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©  Automotive  air-fuel  ratio  control  system. 

A  vibration  sensor  is  mounted  on  the  body  of  an  engine 
so  as  to  be  directly  exposed  to  the  vibrations  of  same  and 
produce  a  signal  via  which  a  closed  loop  air-fuel  ratio  control 
system  can  hold  the  air-fuel  ratio  of  the  mixture  fed  to  the 
engine  on  the  lean  side  of  stoichiometric  and  in  the  near 
vicinity  of the  "best  ecomomy  point"  at  which  fuel  consump- 
tion  minimizes. 



BACKGROUND  OF  THE  INVENTION 

F i e l 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   g e n e r a l l y   to  a n  

a u t o m o t i v e   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   and  m o r e  

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

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

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

s t o i c h i m e t r y   in  t h e   n e a r   v i c i n i t y   of  a  so  c a l l e d   " b e s t  

e n c o m o n y   p o i n t " .  

D e s c r i p t i o n   of  t h e   P r i o r   A r t  

To  p e r m i t   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   to  b e  

o p e r a t e d   on  f u e l s   in  wh ich   t he   r a t i o   of  g a s o l i n e   t o  

a l c o h o l   v a r y   due  to  s e a s o n a l   a v a i l a b i l t y   o f  a l c o h o l   ( s u c h  

as  o c c u r s   in  B r a z i l   f o r   e x a m p l e   w h e r e i n   t h e   p e r c e n t a g e   o f  

a l c o h o l   is   a p t   to  v a r y   b e t w e e n   20  and  50%)  or  f o r   o t h e r  

r e a s o n s   s u c h   as  an  u n e x p e c t e d   s e p e r a t i o n   of  t h e   f u e l   i n  

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

l a y e r s ,   i t   has   been   n e c e s s a r y   to  d e v e l o p   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   can  c o m p e n s a t e   f o r   t h e   r a t h e r  

r e m a r k a b l e   c h a n g e s   in  t he   e q u i v a l e n c e   r a t i o   r e s u l t i n g  

f rom  v a r y i n g   p e r c e n t a g e s   of  a l c o h o l   in   t h e   f u e l .   F o r  

e x a m p l e ,   i f   t he   e n g i n e   c a r b u r e t o r   ( f o r   e x a m p l e )   i s  

c a l i b r a t e d   to  p r o d u c e   an  a i r - f u e l   r a t i o   of  15:1  w h e n  



o p e r a t e d   on  g a s o l i n e   c o n t a i n i n g   f rom  0  -   20%  a l c o h o l   t h e  

e q u i v a l e n c e   r a t i o   w i l l   v a r y   f rom  0 . 9 8   ( f o r   p u r e   g a s o l i n e )  

to   0 . 9 0   (when  t h e   f u e l   c o n t a i n s   20%  a l c o h o l ) .   H o w e v e r ,  
/  

i f   t h e   a m o u n t   of  a l c o h o l   i n c r e a s e s   to   50%  t h e   e q u i v a l e n c e  

r a t i o   f a l l s   to  0 . 7 8   w h i c h   i s   t o o   l e a n   f o r   s t a b l e   e n g i n e  

o p e r a t i o n   and  t h e   c a r b u r e t o r   mus t   be  r e c a l i b r a t e d . .  

H e n c e ,   a  so  c a l l e d   Lean   L i m i t   C o n t r o l   (LLC)  s y s t e m  

has   b e e n   d e v e l o p e d   w h e r e i n   t h e   a n g u l a r  

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

d e t e c t e d   and  q u a l i t y   of   c o m b u s t i o n   d e t e r m i n e d  

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

s e n s o r   has   b e e n   m o u n t e d   i m m e d i a t e l y   a d j a c e n t   t h e   t h e  

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

of  t h e   c h a n g e s   in  t he   a n g u l a r   momentum  of  s ame .   A  f u l l  

and  d e t a i l e d   d i s c l o s u r e   of  t h i s   a r r a n g e m e n t   may  be  f o u n d  

in  SAE  ( S o c i e t y   of  A u t o m o t i v e   E n g i n e e r s   I n c )   T e c h n i c a l  

P a p e r   No.  7 8 0 0 3 9 ,   t h e   s u b j e c t   m a t t e r   of  w h i c h   was  m a d e  

p u b l i c   a t   t h e   C o n g r e s s   and  E x p o s i t i o n   Cobo  H a l l   D e t r o i t .  

F e b u r a r y   2 7 - M a r c h   3,  1 9 7 9 .  

H o w e v e r ,   t h i s   a r r a n g e m e n t   has   s u f f e r e d   f rom  t h e  

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

p a p e r ,   i s   u n a b l e   to  p r o v i d e   t h e   r e q u i r e d   i n d i c a t i o n   o f  

e n g i n e   v i b r a t i o n .   T h a t   i s   to  s a y ,   in  t h e   c a s e   of  a n  

a u t o m o t i v 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 ,   t he   c h a n g e s   i n  

a n g u l a r   momentum  of  t h e   f l y w e e l   v a r y   f rom  b e t w e e n   0 . 0 2 5  



and  0 . 0 4   of  t he   t o t a l   a n g u l a r   momentum  w h e r e b y   t h e  

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

s e n s i t i v e   so  as  to  be  a b l e   to  d i s t i n g u i s h   t h e   c h a n g e s  

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

( e l e c t r o n i c )   w h i c h   i s   i n e v i t a b l e   in  s u c h   an  e n v i r o n m e n t .  

F u r t h e r ,   when  t h e   e n g i n e   r o l l s   on  i t s   s u s p e n s i o n   t h e  

s e n s o r   pe r   se  is   a p t   r o t a t e   a b o u t   t he   f l y w h e e l   a x i s  

e i t h e r   in  t he   same  r o t a t i o n a l   d i r e c t i o n   as  t h e   f l y w h e e l  

or  c o u n t e r   t h e r e t o   and  t e n d   to  i n d u c e   e r r o n e o u s   m o m e n t u m  

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

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

e n g i n e   v i b r a t i o n s   w h i c h   a r e   ap t   to  o c c u r   due  to   r e s o n a n c e  

f r e q u e n c i e s   of  t h e   e n g i n e   a n d / o r   a s s o c i a t e d   s t r u c t u r e s  

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

a  l e a n   m i x t u r e .  

SUMMARY  OF  THE  INVENTION 

I t   is  an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   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   s y s t e m   w h i c h   can   (a)   m a i n t a i n  

t h e   a i r - f u e l   r a t i o   of  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   o n  

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

c a l l e d   " b e s t   e c o n o m y   p o i n t " ,   and  (b)  s u p p r e s s   a n n o y i n g  

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

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

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

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



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

upon   d e t e c t i n g   v i b r a t i o n   in   e x c e s s   of  a  p r e d e t e r m i n e d  

l e v e l ,   i s s u e s   a  r e l a t i v e l y   r a p i d   a i r - f u e l   m i x t u r e  

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

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

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

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

a i r - f u e l   r a t i o   to  h u n t   back   and  f o r t h   o v e r   t h e   " b e s t  

e c o n o m y   p o i n t " .  

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

f o r m   of  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   e q u i p p e d   w i t h   a n  

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   c o m p r i s i n g ,   means   f o r  

f o r m i n g   an  a i r - f u e l   m i x t u r e ,   a  v i b r a t i o n   s e n s o r   m o u n t e d  

on  t he   body  of   t h e   e n g i n e   f o r   d i r e c t l y   s e n s i n g   t h e  

v i b r a t i o n   of  t h e   e n g i n e   and  o u t p u t t i n g   a  s i g n a l  

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

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

means   wh ich   c i r c u i t   i s   r e s p o n s i v e  t o   t h e   s i g n a l   so  t h a t  

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

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

a i r - f u e l   m i x t u r e   f o r m e d   by  t h e   a i r - f u e l   m i x t u r e   means   a n d  

l e a n s   t he   a i r - f u e l   m i x t u r e   when  t h e   m a g n i t u d e   is   l o w e r  

t h a n   t he   p r e d e t e r m i n e d   l e v e l .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  f e a t u r e s   and  a d v a n t a g e s   of  t h e   a r r a n g e m e n t   o f  



t h e   p r e s e n t   i n v e n t i o n   w i l l   become  more  c l e a r l y  

a p p r e c i a t e d   f rom  t h e   f o l l o w i n g   d e s c r i p t i o n   t a k e n   i n  

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

F i g .   1  i s   a  s c h e m a t i c   d i a g r a m   of  an  e m b o d i m e n t   o f  

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

F i g .   2  is   a  b l o c k   d i a g r a m   s h o w i n g   t h e   c i r c u i t r y   a n d  

wave  f o r m s   p r o d u c e d   t h e r e i n   by  t h e   c o n t r o l   c i r c u i t   s h o w n  

in  F i g .   1 ;  

F i g   3  i s   a  c h a r t   s h o w i n g   in  t e r m s   of  a i r - f u e l   r a t i o  

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

l e v e l ,   (b)  e n g i n e   s t a b l i t y ,   (c)   f u e l   ecomomy  and  (d)  HC, 

CO  and  NO  e m i s s i o n s ;   a n d  

F i g .   4  is   a  g r a p h   s h o w i n g   in  t e r m s   of  e n g i n e   t o r q u e  

and  e i t h e r   e n g i n e   or  v e h i c l e   s p e e d ,   t h e   t o r q u e  

c h a r a c t e r i s t i c s   of  t h e   e n g i n e   and  t he   z o n e s   in  w h i c h   t h e  

p r e s e n t   i n v e n t i o n   may  f i n d   s u i t a b l e   a p p l i c a t i o n .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

T u r n i n g   to   F i g .   1  an  e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   is   shown  in  w h i c h   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  

10  is  e q u i p p e d   w i t h   an  i n d u c t i o n   s y s t e m   12  i n c l u d i n g   a n  

a i r   f l o w   m e t e r   14,  a  t h r o t t l e   c h a m b e r   16  and  t h r o t t l e  

v a l v e   p o s i t i o n   s e n s o r   18.  The  i n d u c t i o n   s y s t e m   12 

f u r t h e r   i n c l u d e s   a  f u e l   i n j e c t i o n   s y s t e m   20  c o m p r i s e d   o f  

a  p l u r a l i t y   of  i n j e c t o r s   22,  a  f u e l   pump  24  w h i c h   i n d u c t s  

f u e l   f rom  a  f u e l   t a n k   26  v i a   a  f i l t e r   28,   a  p r e s s u r e  



r e g u l a t o r   v a l v e   30  and  an  i n j e c t i o n   c o n t r o l   u n i t   32.  As 

s h o w n ,   t h e   c o n t r o l   u n i t   32  r e c e i v e s   d a t a   i n p u t s   f r o m   t h e  

a i r   f l o w   m e t e r   14,  t h r o t t l e   p o s i t i o n   s e n s o r   18,  an  e n g i n e  

d i s t r i b u t o r   34  and  an  e n g i n e   v i b r a t i o n   s e n s o r   36  w h i c h   i s  

a t t a c h e d   to  t h e   e n g i n e   p r o p e r   so  as  to  be  d i r e c t l y  

e x p o s e d   to  t h e   v i b r a t i o n   t h e r e o f .   The  e n g i n e   i s   a l s o  

e q u i p p e d   w i t h   an  e x h a u s t   s y s t e m   38  i n c l u d i n g   an  o x i d i z i n g  

t y p e   c a t a l y t i c   c o n v e r t e r   4 0 .  

F i g .   2  shows   in  b l o c k   d i a g r a m   fo rm  t h e   i n j e c t i o n  

c o n t r o l   u n i t   32  shown  in   F i g .   1.  In  t h i s   a r r a n g e m e n t  

t h e   i n p u t   f r o m   t h e   v i b r a t i o n   s e n s o r   36  ( w h i c h   may  s e n s e  

any   one  of  e n g i n e   a c c e l e r a t i o n ,   d i s p l a c e m e n t   or  v i b r a t i o n  

f r e q u e n c y )   o u t p u t s   a  s i g n a l   "P"  w h i c h   i s   f ed   to  a  l o w  

p a s s   f i l t e r   42.  T h i s   c i r c u i t   s m o o t h s   t h e   s i g n a l   a n d  

o u t p u t s   a  s i g n a l   "Q"  to  a  c o m p e n s a t i o n / o p e r a t i o n   u n i t   4 4  

w h i c h   s e n s e s   t h e   peak   v a l u e   Qmax  of  s i g n a l   "Q"  a n d  

c o m p a r e s   same  w i t h   a  p r e d e t e r m i n e d   v a l u e   ( v i z . ,   s l i c e  

l e v e l   S) .   Upon  t h e   v a l u e   of  Q m a  x  exceeding   t h e   s l i c e  

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

g e n e r a t e   a  f i r s t   r a p i d   f u e l   e n r i c h m e n t   command  s i g n a l   R1 

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

of   +10%  p e r   0 . 2   s e c . )   u n t i l   t h e   f u e l   b e i n g   c o m b u s t e d   i n  

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

v i b r a t i o n   to  a  l e v e l   t h a t   t h e   v a l u e   of  Qmax  f a l l s   b e l o w  

t h e   s l i c e   l e v e l   S,  w h e r e u p o n   a  r e l a t i v e l y   s l o w   m i x t u r e  



l e a n i n g   s i g n a l   R2  is  p r o d u c e d   ( i n   t h i s   i n s t a n c e   a  

i n j e c t i o n   p u l s e   w i d t h   d e c r e m e n t   s i g n a l   of  -10%  p e r   s e c ) .  

The  command  s i g n a l s   R1  and  R2  a r e   fed   to  a  i n j e c t i o n  

p u l s e   g e n e r a t i n g   u n i t   46.  T h i s   u n i t   f u n c t i o n s   t o  

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

p u l s e s   f e d   to   t h e   f u e l   i n j e c t o r s   22  in  v i e w   of  i n p u t s  

i n d i c a t i v e   of  e n g i n e   r o t a t i o n   s p e e d   (RPM),  a i r   i n d u c t i o n  

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

t e m p e r t u r e   ( t e m p e r a t u r e   s e n s o r   n o t   s h o w n ) ,   and  m o d i f y  

same  u n d e r   t h e   i n f l u e n c e   of  t h e   command  s i g n a l s   R1  a n d  

R 2 .  

In  F i g .   3  t he   a i r - f u e l   r a t i o   i n d i c a t e d   by  "A"  is   a  

c r i t i c a l   one  whe re   e n g i n e   v i b r a t i o n   ( s e e   c u r v e   " a " )   w i l l  

r i s e   to  a  l e v e l   wh ich   w i l l   i n d u c e   p h y s i c a l   d i s c o m f o r t   a n d  

the   l i m i t   of  e n g i n e   s t a b l i t y   be  r e a c h e d   ( s e e   c u r v e   " b " ) .  

Tha t   is   to  s a y ,   t he   m a j o r   v i b r a t i o n   c o m p o n e t s   u n d e r   t h i s  

c o n d i t i o n   w i l l   have   f r e q u e n c i e s   of  400Hz  or  l o w e r .  

H o w e v e r ,   as  shown  by  t he   f u e l   c o n s u m p t i o n   c u r v e   " c " ,   t h e  

" b e s t   e c o n o m y   p o i n t "   "B"  o c c u r s   a t   an  a i r   f u e l - r a t i o  

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

p o i n t   "A"  o c c u r s   and  a t   w h i c h   t h e   l e v e l s   of  HC,  CO  a n d  

N O  a r e   a c c e p t a b l y   low  w h i l e   t h e   a m o u n t   of  o x y g e n   ( 0 2 )  

c o n t a i n e d   in  t he   e x h a u s t   g a s e s   i s   s u f f i c i e n t   to   p r o m o t e  

s e c o n d a r y   o x i d i z a t i o n   of  t he   HC  and  CO  in  t h e   c a t a l y t i c  

c o n v e r t e r   4 0 .  



H e n c e ,   i t   w i l l   be  a p p r e c i a t e d   t h a t   by  h o l d i n g   t h e  

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

c o n t r o l   v i a   s e n s i n g   e n g i n e   v i b r a t i o n ,   a  t o t a l   e n g i n e  

c o n t r o l   s y s t e m   w h i c h   e n h a n c e s   no t   o n l y   f u e l   e c o n o m y   a n d  

d r i v a b l i t y   bu t   r e d u c e s   n o x i o u s   e m i s s i o n s ,   may  b e  

r e a l i z e d .  

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

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

o v e r r i d e   t h e   command  s i g n a l s   R   and  R2.  For   e x a m p l e ,  

d u r i n g   a c c e l e r a t i o n   or  h e a v y   l o a d   o p e r a t i o n   when  l a r g e  

a m o u n t s   of  power   a r e   t e m p o r a r i l y   r e q u i r e d ,   in   o r d e r   t o  

a c h i e v e   t he   d e s i r e d   r i c h   m i x t u r e ,   i t   i s   n e c e s s a r y   t o  

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

c o n t r o l   u n i t   may  be  a d a p t e d   ( v i a   t he   i n c o r p o r a t i o n   of  a  

m i c r o   c o m p u t e r   or  t h e   l i k e )   to  e n a b l e   t h e   c l o s e d   l o o p  

c o n t r o l   o n l y   when  t h e   e n g i n e   is   o p e r a t i n g   w i t h i n   t h e  

h a t c h e d   zone   shown  in   F i g .  4   and  d i s a b l e   same  when  l a r g e  

a m o u n t s   of  power   a r e   r e q u i r e d   s u c h   as  f o r   h i l l   c l i m b i n g  

e t c . ;   s u c h   as  o c c u r   a b o v e   and  to  t he   r i g h t   of  t h e   h a t c h e d  

a r e a .  

I t   w i l l   a l s o   be  a p p r e c i a t e d   t h a t   t h e   p r e s e n t  

i n v e n t i o n   i s   no t   l i m i t e d   to  t he   p l u r a l i t y   of  f u e l  

i n j e c t o r s   22  shown  and  d i s c l o s e d   bu t   may  e x t e n d   t o  

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

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



I t   w i l l   be  f u r t h e r   a p p r e c i a t e d   t h a t   t he   a b o v e  

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

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

to  m o d i f y   t h e   s y s t e m   in  a n y w a y .   V i z . ,   t h e   s y s t e m   w i l l  

a u t o m a t i c a l l y   s e e k   o u t   and  m a i n t a i n   " t h e   b e s t   e c o n o m y  

p o i n t "   f o r   t he   f u e l   t h e   e n g i n e   i s   b e i n g   o p e r a t e d   o n .  



1.  In  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 ,   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   c o m p r i s i n g ;  

means   f o r   f o r m i n g   an  a i r - f u e l   m i x t u r e ;  

a  v i b r a t i o n   s e n s o r   m o u n t e d   on  t h e   body   of  s a i d  

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

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

t h e r e o f ;   a n d  

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

m i x t u r e   f o r m i n g   means   w h i c h   c o n t r o l   c i r c u i t   is   r e s p o n s i v e  

to  s a i d   s i g n a l   so  t h a t   upon   t h e   m a g n i t u d e   of  s a i d  

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

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

f u e l   m i x t u r e   means   and  l e a n s   s a i d   a i r - f u e l   m i x t u r e   w h e n  

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

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   i n  

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

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

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

an  a i r - f u e l   r a t i o   b e t w e e n   t h e   s t o i c h i o m e t r i c   one  and  t h a t  

of  the   l e a n e s t   a i r - f u e l   m i x t u r e   on  w h i c h   t h e   e n g i n e   c a n  

be  s t a b l y   o p e r a t e d .  

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

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

s a i d   e n g i n e   is   c o n s u m i n g   t h e   min imum  a m o u n t   of  f u e l   p e r  

u n i t   t i m e .  

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

f u e l   m i x t u r e   a t   a  f i r s t   r e l a t i v e l y   h i g h   r a t e   and  l e a n s  

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

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

6.  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   v i b r a t i o n   s e n s o r   s e n s e s   t h e  

a m p l i t u d e   of  the   e n g i n e   v i b r a t i o n .  

7.  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   v i b r a t i o n   s e n s o r   s e n s e s   t h e  

f r e q u e n c y   of  t he   e n g i n e   v i b r a t i o n .  

8.  A  m e t h o d   of  o p e r a t i n g   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  

c o m p r i s i n g   the   s t e p s   o f :  

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



m i x t u r e   f o r m i n g   m e a n s ;  

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

u s i n g   a  v i b r a t i o n   s e n s o r   m o u n t e d   on  t h e   body   of  s a i d  

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

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

f u e l   m i x t u r e   f o r m i n g   means   upon   s a i d   s e n s o r   i n d i c a t i n g   a  

v i b r a t i o n   h a v i n g   a  m a g n i t u d 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  

l e v e l ;   a n d  

l e a n i n g   t he   a i r - f u e l   m i x t u r e   f o r m e d   by  s a i d   a i r - f u e l  

f o r m i n g   means   upon  s a i d   s e n s o r   i n d i c a t i n g   t h a t   s a i d  

e n g i n e   is   v i b r a t i n g   w i t h   a  m a g n i t u d e   l e s s   t h a n   s a i d  

p r e d e t e r m i n e d   l e v e l .  

9.  A  m e t h o d   as  c l a i m e d   in  c l a i m   7,  f u r t h e r   c o m p r i s i n g  

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

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

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

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

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

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

10.  A  m e t h o d   as  c l a i m e d   in   c l a i m   8,  f u r t h e r   c o m p r i s i n g  

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

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

s a i d   e n g i n e   is  c o n s u m i n g   t h e   min imum  a m o u n t   of  f u e l   p e r  

u n i t   t i m e .  
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