t r o l l i n g  t h e   supply  of  fuel   to  an  

i n t e r n a l   combustion  engine  having  an  i n t ake   condui t   and  an  e x h a u s t  

condui t ,   the  method  compr i s ing   the  s teps   o f :  

(a)  d e t e r m i n i n g   the  r a t i o   of  the  e n g i n e ' s   in take   c o n d u i t  

p r e s s u r e   to  i t s   exhaust   condui t   p r e s s u r e   or  vice  v e r s a ;  

(b)  us ing  the  de te rmined   r a t i o   to  de termine   t h e  

v o l u m e t r i c   e f f i c i e n c y   of  the  e n g i n e ,  t h e   vo lumet r i c   e f f i c i e n c y  

being  de termined   with  r e s p e c t   to  the  flow  of  gases  in to   at  l e a s t  

one  combust ion  chamber  of  the  engine;   and  

(c)  me te r ing   fuel   to  the  engine  in  a  q u a n t i t y   b a s e d  

upon  such  de termined   v o l u m e t r i c   e f f i c i e n c y .  

2.  A  method  accord ing   to  Claim  1  wherein  the  exhaust   c o n d u i t  

p r e s s u r e   is  m e a s u r e d .  

3.  A  method  acco rd ing   to  Claim  1  wherein  the  i n t ake   c o n d u i t  

p r e s s u r e   is  m e a s u r e d .  

4.  A  method  accord ing   to  Claims  1  or  3  wherein  the  e x h a u s t  

condui t   p r e s s u r e   is  c a l c u l a t e d .  

5.  A  method  accord ing   to  Claims  1,  3  or  4  wherein  the  e x h a u s t  

condui t   p r e s s u r e   is  c a l c u l a t e d   with  the  use  of  the  i n t ake   c o n d u i t  

p r e s s u r e .  
6.  A  method  acco rd ing   to  Claims  1,  3  or  4  wherein  the  e x h a u s t  

condui t   p r e s s u r e   is   c a l c u l a t e d   us ing  both  the  i n t a k e   conduit   p r e s s u r e  
and  a  vo lume t r i c   e f f i c i e n c y   v a l v e .  

7.  A  method  a cco rd ing   to  Claim  6  wherein  the  value  of  t h e  

e n g i n e ' s   v o l u m e t r i c   e f f i c i e n c y   used  to  c a l c u l a t e   the  exhaust   c o n d u i t  

p r e s s u r e   is  a  value  p r e v i o u s l y   c a l c u l a t e d   in  accordance   with  step  ( b )  

in  Claim  1 .  



8.  A  method  accord ing   to  any  one  of  Claims  1  to  7  wherein  t h e  

sequence  of  s teps   r e c i t e d   t h e r e i n   is  r epea t ed ,   the  v o l u m e t r i c  

e f f i c i e n c y   de te rmined   in  step  (b)  of  the  r e c i t e d   sequence  b e i n g  

employed  in  a  succeed ing   d e t e r m i n a t i o n   of  the  r a t i o   of  i n t a k e  

condui t   p r e s s u r e   to  exhaust   conduit   p r e s s u r e   or  vice  v e r s a .  

9.  A  method  accord ing   to  any  one  of  Claims  1  to  8  wherein  t h e  

vo lume t r i c   e f f i c i e n c y   is  con ta ined   in  a  t ab l e   s to red   in  t h e  

memory  of  a  d i g i t a l   c o m p u t e r .  

10.  A  method  accord ing   to  any  one  of  Claims  1  to  9  wherein  t h e  

p r e s s u r e   r a t i o   and  a  second  f ac to r   are  combined  to  ob t a in   t h e  

vo lume t r i c   e f f i c i e n c y   determined  in  accordance  with  step  ( b )  

in  Claim  1. 

11.  A  method  accord ing   to  any  one  of  Claims  1  to  10  w h e r e i n  

the  p r e s s u r e   r a t i o   with  a  second  f ac to r   r e p r e s e n t i n g   t h e  

f r i c t i o n a l   and  i n e r t i a l   forces   ac t ing   upon  the  mixture   of  g a s e s  
f lowing through  the  e n g i n e ' s   in take   conduit   are  used  to  o b t a i n  

the  vo lume t r i c   e f f i c i e n c y   determined  in  accordance  with  step  ( b )  

in  Claim  1. 
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