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5j)  Electronic  fuel  injection  system  for  internal  combustion  engines. 

(57)  An  electronic  fuel  injection  system  for  internal  combus- 
tion  engines  (1)  is  described. 

The  main  characteristic  of  this  sytem  lies  in  the  fact  that 
it  comprises  first  means  (7)  for  supplying  the  said  fuel  to  at 
least  one  injector  (5)  with  a  supply  pressure  which  is  variable 
with  respect  to  the  pressure  in  an  injection  manifold  (2)  in 
dependence  on  a  predetermined  law,  and  second  means  (60) 
for  determining  variable  delivery  times  of  the  said  injector 
(5). 
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  An  electronic  fuel  injection  system  for  internal  combus- 
tion  engines  (1)  is  described. 

The  main  characteristic  of  this  sytem  lies  in  the  fact  that 
it  comprises  first  means  (7)  for  supplying  the  said  fuel  to  at 
least  one  injector  (5)  with  a  supply  pressure  which  is  variable 
with  respect  to  the  pressure  in  an  injection  manifold  (2)  in 
dependence  on  a  predetermined  law,  and  second  means  (60) 
for  determining  variable  delivery  times  of  the  said  injector 
(5). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   an  e l e c t r o n i c   f u e l  

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

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

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

e n g i n e .   As  i s   k n o w n ,   v a r i o u s   s y n c h r o n i s e d   e l e c t r o n i c  

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

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

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

p r o b l e m s   h a v e   b e e n   met  and  o v e r c o m e ,   b o t h   in  s y s t e m s   h a v i n g  

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

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

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

a l l   w i t h   t h e s e  l a t t e r   s y s t e m s   i s  t h a t   r e l a t i n g   to   t h e  

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

m a g n e t i c   t y p e ,   w h i c h   h a s   to   be  a b l e   to   s a t i s f y  

d e l i v e r y   r e q u i r e m e n t s   o v e r   t h e   w h o l e   of   t h e   e n g i n e ' s  

r a n g e ,   c o n v e n i e n t l y   up  to   6000  r e v o l u t i o n s   pe r   m i n u t e .  

An  i n j e c t o r   of  t h i s   t y p e   in  f a c t   h a s   a  d e l i v e r y   c a p a c i t y  

w h i c h   i n c r e a s e s   in  a  s u b s t a n t i a l l y   l i n e a r   m a n n e r   as  a  

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

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

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

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

to   o p e n ,   in   t h a t   an  i n t e r r u p t i o n   o f   t h e   o p e n i n g   t r a n s i e n t  

t a k e s   p l a c e ,   or  e l s e   i f   t h e y   a r e   c l o s e   to   t h e   r e p e t i t i o n  

p e r i o d   (Tp)  of  o p e r a t i o n   of  t h e   i n j e c t o r ,   in  t h i s   c a s e  

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



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

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

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

u s a b l e   a t   a  g i v e n   o p e r a t i n g   f r e q u e n c y   (F=1 Tp)  i s  

l i m i t e d   b e t w e e n   v a l u e s   t 1   and  t2   t o   w h i c h   t h e   d e l i v e r y  

r a t e s   Qmin  and  Qmax  c o r r e s p o n d .  

I t   i s   t o   be  n o t e d   t h a t   w h i l s t   t1   i s   i n d e p e n d e n t ,   i n  

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

o n l y   by  t h e   t r a n s i e n t   o p e n i n g   c h a r a c t e r i s t i c s   of  t h e  

i n j e c t o r ,   t h e   v a l u e   t 2   i s   d e t e r m i n e d   by  t h e   v a l u e   T p  

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

i n j e c t o r .  

By  d i m e n s i o n i n g   t h e   i n j e c t o r   in   s u c h   a  way  as  t o   h a v e  

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

of  t h e   e n g i n e   f o r   Tp  =  5  ms  ( p h a s e   t i m e   of  an  e n g i n e  

r o t a t i n g   a t   6000   r e v o l u t i o n s   p e r   m i n u t e )   t h e   a s s o c i a t e d  

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

t i m e   t1   r e m a i n s   in   g e n e r a l   t o o   h i g h   f o r   s t r o n g l y  

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

The  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t h e r e f o r e   t o  

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

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

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

a d v a n t a g e   of   b e i n g   a b l e   to   u t i l i s e   a  s i n g l e   i n j e c t o r  

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

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

m a i n t e n a n c e .  



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

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

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

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

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

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

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

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

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

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

one  e m b o d i m e n t   t h e r e o f   w i l l   now  be  d e s c r i b e d ,   by  w a y  
of  n o n - l i m i t a t i v e   e x a m p l e ,   w i t h   r e f e r e n c e   t o   t h e  

a t t a c h e d   d r a w i n g s   in   w h i c h :  

F i g u r e   1  i s   a  b l o c k   s c h e m a t i c   d i a g r a m   of   t h e   e l e c t r o n i c  

i n j e c t i o n   s y s t e m   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e s   2  and  3  a r e   s i d e   v i e w s ,   p a r t i a l l y   in   s e c t i o n ,  

of  two  d i f f e r e n t  e m b o d i m e n t s   of  an  e l e m e n t   f o r m i n g   a  

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

F i g u r e s   4  and  5  a r e   e x p l a n a t o r y   d i a g r a m s   r e l a t i n g   t o  

t h e   s y s t e m   of  t h e   p r e s e n t   i n v e n t i o n .  

W i t h   r e f e r e n c e   to   F i g u r e   1,  s e v e r a l   c o m p o n e n t   e l e m e n t s  

w i l l   n o t   be  d e s c r i b e d   in  d e t a i l   s i n c e   t h e s e   a r e   a l r e a d y  

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

i n j e c t o r s   and  m u l t i p l e   i n j e c t o r s .  

The  r e f e r e n c e   n u m e r a l   1  i n d i c a t e s   an  i n t e r n a l   c o m b u s t i o n  

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

m a n i f o l d   2  f o r   t h e s e   f o u r   c y l i n d e r s .   In  t h e   m a n i f o l d  

2  t h e r e   i s   d i s p o s e d   a  known  b u t t e r f l y   v a l v e   3  o p e r a t e d  



by  t h e   d r i v e r   by  means   of  t h e   a c c e l e r a t o r   p e d a l .   U p -  

s t r e a m   of   t h e   b u t t e r f l y   v a l v e   3  t h e r e   i s   d i s p o s e d   a  

known  i n j e c t o r   5  of  t h e   e l e c t r o - m a g n e t i c   t y p e   w h i c h   i s  

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

e n g i n e   1 .  

T h i s   i n j e c t o r   5  i s   s u p p l i e d   w i t h   f u e l   v i a   a  d u c t   6  

w h i c h   i s   c o n n e c t e d   to   a  p r e s s u r e   r e g u l a t o r   d e v i c e   7  

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

and  w h i c h   r e c e i v e s   f u e l   v i a   a  d u c t   8  f rom  a  s u p p l y  

pump  ( n o t   i l l u s t r a t e d ) .   The  f u e l   u n d e r   p r e s s u r e   i n  

e x c e s s   of   t h a t   s e n t   t o   t h e   d u c t   6  r e t u r n s   to   t h e  

r e s e r v o i r   ( n o t   i l l u s t r a t e d )   by  m e a n s   of   a  d u c t   1 0 .  

D o w n s t r e a m   of  t h e   b u t t e r f l y   v a l v e   3,  v i a   a  d u c t   1 1 , t h e  

p r e s s u r e   in   t h e   i n j e c t i o n   m a n i f o l d   2  i s   d e t e c t e d   a n d  

s e n t   t o   t h e   d e v i c e   7  and  to   a  p r e s s u r e   s e n s o r   12  w h i c h  

p r o v i d e s   a  c o r r e s p o n d i n g   e l e c t r i c   o u t p u t   s i g n a l   1 3 .  

The  d e v i c e   7  t h e r e f o r e   r e g u l a t e s   t h e   p r e s s u r e   a t   w h i c h  

f u e l   i s   s u p p l i e d   to   t h e   d u c t s   6  in   a  m a n n e r   w h i c h   i s  

v a r i a b l e   in   t i m e ,   i n  d e p e n d e n c e   on  a  p r e d e t e r m i n e d  

l aw,   d e t e r m i n e d   by  t h e   c h a r a c t e r i s t i c s   of   t h e   d e v i c e   7  

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

m a n i f o l d   2  w h i c h   i s   d e t e c t e d   by  t h e   d u c t   1 1 .  

F i g u r e   2  i l l u s t r a t e s   an  e m b o d i m e n t   o f   t h e   d e v i c e   7 

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

u t i l i s e d   in   o t h e r   s y s t e m s .   T h i s   d e v i c e   7  i n c l u d e s  

a  l o w e r   b o d y   20  and  an  u p p e r   b o d y   21  w h i c h   a r e   f i x e d  

t o g e t h e r   a r o u n d   a  r im   by  m e a n s   o f   a  r i n g   22  f o l d e d   o v e r  
in   s u c h   a  way  as  to   p i n c h   t h e   a n n u l a r   edge   of  a  r e s i -  

l i e n t   n e m b r a n e   23  w h i c h   t h e r e f o r e   d e f i n e s   an  u p p e r  
c h a m b e r   24  w i t h i n   t h e   b o d y   21  and  a  l o w e r   c h a m b e r   2 5  



w i t h i n   t h e   b o d y   20.  The  c h a m b e r   24  i s   in   c o m m u n c a t i o n  

w i t h   t h e   d u c t   11  v i a   a  c o n n e c t o r   t u b e   1 1 ' ;   t h e   c h a m b e r  

25  i s   in  c o m m u n c a t i o n   w i t h   t h e   d u c t s   6  and  8  by  c o n n e c t o r  

t u b e s   6'  and  8'  r e s p e c t i v e l y .  

In  t h e   c e n t r e   of  t h e   m e m b r a n e   23  t h e r e   i s   f i x e d   a  

body   28  t h e   u n d e r s i d e   of   w h i c h   c o n s t i t u t e s   a  s e a t  

f o r   a  p l a t e   v a l v e   29  w h i c h   c o o p e r a t e s   w i t h   a  c o m m u n i -  

c a t i o n   o r i f i c e   30  w i t h   a  c o n n e c t o r   t u b e   10'   f o r   t h e  

d u c t   10.  In   t h i s   p l a t e   v a l v e   29  a  h e l i c a l   s p r i n g   31  

a c t s   a g a i n s t   t h e   b o d y   28.  T h i s   body   28,  on  t h e   o t h e r  

s i d e   of   t h e   m e m b r a n e   23,  c a r r i e s   a  p l a t e   32  a g a i n s t  

w h i c h   a  h e l i c a l   s p r i n g   33  e n g a g e s ,   w h i c h   s p r i n g   a t   i t s  

o t h e r   end  e n g a g e s   a  p l a t e   35  w h i c h   i s   p o s i t i o n e d  b y  

means   of  an  a d j u s t m e n t   s c r e w   3 6 .  

In  F i g u r e   3  t h e r e   i s   shown  a  d i f f e r e n t   e m b o d i m e n t   o f  

t h e   d e v i c e   7,  w h i c h   i s   p r o v i d e d   w i t h   two  r e s i l i e n t  

m e m b r a n e s   40  and  41  of   d i f f e r e n t   a r e a s ,   w h i c h   a r e  

p i n c h e d   a r o u n d   t h e i r   e d g e s   by  an  u p p e r   b o d y   50  and  a n  

i n t e r m e d i a t e   body  51,  and  by  t h e   i n t e r m e d i a t e   body   5 1  

and  a  l o w e r   body   52  r e s p e c t i v e l y .   The  i n t e r m e d i a t e  

b o d y   51  d e f i n e s   an  i n t e r m e d i a t e   c h a m b e r   42,   w h i l s t  

t h e   u p p e r   body   50  and  t h e   l o w e r   body  52  r e s p e c t i v e l y  

d e f i n e   an  u p p e r   c h a m b e r   43  and  a  l o w e r   c h a m b e r   4 4 .  

The  v a r i o u s   b o d i e s   50,  51  and  52  a r e   c l a m p e d   by  f o u r  

b o l t s   5 5 .  

The  c o n n e c t o r   t u b e   11'   c o m m u n i c a t e s   w i t h   t h e   c h a m b e r  

43,  w h i l s t   t h e   c o n n e c t o r   t u b e s   6'  and  8'  c o m m u n i c a t e  

w i t h   t h e   c h a m b e r   44.   On  t h e   m e m b r a n e   40  t h e r e   i s  

c e n t r a l l y   f i x e d   a  b o l t   56  w h i c h   a t   i t s   t o p   c a r r i e s   a  



p l a t e   57  w h i c h   c a r r i e s   a  h e l i c a l   s p r i n g   58  t h e  

o t h e r   end  of  w h i c h   e n g a g e s   a  p l a t e   59  c a r r i e d   b y  

an  a d j u s t a b l e   t h r e a d e d   s t e m   60  s c r e w e d   i n t o   t h e  

b o d y   50.  On  t h e   l o w e r   end   o f   t h e   b o l t   56  e n g a g e s  

a  p l a t e   v a l v e   29  w h i c h   c l o s e s   t h e   o r i f i c e   c o m m u n i -  

c a t i n g   w i t h   t h e   c o n n e c t o r   t u b e   1 0 ' .  

W i t h   r e f e r e n c e   a g a i n   t o   F i g u r e   1,  t h e   e l e c t r i c a l  

s i g n a l   13  comes   f r o m   a  c e n t r a l   c o n t r o l   u n i t   6 0  

w h i c h   i n c l u d e s   a  c e n t r a l   p r o c e s s o r   u n i t   ( C P U ) ,  

a  r e a d   o n l y   memory  (ROM),  a n a l o g u e - t o   - d i g i t a l   c o n -  

v e r t o r   u n i t s   and  t i m e r   u n i t s .   T h i s   c e n t r a l   c o n t r o l  

u n i t   60  a l s o   r e c e i v e s :  

an  e l e c t r i c a l   s i g n a l   61  and   an  e l e c t r i c a l   s i g n a l   6 2  

f rom  a  u n i t   63  (of   known  t y p e )   w h i c h   d e t e c t s   t h e  

n u m b e r   of  r o t a t i o n s   and  t h e   p h a s e   of   t h e   m o t o r   1 ;  

and  an  e l e c t r i c a l   s i g n a l   64  f r o m   a  s e n s o r  6 5   - -  

d e t e c t i n g   t h e   a i r   t e m p e r a t u r e   in   t h e   i n d u c t i o n   m a n i -  

f o l d   2 .  

The  c o n t r o l   u n i t   60  p r o v i d e s   a  s i g n a l   66  to   t h e  

i n j e c t o r   5  f o r   c o n t r o l l i n g   i t s   o p e r a t i o n   and  a  

s i g n a l   67  to   an  i g n i t i o n   m o d u l e   68  of  known  t y p e ,  

c o n n e c t e d   c o n v e n i e n t l y   t o   t h e   i g n i t i o n   c o i l .  

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

s y s t e m   of  t h e   p r e s e n t   i n v e n t i o n   i s   as  f o l l o w s .  

The  b a s i s   of   t h e   s y s t e m   in   q u e s t i o n   i s   t h e   c o n s i d e r -  

a t i o n   of  t h e   e x i s t e n c e   of   a  s t r i c t   c o r r e l a t i o n   b e t w e e n  

t h e   p r e s s u r e   in  t h e   i n d u c t i o n   m a n i f o l d   2  and  t h e  

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

m i x t u r e   s t r e n g t h   in   t h e   c o m b u s t i o n   c h a m b e r .   T h i s  



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

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

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

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

5  t h r o u g h   t h e   d u c t  6   i s   made  to   v a r y ,   by  means   of   t h e  

p r e s s u r e   r e g u l a t o r   d e v i c e   7,  in   a  l i n e a r   m a n n e r   w i t h  

t h e   p r e s s u r e   in   t h e   m a n i f o l d   2  a c c o r d i n g   to   a  r e l a t i o n -  

s h i p   of  t h e   t y p e  
w h e r e :  

P A  i s   t h e   s u p p l y   p r e s s u r e   in  t h e   d u c t   6 

P  i s  t h e   p r e s s u r e   in   t h e - m a n i f o l d   2  and  in  t h e   d u c t   1 1 ;  

@   i s   a  c o n s t a n t   d e f i n e d   by  t h e   r a t i o   b e t w e e n   t h e  

a r e a s   of  t h e   d i a p h r a g m s ,   i s   e q u a l   t o   1   in  t h e   d e v i c e  

of  F i g u r e   2  and  i s   e q u a l ,   f o r   e x a m p l e ,   to   2  i n  t h e  

d e v i c e   of  F i g u r e   3 

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

of  t h e   d e v i c e   7,  p r i n c i p a l l y   by  t h e   s p r i n g   33  or   5 8 .  

Wi th   r e f e r e n c e   t o   t h e   d e v i c e   of  F i g u r e   2,  i f   t h e  

p r e s s u r e   in   t h e   i n d u c t i o n   m a n i f o l d   2  i n c r e a s e s   t h e  

p r e s s u r e  i n   t h e   c h a m b e r   24  i n c r e a s e s   and  t h e   u s e f u l  

s e c t i o n   of  t h e   o r i f i c e   30,  and  t h e r e f o r e   t h e   r e t u r n  

r a t e   t h r o u g h   t h e   d u c t   10  f a l l s   so  t h a t   t h e   p r e s s u r e  
in  t h e   s u p p l y   d u c t   6  i n c r e a s e s   a c c o r d i n g   to   t h e  

r e l a t i o n s h i p   ( 1 ) .  

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

t h e   i n j e c t o r   5  can   be  e x p r e s s e d ,   to   a  f i r s t   a p p r o x i -  

m a t i o n ,   a s :  



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

i n j e c t o r .  

C o n s i d e r i n g   t h a t   t h e   r a t i o   Q max Q min  d o e s   n o t   d e p e n d   o n  

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

d e l i v e r y   t i m e   as  t P ,   we  h a v e   t h a t  

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

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

t h e  c u r v e   70  w h i c h   shows   t h e   d e l i v e r y   as   a  f u n c t i o n   o f  

t h e   c o n t r o l   t i m e   ( F i g u r e   4)  so  t h a t   a  p e r m i t t e d   z o n e  

f o r   t h e   d e l i v e r y   i s   l i m i t e d   by  t h e   c u r v e s   ( F i g u r e   5 ) :  

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

@ , β   a n d  i f   w h i c h   d e t e r m i n e   r e s p e c t i v e   c o n -  

s t r u c t u r a l   and  c a l i b r a t i o n   c h a r a c t e r i s t i c s   of  t h e  

i n j e c t o r   5  and  t h e   p r e s s u r e   r e g u l a t o r   7,  t h e   p e r m i t t e d  

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

r e q u i r e d   z o n e   of  t h e   e n g i n e .  

W i t h   r e f e r e n c e   to   F i g u r e   5,  s u p p o s i n g   f o r   e x a m p l e   t h a t  

an  i n j e c t o r   h a s   a  w i n d i n g   of   200  t u r n s   and  an  o p e n i n g  

and  c l o s u r e   t i m e   of  0 . 8   m  s e c ,   i t   c a n   be  s u p p o s e d   t h a t  

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

d e l i v e r y   of   f r o m   1  t o   3  ( c u r v e   7 2 ) .  

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

v a r i a t i o n  p e r   p h a s e   of   f r o m   1  t o   5  when  s t a t i o n a r y  

(min imum  c o n s u m p t i o n   0 . 7   1 / h   a t   850  r e v o l u t i o n s   p e r  



m i n u t e ,   maximum  c o n s u m p t i o n   25  1 /h   a t   6000  r e v o l u t i o n s  

per   m i n u t e )   and  c o n s i d e r i n g   t h e   maximum  c o n s u m p t i o n  

a t   6000   r e v o l u t i o n s / m i n u t e   ( t h e   mos t   c r i t i c a l   c o n -  

d i t i o n )   we  h a v e   a  t h e o r e t i c a l   c u r v e   73  and  an  o b s e r v e d  

c u r v e   74 .   T h i s   i s   o b t a i n e d ,   by  p o s i t i o n i n g   t h e  

c u r v e s   (a )   and  (b)   as  i l l u s t r a t e d   as  a  f u n c t i o n   o f  

t h e   c o n s t a n t s   @ ,  β   a n d  

In  t h e   r e a d   o n l y   memory  (ROM)  of   t he   c e n t r a l   c o n t r o l  

u n i t   60  t h e r e   i s   t h e r e f o r e   t a b u l a t e d   a  c o r r e s p o n d e n c e  

b e t w e e n   i n p u t   v a l u e s   of  t h e   s i g n a l   13  ( p r e s s u r e   P C  i n  
t he   i n d u c t i o n   m a n i f o l d   2)  and  of  t he   s i g n a l   61  ( s p e e d  

of  r o t a t i o n   of   t h e   m o t o r   1)  w h i c h   p r o v i d e s   a  b i n a r y  

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

i n j e c t o r   5;  t h i s   n u m b e r   i s   t h e n   c o r r e c t e d   in   a  s u b -  

s e q u e n t   t a b l e   in  d e p e n d e n c e   on  t h e   s i g n a l   64  w h i c h  

d e t e c t s   t h e   t e m p e r a t u r e   of  t h e   a i r   in  t h e   m a n i f o l d   2  

to  p r o v i d e   t h e   s i g n a l   66  a d a p t e d   to   t h e   d e n s i t y   v a r i a -  

t i o n s   of  t h e   a i r   in   t h e   m a n i f o l d   2  due  to   d i f f e r i n g  

t e m p e r a t u r e s .  

C o n v e n i e n t l y   t h e   c e n t r a l   c o n t r o l   u n i t   60  can   h a v e  

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

66  in   d i f f e r e n t   o p e r a t i n g   c o n d i t i o n s ,   s u c h   a s :  

(a)  v a r i a t i o n   a t   i d l i n g   t o   i n c r e a s e   or  d i m i n i s h   t h e  

d e l i v e r y   r a t e   of  f u e l ;  

(b)  c o r r e c t i o n   of   a c c e l e r a t i o n ;  

(c)  c o r r e c t i o n   to   t h e   s t a r t i n g   ( f o r   e x a m p l e   by  d e t e c t i n g  

the   v a l u e   of  t h e   t e m p e r a t u r e   of  t h e   w a t e r   in   t h e   e n g i n e  

1  by  means   of  a  s e n s o r   9 0 ) ;  

(d)  c o r r e c t i o n   of  a  s p e c i f i c   c o n t r o l   i n s t a n t   of   t h e  

i n j e c t o r   5 ;  : 
(e)  d e c e l e r a t i o n   c o r r e c t i o n ;  



( f )   o v e r - r e v o l u t i o n   c o r r e c t i o n ;  

(g)  c o r r e c t i o n   of   t h e   i g n i t i o n   t i m i n g   ( s i g n a l   6 7 ) .  

W i t h   t h e   e l e c t r o n i c   i n j e c t i o n   s y s t e m   o f   t h e   p r e s e n t  

i n v e n t i o n   t h e   a d v a n t a g e   i s   o b t a i n e d   of   b e i n g   a b l e   t o  

a d a p t   t h e   v a r i a t i o n   of   t h e   i n j e c t o r   d e l i v e r y ,   w h i c h  

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

by  t h e   e n g i n e ,   to   t h e   r e q u i r e m e n t s   o f   t h e   e n g i n e  

i t s e l f ,   and  t h i s   i s   o b t a i n e d   by  t h e   v a r i a t i o n   of   t h e  

s u p p l y   p r e s s u r e   to   t h e   i n j e c t o r   in   d e p e n d e n c e   on  a  

p r e d e t e r m i n e d   law  d e t e r m i n e d   by  t h e   c h a r a c t e r i s t i c s  

of  t h e   p r e s s u r e   r e g u l a t i n g   d e v i c e   7;  t h i s   i s   a l s o  

o b t a i n e d  b y .   t h e   a r r a n g e m e n t   o f   t h e   i n j e c t o r   5  u p -  

s t r e a m   of  t h e   b u t t e r f l y   v a l v e   3  and  w i t h   t h e   c o n t r o l  

of  t h e   d e v i c e  7   by  means   of   t h e   p r e s s u r e   in   t h e  

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

3.  -  

C o r r e s p o n d i n g l y   t h e   c e n t r a l   c o n t r o l   u n i t  6 0   d e t e r m i n e s  

t h e   o p e r a t i n g   t i m e   n e c e s s a r y   f o r   t h e   i n j e c t o r   5  t o  

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

of   t h e   v a r i a b i l i t y   of   t h e   f u e l   s u p p l y   p r e s s u r e ;   t h e  

s i g n a l   66  c o n t r o l l i n g   t h e   c e n t r a l   c o n t r o l   u n i t   6 0  

i s ,   in   f a c t ,   d e t e r m i n e d   by  d e t e c t i o n   o f   t h e   p r e s s u r e  
in  t h e   m a n i f o l d   2 .  

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

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

p r e s e n t   i n v e n t i o n   can   be  m o d i f i e d   and  v a r i e d   w i t h o u t  

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

F o r   e x a m p l e ,   t h e   s y s t e m   can   be  a p p l i e d   t o   a  p l u r a l i t y  

of   i n j e c t o r s   t o   a d a p t   t h e i r   c h a r a c t e r i s t i c s   to   r e q u i r e d  



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

of  t h e   s i g n a l   66  a t   t h e   o u t p u t   of  t h e   c o n t r o l   u n i t  

60  can   be  v a r i e d ,   and  t h e   a i r   t e m p e r a t u r e   s e n s o r   6 5  

may  n o t   be  p r e s e n t ,   e t c .  



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

c o m b u s t i o n   e n g i n e s   ( 1 ) ,   c h a r a c t e r i s e d   by  t h e   f a c t  

t h a t   i t   i n c l u d e s   f i r s t   m e a n s   (7)   f o r   s u p p l y i n g   t h e  

s a i d   f u e l   t o   a t   l e a s t   one  i n j e c t o r   (5)   a t   a  s u p p l y  

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

p r e s s u r e   in   an  i n d u c t i o n   m a n i f o l d   (2)   in   d e p e n d e n c e  

on  a  p r e d e t e r m i n e d   law  of   v a r i a t i o n  ,   and  s e c o n d  

means   ( 6 0 )   f o r   d e t e r m i n i n g   v a r i a b l e   d e l i v e r y   t i m e s  

of   t h e   s a i d   i n j e c t o r   ( 5 ) .  

2.  A  s y s t e m   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i s e d   b y  

t h e   f a c t   t h a t   i t   i n c l u d e s   a  s i n g l e   i n j e c t o r   (5)  f o r  

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

e n g i n e   ( 1 ) .  

3.  A  s y s t e m   a c c o r d i n g   to   C l a i m   2,  c h a r a c t e r i s e d   b y  

t h e   f a c t   t h a t   t h e   s a i d   i n j e c t o r   (5)  i s   d i s p o s e d  

u p - s t r e a m   of  a  b u t t e r f l y   v a l v e   (3)   d i s p o s e d   in   t h e  

s a i d   i n d u c t i o n   m a n i f o l d   (2)  and  c o n t r o l l e d   by  t h e  

d r i v e r .  

4.  A  s y s t e m   a c c o r d i n g   t o   one   of   t h e   p r e c e d i n g   C l a i m s ,  

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

i n c l u d e   a  d e v i c e   (7)  f o r   r e g u l a t i n g   t h e   v a r i a b l e   p r e s s u r e  

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

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

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

i n d u c t i o n   m a n i f o l d   (2)  d o w n s t r e a m   of   a  b u t t e r f l y   v a l v e  

( 3 ) ,   and  c o n t r o l l i n g   t h e   v a l u e   of   t h e   s u p p l y   p r e s s u r e  

to   t h e   s a i d   i n j e c t o r   (5)  a c c o r d i n g   t o   t h e   s a i d   p r e -  

d e t e r m i n e d   law  of   v a r i a t i o n .  



5.  A  s y s t e m   a c c o r d i n g   to   C l a i m   4,  c h a r a c t e r i s e d   b y  

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

i n c l u d e s   a  d e v i c e   h a v i n g   two  end  c h a m b e r s   ( 24 ,   2 5 ) ;  

(43,   4 4 ) ,   s e p a r a t e d   by  a t   l e a s t   one  r e s i l i e n t   m e m b r a n e  

(23;   40,   4 1 . ) ,  t h e   s a i d   two  c h a m b e r s   b e i n g   c o n n e c t e d  

to   r e c e i v e ,   r e s p e c t i v e l y ,   t h e   p r e s s u r e   in   t h e   s a i d  

i n d u c t i o n   m a n i f o l d   (2)  and  the   s u p p l y   p r e s s u r e   to   t h e  

s a i d   i n j e c t o r   ( 5 ) ,  t h e   s a i d   membrane   a c t i n g   on  a  

member   (29)   r e s t r i c t i n g   t h e   f l o w   of  f u e l   t o w a r d s   a  

r e t u r n   d u c t   (10)   l e a d i n g   to   a  r e s e r v o i r .  

6.  A  s y s t e m   a c c o r d i n g   to   C l a i m   5,  c h a r a c t e r i s e d   b y  

t h e   f a c t   t h a t   i t   i n c l u d e s   a  p l u r a l i t y   (40 ,   41)   o f  

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

d e l i m i t i n g   i n t e r m e d i a t e   c h a m b e r s   (42)   and  d i s p o s e d  

b e t w e e n   t h e   s a i d   two  end  c h a m b e r s   (43 ,   4 4 ) .  

7.  A  s y s t e m   a c c o r d i n g   to   one  of  t h e   p r e c e d i n g  

C l a i m s ,   c h a r a c t e r i s e d   by  t h e   f a c t   t h a t   t h e   s a i d  

s e c o n d   means   ( 6 0 )   i n c l u d e   a  s e n s o r   (12)   s e n s i t i v e  

to  t h e   p r e s s u r e   in  t h e   s a i d   i n d u c t i o n   m a n i f o l d   ( 2 ) ,  

a  c e n t r a l   c o n t r o l   u n i t   (60)   r e c e i v i n g   a t   l e a s t   a 

f i r s t   s i g n a l   (13)   f r o m   t h e   s a i d   p r e s s u r e   s e n s o r   ( 1 2 )  

and  a   s e c o n d   s i g n a l   (61)   f rom  a  s e n s o r   (63)   s e n s i -  

t i v e   to   t h e   s p e e d   of  r o t a t i o n   of  t h e   s a i d   m o t o r   ( 1 ) ,  

t h e   s a i d   c e n t r a l   c o n t r o l   u n i t   (60)  p r o v i d i n g   a  c o n t r o l  

s i g n a l   (66)   f o r   c o n t r o l l i n g   t he   v a r i a b l e   d e l i v e r y   t i m e s  

of  t h e   s a i d   i n j e c t o r   ( 5 ) .  

8.  A  s y s t e m   a c c o r d i n g   to   C l a i m   7,  c h a r a c t e r i s e d   b y  

t h e   f a c t   t h a t   t h e   s a i d   c e n t r a l   c o n t r o l   u n i t   ( 6 0 )  

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

o n l y   memory  (ROM)  to   p r o v i d e ,   a c c o r d i n g   to   a  t a b l e  

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



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

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

9.  A  s y s t e m   a c c o r d i n g   t o   C l a i m   8 ,  

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

c o n t r o l   u n i t   (60)   f u r t h e r   r e c e i v e s   a  t h i r d   s i g n a l  

( 6 2 )   f r o m   a  s e n s o r   (63 )   s e n s i t i v e   t o   t h e   p h a s e   o f  

t h e   s a i d   e n g i n e   ( 1 ) .  

10.  A  s y s t e m   a c c o r d i n g   t o   C l a i m   9  ,   c h a r a c t e r i s e d  

by  t h e   f a c t   t h a t   t h e   s a i d   c e n t r a l   c o n t r o l   u n i t   ( 6 0 )  

a l s o   r e c e i v e s   a  f o u r t h   s i g n a l   (64)   f r o m   a  s e n s o r   ( 6 5 )  

s e n s i t i v e   to   t h e   t e m p e r a t u r e   of   t h e   a i r   in   t h e   s a i d  

i n d u c t i o n   m a n i f o l d   ( 2 ) ,   and  a  f i f t h   s i g n a l   f rom  a  

s e n s o r   (90)   s e n s i t i v e   t o   t h e   t e m p e r a t u r e   of  t h e  

c o o l i n g   w a t e r   of   t h e   e n g i n e   ( 1 ) .  
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