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@  Ignition  circuit  for  internal  combustion  engines. 
An  ignition  circuit  for  internal  combustion  engines 

Includes  a  resonant  oscillation  circuit  (4)  comprising  a 
capacitor  (3)  In  parallel  with  a  coil  (2a)  of  a  sensor  core  (2b). 
The  core  is  disposed  adjacent  an  engine  driven  rotary 
metallic  member  (1)  having  a  plurality  of  projections  (1a-1d) 
spaced  around  its  periphery  and  equal  to  the  number  of 
engine  cylinders.  The  circuit  resonates  unless  a  projection 
lies  opposite  the  core  to  suppress  oscillations  by  eddy 
current  loss.  The  oscillation  signal  amplitude  is  monitored  by 
a  threshold  detector  (5)  whose  switching  output  controls  the 
supply  of  power  to  an  ignition  coil  (10).  This  minimizes  the 
ignition  timing  lag  increase  as  a  function  of  engine  speed, 
and  attendantly  any  engine  power  loss. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  i g n i t i o n   c i r c u i t   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 ,   and  more  p a r t i c u l a r l y   to  s u c h   a  

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

and  i n i t i a t e s   t he   p r o p e r   i g n i t i o n   t i m i n g   by  s e n s i n g   a  c h a n g e  

in  t he   s t a t e   of  a  r e s o n a n t   o s c i l l a t i o n   w h i c h   in  t u r n   is  a  

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

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

o s c i l l a t i o n   t y p e   of  p i c k u p   or  s e n s o r   w h e r e i n   the   s u p p l y   of  e l e c -  

t r i c a l   power   to  t he   p r i m a r y   w i n d i n g   of  t he   i g n i t i o n   c o i l   i s  

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

p r e d e t e r m i n e d   l e v e l ,   and  is  i n t e r r u p t e d   or  t e r m i n a t e d   when  t h e  

a m p l i t u d e   f a l l s   b e l o w   such  l e v e l .   The  power   s u p p l y   t e r m i n a t i o n  

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

the   i g n i t i o n   c o i l   w h i c h   f i r e s   an  a s s o c i a t e d   s p a r k   p l u g .   W i t h  

such   an  a r r a n g e m e n t   the   i g n i t i o n   t i m i n g   d e l a y   or  f i r i n g   a n g l e  

r e t a r d a t i o n   as  a  f u n c t i o n   of  the  e n g i n e ' s   r o t a t i o n a l   s p e e d   i s  



m i n i m i z e d ,   w h i c h   a t t e n d a n t l y   m i n i m i z e s   any  r e d u c t i o n   in   t h e  

p o w e r   o u t p u t   of  t he   e n g i n e .  

The  i n v e n t i o n   is  d e s c r i b e d   in   d e t a i l   b e l o w   w i t h   r e f e r -  

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

in   w h i c h  

F i g u r e   1  shows   a  s i m p l i f i e d   e l e c t r i c a l   d i a g r a m   of  a n  

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

of  t h i s   i n v e n t i o n ,  

F i g u r e s   2 ( a )   t h r o u g h   2 ( e )   show  w a v e f o r m   d i a g r a m s   f o r  

e x p l a i n i n g   t h e   o p e r a t i o n   of  t h e   c i r c u i t   shown  in  F i g u r e   1 ,  

a n d  

F i g u r e   3  shows   a  p l o t   of  e n g i n e   r o t a t i o n a l   s p e e d   v e r s u s  

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

i s t i c s   of  the   i n v e n t i o n .  

R e f e r r i n g   f i r s t   to  F i g .   1,  a  r o t a r y   m e t a l l i c   member  1  i s  

d r i v e n   by  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   ( n o t   s h o w n )  a n d   is   p r o -  

v i d e d   w i t h   a  p l u r a l i t y   of  p r o j e c t i o n s   la  t h r o u g h   ld  e q u a l l y  

s p a c e d   a r o u n d   i t s   o u t e r   p e r i p h e r y   and  c o r r e s p o n d i n g   to  t he   n u m b e r  

of  c y l i n d e r s   of  the   e n g i n e .   A  s e n s o r   2  is  d i s p o s e d  o p p o s i t e   a n d  

c l o s e l y   a d j a c e n t   to  the   r o t a t i o n a l   p a t h   of  t he   p r o j e c t i o n s   la  t o  

l d ,   and  c o m p r i s e s   a  m a g n e t i c a l l y   p e r m e a b l e   c o r e   2b  h a v i n g   a  c o i l  

2a  wound  a r o u n d   i t s   c e n t r a l   l e g .   A  c a p a c i t o r   3  c o n n e c t e d   i n  

p a r a l l e l   w i t h   t he   c o i l   2a  f o r m s   a  r e s o n a n t   c i r c u i t   w i t h   the   l a t t e r  



to  w h i c h   e l e c t r i c a l   e n e r g y   is  a p p l i e d   by  an  o s c i l l a t i o n   s u p p l y  

c i r c u i t   4a.  The  s e n s o r   2,  c a p a c i t o r   3  and  s u p p l y   c i r c u i t   4 a  

c o m p r i s e ,   in  c o m b i n a t i o n ,   an  e l e c t r i c a l   o s c i l l a t i o n   c i r c u i t  

g e n e r a l l y   d e s i g n a t e d   by  r e f e r e n c e   n u m e r a l   4.  A  t h r e s h o l d   o s c i l l a -  

t i o n   d e t e c t o r   5  c o n n e c t e d   to  one  end  of  t he   c a p a c i t o r   3  d e t e c t s  

t h e   s t a t e   of  o s c i l l a t i o n   of  the   c i r c u i t   4  by  m o n i t o r i n g   t h e  

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

s i g n a l .   The  h i g h   or  l o w / o n   or  o f f   o u t p u t   of  t he   d e t e c t o r   5  i s  

i n c r e a s e d   by  an  a m p l i f i e r   6,  whose   o u t p u t   in  t u r n   s w i t c h e s   a  

D a r l i n g t o n   p a i r   t r a n s i s t o r   7  on  or  o f f .   A  Z e n e r   d i o d e   8  a n d  

r e s i s t o r   9  s t a b i l i z e   the   power   s u p p l y   v o l t a g e   d e r i v e d   f rom  a  

b a t t e r y   11,  wh ich   a l s o   e n e r g i z e s   an  i g n i t i o n   c o i l   1 0 .  

T u r n i n g   now  to  F i g u r e   2,  the   r e c t a n g u l a r   w a v e f o r m   12  s h o w n  

in  F i g .   2 ( a )   is   a c t u a l l y   a  t i m i n g   d i a g r a m   w h i c h   r e p r e s e n t s   t h e  

p r e s e n c e   or  a b s e n c e   of  one  of  the   p r o j e c t i o n s   la  to  ld  of  t h e  

r o t a r y   member  o p p o s i t e   the   s e n s o r   2.  The  w a v e f o r m   13  in  F i g .   2 ( b )  

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

v o l t a g e   of  the   o s c i l l a t i o n   c i r c u i t   4,  w h i l e   c u r v e   13a  r e p r e s e n t s  

the   e n v e l o p e   of  the   o s c i l l a t i n g   s i g n a l .   The  w a v e f o r m   14  s h o w n  

in  F i g .   2 ( c )   r e p r e s e n t s   the   o u t p u t   v o l t a g e   of  the   o s c i l l a t i o n  

d e t e c t o r   5  or  the  a m p l i f i e r   6,  w h i l e   the   w a v e f o r m   15  shown  i n  

F i g .   2 (d )   r e p r e s e n t s   the  c u r r e n t   f l o w i n g   t h r o u g h   the  p r i m a r y  

w i n d i n g   of  the   i g n i t i o n   c o i l   10,  i . e .   the   c o l l e c t o r   c u r r e n t   o f  

t r a n s i s t o r   7.  The  o u t p u t   v o l t a g e   p r o d u c e d   by  the   s e c o n d a r y  

w i n d i n g   of  the   i g n i t i o n   c o i l   is  shown  by  w a v e f o r m   16  in  F i g .   2 ( e ) .  

The  h o r i z o n t a l   l i n e   d e s i g n a t e d   V   in  F i g .   2 (b )   r e p r e s e n t s  

the   t h r e s h o l d   or  t r i g g e r i n g   l e v e l   of  the   o s c i l l a t i o n   d e t e c t o r   5 ,  



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

w a v e f o r m   14  in  F i g .   2 ( c )   is  o n l y   p r o d u c e d   when  t h i s   t h r e s h o l d  

l e v e l   i s   e x c e e d e d   by  the   o s c i l l a t i o n   e n v e l o p e   1 3 a .  

In  o p e r a t i o n ,   t he   o s c i l l a t i o n   s u p p l y   c i r c u i t   4a  c o n s t i t u t e s  

a  n e g a t i v e   c o n d u c t a n c e   c i r c u i t ,   w h i l e   t he   s e n s o r   2  and  c a p a c i t o r  

3  in  c o m b i n a t i o n   c o n s t i t u t e   a  n e g a t i v e   c o n d u c t a n c e   o s c i l l a t o r .  

When  none   of  the   p r o j e c t i o n s   la  to  ld  of  t he   r o t a r y   member  1 

a r e   d i s p o s e d   o p p o s i t e   the   s e n s o r   2,  t h e   o s c i l l a t i o n   c i r c u i t   4 

o s c i l l a t e s   at   a  f r e q u e n c y   s u b s t a n t i a l l y   e q u a l   to  t he   r e s o n a n t  

f r e q u e n c y   of  t h e   c o i l   2a  and  t he   c a p a c i t o r   3 .  

When  one  of  t he   r o t a t i n g   p r o j e c t i o n s   la  to  ld  r e a c h e s   a  

p o s i t i o n   o p p o s i t e   t he   s e n s o r   2,  h o w e v e r ,   t he   p a r a l l e l   c o n d u c -  

t a n c e   of  t h e   c o i l   2a  is   d e c r e a s e d   by  t h e   i n f l u e n c e   of  eddy  c u r r e n t s  

g e n e r a t e d   in  the   p r o j e c t i o n   and  m e t a l l i c   member  1,  i . e .   the   Q 

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

a t t e n d a n t   i n c r e a s e   in  the   e n e r g y   l o s s .   The  c i r c u i t   p a r a m e t e r s  

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

e n e r g y   d e l i v e r e d   by  t he   s u p p l y   c i r c u i t   4a,   w h e r e b y   t he   o s c i l l a t i o n  

c i r c u i t   4  c e a s e s   to  o s c i l l a t e .  

As  t h e   r o t a r y   m e t a l l i c   member  1  a d v a n c e s   f a r t h e r   to  a  

p o s i t i o n   w h e r e a t   none   of  i t s   p r o j e c t i o n s   a r e   o p p o s i t e   t he   s e n s o r  

2,  t h e   p a r a l l e l   c o n d u c t a n c e   of  the   c o i l   2a  is  i n c r e a s e d .   T h i s  

in  t u r n   i n c r e a s e s   the  Q  v a l u e ,   t he   eddy  c u r r e n t   l o s s   or  a b s o r p t i o n  

is   d e c r e a s e d ,   and  r e s o n a n t   o s c i l l a t i o n s   a r e   once   a g a i n   r e s u m e d .  

Such  o p e r a t i o n  w i l l   be  e x p l a i n e d   more  f u l l y   w i t h   c o n t i n u e d  

r e f e r e n c e   to  F i g s .   2 ( a )   t h r o u g h   2 ( e ) .   O s c i l l a t i o n   is  i n i t i a t e d  

at  a  t ime   t   at  w h i c h   none  of  the   p r o j e c t i o n s   la  to  ld  a re   o p p o s i t e  



the   s e n s o r   2.  The  o s c i l l a t i o n   o u t p u t   is  g r a d u a l l y   i n c r e a s e d  

u n t i l ,   at  a  t i m e   t2  w h i c h   l a g s   or  f o l l o w s   t ime  t l   by  a  p e r i o d  

of  TON,  i t s   e n v e l o p e   13a  r e a c h e s   t he   t h r e s h o l d   v o l t a g e   l e v e l  

VON.  At  t h i s   p o i n t   the   d e t e c t o r   w a v e f o r m   14  a b r u p t l y   r i s e s  

w h i c h   s w i t c h e s   t he   t r a n s i s t o r   7  on  to  t h e r e b y   d e v e l o p   t h e  

r i s i n g   c u r r e n t   w a v e f o r m   15  in  the   p r i m a r y   w i n d i n g   of  t he   i g n i -  

t i o n   c o i l   1 0 .  

When  one  of  t he   r o t a r y   member  p r o j e c t i o n s   r e a c h e s   a  

p o s i t i o n   o p p o s i t e   t he   s e n s o r   2  at  t i m e   t3  the  o s c i l l a t i o n  

s i g n a l   is   g r a d u a l l y   a t t e n u a t e d ,   and  at  a  t ime   t4  w h i c h   l a g s   o r  

f o l l o w s   t3  by  a  p e r i o d   of  TOFF,  i t s   e n v e l o p e   13a  d r o p s   b e l o w  

the   t h r e s h o l d   v o l t a g e   l e v e l   VON,  at  wh ich   p o i n t   t he   o u t p u t   o f  

d e t e c t o r   5  r e t u r n s   to  z e r o .   Th i s   t u r n s   o f f   t r a n s i s t o r   7  t o  

i n t e r r u p t   t h e   p r i m a r y   w i n d i n g   c u r r e n t   15  f l o w i n g   t h r o u g h   the   c o i l ,  

w h e r e b y   a  s h a r p ,   h i g h   v o l t a g e   o u t p u t   s p i k e   16  is  g e n e r a t e d   i n  

the   s e c o n d a r y   w i n d i n g   of  t he   c o i l   and  d e l i v e r e d   as  a  f i r i n g   p u l s e  

to  an  a s s o c i a t e d   s p a r k   p l u g .  

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

two  t ime   l a g s   i n v o l v e d   in  t h e   o p e r a t i o n   of  the  c i r c u i t ,   a  t i m e  

lag   TON  f rom  t he   moment  at  w h i c h   one  of  the   p r o j e c t i o n s   la  to  l d  

a d v a n c e s   out   of  a l i g n m e n t   w i t h   t he   s e n s o r   2  to  the   moment  at  w h i c h  

the   o s c i l l a t i o n   d e t e c t o r   5  p r o d u c e s   a  r a i s e d   o u t p u t   14,  and  t h e  

t ime   lag   TOFF  f rom  the   moment  at  w h i c h   one  of  the   p r o j e c t i o n s  

is  b r o u g h t   i n t o   a l i g n m e n t   w i t h   the   s e n s o r   to  the  moment  at  w h i c h  

the   o u t p u t   of  d e t e c t o r   5  r e t u r n s   to  the   ze ro   l e v e l .   These   t i m e  

l a g s   a re   s u b s t a n t i a l l y   c o n s t a n t ,   and  TON  is  a l w a y s   g r e a t e r   t h a n  

TOFF  u n l e s s   some  s p e c i f i c   c o u n t e r m e a s u r e s   are   t a k e n .   In  o t h e r  



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

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

The  t ime   l a g   c h a r a c t e r i s t i c s   p l o t t e d   in  F i g u r e   3  a r e  

o b t a i n e d   by  c o n v e r t i n g   TON  and  TOFF  i n t o   c o r r e s p o n d i n g   a n g u l a r  

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

member   1.  More  s p e c i f i c a l l y ,   t he   a b s c i s s a   a x i s   in  F i g .   3 

r e p r e s e n t s   the   r o t a t i o n a l   s p e e d   of  the   member  1  w h i c h   i s ,   o f  

c o u r s e ,   e q u a l   or  d i r e c t l y   p r o p o r t i o n a l   to  the   e n g i n e   s p e e d ,  

w h i l e   t he   o r d i n a t e   a x i s   r e p r e s e n t s   the   t i m e   lag  a n g l e s   of  TON 

and  TOFF.  The  s t r a i g h t   l i n e s   20  and  21  t h u s   i l l u s t r a t e   t h e   d e l a y  

a n g l e   c h a r a c t e r i s t i c s   of  t h e   t i m e   l a g s   TON  and  TOFF,  r e s p e c t i v e l y .  

As  i s   w e l l   known ,   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   i t   i s  

d e s i r e d   a n d  a d v a n t a g e o u s   to  m i n i m i z e   any  i n c r e a s e   in   t he   i g n i t i o n  

t i m i n g   or  f i r i n g   a n g l e   as  a  f u n c t i o n   of  e n g i n e   s p e e d   to  t h e r e b y  

m i n i m i z e   any  d e c r e a s e   in  t he   e n g i n e   o u t p u t   or  power   l e v e l .   I n  

f u l f i l l m e n t   of  t h i s   o b j e c t i v e   i t   w i l l   be  n o t e d   f rom  F i g .   3  t h a t ,  

w i t h   t he   i g n i t i o n   c i r c u i t   of  t h i s   i n v e n t i o n ,   the  t i m e   l a g   TOFF 

u n t i l   the   moment  t4  a t   w h i c h   the   p r i m a r y   w i n d i n g   c u r r e n t   15  o f  

t he   i g n i t i o n   c o i l   10  i s   i n t e r r u p t e d   is   a l w a y s   r e l a t i v e l y   s m a l l  

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

d e c r e a s e   or  l o s s   in  t he   u s a b l e   p o w e r   o u t p u t   of  the   e n g i n e .  



1.  An  i g n i t i o n   c i r c u i t   fo r   i n t e r n a l   c o m b u s t i o n   e n g i n e s ,  

c h a r a c t e r i s e d   by  a  m e t a l l i c   member  (1)  a d a p t e d   to   be  r o t a t a b l y  

d r i v e n   by  an  e n g i n e   in  s y n c h r o n i z a t i o n   w i t h   t he   r o t a t i o n   o f  

t he   e n g i n e   s h a f t ;   a  s e n s o r   (2)  d i s p o s e d   o p p o s i t e   and  c l o s e l y  

a d j a c e n t   t he   p a t h   of  r o t a t i o n   of  s a i d   m e t a l l i c   member  ( 1 ) ;   a n  

o s c i l l a t i o n   c i r c u i t   (4)  a d a p t e d   to  c h a n g e   a  s t a t e   of  r e s o n a n t  

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

m e t a l l i c   member  (1 ) ;   an  i g n i t i o n   c o i l   (10)  s u p p l i e d   w i t h   e l e c t r i c a l  

p o w e r   f rom  a  D.C.  s o u r c e   (11)  in  a  c o n t r o l l e d   m a n n e r   in  a c c o r d -  

a n c e   w i t h   t he   o u t p u t   of  s a i d   o s c i l l a t i o n   c i r c u i t   (4 )  ,   and  m e a n s  

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

c o i l   (10)  as  s a i d   o s c i l l a t i o n   c i r c u i t   b e g i n s   t o   o s c i l l a t e   and  f o r  

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

c e a s e s   to  o s c i l l a t e .  



2.  An  i g n i t i o n   c i r c u i t   as  d e f i n e d   i n   c l a i m   1,  c h a r -  

' a c t e r i s e d   in  t h a t   s a i d   m e t a l l i c   member   (1)  e m b o d i e s   a t  

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

w i t h   s a i d   s e n s o r   (2)  to   s u p p r e s s   r e s o n a n t   o s c i l l a t i o n s .  

3.  An  i g n i t i o n   c i r c u i t   as  d e f i n e d   i n   c l a i m s   1  o r   2 ,  

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

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

t h e   o u t p u t   a m p l i t u d e   of  s a i d   o s c i l l a t i o n   c i r c u i t   ( 4 ) ,   a n d  

s w i t c h   means   c o n n e c t e d   i n   s e r i e s   w i t h   s a i d   i g n i t i o n   c o i l  

(10)  and  p o w e r   s o u r c e   (11)  and   r e s p o n s i v e   to   an  o u t p u t   o f  

s a i d   d e t e c t o r .  
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