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@  Air-fuel  ratio  control  system  for  an  internal  combustion  engine. 

©  An  air-fuel  ratio  control  system  having  solenoid- 
actuated  valves  (71,  73)  disposed  in  the  fuel  passage  and  the 
air  bleed  communicated  with  the  fuel  passage  of  a  carbure- 
tor  (5),  an  electric  memory  memorizing  the  data  concerning 
the  opening  rates  of  the  solenoid-actuated  valves  for  attain- 
ing  a  constant  air-fuel  ratio  through  driving  of  these  valves, 
in  relation  to  the  engine  speed  (N)  and  the  intake  vacuum 
(VC)  of  the  engine,  and  a  controller  adapted  to  control  the 
solenoid-actuated  valves  at  an  opening  rate  which  is  given  as 
the  product  of  the  data  read  out  from  the  electric  memory 
and  a  fuel  increment  coefficient  which  differs  according  to 
the  state  of  engine  operation  such  as  acceleration,  decelera- 
tion  and  so  forth  of  the  engine  and  which  varies  depending 
on  the  engine  temperature  (TW).  A  correction  of  the  air-fuel 
ratio  is  performed  in  accordance  with  the  engine  tempera- 
ture  (TW).  When  the  engine  is  intentionally  accelerated  or 
decelerated  during  warming  up  of  the  engine,  the  rate  of  fuel 
supply  from  the  carburetor  (5)  is  changed  in  accordance  with 
such  a  change  of  engine  operation  to  always  optimize  the 
ai-fuel  ratio  of  the  mixture. 

FIG.  1 
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A n   air-fuel  ratio  control  system  having  solenoid- 
actuated  valves  (71,73)  disposed  in  the  fuel  passage  and  the 
air  bleed  communicated  with  the  fuel  passage  of  a  carbure- 
tor  (5),  an  electric  memory  memorizing  the  data  concerning 
the  opening  rates  of  the  solenoid-actuated  valves  for  attain- 
ing  a  constant  air-fuel  ratio  through  driving  of  these  valves, 
in  relation  to  the  engine  speed  (N)  and  the  intake  vacuum 
(VC)  of  the  engine,  and  a  controller  adapted  to  control  the 
solenoid-actuated  valves  at  an  opening  rate  which  is  given  as 
the  product  of  the  data  read  out  from  the  electric  memory 
and  a  fuel  increment  coefficient  which  differs  according  to 
the  state  of  engine  operation  such  as  acceleration,  decelera- 
tion  and  so  forth  of  the  engine  and  which  varies  depending 
on  the  engine  temperature  (TW).  A  correction  of  the  air-fuel 
ratio  is  performed  in  accordance  with  the  engine  tempera- 
ture  (TW).  When  the  engine  is  intentionally  accelerated  or 
decelerated  during  warming  up  of  the  engine,  the  rate  of  fuel 
supply  from  the  carburetor  (5)  is  changed  in  accordance  with 
such  a  change  of  engine  operation  to  always  optimize  the 
ai-fuel  ratio  of  the  mixture. 



B a c k g r o u n d   of   t h e   I n v e n t i o n :  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  s y s t e m   f o r  

e l e c t r i c a l l y   c o n t r o l l i n g   t h e   a i r - f u e l   r a t i o   o f  

m i x t u r e   s u p p l i e d   to   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   a n d ,  

more   p a r t i c u l a r l y ,   to   an  a i r - f u e l   r a t i o   c o n t r o l   s y s t e m  

a d a p t e d   to   make  a  n e c e s s a r y   c o r r e c t i o n   of   a i r - f u e l  

r a t i o   d u r i n g   w a r m i n g   up  of   t h e   e n g i n e .  

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

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

a i r - f u e l   r a t i o   of  t h e   m i x t u r e   b u t   c a n n o t  a c c u r a t e l y  

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

in   t h e   s t a t e   of   o p e r a t i o n   o f   t h e   e n g i n e .  

U n d e r   t h i s   c i r c u m s t a n c e ,   J a p a n e s e   P r e - e x a m i n e d  

P a t e n t   P u b l i c a t i o n   No.  9 6 3 5 0 / 1 9 8 0   ( p u b l i s h e d   on  May  13,  1 9 7 7 )  

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

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

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

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

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

w i t h   t h i s   f u e l   p a s s a g e .   The  c o n t r o l   of  t h e   a i r - f u e l  

r a t i o   i s   a c h i e v e d   by  o p e n i n g   and  c l o s i n g   t h e s e   v a l v e s  

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



T h e  . m i c r o c o m p u t e r   i s   e q u i p p e d   w i t h   a  memory  w h i c h  

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

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

g e n e r a l l y   r e f e r r e d   to   as  a  " f l a t   map" .   The  m i c r o -  

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

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

e n g i n e   s p e e d   and  i n t a k e   v a c u u m .   The  d u t y   r a t i o s  

a r e   c o r r e c t e d   by  t h e   o u t p u t   f rom  an  02  s e n s o r   d i s p o s e d  

in  t h e   e x h a u s t   s y s t e m   of   t h e   e n g i n e ,   t h e r e b y   t o  

a c h i e v e   a  more  p r e c i s e   and   d e l i c a t e   c o n t r o l   of  t h e  

a i r - f u e l   r a t i o .  

The  O2  s e n s o r   u s e d   in   t h i s   s y s t e m ,   h o w e v e r ,  

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

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

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

n e c e s s a r y   to  h e a t   up  t h e   e n g i n e   as  p r o m p t l y   a s  

p o s s i b l e   w i t h o u t   s t o p p i n g   t h e   e n g i n e .  

Fo r   t h e s e   r e a s o n s ,   t h e   c o n v e n t i o n a l   a i r - f u e l  

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

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

p a r t i c u l a r l y   d u r i n g   t h e   w a r m i n g   up  of  t he   e n g i n e .  

Summary   of   t h e   I n v e n t i o n :  

A c c o r d i n g l y ,   an  o b j e c t   of  t h e   i n v e n t i o n   i s   t o  

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

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



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

s u p p r e s s   as  much  as  p o s s i b l e   t h e   g e n e r a t i o n   of   n o x i o u s  

gas  c o m p o n e n t   in  t h e   e x h a u s t   e m i s s i o n s .  

A n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to  p r o v i d e  

an  a i r - f u e l   r a t i o   c o n t r o l l i n g   s y s t e m   w h i c h   can   m a i n -  

t a i n   an  o p t i m u m   a i r - f u e l   r a t i o   e v e n   when  t h e   e n g i n e  

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

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

a c c e l e r a t i o n   and   d e c e l e r a t i o n .  

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

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

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

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

d a t a   c o n c e r n i n g   t h e   d u t y   r a t i o   o r   o p e n i n g   r a t e ;   o f  

t he   v l a v e   f o r   o b t a i n i n g   a  p r e d e t e r m i n e d   a i r - f u e l   r a t i o  

w i t h   p a r a m e t e r s   of   e n g i n e   s p e e d   and  i n t a k e   v a c u u m ,  

means   f o r   d e t e c t i n g   t he   s t a t e   o f   o p e r a t i o n   of  t h e   e n g i n e  

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

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

f rom  t h e   memory   c o r r e s p o n d i n g   to   t h e   d e t e c t e d   e n g i n e  

s p e e d   and  i n t a k e   vacuum  and  to   c o n t r o l   t he   o p e n i n g  

r a t i o   as  t h e   p r o d u c t   of  t h e   r e a d - o u t   o p e n i n g  r a t e  

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

by  t h e   t e m p e r a t u r e   of  t h e   e n g i n e   c o o l i n g   w a t e r   and  t h e  



s t a t e   o f   t h e   e n g i n e   o p e r a t i o n .  

G e n e r a l l y ,   t h e r e   h a v e   b e e n   u s e d   v a r i o u s   f u e l  

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

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

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

to   o b t a i n   t h e   o p t i m u m   a i r - f u e l   r a t i o   w i t h   t h e s e  

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

or   a c c e l e r a t e d   d u r i n g   t h e   w a r m i n g   up.  N a m e l y ,  

in   s u c h   a  c a s e ,   t h e   a m o u n t   o f   e m i s s i o n   o f   n o x i o u s  

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

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

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

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

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

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

to   o p t i m i z e   t h e   a i r - f u e l   r a t i o   of   t h e   m i x t u r e   a n d  

to  make   t h e   a c c e l e r a t i o n   o r   d e c e l e r a t i o n   c h a r a c t e r i s t i c  

a p p r x o m a t e   t h a t   e x p e r i e n c e d   a f t e r   t h e   w a r m i n g   up  o f  

t h e   e n g i n e .   A c c o r d i n g   t o   t h e   i n v e n t i o n ,   t h e  

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

t h e   e n g i n e   i s   a c h i e v e d   by  a  v a l v e   f o r   a  f e e d b a c k  

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

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

s i d e   o f   t h e   c a r b u r e t o r ,   so  t h a t   t h e   c o n s t r u c t i o n   o f  

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



B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s :  

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

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

a c c o r d a n c e   w i t h   an  e m b o d i m e n t   of   t h e   i n v e n t i o n ;  

F i g .   2  i s   a  s e c t i o n a l   v i e w   of  a  c a r b u r e t o r  

i n c o r p o r a t e d   in  t h e   s y s t e m   shown  in  F i g .   1 ;  

F i g .   3  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   d e t a i l  

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

in   F i g .   1 ;  

F i g .   4  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   d e t a i l  

o f   a  b l o c k   203  shown  in  F i g .   3 ;  

F i g .   5  i s   a  c h a r a c t e r i s t i c   c h a r t   s h o w i n g   t h e  

c o n t r o l   e f f e c t   p r o v i d e d   b y  a   f e e d b a c k   s o l e n o i d   i n c o r -  

p o r a t e d   in   t h e   s y s t e m   shown  in   F i g .   1 ;  

F i g .   6  i s   a  d i m e n s i o n   g r a p h   s h o w i n g   a  f l a t   m a p ;  

F i g .   7  i s   a  f l o w   c h a r t   of   a  p r o g r a m   a d a p t e d   t o  

be  p e r f o r m e d   by  t h e   c o n t r o l   u n i t ;  

F i g .   8  i s   a  g r a p h   s h o w i n g   t h e - c h a r a c t e r i s t i c  

of  t h e   f u e l   i n c r e m e n t   c o e f f i c i e n t   in  r e l a t i o n   t o  

t e m p e r a t u r e ;  a n d  

F i g .   9  i s   a  g r a p h   s h o w i n g   i d l i n g   s p e e d   c o m m a n d .  

D e s c r i p t i o n   of   t h e   P r e f e r r e d   E m b o d i m e n t s :  

R e f e r r i n g   f i r s t   to   F i g .   1  s h o w i n g   t h e   w h o l e  

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

w i t h   an  e m b o d i m e n t   of  t h e   i n v e n t i o n ,   a  c a r b u r e t o r   5  i s  



m o u n t e d   i n   an  i n t a k e   p i p e   3  c o n n e c t e d   to  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   1.  The  c a r b u r e t o r   5  i s   p r o v i d e d  

w i t h   a  f e e d b a c k   s o l e n o i d   7,  f u e l   s o l e n o i d   9  a n d  

a  t h r o t t l e   a c t u a t o r   11  a d a p t e d   t o   be  d r i v e n   by  c o n t r o l  

s i g n a l s   d e r i v e d   f rom  a  c o n t r o l   u n i t   2 0 .  

The  c o n t r o l   u n i t   20  r e c e i v e s   s i g n a l s   r e p r e s e n t i n g  

t h e   t e m p e r a t u r e   TW  of   e n g i n e   c o o l i n g   w a t e r   ( c o o l a n t ) ,   i n t a k e  

v a c u u m   VC  in   t h e   i n t a k e   p i p e   3  and   t h e   c o n c e n t r a t i o n  

02  o f   o x y g e n   g a s   in   e x h a u s t   g a s   w h i c h   a r e   d e t e c t e d ,  

r e s p e c t i v e l y ,   by  a  c o o l a n t   t e m p - r a t u r e   s e n s o r   13,  v a c u u m  

s e n s o r l 5   and   an  02  s e n s o r   17.   The  c o n t r o l l e r  2 0  

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

s e n s o r   19  a d a p t e d   to   s e n s e   t h e   e n g i n e   s p e e d   and  t h e  

o u t p u t   f r o m   an  i d l i n g   s w i t c h   2 1 .  

An  i g n i t i o n   c o i l   23  g e n e r a t e s   an  i g n i t i o n   p u l s e  

in   r e s p o n s e   to   an  i g n i t i o n   c o n t r o l   s i g n a l   d e r i v e d  

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

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

t h r o u g h   a  d i s t r i b u t o r   2 5 .  

F i g .   2  s h o w s   t h e   c o n s t r u c t i o n s   o f   t h e   c a r b u r e t o r  

5  and  t h e   a s s o c i a t e d   s o l e n o i d   a n d  a c t u a t o r .   T h e  

f u e l   f i l l i n g   a  f l o a t   c h a m b e r   31  i s   i n t r o d u c e d   f r o m  

t h e   l a t t e r   i n t o   a  p a s s a g e   34  t h r o u g h   a  m a i n   j e t   3 3  

and   a  f e e d b a c k   m a i n   j e t .   When  t h e   t h r o t t l e   v a l v e  

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



in  t h e   p a s s a g e   34  and  a  s m a l l   a m o u n t   of   a i r   f l o w i n g  

i n t o   t h e   p a s s a g e   t h r o u g h   a  m a i n   a i r   b l e e d   35  i s  

a t o m i z e d   and  d e l i v e r e d   t h r o u g h   a  main   n o z z l e   3 7 .  

H o w e v e r ,   when  t h e   o p e n i n g   d e g r e e   of  t h e   t h r o t t l e  

v a l v e   50  i s   s m a l l ,   no  f u e l   i s   s u p p l i e d   t h r o u g h   t h e  

ma in   n o z z l e   37  b u t   i s   s u p p l i e d   t h r o u g h   a  s l o w   h o l e  

41  and   a  b y p a s s   h o l e   43.  N a m e l y ,   t h e   f u e l   in   t h e  

p a s s a g e   34  f l o w s   t h r o u g h   a  s l o w   j e t   38  and  i s   m i x e d  

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

39  and   f e e d b a c k   a i r   b l e e d   73.   The  m i x t u r e   i s   t h e n  

i n t r o d u c e d   to   t h e   s l o w   h o l e   41  o r   t h e   b y p a s s   h o l e   4 3 .  

The  a i r - f u e l   r a t i o   o f   t h e   m i x t u r e   t h u s   f o r m e d  

i s   a d j u s t e d   by  t h e   f e e d b a c k   m a i n   j e t   and  t h e   f e e d b a c k  

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

t h e   f e e d b a c k   s o l e n o i d   9  w h i c h   v i b r a t o r i l y   open   a n d  

c l o s e   t h e   f e e d b a c k   m a i n   j e t   and  t h e   f e e d b a c k   a i r   b l e e d .  

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

t h r o u g h   t h e   p a s s a g e   45  i s   a d j u s t e d   by  means   of  a 

v a l v e   91  w h i c h   i s   v i b r a t o r i l y   d r i v e n   by  t h e   f u e l   s o l e n o i d   1 1 .  

T h i s   p a s s a g e   i s   u s e d   o n l y   i n   t h e  s t a r t   up  of   t h e   e n g i n e  

in  w h i c h   a  s p e c i f i c a l l y   r i c h   m i x t u r e   i s   r e q u i r e d .  

A  t h r o t t l e   v a l v e   50  i s   o p e r a t i v e l y   c o n n e c t e d  

to  an  a c c e l e r a t o r   p e d a l .   When  t h e   a c c e l e r a t o r   p e d a l  

i s   n o t   o p e r a t e d ,   t h e   t h r o t t l e   v a l v e   50  t a k e s   t h e  

r e s e t   p o s i t i o n   due  to   t h e   f o r c e   e x e r t e d   by  a  r e t u r n   s p r i n g  



w h i c h   i s   n o t   s h o w n .  

T h i s   r e s e t   p o s i t i o n   i s   s u c h   a  p o s i t i o n   t h a t   a  

l e v e r   51  c o n n e c t e d   to   t h e   t h r o t t l e   l e v e r   50  a b u t s  

one   end  o f   a  s t r o k e   s h a f t   53  o f   t h e   t h r o t t l e   a c t u a t o r   1 1 ,  

and  i s   d e t e r m i n e d   by  t h e   p o s i t i o n   of  t h e   s t r o k e   s h a f t   5 3 .  

The  t h r o t t l e   a c t u a t o r   11  has   a  m o t o r   55  a d a p t e d  

to  d r i v e   a  g e a r   57  t o   d e t e r m i n e   t h e   p o s i t i o n   of  t h e  

s t r o k e   s h a f t   53  w h i c h   i s   h e l d   by  s c r e w   a t   t h e   a x i a l  

p o s i t i o n   o f   t h e   g e a r   57.  The  s t r o k e   s h a f t   53  a n d  

t h e   g e a r   57  a r e   s u p p o r t e d   f o r   a  s l i g h t   a x i a l   m o v e m e n t ,  

and   a r e   a d a p t e d   to   be  f o r c e d   o u t w a r d   by  a  s p r i n g   w h e n  

t h e   t h r o t t l e   v a l v e   50  i s   k e p t   o p e n e d   by  t h e   o p e r a t i o n  

of   t h e   a c c e l e r a t o r   p e d a l .   In  t h i s   s t a t e ,   an  i d l i n g  

s w i t c h   21  i n c o r p o r a t e d   in   t h e   t h r o t t l e   a c t u a t o r   t a k e s  

t h e   o f f   s t a t e .   To  t h e   c o n t r a r y ,   as  t h e   a c c e l e r a t o r  

p e d a l   i s   r e l e a s e d ,   t h e   s t r o k e   s h a f t   53  and   t h e   g e a r  

57  a r e   p r e s s e d   i n w a r d l y   by  t h e   l e v e r   51,  so  t h a t   t h e  

i d l i n g   s w i t c h   21  i s   t u r n e d   on .   - 

As  w i l l   be  s e e n   f r o m   F i g .   3,  t h e   c o n t r o l   u n i t  

i n c l u d e s   a  m i c r o p r o c e s s o r   201 ,   r e a d   o n l y   memory  2 0 2 ,  

c o n t r o l   l o g i c   203 ,   m u l t i p l e x e r   204  and  an  a n a l o g - t o -  

d i g i t a l   c o n v e r t e r   2 0 5 .  

The  a n a l o g   d a t a   s u c h   as   t h e   c o o l a n t   t e m p e r a t u r e  

TW  f r o m   t h e   c o o l a n t   t e m p e r a t u r e   s e n s o r   13,  i n t a k e  

v a c u u m   VC  f r o m   t h e   v a c u u m   s e n s o r   15  and  t h e   02  c o n c e n t r a t i o n  



f r o m   t h e   02  s e n s o r   17  a r e   t a k e n   i n t o   t h e   c o n t r o l   l o g i c  

203  v i a   t h e   a n a l o g - t o - d i g i t a l   c o v e r t e r   203.   A l s o ,  

to   t h e   c o n t r o l   l o g i c   203 ,   c o n n e c t e d   a r e   an  e n g i n e   s t a r t e r  

s w i t c h   27,   i g n i t i o n   s w i t c h   29  a n d  a n   i d l i n g   s w i t c h   2 1 ,  

as  w e l l   as   a  p u l s e - t y p e   s p e e d   s e n s o r   a d a p t e d   to  p r o d u c e  

a  s i g n a l   r e p r e s e n t i n g   t h e   e n g i n e   s p e e d   N.  

The  m i c r o p r o c e s s o r   201  m a k e s   a  p e r i o d i c a l  

a r i t h m e t i c   o p e r a t i o n   f o r   t h e   e n g i n e   c o n t r o l   in   a c c o r -  

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

202,   m a k i n g   u s e   of  t h e   d a t a   t a k e n   i n t o   t h e   c o n t r o l  

l o g i c   203  a n d  t h e   d a t a   s t o r e d   in   t h e   r e a d   o n l y   memory  2 0 2 .  

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

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

l o g i c   203  w h i c h   p r o d u c e s ,   in   a c c o r d a n c e   w i t h   t h e   t h u s  

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

f o r   t h e   f e e d b a c k   s o l e n o i d   7,  d r i v e   s i g n a l   PF  f o r   t h e  

f u e l   s o l e n o i d   9,  d r i v e   p u l s e   s i g n a l   PTH  f o r   t h e   t h r o t t l e  

a c t u a t o r   11  and   an  i g n i t i o n   s i g n a l   PIG.   The  s i g n a l s   PAF 

and  PF  a r e   p u l s e   s i g n a l s   h a v i n g   f r e q u e n c i e s   of  20  H z .  

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

a c c o r d a n c e   w i t h   t h e   d a t a   g i v e n   by  t h e   m i c r o p r o c e s s o r   2 0 4 .  

The  s i g n a l   PTH  i s   a  n e g a t i v e   p u l s e   s i g n a l   h a v i n g   a  

p r e d e t e r m i n e d   p u l s e   w i d t h .   A  m o t o r   55  of  t he   t h r o t t l e  

a c t u a t o r   11  i s   d r i v e n   in  t h e   f o r w a r d   or  b a c k w a r d   d i r e c t i o n  

d e p e n d i n g   on  w h e t h e r   t h i s   s i g n a l   t a k e s   a  p o s i t i v e   o r  



n e g a t i v e   v a l u e .   W h e t h e r   t h i s   s i g n a l   t a k e s   t he   p o s i t i v e  

or   n e g a t i v e   v a l u e ,   as  w e l l   as  t h e   p e r i o d   of  t h e   p u l s e ,  

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

by  t h e   m i c r o p r o c e s s o r   2 0 1 .  

F i g .   4  s h o w s   in   d e t a i l   t h e   p o r t i o n   of  t h e   c o n t r o l  

u n i t   203  f o r   p r o d u c i n g   t h e   d r i v e   s i g n a l   PAF  f o r   t h e  

f e e d b a c k   s o l e n o i d   7.  D a t a   DAF  r e p r e s e n t i n g   t h e   ON 

d u t y   o f   t h e   f e e d b a c k   s o l e n o i d   7,  c a l c u l a t e d   by  t h e  

m i c r o p r o c e s s o r   201 ,   i s   s t o r e d   in   t h e   r e g i s t e r   2 3 1 .  

On  t h e   o t h e r   h a n d ,   d a t a   DP  r e p r e s e n t i n g   t h e   p e r i o d  

o f   t h e   d r i v e   s i g n a l   PAF  i s   s e t   i n   t h e   r e g i s t e r   2 3 3 .  

A  c o u n t e r   235  c o u n t s   t he   c l o c k   p u l s e s   and  i s   c l e a r e d  

by  t h e   o u t p u t   f r o m   a  c o m p a r a t o r   239  a t   e a c h   t i m e   t h e  

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

DP.  A  f l i p - f l o p   241  i s   s e t   s i m u l t a n e o u s l y   w i t h  

t h e   c l e a r i n g   of   t h e   c o n t e n t   o f   t h e   c o u n t e r  2 3 5 .   T h e  

f l i p - f l o p   241  i s   a d a p t e d   to   be  r e s e t   a t   e a c h   t i m e   t h e  

c o u n t e d   v a l u e   C  c o u n t e d   by  t h e   c o u n t e r   235  c o i n c i d e s  

w i t h   t h e   v a l u e   of   t h e   d a t a   DAF.  T h u s ,   t h e   f l i p - f l o p  

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

e q u a l   to  t h e   v a l u e   r e p r e s e n t e d   by  t h e   d a t a   DAF,  a n d  

d e l i v e r s   t h i s   s i g n a l   to  t h e   f e e d b a c k   s o l e n o i d   7.  I n  

c o n s e q u e n c e ,   t h e   f e e d b a c k   ma in   j e t   71  i s   o p e n e d   b y  

t h e   f e e d b a c k   s o l e n o i d   7  a t   an  o p e n i n g   r a t e   e q u a l   t o  

t h e   v a l u e   r e p r e s e n t e d   by  DAF.  A l s o ,   t h e   o p e n i n g   r a t e  



of  t h e   f e e d b a c k   s l ow   a i r   b l e e d   i s   e q u a l   to  t h e   i n v e r s e  

n u m b e r   to   t h e   v a l u e   r e p r e s e n t e d   by  t h e   d a t a   DAF. 

F i g .   5  shows   how  t h e   a i r - f u e l   r a t i o   i s   c h a n g e d  

by  t h e   t h u s   d r i v e n   f e e d b a c k   s o l e n o i d   7.  As  w i l l  

be  s e e n   f r o m   t h i s   F i g u r e ,   an  a i r - f u e l   r a t i o   c o n t r o l  

of   a  good   l i n e a r i t y   i s   o b t a i n a b l e   t h r o u g h   t he   ON  d u t y  

c o n t r o l   of   t h e   f e e d b a c k   s o l e n o i d .  

F i g .   6  i l l u s t r a t e s  a   t h r e e - d i m e n s i o n a l   g r a p h  

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

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

t h e   c a r b u r e t o r   3,  w i t h   t h e   p a r a m e t e r s   of  t h e   e n g i n e  

s p e e d   N  a n d   t h e   i n t a k e   v a c u u m   VC.  T h i s   k i n d   o f  

c h a r t   in   w h i c h   t h e   d a t a   c o n c e r n i n g   ON  d u t y   is   m e m o r i z e d  

by  a  memory   in   r e l a t i o n   to   e n g i n e   s p e e d   N  and  i n t a k e  

v a c u u m   VC  i s   g e n e r a l l y   r e f e r r e d   to  as  a  " f l a t   m a p " .  

T h i s   f l a t   map  i s   to   o b t a i n   f r o m   t h e   c a r b u r e t o r   a  

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

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

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

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

F i g .  7   shows   t h e   f l o w   c h a r t   of   a  p r o c e s s   f o r  

e f f e c t i n g   an  a i r - f u e l   r a t i o   c o n t r o l   d u r i n g   t h e   w a r m i n g  

up  of   t h e   e n g i n e ,   m a k i n g   u s e   of   t h e   f l a t   map  of   t h e  

t y p e   d e s c r i b e d .  

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



f o r   e x a m p l e ,   40  m  s e c ,   b e f o r e   t h e   c o o l a n t   t e m p e r a t u r e  

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

o f   t he   s e l f - c r a n k i n g   o f   t h e   e n g i n e .   In   t h e   s t e p   S l ,  

t h e   m e a s u r e d   v a l u e s   of   t h e   e n g i n e   s p e e d   N  and  t h e  

i n t a k e   v a c u u m   VC  a r e   r e a d   and ,   in   t h e   s u b s e q u e n t   s t e p  

S2,  ON  d u t y   d a t a   DM  i s   r e a d   f r o m   t h e   f l a t   m a p  

e x p l a i n e d   in   c o n n e c t i o n   w i t h   F i g .   6,  m a k i n g   u s e   o f  

t h e   r e a d   d a t a   N  a n d   VC.  The  d a t a   r e a d   o u t   f rom  t h e  

f l a t   map  i s   r e f e r r e d   to   as  " f l a t   map  v a l u e " .   T h e n ,  

i n   t h e   n e x t   s t e p   S3,   t h e   c o o l a n t   t e m p e r a t u r e   TW  i s  

r e a d   and,  in   t h e   s u b s e q u e n t   s t e p   S4,  i n c r e m e n t   c o e f f i c i e n t s  

KA,KB,KC  and  KD  a r e   r e a d   f rom  f o u r   t a b l e s   of   t h e   r e a d  

o n l y   memory  204  c o r r e s p o n d i n g   to   t h e   c o o l a n t   t e m p e r a t u r e  

TW.  T h e s e   c o e f f i c i e n t s   a r e   s e t   in   t h e   r e g i s t e r s  

p r e p a r e d   b e f o r e h a n d .   T h e s e   v a l u e s   a r e   s e t   in  a  m a n n e r  

shown  in  F i g .   8,  i n   r e l a t i o n   to   t h e   e n g i n e   c o o l a n t  

t e m p e r a t u r e   TW.  N a m e l y ,   t h e   i n c r e m e n t   c o e f f i c i e n t  

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

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

e n g i n e   o p e r a t i o n   a t   a  c o n s t a n t   s p e e d .   The  i n c r e m e n t  

KC  c o r r e s p o n d s   t o   t h e   s t a t e   of  w a r m i n g   up  of   t h e   e n g i n e  

w i t h o u t   any  p o s i t i v e   t h r o t t l e   o p e r a t i o n ,   w h i l e   KD 

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

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

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



c o e f f i c i e n t s   have   d i f f e r e n t   g r a d i e n t s .  

The  s t e p s   S 5 , S 6   and   S7  a r e   t h e   s t e p s   f o r   j u d g i n g  

t h e   s t a t e   of   o p e r a t i o n   of   t h e   e n g i n e .   In  t h e  

p r e c e d i n g   s t e p   S4,  a  j u d g e m e n t   i s   made  as  to   w h e t h e r  

t h e   i d l i n g   s w i t c h   21  i s   on .   I f   t h e   i d l i n g   s w i t c h  

i s   on ,   t h e   s e n s e d   e n g i n e   s p e e d   N  i s   c o m p a r e d   in   t h e  

s t e p   S5  w i t h   t h e   command  v a l u e   of  t h e   e n g i n e   s p e e d   N.  

A l s o ,   i f   t h e   e n g i n e   s p e e d   N  i s   g r e a t e r   t h a n   a  s p e e d  

w h i c h   i s   NR  p l u s   100  R . P . M . ,   i t   i s   j u d g e d   t h a t   t h e  

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

p r o c e s s   p r o c e e d s   t o  a   s t e p   S8.  To  t h e   c o n t r a r y ,  

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

i s   t h e   command  s p e e d   NR  p l u s   100  R . P . M . ,   i t   i s   j u d g e d  

t h a t   t h e   e n g i n e   i s   in  t h e   w a r m i n g - u p   w i t h o u t   p o s i t i v e  

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

s t e p   S9.  The  i d l i n g   command  s p e e d   NR  i s   t h e   s p e e d  

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

p e r f o r m e d   by  t h e   t h r o t t l e   a c t u a t o r   11,  and  i s   s e t  

in  a  m a n n e r   shown  in  F i g .   9  in   r e l a t i o n   to  t h e   c o o l a n t  

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

The  p r o c e - s   p r o c e e d s   to   t h e   s t e p   S7  i f   t h e  

i d l i n g   s w i t c h   S7  i s   d e t e c t e d   to   be  o f f   in   t h e   s t e p   S 5 .  

T h e n ,   t h e   s e n s e d  i n t a k e   v a c u u m   VC  i s   c o m p a r e d   w i t h  

t h e   i n t a k e   vacuum  VCR  s e n s e d   in  t h e   p r e v i o u s   c y c l e  

of  m e a s u r e m e n t .   I f   t h e   r a t e   of   c h a n g e   i s   h i g h e r   t h a n  



a  p r e d e t e r m i n e d   v a l u e ,   i t   is   j u d g e d   t h a t   t h e   e n g i n e  

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

p r o c e e d s   to   a  s t e p   S 1 0 . .   To  t h e   c o n t r a r y ,   i f   t h e  

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

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

in   t h e   s t a t e   of   o p e r a t i o n   a t   a  c o n s t a n t   s p e e d ,   s o  

t h a t   t h e   p r o c e s s   p r o c e e d s   to   a  s t e p   S l l .  

In  t h e   s t e p   S8,   t h e   i n c r e m e n t   c o e f f i c i e n t   K  

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

and   a  v a l u e   w h i c h   i s   t h e   p r o d u c t   o f   t h e   v a l u e   DM  r e a d  

o u t   f r o m   t h e   f l a t   map  and  t h e   c o e f f i c i e n t   KD  i s   s e t  

in   t h e   r e g i s t e r   2 3 1 .   To  t h e   c o n t r a r y ,   in   t h e   s t e p  

S9,  t h e   i n c r e m e n t   c o e f f i c i e n t   KC  c o r r e s p o n d i g g   t o  

t h e   i d l i g n   i s   s e l e c t e d ,   w h i l e ,   in  t h e   s t e p   S10,   t h e  

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

i s   s e l e c t e d .   S i m i l a r l y ,   in  t h e   s t e p   S l l ,   t h e  

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

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

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

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

2 3 1 .  

The  f e e d b a l c   s o l e n o i d   7  i s   c o n t r o l l e d   in  a c c o r d a n c e  

w i t h   t h e   d a t a   DAF  r e p r e s e n t i n g   t h e   ON  d u t y   d e t e r m i n e d  

by  t h e   a b o v e - d e s c r i b e d   f l o w   and  s t o r e d   i n   t h e   r e g i s t e r   2 3 1 ,  

t h e r e b y   to   c o n t r o l   t h e   a i r - f u e l   r a t i o   d u r i n g   t he   w a r m i n g   u p  



of   t h e   e n g i n e .   T h e n ,   as  t h e   c o o l a n t   t e m p e r a t u r e  

comes   up  a b o v e   a  p r e d e t e r m i n e d   t e m p e r a t u r e   s u c h   a s  

40°C  and  p r o v i d e d   t h a t   a  p r e d e t e r m i n e d   t i m e ,   e . g .   1 0  

s e c o n d s ,   has   p a s s e d   a f t e r   t h e   s t a r t   up  o f   t h e   e n g i n e ,  

t h e   p r o g r a m   shown  i n   F i g .   7  i s   no  more   e x e c u t e d   a n d  

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

f r o m   t h e   02  s e n s o r   17.   B r i e f l y ,   t h i s   f e e d b a c k  

c o n t r o l   i s   to   d e t e r m i n e   t h e   ON  d u t y   DAF  of  t h e  

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

c o n s t a n t   o x y g e n   c o n c e n t r a t i o n   in   t h e   e x h a u s t   g a s .  

The  d e t a i l   o f  t h i s   c o n t r o l  i s   d i s c l o s e d   i n   t h e   s p e c i f i c a -  

t i o n   of   t h e   U n i t e d   S t a t e s   P a t e n t   S e r i a l   No.  1 1 0 , 4 6 9 .  

In  t h e   e m b o d i m e n t   d e s c r i b e d   h e r e t o f o r e ,   i t   i s  

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

m i x t u r e   d u r i n g   w a r m i n g   up  o f  t h e   e n g i n e ,   e v e n   w h e n  

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

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

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

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

c o r r e s p o n d i n g   to   t h e   s t a t e   of   t h e   e n g i n e   o p e r a t i o n .  

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

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

o p e r a t i o n .  

The  r a t e   of   c h a n g e   of   t he   c o o l a n t   t e m p e r a t u r e   TW 

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



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

I t   i s ,   t h e r e f o r e ,   n o t   e s s e n t i a l   t h a t   t h e   s t e p s   S3  a n d  

S4  in  t h e   f l o w   shown  in  F i g .   7,  i . e .   t h e   r e a d i n g   o f  

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

c o e f f i c i e n t s   KA,KB,KC,KD  c o r r e s p o n d i n g   to   t h e   c o o l a n t  

t e m p e r a t u r e   TW  in  t h e   r e g i s t e r   t h r o u g h   r e a d i n g   o u t  

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

c y c l e   of  o p e r a t i o n   of  t h e   s y s t e m .   For   i n s t a n c e ,   i t  

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

e x e c u t e d   e v e r y   320  m  s e c .  

In  t h e   c a r b u r e t o r   shown  in   F i g .   2,  b o t h   of  t h e  

f e e d b a c k   m a i n   j e t   71  and  t h e   f e e d b a c k   s l o w   a i r   b l e e d  

73  a r e   o p e n e d   and  c l o s e d   by  t h e   f e e d b a c k   s o l e n o i d  

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

and  t h e   f e e d b a c k   m a i n   j e t   71  and  t h e   f e e d b a c k   s l o w  

a i r   b l e e d   73  may  be  c o n t r o l l e d   and  a c t u a t e d   by  i n d e p e n d e n t  

s o l e n o i d s .   I t   i s   a l s o   to   be  u n d e r s t o o d   t h a t   t h e  

p r e s e n t   i n v e n t i o n   can   be  c a r r i e d   o u t   by  p r o v i d i n g  

t he   s o l e n o i d - a c t u a t e d   v a l v e   i n   e i t h e r   one  of  t h e   f u e l  

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

to  t h e   f u e l   p a s s a g e .  



1.  An  a i r - f u e l   r a t i o   c o n t r o l   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   e q u i p p e d   w i th   a  c a r b u r e t o r  

c o m p r i s i n g :  

a)  at  l e a s t   one  s o l e n o i d - a c t u a t e d   v a l v e   d i s p o s e d   i n -  

at  l e a s t   one  of  the   f u e l   p a s s a g e   or  t he   a i r   b l e e d  

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

c a r b u r e t o r   ( 5 ) ;  

b)  a  p l u r a l i t y   of  s e n s o r s   (13,   15,  17,  1 9 )  a d a p t e d  

to  s e n s e   at  l e a s t   the   e n g i n e   s p e e d   (N) ,   e n g i n e  

t e m p e r a t u r e   (TW)  and  the   i n t a k e   vacuum  (VC)  o f  

s a i d   e n g i n e ;  

c)  an  e l e c t r i c   memory  m e m o r i z i n g   the   d a t a   c o n c e r n i n g  

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

fo r   m a i n t a i n i n g   a  c o n s t a n t   a i r - f u e l   r a t i o   o f  

m i x t u r e   s u p p l i e d   f r o m  s a i d   c a r b u r e t o r   (5)  to  s a i d  

e n g i n e ,   s a i d   d a t a   b e i n g   m e m o r i z e d   in  r e l a t i o n   t o  

the  e n g i n e   s p e e d   and  the  l e v e l   of  l o a d ;  

d)  c o e f f i c i e n t   c a l c u l a t i o n   means  a d a p t e d   to  c a l c u l a t e  

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

p o n d i n g   to  d i f f e r e n t   s t a t e s   of  e n g i n e   o p e r a t i o n   a n d  

d e p e n d i n g   on  s a i d   e n g i n e   t e m p e r a t u r e   (TW);  and  

e)  a  c o n t r o l l e r   a d a p t e d   to  r e a d   ou t   f rom  s a i d   e l e c t r i c  

memory  the   v a l u e   of  the   o p e n i n g   r a t e   of  s a i d   s o l e n o i d -  

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

speed   (N)  and  the   i n t a k e   vacuum  (VC)  and ,   upon  j u d g i n g  

the  s t a t e   of  e n g i n e   o p e r a t i o n ,   to  s e l e c t   one  f r o m  

sa id   i n c r e m e n t   c o e f f i c i e n t s ,   s a i d   c o n t r o l l e r   b e i n g  

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

s o l e n o i d - a c t u a t e d   v a l v e   at  an  o p e n i n g   r a t e   which   i s  

g i v e n   as  the   p r o d u c t   of  the   o p e n i n g   r a t e   r ead   o u t  

from  s a i d   e l e c t r i c   memory  and  the   s e l e c t e d   i n c r e m e n t  

c o e f f i c i e n t .  



2.  An  a i r - f u e l   r a t i o   c o n t r o l   s y s t e m   as  c l a i m e d   in  c l a i m  

1,  w h e r e i n   s a i d   s o l e n o i d   a c t u a t e d   v a l v e   is   c o n -  

s t i t u t e d   by  a  f i r s t   v a l v e   d i s p o s e d   in  s a i d   f u e l  

p a s s a g e   (34)   of  s a i d   c a r b u r e t o r   (5)  and  a  s e c o n d  

v a l v e   d i s p o s e d   in  s a i d   a i r   b l e e d   p a s s a g e   ( 3 5 )  

c o m m u n i c a t e d   w i t h   s a i d   c a r b u r e t o r   ( 5 ) .  

3.  An  a i r - f u e l   r a t i o   c o n t r o l   s y s t e m   as  c l a i m e d   i n  

c l a i m   2,  w h e r e i n   s a i d   f i r s t   and  s e c o n d   v a l v e s   a r e  

a c t u a t e d   by  a  common  s o l e n o i d   ( 7 ) .  

4.  An  a i r - f u e l   r a t i o   c o n t r o l   s y s t e m   as  c l a i m e d   i n  

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

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

at  l e a s t   d u r i n g   t he   a c c e l e r a t i o n   of  s a i d   e n g i n e .  

5.  An  a i r - f u e l   r a t i o   c o n t r o l   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 o m p r i s i n g :  

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

s o l e n o i d - a c t u a t e d   v a l v e   in  the   f u e l   p a s s a g e   ( 3 4 )  

or  the   a i r   b l e e d   (35)  c o m m u n i c a t i n g   s a i d   f u e l   p a s s a g e  

t h e r e o f ,   and  w i t h   a  t h r o t t l e   v a l v e   (50)   d i s p o s e d   i n  

the   p a s s a g e   f o r   an  a i r - f u e l   m i x t u r e   f o r m e d   t h e r e i n ;  

b)  a  p l u r a l i t y   of  s e n s o r s   ( 13 ,   15,  17,  19)  a d a p t e d   t o  

s e n s e   t he   s p e e d   (N),   t e m p e r a t u r e   (TW)  and  the   i n t a k e  

vacuum  (VC)  of  s a i d   e n g i n e ;  

c)  a  t h r o t t l e   p o s i t i o n   s e n s o r   (21)   a d a p t e d   to  s e n s e  

t h a t   s a i d   t h r o t t l e   v a l v e   (50)   i s   in  i t s   r e s e t  

p o s i t i o n ;  

d)  an  a c t u a t o r   a d a p t e d   to  c o n t r o l   t he   r e s e t   p o s i t i o n  
of  s a i d   t h r o t t l e   v a l v e   (-50)  t h e r e b y   to  c o n t r o l   t h e  

e n g i n e   s p e e d   (N)  d u r i n g   w a r m i n g   up  of  s a i d   e n g i n e  

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

p e d a l ;  



e)  an  e l e c t r i c   memory  m e m o r i z i n g   the   d a t a   c o n c e r n i n g  

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

f o r   m a i n t a i n i n g   a  c o n s t a n t   a i r - f u e l   r a t i o   of  m i x t u r e  

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

s a i d   d a t a   b e i n g   m e m o r i z e d   in  r e l a t i o n   to  t he   e n g i n e  

s p e e d   (N)  and  the   l e v e l   of  l o a d ;  

f)   c o e f f i c i e n t   c a l c u l a t i n g   means  a d a p t e d   t o   c a l c u l a t e  

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

a c c o r d a n c e   w i t h   t h e   e n g i n e   t e m p e r a t u r e   (TW)  f o r  

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

a c c e l e r a t i o n   and  d e c e l e r a t i o n ;  

g)  e n g i n e   s t a t e   j u d g i n g   means   a d a p t e d   to  s e l e c t   t h e  

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

when  the   e n g i n e   s p e e d   is   h i g h e r   t h a n   a  p r e d e t e r m i n e d  

s p e e d   wh i l e   s a i d   t h r o t t l e   v a l v e   (50)   i s   in  s a i d   r e s e t  

p o s i t i o n   and  to  s e l e c t ,   when  s a i d   i n t a k e   vacuum  (VC) 

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

v a l v e   (50)  is  not   in   s a i d   r e s e t   p o s i t i o n ,   t h e  

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

a n d  

h)  a  c o n t r o l   u n i t   a d a p t e d   to  r ead   f rom  s a i d   e l e c t r i c  

memory  the  o p e n i n g   r a t e   of  s a i d   v a l v e   c o r r e s p o n d i n g  

to  s a i d   e n g i n e   s p e e d   (N)  and  the  i n t a k e   vacuum  ( V 0 ) ,  

and  to  c o n t r o l   s a i d   v a l v e   at  an  o p e n i n g   r a t e   g i v e n  

as  the   p r o d u c t   of  s a i d   i n c r e m e n t   c o e f f i c i e n t  

s e l e c t e d   by  s a i d   e n g i n e   s t a t e   j u d g i n g   means   a n d  

s a i d   o p e n i n g   r a t e   r e a d   out   from  s a i d   e l e c t r i c   m e m o r y .  
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