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©  Device  for  controlling  the  fuel  feed  for  Otto-cycle  internal  combustion  engines  for  motor  vehicles. 
(57)  The  device  includes  speed  sensor  means  (1)  which  pro- 
vide  a  signal  (A)  indicative  of  the  speed  of  rotation  of  the 
engine  to  a  first  input  (7a)  of  a  comparison  circuit  (7).  A  refer- 
ence  signal  is  fed  to  a  second  input  (7b)  of  the  comparison 
circuit  (7).  The  output  of  the  comparison  circuit  (7)  is  con- 
nected  to  a  first  input  (12a)  of  an  enabling  logic  circuit  (12), 
having  a  second  input  (126)  connected  to  means  (15)  for 
detecting  the  position  of  the  accelerator  pedal.  The  enabling 
logic  circuit  (12)  is  connected  to  shut-off  means  (13)  disposed 
in  the  fuel  feed  pipe  of  the  engine.  A  processing  circuit  (6)  has 
its  input  connected  to  the  speed  sensor  means  (1),  and  its 
output  connected  to  the  second  input  (7b)  of  the  comparison 
circuit  (7).  This  processing  circuit  (6)  generates  an  electrical 
signal  having  an  amplitude  which  increases  with  time  accord- 
ing  to  a  predetermined  law,  when  the  signal  provided  by  the 
speed  sensor  means  (1)  falls  at  a  rate  greater  that  a  predeter- 
mined  rate. 

Q. 
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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  d e v i c e   f o r   c o n t r o l -  

l i n g   t h e   f u e l   f e e d   f o r   O t t o - c y c l e   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   f o r   m o t o r   v e h i c l e s .   In  p a r t i c u l a r   t he   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  c o n t r o l   d e v i c e   of  the   t y p e   i n -  

c l u d i n g :  

-  s p e e d   s e n s o r   means  a r r a n g e d   to  p r o v i d e   at   i t s   o u t -  

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

r o t a t i o n   of  t he   e n g i n e ,  

-  g e n e r a t o r   means   a r r a n g e d   to  g e n e r a t e   a  r e f e r e n c e  

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

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

c o n n e c t e d   r e s p e c t i v e l y   to  the   s p e e d   s e n s o r   means   a n d  

the   g e n e r a t o r   means   and  a r r a n g e d   to  s u p p l y   a  c o n t r o l  

s i g n a l   when  the   s i g n a l   p r o v i d e d   by  the  s p e e d   s e n s o r  

means   e x c e e d s   the   l e v e l   of  t he   s i g n a l   fed   to  t he   s e c o n d  

i n p u t   of  t he   c o m p a r i s o n   c i r c u i t ,  

-  f i r s t   e l e c t r i c a l   p o s i t i o n - d e t e c t o r   means  a r r a n g e d  

to  d e t e c t   the   p o s i t i o n   of  the   a c c e l e r a t o r   p e d a l   and  t o  

p r o v i d e   an  e l e c t r i c a l   e n a b l i n g   s i g n a l   when  the   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 ,  

-  s h u t   o f f   means   i n t e n d e d   to  be  d i s p o s e d   in   t he   f u e l  

f e e d   p i p e   of  t he   e n g i n e ,   a n d  

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

son  c i r c u i t   and  to  t he   s a i d   f i r s t   p o s i t i o n - d e t e c t o r  

means   and  a r r a n g e d   to  a c t u a t e   t he   s h u t   o f f   means   o n l y  

when  t he   s a i d   c o n t r o l   s i g n a l   and  t h e   s a i d   e n a b l i n g   s i g -  

n a l   a r e   s i m u l t a n e o u s l y   p r e s e n t   at   t he   i n p u t s   of  t he   s a i d  

l o g i c   c i r c u i t .  

Known  d e v i c e s   of  t h e   above   s p e c i f i e d   t y p e   b r i n g   a b o u t   t h e  

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

h i c l e   when  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   and  t he   s p e e d  

of   r o t a t i o n   of  t he   e n g i n e   e x c e e d s   a  p r e d e t e r m i n e d   m i n i -  

mum  v a l u e   d u r i n g   r u n n i n g   of  t h e   v e h i c l e .  

The  f u e l   f e e d   i s   r e s t o r e d   a g a i n   when  t h e   s p e e d   o f  r o t a t i o n  

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

or  when  t he   a c c e l e r a t o r   p e d a l   i s   a g a i n   p r e s s e d .  

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

p o l l u t i o n   to  be  r e d u c e d .   I n d e e d ,   as  i s   known,   when  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   d u r i n g   r u n n i n g   of   t h e   v e -  

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

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

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

a t   t he   moment  a t   w h i c h   the   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 .  

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

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



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

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

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

the   v e h i c l e   s l o w s   to  s t o p   at  t r a f f i c   l i g h t s .   U n d e r  

t h e s e   c o n d i t i o n s ,   the   a c c e l e r a t o r   p e d a l   has   b a r e l y   b e e n  

r e l e a s e d   b e f o r e   the   f u e l   f e e d   p i p e   is   c l o s e d .   The  e n g i n e  

does   no t   s t a l l   s i n c e   i t   i s   d r i v e n   by  the   t r a n s m i s s i o n  

s y s t e m .   I m m e d i a t e l y   the   s p e e d   of  r o t a t i o n   of  the   e n g i n e  

f a l l s   b e l o w   a  p r e d e t e r m i n e d   minimum  v a l u e   the   f u e l   f e e d  

is   r e s t o r e d .  

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

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

y t i c   s i l e n c e r s .   D u r i n g   p e r i o d s   in  w h i c h   the   e n g i n e   i s  

d r i v e n   by  the   t r a s m i s s i o n ,   a  c o n s i d e r a b l e   q u a n t i t y   o f  

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

T h a n k s   to  t he   o x y g e n   p r e s e n t   in  the   c a t a l y t i c   s i l e n c e r ,  

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

an  e x o t h e r m i c   r e a c t i o n   w h i c h   r e s u l t s   in  an  i n c r e a s e   i n  

the   t e m p e r a t u r e   of  the   s o - c a l l e d   c a t a l y t i c   bed .   S u c h  

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

to  t he   c a t a l y t i c   bed .   T h i s   d i s a d v a n t a g e   may  be  e l i m i n -  

a t e d   by  means   of  the   f u e l   f e e d   c o n t r o l   d e v i c e   of  t h e  

t y p e   s p e c i f i e d   a b o v e ,   wh ich   a l l o w s   the   q u a n t i t y   of  u n -  

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

be  r e d u c e d .  

Fue l   f e e d   c o n t r o l   d e v i c e s   of  t he   t ype   d e s c r i b e d   a b o v e  

made  up  t i l l   now,  e s t a b l i s h   a  minimum  t h r e s h o l d   v a l u e  f o r  

the   s p e e d   of  r o t a t i o n   of  the   e n g i n e ,   above   wh ich   t h e  f u e l  



f e e d   d u c t   can  be  c l o s e d ,   and  be low  w h i c h   the   f e e d   i s  

r e - e s t a b l i s h e d .   T h i s   t h r e s h o l d   v a l u e   i s   f i x e d .  

A  d i s a d v a n t a g e   of  known  d e v i c e s   i s   r e l a t e d   to  t he   f a c t  

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

b e t w e e n   the   i n s t a n t   a t   w h i c h   the  f u e l   f e e d   to  t h e   e n g i n e  

i s   r e - e s t a b l i s h e d   and  t he   i n s t a n t   at   w h i c h   the   e n g i n e  

a g a i n   s u p p l i e s   d r i v i n g   t o r q u e .   T h i s   p e r i o d   of  d e l a y   m a y  

r e s u l t   in  s t a l l i n g   of  t he   e n g i n e ,   p a r t i c u l a r l y   when  t h e  

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

c l u t c h   d i s e n g a g e d )  a n d   h e n c e   i s   no  l o n g e r   d r i v e n .  

A c c o r d i n g   to  t he   known  a r t ,   t h i s   d i s a d v a n t a g e   was  a v o i d e d  

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

( a b o u t   2000  r p m ) .   The  use   of  a  h i g h   s p e e d   t h r e s h o l d  

v a l u e   a l l o w s   s t a l l i n g   of  t h e   e n g i n e   to  be  a v e r t e d .   H o w -  

e v e r ,   as  i s   c l e a r ,   a  h i g h   s p e e d   t h r e s h o l d   v a l u e   i n v o l v e s '  

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

use   of   the   f u e l   f e e d   c o n t r o l   d e v i c e ,   so  t h a t   t he   use   o f  

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

a d v a n t a g e .  

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   to   p r o v i d e   a  f u e l  

f e e d   c o n t r o l   d e v i c e   f o r   O t t o - c y c l e   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   f o r   v e h i c l e s ,   w h i c h   i s   b o t h   s i m p l e   and  e c o n o m i c a l  

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

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

a r t .  

In  o r d e r   to  a c h i e v e   t h i s   o b j e c t ,   t he   p r e s e n t   i n v e n t i o n  



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

i ed   a b o v e ,   the   main   c h a r a c t e r i s t i c   of  w h i c h   l i e s   in  t h e  

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

n e c t e d   to  the   s p e e d   s e n s o r   means   and  a r r a n g e d   to  g e n e r a t e  

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

w i t h   t ime   a c c o r d i n g   to  a  p r e d e t e r m i n e d   law  when  the   s i g -  

na l   p r o v i d e d   at  t he   o u t p u t   of  t he   s p e e d   s e n s o r   m e a n s  

f a l l s   at  a  r a t e   g r e a t e r   t h a n   a  p r e d e t e r m i n e d   r a t e ;   t h e  

o u t p u t   of  the   s a i d   p r o c e s s i n g   c i r c u i t   b e i n g   c o n n e c t e d  

to  t he   s e c o n d   i n p u t   of  the   s a i d   c o m p a r i s o n   c i r c u i t .  

F u r t h e r   c h a r a c t e r i s t i c s   and  a d v a n t a g e s   of  the   p r e s e n t  

i n v e n t i o n   w i l l   e m e r g e   f rom  the   d e t a i l e d   d e s c r i p t i o n  

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

p r o v i d e d   p u r e l y   by  way  of  n o n - l i m i t i n g   e x a m p l e ,   in  w h i c h :  

F i g u r e   1  i s   a  c i r c u i t   d i a g r a m ,   p a r t l y   in  b l o c k   f o r m ,  

of  a  c o n t r o l   d e v i c e   a c c o r d i n g   to  t he   i n v e n t i o n ,  

F i g u r e   2  i l l u s t r a t e s   f o u r   c a r t e s i a n   g r a p h s   of  e l e c -  

t r i c a l   s i g n a l s   p r e s e n t ,   in  o p e r a t i o n ,   at  the   o u t p u t   o f  

r e s p e c t i v e   c o m p o n e n t   c i r c u i t s   of  t he   d e v i c e   of  F i g u r e   1 ,  

F i g u r e   3  i s   a  c i r c u i t   d i a g r a m ,   p a r t l y   in  b l o c k   f o r m ,  

of  a  s e c o n d   e m b o d i m e n t   of  t he   d e v i c e   a c c o r d i n g   to  t h e  

i n v e n t i o n ,  

F i g u r e   4  i s   a  s e r i e s   of  f o u r   c a r t e s i a n   g r a p h s   w h i c h  

i l l u s t r a t e ,   as  a  f u n c t i o n   of  t i m e ,   the   c h a n g e s   in  f o u r  

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

c i r c u i t s   of  t he   d e v i c e   i l l u s t r a t e d   in  F i g u r e   3 ,  

F i g u r e   5  is   a  c i r c u i t   d i a g r a m ,   p a r t l y   in  b l o c k   f o r m ,  

of  a  t h i r d   e m b o d i m e n t   of  t he   d e v i c e   a c c o r d i n g   to  t h e  

i n v e n t i o n ,   a n d  



F i g u r e   6  i s   a  s e r i e s   of  s e v e n   c a r t e s i a n   g r a p h s   w h i c h  

i l l u s t r a t e ,   as  a  f u n c t i o n   of  t i m e ,   s e v e n   wave  f o r m s   p r o -  

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

up  t he   d e v i c e   of  F i g u r e   5 .  

In  F i g u r e   1,  by  1  t h e r e   i s   i n d i c a t e d   in  i t s   e n t i r e t y ,  

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

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

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

the   v e h i c l e   ( n o t   s h o w n ) .   The  a n a l o g u e   c i r c u i t   1  has   a n  

i n p u t   t e r m i n a l   l a   i n t e n d e d   to  be  c o n n e c t e d   to  t he   i n -  

d u c t i o n   c o i l   ( n o t   shown)   of  t he   i g n i t i o n   c i r c u i t   of  t h e  

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

p u l s e   s h a p i n g   c i r c u i t   2  t h e   o u t p u t   of  w h i c h   i s   c o n n e c t e d  

to  a  m o n o s t a b l e   c i r c u i t   3.  T h i s   l a t t e r   i s   c o n n e c t e d   t o  

the   i n p u t   of  a  f i l t e r   4  t h e   o u t p u t   of   w h i c h   i s   c o n n e c t e d  

to  t h e   i n p u t   of  an  a m p l i f i e r   5.  The  o u t p u t   of   t h i s   a m -  

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

1  and  i s   i n d i c a t e d   by  l b .  

The  o u t p u t   Ib  of  the   a n a l o g u e   c i r c u i t   1  i s   c o n n e c t e d   t o  

the   i n p u t   of  a  p r o c e s s i n g   c i r c u i t   6  and  to  a  f i r s t   i n p u t  

7a  of   a  t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7  e x h i b i t i n g   h y s t -  

e r e s i s .   The  s e c o n d   i n p u t   7b  of  t h i s   c i r c u i t   i s   c o n -  

n e c t e d ,   t h r o u g h   a  r e s i s t o r  8 ,   to  a  d . c .   r e f e r e n c e   v o l t a g e  

s o u r c e   9  c o n s t i t u t e d ,   f o r   e x a m p l e ,   by  a  p o t e n t i o m e t e r   1 0  

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

d . c .   v o l t a g e   s u p p l y   and  e a r t h .  

The  o u t p u t   of   the   p r o c e s s i n g   c i r c u i t   6  i s   c o n n e c t e d   t o  

the   i n p u t   7b  of   the   c o m p a r i s o n   c i r c u i t   7  by  means   of   a  

r e s i s t o r   11.  The  o u t p u t   of  t he   c o m p a r i s o n   c i r c u i t   7 



i s   c o n n e c t e d   to  a  f i r s t   i n p u t   12a  of  a  l o g i c   AND  g a t e   1 2 ,  

t h e   o u t p u t   of  wh ich   i s   c o n n e c t e d   to  a  s h u t   o f f   d e v i c e   13 

by  means   of  a  t r a n s i s t o r i s e d   p o w e r   o u t p u t   s t a g e   14.  T h e  

s h u t   o f f   d e v i c e   13  may,  f o r   e x a m p l e ,   be  c o n s t i t u t e d   b y  

an  e l e c t r o v a l v e   d i s p o s e d   in  t he   f u e l   f e e d   p i p e   of  t h e  

e n g i n e .  

A  p o s i t i o n   d e t e c t o r   d e v i c e   15,  a r r a n g e d   to  p r o v i d e   a n  

e n a b l i n g   e l e c t r i c a l   s i g n a l   when  the   a c c e l e r a t o r   p e d a l  

( n o t   shown)   of  the   e n g i n e   i s   r e l e a s e d ,   is   c o n n e c t e d   t o  

the   s e c o n d   i n p u t   12b  of  the   l o g i c   AND  g a t e   12  t h r o u g h  

an  i n v e r t e r   1 6 .  

The  p o s i t i o n   d e t e c t o r   d e v i c e   15  may  be  c o n s t i t u t e d   b y  

a  s w i t c h   a s s o c i a t e d   w i t h   the   a c c e l e r a t o r   p e d a l .   A l t e r -  

n a t i v e l y ,   the   p o s i t i o n   d e t e c t o r   d e v i c e   15  may  be  c o n s t i t u -  

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

shown)   of  the   c a r b u r e t t o r ,   and,   in  g e n e r a l ,   by  any  d e v i c e  

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

the   a c c e l e r a t o r   p e d a l   i s   p r e s s e d / r e l e a s e d .  

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

d e t e c t o r   d e v i c e   15  p r o v i d e s   a t   i t s   o u t p u t   a  s i g n a l   " 1 "  

when  the   a c c e l e r a t o r   p e d a l   i s   p r e s s e d ,   and  a  s i g n a l   " 0 "  

when  t h e  a c c e l e r a t o r   i s   r e l e a s e d .  

The  t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7  i n c l u d e s   an  o p e r a t i o n -  

al  a m p l i f i e r   17,  an  i n p u t   r e s i s t o r   18  and  a  f e e d b a c k  

r e s i s t o r   1 9 .  



The  f e e d b a c k   o p e r a t i o n a l   a m p l i f i e r   17,  t o g e t h e r   w i t h  

t h e   r e s i s t o r s   8  and  11,  c o n s t i t u t e   an  a n a l o g u e   s u m m i n g  

c i r c u i t .  

The  p r o c e s s i n g   c i r c u i t   6  i n c l u d e s   a  memory  c i r c u i t   20  

c o n s t i t u t e d   by  a  d i o d e   21  h a v i n g   i t s   anode   c o n n e c t e d   t o  

t h e   o u t p u t   of  t he   a m p l i f i e r   5,  and  a  c a p a c i t o r   22  and  a  

r e s i s t o r   23  c o n n e c t e d   in  p a r a l l e l   w i t h   e a c h   o t h e r   b e t w e e n  

t h e   c a t h o d e   of  t he   d i o d e   21  and  e a r t h .   The  memory  c i r -  

c u i t   20  i s   c o n n e c t e d   to  a  f i r s t   i n p u t   2 4 a  o f   a  d i f f e r -  

e n t i a l   a m p l i f i e r   24  a  s e c o n d   i n p u t   24b  of  w h i c h   i s   c o n -  

n e c t e d   to  t he   o u t p u t   of  t he   a m p l i f i e r   5.  The  o u t p u t   o f  

t h e   d i f f e r e n t i a l   a m p l i f i e r   24  i s   c o n n e c t e d   to   t he   i n p u t  

7b  of   t he   t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7,  t h r o u g h   t h e  

r e s i s t o r   1 1 .  

The  o p e r a t i o n   of  t he   e m b o d i m e n t   of  t he   c o n t r o l   d e v i c e  

a c c o r d i n g   to  the   i n v e n t i o n   i l l u s t r a t e d   in  F i g u r e   1  w i l l  

now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e   wave  f o r m s  

i l l u s t r a t e d   in  F i g u r e   2 .  

In  t he   s a i d   F i g u r e   2,  by  A,  B,  C  and  D  a r e   i l l u s t r a t e d  

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

c i r c u i t   1,  t he   t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7,  the   l o g i c  

i n v e r t e r   16  and  t h e   l o g i c   AND  g a t e   12,  r e s p e c t i v e l y .  

A  c u r v e   A  shows  a  p o s s i b l e   v a r i a t i o n   of  t he   s i g n a l   p r o -  

v i d e d   a t   t he   o u t p u t   of  t he   a m p l i f i e r   5  as  a  f u n c t i o n   o f  

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

t h e   s p e e d   of  r o t a t i o n   of  t he   e n g i n e .   In  t he   g r a p h   w h i c h  



i l l u s t r a t e s   t he   p r o g r e s s i o n   of  c u r v e   A,  two  p a r a l l e l  

l i n e s   L  ,  L   have   b e e n   d rawn  w h i c h   r e p r e s e n t   the   l e v e l s  

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

t h r e s h o l d   c o m p a r a t o r   7.  These   l e v e l s   may  c o r r e s p o n d ,  

f o r   e x a m p l e ,   to  1700  rpm  and  1300  rpm  r e s p e c t i v e l y .  

S u p p o s i n g   i n i t i a l l y   t h a t   the   a c c e l e r a t o r   p e d a l   i s   p r e s -  

sed   by  the   d r i v e r ,   in  t h i s   s i t u a t i o n ,   the   o u t p u t   of  t h e  

p o s i t i o n   d e t e c t o r   d e v i c e   15  i s   at  l e v e l   "1" ,   and  t h e r e -  

f o r e   t he   o u t p u t   of  the   i n v e r t e r   16  i s   at  the   l e v e l   " 0 "  

( s i g n a l   C  of  F i g u r e   2 ) .  

The  s p e e d   of  r o t a t i o n   of  t he   e n g i n e   i n c r e a s e s ,   a n d  

c o r r e s p o n d i n g l y ,   t he   c u r v e   A  r i s e s .   At  the   i n s t a n t  

t = t 0 ,   the   s i g n a l   A  i n t e r s e c t s   the   l e v e l   L2.  C o n s e q u e n t -  

ly  t he   o u t p u t   of  t he   t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7  i s  

b r o u g h t   to  l e v e l   "1"  ( s i g n a l   B  of  F i g u r e   2 ) .  

S u p p o s i n g   the   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   at   the   i n -  

s t a n t   i n d i c a t e d   by  t 1 ,   at   the   i n s t a n t   t  the   s i g n a l  

p r o v i d e d   at  the   o u t p u t   of  t he   l o g i c   i n v e r t e r   16  p a s s e s  

to  l e v e l   "1" ,   as  i n d i c a t e d   by  the  wave  form  C  of  F i g u r e  

2.  D u r i n g   the   w h o l e   p e r i o d   of  t ime   p r e c e d i n g   the   i n -  

s t a n t   t 1 ,   or  e l s e   f o r   the   e n t i r e   p e r i o d   of  t ime   d u r i n g  

w h i c h   the   s i g n a l   A  r i s e s   or  is   s u b s t a n t i a l l y   c o n s t a n t ,  

the   i n p u t s   24a,   24b  of  the   d i f f e r e n t i a l   a m p l i f i e r   24  a r e  

f ed   w i t h   the   same  s i g n a l .   I n d e e d ,   the   memory  c i r c u i t   20  

is   a r r a n g e d   to  r e p r o d u c e   at  i t s   o u t p u t   the   same  s i g n a l  

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

i n c r e a s e s   or  i s   s u b s t a n t i a l l y   c o n s t a n t .   C o n s e q u e n t l y  



f o r   t  <  t 1 ,   t h e r e   i s  n o   s i g n a l   p r e s e n t   a t   t h e   o u t p u t   o f  

the   d i f f e r e n t i a l   a m p l i f i e r   24  and  o n l y   the   c o n s t a n t  

r e f e r e n c e   v o l t a g e   p r o v i d e d   by  the   p o t e n t i o m e t e r   10  i s  

p r e s e n t   a t   t h e   i n p u t   7b  of  t he   t h r e s h o l d   c o m p a r a t o r   7 .  

S u b s e q u e n t   to  t h e   i n s t a n t   t 1 ,   t he   s i g n a l   A,  w h i c h   i s  

p r o p o r t i o n a l   to  t he   s p e e d   of  t he   e n g i n e ,   s t a r t s   to  f a l l .  

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

f a c t o r s .   For   e x a m p l e ,   a f t e r  r e l e a s e   of  t he   a c c e l e r a t o r  

p e d a l ,   t he   r a t e   a t   w h i c h   the   s i g n a l   A  f a l l s   w i l l   b e  

g r e a t e r   or  s m a l l e r   a c c o r d i n g   to  w h e t h e r   or   n o t   t he   b r a k e s  

a re   a p p l i e d .  

Two  d i f f e r e n t   s i t u a t i o n s   mus t   t h e r e f o r e   b e  d i s t i n g u i s h e d .  

. I f ,   a f t e r   t he   i n s t a n t   t 1 ,   t he   s i g n a l   A  f a l l s   ( b r a n c h   A 

of  t he   c u r v e   A  of   F i g u r e   2)  w i t h   a  t i m e   c o n s t a n t   l e s s  

t h a n   the   d i s c h a r g e   t i m e   c o n s t a n t   of  t h e   R-C  c i r c u i t   c o n -  

s t i t u t e d   by  t h e   c a p a c i t o r   22  and  t he   r e s i s t o r   23,  t h e  

d i o d e   21  i s o l a t e s   t h i s   R-C  c i r c u i t   f rom  the   o u t p u t   o f  

the   a m p l i f i e r   5.  The  c a p a c i t o r   22  d i s c h a r g e s   t h r o u g h   t h e  

r e s i s t o r   23  and  t h e   v o l t a g e   t h e r e a c r o s s ,   t he   v a r i a t i o n  

of  w h i c h   i s   i n d i c a t e d   by  S  in  F i g u r e   2,  i s   f e d   to  t h e  

i n p u t   24a  of  t he   d i f f e r e n t i a l   a m p l i f i e r   24.  T h i s   d i f f e r -  

e n t i a l   a m p l i f i e r   24  p r o v i d e s   at   i t s   o u t p u t   an  i n c r e a s i n g  

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

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

the   c u r v e   S  and  t he   b r a n c h   A   of   t h e   c u r v e   A.  T h i s  

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

the   i n p u t   7b  of   t he   t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7 .  

H e n c e ,   f rom  t h e   i n s t a n t   t   the   l e v e l   of   the   l o w e r  



o p e r a t i n g   t h r e s h o l d   of  t he   c o m p a r a t o r   7  c e a s e s   to  b e  

c o n s t a n t ,   and  s t a r t s   to  i n c r e a s e   in  a c c o r d a n c e   w i t h   t h e  

c u r v e   i n d i c a t e d   by  T  in  F i g u r e   2 .  

At  the   i n s t a n t   t  ,   the   o u t p u t   of  the   l o g i c   AND  g a t e   12 

w i l l   have   c h a n g e d   to  l e v e l   "1"  b r i n g i n g   a b o u t ,   t h r o u g h  

the   power   s t a g e   14,  t he   a c t u a t i o n   of  the   s h u t   o f f   d e v i c e  

13  d i s p o s e d   in  the   f u e l   f e e d   p i p e   of  the   e n g i n e .  

At  the   i n s t a n t   t2  the   b r a n c h   A1  of  the   c u r v e   A  i n t e r s e c t s  

the   c u r v e   T,  and  c o n s e q u e n t l y   the   o u t p u t   of  the   t h r e s h o l d  

c o m p a r i s o n   c i r c u i t   7  c h a n g e s   a g a i n   to  l e v e l   "0"  ( s i g n a l  

B  o f   F i g u r e   2) .   C o r r e s p o n d i n g l y   the   o u t p u t   of  the   l o g i c  

AND  g a t e   12  ( s i g n a l   D  of  F i g u r e   2)  c h a n g e s   to  l e v e l   " O " ,  

r e s u l t i n g   in  t he   d e a c t i v a t i o n   of  t he   s h u t   o f f   means   1 3 .  

The  e n g i n e   f e e d   i s   r e - e s t a b l i s h e d .  

Summing  up  what   has   been   e x p l a i n e d   a b o v e ,   when  the   s p e e d  

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

l e s s   t h a n   t h a t   of  t he   R-C  c i r c u i t   22,  23,  t he   p r o c e s s i n g  

c i r c u i t   6  c a u s e s   a  p r o g r e s s i v e   i n c r e a s e   in  the   l e v e l   o f  

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

c i r c u i t   7.  T h i s   i n c r e a s e   in  the   l o w e r   o p e r a t i n g   t h r e s h -  

o ld   i s   g r e a t e r   t he   more  r a p i d   the   f a l l   in  s p e e d   of  t h e  

e n g i n e .   W i t h o u t   t he   use   of  t he   p r o c e s s i n g   c i r c u i t   6 ,  

the   r e s t o r a t i o n   of   t he   f u e l   f e e d   wou ld   o c c u r   at   t h e  

i n s t a n t   i n d i c a t e d   by  t3  in  F i g u r e   2.  The  e f f e c t   of  t h e  

use  of  the   p r o c e s s i n g   c i r c u i t   6  i s   t h u s   to  a d v a n c e   t h e  

r e s t o r a t i o n   of  t he   f u e l   f e e d   to  an  e x t e n t   w h i c h   i s  

g r e a t e r   the   f a s t e r   the   f a l l   in  s p e e d   of  the   e n g i n e .  



T h i s   e n s u r e s   t h a t   t he   f u e l   f e e d   i s   r e s t o r e d   in   t i m e ,  

b e f o r e   t he   e n g i n e   can   s t a l l .  

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

in   a  r a t h e r   d i f f e r e n t   m a n n e r   f rom  t h a t   i n d i c a t e d   a b o v e  

when ,   s u b s e q u e n t   to  the   i n s t a n t   t  ,   the   s p e e d   of   r o t a t i o n  

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

d i s c h a r g e   t i m e   c o n s t a n t   of   t he   R-C  c i r c u i t   2 2 , 2 3 .  

S u p p o s i n g ,   in  f a c t ,   t h a t   f r om  the   i n s t a n t   t 1 ,   t he   c u r v e  

A  of   F i g u r e   2  d e c r e a s e s   a l o n g   the   b r a n c h   A2  l o c a t e d  

a b o v e   the   c u r v e   S  w h i c h   c o r r e s p o n d s   to  t he   d i s c h a r g e   o f  

t h e   s a i d   R-C  c i r c u i t ,   in   t h i s   s i t u a t i o n   t he   d i o d e   21 

r e m a i n s   c o n d u c t i v e ,   and  t h e   memory  c i r c u i t   20  c o n t i n u e s  

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

t h e   a m p l i f i e r   5,  t h a t   i s ,   t he   s i g n a l  A .   As  a  r e s u l t ,  

t h e   d i f f e r e n t i a l   a m p l i f i e r   24  p r o v i d e s   a  z e r o   s i g n a l   a t  

t he   i n p u t   7b  of  t h e   c o m p a r i s o n   c i r c u i t   7.  T h e r e f o r e   t h e  

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

c i r c u i t   7  r e m a i n s ,   a g a i n   s u b s e q u e n t   to  t he   i n s t a n t   t 1 ,  

c o n s t a n t   a t   t h e   l e v e l   L  .   C o r r e s p o n d i n g l y ,   t h e   o u t p u t  

of  t h e   t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7  ( s i g n a l   B)  and  t h e  

l o g i c   AND  g a t e   12  ( s i g n a l   D)  w i l l   c h a n g e   to  l e v e l   " 0 "  

o n l y   a t   t he   i n s t a n t   i n d i c a t e d   by  t4  i n  F i g u r e   2 .  

The  p r o c e s s i n g   c i r c u i t   6  i s   t h u s   a r r a n g e d   to  m a i n t a i n  

t he   l e v e l   of  t he   l o w e r   o p e r a t i n g   t h r e s h o l d   of   t h e  

t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7  u n a l t e r e d   when  t he   s p e e d  

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

d e c r e a s e s   w i t h   a  t i m e   c o n s t a n t   g r e a t e r   t h a n   t he   t i m e  

c o n s t a n t   of   t h e - R - C   c i r c u i t   22,  2 3 .  



As  has   been   d e s c r i b e d   a b o v e ,   i f ,   i n s t e a d ,   the   s p e e d  

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

l e s s   t h a n   t h a t   of  t he   s a i d   R-C  c i r c u i t ,   t he   p r o c e s s i n g  

c i r c u i t   6  s u p e r i m p o s e s   on  the   l e v e l   of  the   l o w e r   o p e r -  

a t i n g   t h r e s h o l d   L1,  a  s i g n a l   of  an  a m p l i t u d e   w h i c h   i n -  

c r e a s e s   in  t ime   to  a  p r o p o r t i o n a l l y   l a r g e r   e x t e n t   t h e  

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

e n g i n e .  

The  p r o c e s s i n g   c i r c u i t   6  t h u s   e n a b l e s   t he   s e t t i n g   of  a  

l o w e r   o p e r a t i n g   t h r e s h o l d   of  t he   c o m p a r i s o n   c i r c u i t   7 

w h i c h   has   a  v a l u e   l e s s   t h a n   the   t h r e s h o l d   v a l u e s   w h i c h  

c .ould  be  s e t   f o r   t he   c o n t r o l   d e v i c e s  o f   t he   p r i o r   a r t .  

When,  w i t h   the   a c c e l e r a t o r   p e d a l   r e l e a s e d ,   the   s p e e d  

of  r o t a t i o n   of  t he   e n g i n e   f a l l s   s l o w l y ,   the   c o n t r o l  

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

r e s t o r a t i o n   of  t he   f e e d   o n l y   when  the   s p e e d   of  the   e n -  

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

d e v i c e s   of  t he   p r i o r   a r t .   C o n s e q u e n t l y   the   d e v i c e  

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

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

s i l e n c e r   to  be  g r e a t l y   r e d u c e d .   A  g r e a t e r   f u e l   s a v i n g  

i s   a l s o   p o s s i b l e .  

F i g u r e   3  shows  a  s e c o n d   e m b o d i m e n t   of  t h e   d e v i c e   a c c o r d -  

ing   to  the   i n v e n t i o n .   In  t h i s   F i g u r e ,   the   same  e l e m e n t s  

a l r e a d y   d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e   1  have  b e e n  

g i v e n   the   same  r e f e r e n c e   n u m e r a l s .  



In  t h e   v a r i a n t   i l l u s t r a t e d   in   F i g u r e   3,  the   p r o c e s s i n g  

c i r c u i t   6  f u r t h e r   i n c l u d e s   a  g e n e r a t o r   c i r c u i t   25  h a v i n g  

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

16,  and  i t s   o u t p u t   c o n n e c t e d   to  t h e   i n p u t   7b  of   t h e  

t h r e s h o l d   c o m p a r i s o n   c i r c u i t  7   t h r o u g h   a  r e s i s t o r   2 6 .  

The  g e n e r a t o r   c i r c u i t   25  i s   a r r a n g e d   t o  g e n e r a t e   a  s i g n a l  

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

na l   a t   l e v e l   " I " .   T h i s   c i r c u i t   may  be  c o n s t i t u t e d ,   f o r  

e x a m p l e ,   by  a  ramp  v o l t a g e   g e n e r a t o r   c i r c u i t .  

In  o p e r a t i o n ,   i m m e d i a t e l y   t he   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 he   d e t e c t o r   d e v i c e   15  a c t i v a t e s   the   g e n e r a t o r  

c i r c u i t   25  t h r o u g h   the   l o g i c   i n v e r t e r   16.  The  g e n e r a t o r  

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

i n p u t   7b  of  t he   t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7.  C o n s e -  

q u e n t l y ,   as  i s   s e e n   f rom  F i g u r e   4,  f rom  the   i n s t a n t   t  

at   w h i c h   the   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 ,   the   l e v e l  

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

c i r c u i t   7  c e a s e s   to  be  c o n s t a n t   and  s t a r t s   to  i n c r e a s e .  

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

t i m e   c o n s t a n t   l e s s   t h a n   t h a t   of  t h e   R-C  c i r c u i t   22,  2 3 ,  

the   l e v e l   of  t he   l o w e r   o p e r a t i n g   t h r e s h o l d   of  t he   c o m -  

p a r a t o r   7  i n c r e a s e s   a c c o r d i n g   to  t he   c u r v e   T'  of  F i g u r e  

4.  I f ,   h o w e v e r ,   t he   s p e e d   of   the   e n g i n e   f a l l s   w i t h   a  

t ime   c o n s t a n t   g r e a t e r   t h a n   t h a t   o f   t he   s a i d   R-C  c i r c u i t ,  

t he   l o w e r   o p e r a t i n g   t h r e s h o l d  o f   t he   c o m p a r a t o r   7  i n -  

c r e a s e s   a c c o r d i n g   to  t he   c u r v e   T"  of   F i g u r e   4  .  

In  e a c h   c a s e ,   t he   e f f e c t   of   the   g e n e r a t o r   c i r c u i t   25  i s  

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



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

7  when  the   a c c e l e r a t o r   p e d a l   is   r e l e a s e d .  

As  i s   known,   when  the   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  

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

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

p r e v i o u s l y   h a v i n g   been   w e t t e d   by  the   f u e l .   The  d r y i n g  

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

a v e r a g e   in  a b o u t   15  s e c o n d s .   I m m e d i a t e l y   the   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 ,   and  the  f u e l   f e e d   p i p e   c l o s e d ,   t h e  

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

I f   the   d e a c t i v a t i o n   of  the   s h u t   o f f   d e v i c e   of  the   f u e l  

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

f u e l   f e e d   w i l l   be  r e s t o r e d   v e r y   q u i c k l y .   On  the   o t h e r  

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

m a n i f o l d   has   c o m p l e t e l y   d r i e d ,   t he   f u e l   f e e d   w i l l   b e  

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

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

in  F i g u r e   3  p r o v i d e s   f o r   the   g r a d u a l   r a i s i n g   of  t he   l e v e l  

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

7  so  as  to  e n s u r e   t h a t   the   f u e l   f e e d   i s   r e s t o r e d   e a r l i e r  

and  e a r l i e s t   as  t he   i n d u c t i o n   m a n i f o l d   d r i e s .   In  t h e  

c a s e   of  F i g u r e   4,  the   f u e l   f e e d   i s   r e s t o r e d   at   t h e  

i n s t a n t   t  ,   r a t h e r   t h a n   at  the   i n s t a n t   t  .  

F i g u r e   5  i l l u s t r a t e s   a  f u r t h e r   e m b o d i m e n t   of  t he   d e v i c e  

a c c o r d i n g   to  t he   i n v e n t i o n .   In  t h i s   F i g u r e ,   t h e  

e l e m e n t s   common  to  the   e m b o d i m e n t s   p r e v i o u s l y   d e s c r i b e d  

have  been   i n d i c a t e d   by  the  same  r e f e r e n c e   n u m e r a l s .  



In  t he   e m b o d i m e n t   i l l u s t r a t e d   in  f i g u r e   5,  t he   p r o c e s s i n g  

c i r c u i t   6  f u r t h e r   i n c l u d e s   a  c o n t r o l   c i r c u i t   27  h a v i n g   a  

f i r s t   i n p u t   27a   c o n n e c t e d   to  t he   o u t p u t   of   t he   a m p l i f i e r  

5,  and  a  s e c o n d   i n p u t   27b  c o n n e c t e d   t o  t h e   o u t p u t   o f ' a  

d e v i c e   28  f o r   d e t e c t i n g   t h e   p o s i t i o n   of  t h e   f r i c t i o n -  

c l u t c h   c o n t r o l   p e d a l .   The  d e t e c t o r   d e v i c e   28  may,  f o r  

e x a m p l e ,   be  c o n s t i t u t e d   by  a  s w i t c h  a s s o c i a t e d   w i t h   t h e  

f r i c t i o n - c l u t c h   c o n t r o l   p e d a l ,   and  a r r a n g e d   to  p r o v i d e  

a t   i t s   o u t p u t   a  s i g n a l   a t   l e v e l   "0"  when  t h i s   p e d a l   i s  

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

"1"  when  t h i s   p e d a l   i s   d e p r e s s e d   ( f r i c t i o n   c l u t c h   d i s -  

e n g a g e d ) .  

The  o u t p u t   of   the   c o n t r o l   c i r c u i t   27  i s   c o n n e c t e d   to  a  

t h i r d   i n p u t   12e  of  t he   l o g i c   AND  g a t e   12.  The  c o n t r o l  

c i r c u i t   27  i n c l u d e s   a  t h r e s h o l d   c o m p a r i s o n   c i r c u i t   29  

h a v i n g   a  f i r s t   i n p u t   29a  c o n n e c t e d   to  t he   o u t p u t   o f  

the   a m p l i f i e r   5,  and  a  s e c o n d   i n p u t   29b  c o n n e c t e d   t o  

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

by  a  p o t e n t i o m e t e r   30  c o n n e c t e d   b e t w e e n   a  v o l t a g e   s u p p l y  

s o u r c e   and  e a r t h .   The  o u t p u t   of  t he   t h r e s h o l d   c o m p a r i s o n  

c i r c u i t   29  i s   c o n n e c t e d   to  a  f i r s t   i n p u t   31a  of  a  l o g i c  

OR  g a t e   31  w h i c h   has   a  s e c o n d   i n p u t   31b  c o n n e c t e d   to  t h e  

d e t e c t o r   d e v i c e   28  v i a   a  l o g i c   i n v e r t e r   3 2 .  

The  o p e r a t i o n   of  the   F i g u r e   5  e m b o d i m e n t   of   t he   d e v i c e  

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

t h a t   of  the   e m b o d i m e n t s   d e s c r i b e d   a b o v e .   In  F i g u r e   6 

a r e   i l l u s t r a t e d   the   wave  f o r m s   A  to  G  of  s i g n a l s  

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



c i r c u i t   1,  t he   t h r e s h o l d   c o m p a r i s o n   c i r c u i t   7,  the   l o g i c  

i n v e r t e r   16,  t he   l o g i c   AND  g a t e   12,  the   l o g i c   i n v e r t e r  

32,  t he   t h r e s h o l d   c o m p a r a t o r   29,  and  the   l o g i c   OR  g a t e  

3 1 .  

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

at  the   i n s t a n t   t1  at  wh ich   the  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 he   s p e e d   of  r o t a t i o n   of  the   e n g i n e   s t a r t s   t o  

f a l l .   At  t he   i n s t a n t   t l ,   as  d e s c r i b e d   a b o v e ,   the   s h u t  

o f f   d e v i c e   13  i s   a c t i v a t e d .   I f ,   in  t h e s e   c i r c u m s t a n c e s ,  

the   f r i c t i o n   c l u t c h   is   e n g a g e d ,   the   e n g i n e   does   n o t   s t o p  

s i n c e   i t   c o n t i n u e s   to  be  d r i v e n   by  the   t r a n s m i s s i o n  

s h a f t .   I f ,   h o w e v e r ,   u n d e r   t h e s e   c o n d i t i o n s   the   f r i c t i o n  

c l u t c h   i s   d i s e n g a g e d ,   the   v e h i c l e   e n g i n e   c o u l d   s t o p  

b e f o r e   the   f u e l   f e e d   has   been   r e s t o r e d .   The  e m b o d i m e n t  

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

F i g u r e   5  a l l o w s   t h i s   e v e n t u a l i t y   to  be  a v o i d e d .  

S u p p o s i n g   t he   f r i c t i o n   c l u t c h   i s   d i s e n g a g e d   at   i n s t a n t  

t5  w h i c h   i s   s u b s e q u e n t   to  the  i n s t a n t   t 1 .   At  the   i n s t a n t  

t   the   o u t p u t   of  t he   l o g i c   i n v e r t e r   32  c h a n g e s   to  l e v e l  

"0" .   I f ,   at  t h i s   moment ,   the   s p e e d   of  r o t a t i o n   of  t h e  

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

the   c o m p a r i s o n   c i r c u i t   29,  the   o u t p u t   of  t h i s   c o m p a r i s o n  

c i r c u i t   29  and  of  the   l o g i c   OR  g a t e   31  r e m a i n   at  l e v e l  

"1" .   In  t h i s   s i t u a t i o n   the   o p e r a t i o n   of  the   c o n t r o l  

d e v i c e   p r o c e e d s   e x a c t l y   in  the  m a n n e r   a l r e a d y   i l l u s t r a t e d  

a b o v e .   W h e n e v e r ,   b e f o r e   the  c o n t r o l   d e v i c e   has   a l l o w e d  

the   f u e l   f e e d   to  be  r e s t o r e d ,   the   s p e e d   of  r o t a t i o n   o f  

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



c o m p a r i s o n   c i r c u i t   29  ( a t   t he   i n s t a n t   t 6 ;   F i g u r e   6)  t h e  

o u t p u t s   of  t he   c o m p a r i s o n   c i r c u i t   29  and  of  t he   l o g i c  

OR  g a t e   31  c h a n g e   to  l e v e l   " 0 " .   C o n s e q u e n t l y ,   t he   o u t p u t  

of  t h e   l o g i c   AND  g a t e   12  c h a n g e s  s u d d e n l y   to  l e v e l   " 0 "  

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

t he   e n g i n e   f rom  s t o p p i n g   b e f o r e   t he   f u e l ' f e e d   has   b e e n  

e f f e c t i v e l y   r e s t o r e d .  

W h e n e v e r ,   b e t w e e n   the  i n s t a n t s   t   and  t2  ( t ' 2 )   t h e  

f r i c t i o n   c l u t c h   i s   no t   d i s e n g a g e d ,   the   d e v i c e   i l l u s t r a t e d  

in  F i g u r e   5  f u n c t i o n s   e x a c t l y   in  t h e   same  m a n n e r   as  t h e  

d e v i c e   i l l u s t r a t e d   in   F i g u r e   3 .  

The  d e v i c e   i l l u s t r a t e d   in  F i g u r e   5  a l l o w s   the   r e s t o r a t i o n  

of  t h e   f u e l   f e e d   to  be  a d v a n c e d   w h e n e v e r ,   in  t he   p e r i o d  

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

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

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

c o m p a r a t o r   2 9 .  

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

c o n t r o l l i n g   t he   f u e l   f e e d   to  c a r b u r e t t o r ,   O t t o - c y c l e ,  

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 .   I t   may  a l s o ,   h o w e v e r ,  

be  u s e d   w i t h   i n j e c t i o n   e n g i n e s .   When  the   d e v i c e   i s   u s e d  

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

d e v i c e   15  may  be  c o n s t i t u t e d   by  an  e l e c t r i c a l   a i r - f l o w  

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

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

m e t e r   may,  in   t h i s   c a s e ,   p r o v i d e   a  s i g n a l   of   t h e   o n / o f f  

t y p e   when  t h e   a c c e l e r a t o r   p e d a l   i s   p r e s s e d / r e l e a s e d .  



M o r e o v e r ,   the   s h u t   o f f   d e v i c e   may  be  c o n s t i t u t e d   by  t h e  

i n j e c t o r s   of  t he   e n g i n e   t h e m s e l v e s .  

N a t u r a l l y ,   the   p r i n c i p l e   of  the   i n v e n t i o n   r e m a i n i n g   t h e  

same,   the   e m b o d i m e n t s   and  the   d e t a i l s   of  i t s   r e a l i s a t i o n  

may  be  v a r i e d   w i d e l y   w i t h   r e s p e c t   to  t h a t   d e s c r i b e d   a n d  

i l l u s t r a t e d   p u r e l y   by  way  of  n o n - l i m i t i n g   e x a m p l e ,  

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

i n v e n t i o n .  



1.  F u e l   f e e d   c o n t r o l   d e v i c e   f o r  O t t o - c y c l e   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   f o r   m o t o r   v e h i c l e s ,   i n c l u d i n g :  

-  s p e e d   s e n s o r   means   (1)  a r r a n g e d   to   p r o v i d e   a t   i t s  

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

of   r o t a t i o n   of   t he   e n g i n e ,  

-  g e n e r a t o r   means   (9)  a r r a n g e d   to   p r o v i d e   at   i t s   o u t -  

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

a m p l i t u d e ,  

-  a  c o m p a r i s o n   c i r c u i t   (7)  h a v i n g   f i r s t   and  s e c o n d  

i n p u t s   ( 7 a ,   7b)  c o n n e c t e d   r e s p e c t i v e l y   to  t he   s p e e d  

s e n s o r   m e a n s   (1)  and  to  t he   g e n e r a t o r   means   ( 9 ) ,   a n d  

a r r a n g e d   to  p r o v i d e   a  c o n t r o l   s i g n a l   (B)  when  t h e   s i g n a l  

(A)  p r o v i d e d   by  t h e   s p e e d   s e n s o r   means   (1)  e x c e e d s   t h e  

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

c o m p a r i s o n   c i r c u i t   ( 7 ) ,  

-  f i r s t   e l e c t r i c a l   p o s i t i o n  d e t e c t o r   means   (15)   a r r a n -  

ged  to   d e t e c t   t he   p o s i t i o n   of  t h e   a c c e l e r a t o r  p e d a l   a n d  

to  p r o v i d e   an  e l e c t r i c a l   e n a b l i n g   s i g n a l   (C)  when  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 ,  

-  s h u t - o f f  m e a n s   (13)   i n t e n d e d   to  be  d i s p o s e d  i n   t h e  

f u e l   f e e d   p i p e  o f   the   e n g i n e ,  

-  an  e n a b l i n g   l o g i c   c i r c u i t   (12)   c o n n e c t e d   to   t h e  

c o m p a r i s o n   c i r c u i t   (7)  and  to  t h e   s a i d   f i r s t   p o s i t i o n -  

d e t e c t o r   means   ( 1 5 ) ,   and  a r r a n g e d   to  a c t u a t e   t he   s h u t -  

o f f   means   (13)   o n l y   when  t he   s a i d   c o n t r o l   s i g n a l   ( B )  

and  e n a b l i n g   s i g n a l   (C)  a re   p r e s e n t   s i m u l t a n e o u s l y   a t  

t he   i n p u t s   to  t h e   s a i d   l o g i c   c i r c u i t   ( 1 2 ) ,  

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



c i r c u i t   (6)  c o n n e c t e d   to  t he   s p e e d   s e n s o r   means   ( 1 )  

and  a r r a n g e d   to  g e n e r a t e   an  e l e c t r i c a l   s i g n a l   h a v i n g   a n  

a m p l i t u d e   wh ich   i n c r e a s e s   in  t ime   a c c o r d i n g   to  a  p r e -  

d e t e r m i n e d   law  when  the   s i g n a l   (A)  p r o v i d e d   at   the   o u t -  

pu t   of  the   s p e e d   s e n s o r   means   (1)  f a l l s   at  a  r a t e   g r e a t -  

e r   t h a n   a  p r e d e t e r m i n e d   r a t e ;   the   o u t p u t   of  t he   s a i d  

p r o c e s s i n g   c i r c u i t   (6)  b e i n g   c o n n e c t e d   to  t he   s e c o n d  

i n p u t   (7b)   of  t he   s a i d   c o m p a r i s o n   c i r c u i t   ( 7 ) .  

2.  D e v i c e   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   in  t h a t  

the   s a i d   p r o c e s s i n g   c i r c u i t   (6)  is   a r r a n g e d   to  g e n e r a t e  

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

w i t h   t i m e   in  d e p e n d e n c e   on  the   r a t e   of  d e c r e a s e ,   d u r i n g  

o p e r a t i o n ,   of  the   a m p l i t u d e   of  the   s i g n a l   (A)  e m i t t e d  

by  the   s p e e d   s e n s o r   means   ( 1 ) .  

3.  D e v i c e   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   in  t h a t  

the   s a i d   p r o c e s s i n g   c i r c u i t   (6)  is   a r r a n g e d   to  g e n e r a t e  

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

w i t h   t ime   in  d e p e n d e n c e   on  the   l e n g t h   of  t i m e   d u r i n g  

w h i c h   the   s i g n a l   (A)  e m i t t e d   by  the  s p e e d   s e n s o r   m e a n s  

(1)  f a l l s .  

4.  D e v i c e   a c c o r d i n g   to  C l a i m   2  or  3,  c h a r a c t e r i s e d   i n  

t h a t   t he   s a i d   p r o c e s s i n g   c i r c u i t   (6)  i n c l u d e s :  

-  a  memory  c i r c u i t   (20)   c o n n e c t e d   to  the   s p e e d   s e n s o r  

means   (1)  and  a r r a n g e d   t o :  

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

an  i n i t i a l   a m p l i t u d e   e q u a l   to  the  i n s t a n t a n e o u s   a m p l i -  

t u d e   of  t he   s i g n a l   (A)  e m i t t e d   by  the   s p e e d   s e n s o r   m e a n s  



(1)  and  d e c r e a s i n g   in  t i m e   w i t h   a  p r e d e t e r m i n e d   t i m e  

c o n s t a n t ,   when  the   s i g n a l   (A)  e m i t t e d   by  t h e  s p e e d   s e n s o r  

means   (1)  f a l l s   w i t h   a  t i m e   c o n s t a n t   l e s s   t h a n   the   s a i d  

p r e d e t e r m i n e d   t i m e   c o n s t a n t ;  

(b)  r e p r o d u c e   a t   i t s   o u t p u t   t he   s i g n a l   (A)  e m i t t e d   b y  

t h e   s p e e d   s e n s o r  m e a n s   ( 1 ) ,   when  the   a m p l i t u d e   of  t h e  

s a i d   s i g n a l   (A)  i s   i n c r e a s i n g ,   i s  c o n s t a n t ,   or  d e c r e a s e s  

w i t h   a  t ime   c o n s t a n t   g r e a t e r   t h a n   t he   s a i d   p r e d e t e r m i n e d  

t i m e   c o n s t a n t ,  

-  a  d i f f e r e n t i a l   a m p l i f i e r   c i r c u i t   (-24)  h a v i n g   f i r s t  

and  s e c o n d   i n p u t s   ( 2 4 a ,   24b)  c o n n e c t e d   r e s p e c t i v e l y   t o  

t h e   o u t p u t   of  t he   s p e e d   s e n s o r   means   (1)  and  t he   o u t p u t  

of   t h e   memory  c i r c u i t   ( 2 0 ) .  

5.  D e v i c e   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   in  t h a t  

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

g e n e r a t o r   c i r c u i t   (25)   h a v i n g   i t s   i n p u t   c o n n e c t e d   t o  

t he   s a i d   d e t e c t o r   means   (15 ,   16)  and  i t s   o u t p u t   c o n -  

n e c t e d   to  t he   s a i d   s e c o n d   i n p u t   (7b)   of   t h e  c o m p a r i s o n  

c i r c u i t   ( 7 ) ;   t h e   s a i d   g e n e r a t o r   c i r c u i t   ( 2 5 )  b e i n g  

a r r a n g e d   to  g e n e r a t e   an  e l e c t r i c a l   s i g n a l   h a v i n g   a n  

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

d e t e r m i n e d   law  f rom  t he   i n s t a n t   ( t l )   a t   w h i c h ,   in  o p e r -  

a t i o n ,   t he   s i g n a l   (C)  e m i t t e d   by  t he   s a i d   f i r s t   p o s i t i o n  

d e t e c t o r   means   (15 ,   16 ) ,   i n d i c a t e s   t h a t   t he   a c c e l e r a t o r  

p e d a l   has   b e e n   r e l e a s e d .  

6.  D e v i c e   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   in  t h a t  

t he   s a i d   p r o c e s s i n g   c i r c u i t   (6)  f u r t h e r   i n c l u d e s :  

-  s e c o n d   e l e c t r i c a l   p o s i t i o n - d e t e c t o r   means   ( 2 8 )  



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

t r o l   p e d a l ,   a n d  

-  a  c o n t r o l   c i r c u i t   (27)  c o n n e c t e d   to  t he   s p e e d   s e n -  

s o r   means   ( 1 ) ,   to  the   s a i d   s e c o n d   e l e c t r i c a l   p o s i t i o n -  

d e t e c t o r   means   ( 2 8 ) ,   and  to  the   s a i d   e n a b l i n g   l o g i c  

c i r c u i t   ( 1 2 ) ;   the   s a i d   c o n t r o l   c i r c u i t   (27)   b e i n g   a r -  

r a n g e d   to  p r o v i d e   an  i n h i b i t   s i g n a l   (G)  to  the   s a i d  

e n a b l i n g   l o g i c   c i r c u i t   (12)  when  t he   s i g n a l s   (A;  E)  

e m i t t e d   by  the   s p e e d   s e n s o r   means  (1)  and  by  the  s e c o n d  

e l e c t r i c a l   p o s i t i o n - d e t e c t o r   means   (28)   i n d i c a t e   t h a t  

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

p r e d e t e r m i n e d   v a l u e   and  t h a t   the   f r i c t i o n - c l u t c h   c o n t r o l  

p e d a l   has   been   d e p r e s s e d .  

7.  D e v i c e   a c c o r d i n g   to  C la im  6,  c h a r a c t e r i s e d   in  t h a t  

t he   s a i d   c o n t r o l   c i r c u i t   (27)  i n c l u d e s   a  t h r e s h o l d   c o m -  

p a r a t o r   c i r c u i t   (29)   c o n n e c t e d   to  t he   s p e e d   s e n s o r  

means   ( 1 ) ,   and  a  l o g i c   OR  c i r c u i t   (31)   h a v i n g   f i r s t   a n d  

s e c o n d   i n p u t s   ( 3 1 a ,   31b)  c o n n e c t e d   r e s p e c t i v e l y   to  t h e  

o u t p u t   of  the   s a i d   t h r e s h o l d   c o m p a r a t o r   c i r c u i t   ( 2 9 )  

and  to  t he   s a i d   s e c o n d   e l e c t r i c a l   p o s i t i o n - d e t e c t o r  

means   ( 2 8 ) ;   t he   o u t p u t   of  the   s a i d   l o g i c   OR  c i r c u i t  

(31)   b e i n g   c o n n e c t e d   to  a  t h i r d   i n p u t   ( 1 2 c )   of  the   s a i d  

e n a b l i n g   l o g i c   c i r c u i t   ( 1 2 ) .  

8.  D e v i c e   a c c o r d i n g   to  any  of  c l a i m s   4  to  7,  c h a r a c t e r -  

i s e d   in  t h a t   the   s a i d   memory  c i r c u i t   (20)   i n c l u d e s   a  

d i o d e   (21)   h a v i n g   i t s   anode   c o n n e c t e d   to  the   o u t p u t   o f  

the   s p e e d   s e n s o r   means  ( 1 ) ,   and  an  R-C  c i r c u i t   (22,  2 3 )  

h a v i n g   a  p r e d e t e r m i n e d   t ime   c o n s t a n t ;   t he   s a i d   R-C 



c i r c u i t   ( 2 2 ,   23)  i n c l u d i n g   a  r e s i s t o r   (23)   and  a  c a p a c i -  

t o r   (22)   c o n n e c t e d   in  p a r a l l e l   w i t h   e a c h   o t h e r  b e t w e e n  

t he   c a t h o d e   of   t h e   s a i d   d i o d e  ( 2 1 )   and  e a r t h .  
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