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©  Control  of  a  switching  means  in  an  electrical  circuit. 

The  invention  relates  to  the  control  of  a  switching  means 
in  a  circuit  associated  with  a  spark  ignition  internal  combus- 
tion  engine.  Figure  2  shows  a  circuit  (12)  wherein  fluctua- 

tions  in  voltage  at  an  input  terminal  (10)  are  substantially 
eliminated  by  a  regulating  means  which  comprises  transistor 
(TR1),  transistor  (TR2)  and  zener  diode  (D1). 



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

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

i g n i t i o n   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  a  c o n t r o l   d e v i c e  

f o r   use   in  t he   m e t h o d   and  to  a  s p a r k   i g n i t i o n   i n t e r n a l  

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

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

Known  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   have   an  i g n i t i o n  

s y s t e m   w i t h   s w i t c h i n g   means   wh ich   r e s p o n d s   to  e l e c t r i c a l  

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

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

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

e n e r g y   a t   a  s p a r k   p l u g   of  t he   i g n i t i o n   s y s t e m .   The  k n o w n  

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

c h a n g e   in  v o l t a g e ,   and  t h e r e f o r e   is  s u s c e p t i b l e   to  t h e  

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

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

A c c o r d i n g   to  a  f i r s t   a s p e c t   of  t he   i n v e n t i o n ,   t h e r e  

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

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

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

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

e n g i n e ,   t he   i n p u t   s i g n a l   is  a  c h a n g e   in  m a g n i t u d e   of  a n  

e l e c t r i c   i n p u t   c u r r e n t   f l ow  to  a  p o i n t   in  t h e   c i r c u i t   a n d  

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

s u b s t a n t i a l l y   c o n s t a n t .  

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

is   p r o v i d e d   a  c o n t r o l   d e v i c e   f o r   c o n t r o l l i n g   t h e   f l ow  o f  

an  e l e c t r i c a l   o u t p u t   c u r r e n t   in  a c c o r d a n c e   w i t h   an  i n p u t  

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

s w i t c h i n g   m e a n s ,   a  b i a s i n g   r e s i s t o r   f o r   the   s w i t c h i n g  



m e a n s   and  c o m p e n s a t i n g   m e a n s ,   t he   b i a s i n g   r e s i s t o r   a n d  

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

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

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

w h i c h   is   a  c h a n g e   in  c u r r e n t   f l ow  to  be  a p p l i e d   to  t h e  

b i a s i n g   r e s i s t o r   w i t h o u t   v a r y i n g   s u b s t a n t i a l l y   t h e  

v o l t a g e   a t   e i t h e r   t he   i n p u t   t e r m i n a l   or  a  p o i n t   in  t h e  

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

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

t e r m i n a l   as  n o t   b e i n g   s u b s t a n t i a l ,   we  mean  t h a t   t h e  

v a r i a t i o n s   a r e   no t   s u f f i c i e n t   to  i n f l u e n c e   t he   s w i t c h i n g  

m e a n s .  

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

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

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

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

e n g i n e   an  i n p u t   s i g n a l   w h i c h   is   a  c h a n g e   in  t he   m a g n i t u d e  

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

i g n i t i o n   s y s t e m ,   means   f o r   m a i n t a i n i n g   the   v o l t a g e   a t  

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

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

i n p u t   s i g n a l .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

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

w h e r e i n : -  

FIGURE  1  shows  a  r e p r e s e n t a t i o n   of  a  s p a r k   i g n i t i o n  

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

w h i c h   e m b o d i e s   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   s e c o n d  

a s p e c t   of  t he   i n v e n t i o n ;  

FIGURE  2  shows   a  d i a g r a m   of  a  p a r t   of  the   c i r c u i t   o f  

t h e   i g n i t i o n   s y s t e m ;   a n d  

FIGURE  3  shows   a  d i a g r a m   of  an  a l t e r n a t i v e   c i r c u i t  

w h i c h   fo rms   a ' p a r t   of  t he   i g n i t i o n   s y s t e m .  



F i g u r e   1  shows  an  i n t e r n a l   c o m b u s t i o n   e n g i n e   1 6 ,  

w h i c h   i s   a  f o u r   s t r o k e   e n g i n e   w i t h   f o u r   s p a r k   p l u g s   1 5 .  

An  i n p u t   s i g n a l   is  p r o d u c e d   at   p r e d e t e r m i n e d   s t a g e s   i n  

t he   o p e r a t i n g   c y c l e   of  t he   e n g i n e ,   wh ich   s i g n a l ,   in  t h e  

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

c u r r e n t ,   f l o w i n g   a l o n g   a  s i n g l e   l e a d   17  v i a   a  t e r m i n a l  

10,  c o n t r o l s   t h e   o u t p u t   f r o m  a   c i r c u i t   12.  A  b a t t e r y   14 

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

from  t h e   c i r c u i t ,   v i a   a  t e r m i n a l   11,  f l o w s   t h r o u g h   t h e  

p r i m a r y   w i n d i n g s   of  an  i g n i t i o n   c o i l   13  w h i c h   s t o r e s  

e n e r g y .   E n e r g y   is  d i s c h a r g e d   to  the   s p a r k   p l u g s   of  t h e  

e n g i n e   v i a   a  l e a d   18  and  a  d i s t r i b u t o r   in  a c c o r d a n c e   w i t h  

t h e   e l e c t r i c a l   s i g n a l   in  t h e   s i n g l e   l e a d   1 7 .  

F i g u r e   2  shows  the   c i r c u i t   12  s u i t a b l e   f o r   use  i n  

t h e   i g n i t i o n   s y s t e m   . o f   t h e   s p a r k   i g n i t i o n   i n t e r n a l  

c o m b u s t i o n   e n g i n e   16.  T y p i c a l l y   t h e   c u r r e n t   in  t h e  

s i n g l e   l e a d   17  i s   s w i t c h e d   b e t w e e n   v a l u e s   of  5  m i l l i a m p s  

and  35  m i l l i a m p s   a c c o r d i n g   to  the   s t a g e   of  o p e r a t i o n   o f  

t h e   e n g i n e .   A t t e n d a n t   f l u c t u a t i o n s   in  v o l t a g e   at   t h e  

i n p u t   t e r m i n a l   10  a r e   s u b s t a n t i a l l y   e l i m i n a t e d   by  a  

r e g u l a t i n g   means   w h i c h   m a i n t a i n s   a  s u b s t a n t i a l l y  

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

of  a p p r o x i m a t e l y   5  v o l t s ,   b e t w e e n   t he   t e r m i n a l   10  and  t h e  

n e g a t i v e   p o l e   of  t he   b a t t e r y   1 4 .  

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

a c r o s s   a  b i a s i n g   r e s i s t o r   R1  is  s u f f i c i e n t   to  t u r n   a  

s w i t c h i n g   means   TR4  on.  When  t h i s   o c c u r s   c u r r e n t   p a s s e s  

t h r o u g h   the   s w i t c h i n g  m e a n s   and  is  a m p l i f i e d   by  t h e  

c o m p o n e n t s   d o w n s t r e a m   of  TR4  to  p r o v i d e   an  o u t p u t   at  t h e  

t e r m i n a l   11.  As  c u r r e n t   t h r o u g h   z e n e r   d i o d e   D1  a n d  

t r a n s i s t o r   TR2  c o m p r i s e d   by  the   r e g u l a t i n g   m e a n s  

i n c r e a s e s ,   a  c o m p e n s a t i n g   means   w h i c h   is  in  s e r i e s   w i t h  

the   b i a s i n g   r e s i s t o r   is  t u r n e d   o f f   so  t h a t   the   i n c r e a s e  

in  v o l t a g e   d rop   a c r o s s   t he   b i a s i n g   r e s i s t o r   i s  

c o m p e n s a t e d   f o r   by  a  d e c r e a s e   in  v o l t a g e   d rop   a c r o s s   t h e  

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



A  d e c r e a s e   in  c u r r e n t   to  the   ba se   of  the   t r a n s i s t o r  

TR2  t u r n s   t he   s w i t c h i n g   means   TR4  o f f . A   d e c r e a s e   i n  

v o l t a g e   d rop   a c r o s s   the   b i a s i n g   r e s i s t o r   is  c o m p e n s a t e d  

f o r   by  an  i n c r e a s e   in  v o l t a g e   d rop   a c r o s s   t h e  

c o m p e n s a t i n g   m e a n s .   The  p a r t   of  the   c i r c u i t   d o w n s t r e a m   o f  

t he   t r a n s i s t o r   TR4  ( t o   t h e   r i g h t   of  t h e   t r a n s i s t o r   i n  

F i g u r e   2)  is   of  a  known  d e s i g n   f o r   a m p l i f y i n g   t he   c u r r e n t  

t h r o u g h   the   t r a n s i s t o r   a t   t he   t e r m i n a l   1 1 .  

The  r e g u l a t i n g   means   c o m p r i s e s   t he   c o m p e n s a t i n g  

means   ( t r a n s i s t o r   TR1) ,   in  a d d i t i o n   to  t r a n s i s t o r   TR2  a n d  

d i o d e   D1  wh ich   is  in  s e r i e s   w i t h   t he   b a s e   of  t r a n s i s t o r  

T R 2 .  

The  c h a r a c t e r i s t i c s   of  the   z e n e r   d i o d e   a r e   w e l l  

known.   For  a  s u f f i c i e n t   c u r r e n t   ( d e p e n d i n g   on  t h e  

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

a c h i e v e d   and  c u r r e n t   may  f l o w   t h r o u g h   t h e   d i o d e   in  t h e  

r e v e r s e   mode.  The  v o l t a g e   d rop   a c r o s s   the   d i o d e   t h e n  

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

c u r r e n t .   The  d i o d e   D1  t h u s   p r o v i d e s   a  means   c o n n e c t e d   i n  

s e r i e s   w i t h   t he   i n p u t   t e r m i n a l   10,  w h i c h   p e r m i t s   a  c h a n g e  

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

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

For   e x c e s s i v e   i n c r e a s e s   in  i n p u t   c u r r e n t ,   of  t h e  

o r d e r   of  100  m i l l i a m p s   or  m o r e ,   the   v o l t a g e   d rop   a c r o s s   a  

b i a s i n g   r e s i s t o r   R2  of  an  o v e r l o a d   p r e v e n t i n g   t r a n s i s t o r  

TR3  is  s u f f i c i e n t   to  t u r n   t he   t r a n s i s t o r   on  and  r e s t r i c t  

t he   c u r r e n t   f l o w   t h r o u g h   the   t e r m i n a l   10.  The  e x c e s s  

c u r r e n t   t h r o u g h   TR3  and  R3  t u r n s   t r a n s i s t o r   TR2  on  a n d  

h e n c e   t u r n s   t r a n s i s t o r   TR1  o f f .  

The  c i r c u i t   shown  in  F i g u r e   3  c o m p r i s e s   a  d i o d e   D 4 '  

c o n n e c t e d   in  s e r i e s   w i t h   t h e   t e r m i n a l   10'  to  p r o t e c t   t h e  

c i r c u i t   a g a i n s t   an  i n c o r r e c t   c o n n e c t i o n   of  the   t e r m i n a l  

to  a  p o s i t i v e   s u p p l y .   The  c u r r e n t   f l o w i n g   at   t e r m i n a l   1 0 '  



is   g o v e r n e d   by  a  c u r r e n t   c o n t r o l l i n g   means  c o m p r i s i n g  

r e s i s t o r   R2'  d i o d e s   D1'  and  D2'  and  t r a n s i s t o r   TR1 ' .   T h e  

c u r r e n t   a t   the   c o l l e c t o r   of  t r a n s i s t o r   TR1 ' ,   wh ich   i s  

s h u n t e d   to  t he   n e g a t i v e   e a r t h   by  z e n e r   d i o d e   D3 ' ,   is   a t  

a l l   t i m e s   in  the   o p e r a t i o n   of  t he   c i r c u i t   of  a  g r e a t e r  

m a g n i t u d e   t h a n   the   c u r r e n t   a t   t e r m i n a l   1 0 ' .   The  c u r r e n t  

c o n t r o l l i n g   means  e n s u r e s   t h a t   the   c u r r e n t   a t   t h e  

c o l l e c t o r   is  s u b s t a n t i a l l y   c o n s t a n t .   The  z e n e r   d i o d e   D 3 '  

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

c o l l e c t o r   of  t r a n s i s t o r   TR1'  and  b a s e   of  t r a n s i s t o r   T R 2 ' .  

In  o p e r a t i o n ,   an  i n c r e a s e   in  c u r r e n t   at  i n p u t  

t e r m i n a l   10'  e f f e c t s   an  i n c r e a s e   in  the   p o t e n t i a l   d i f f e r -  

ence   a c r o s s   b i a s i n g   r e s i s t o r   R 3 ' .   S w i t c h i n g   t r a n s i s t o r  

TR2'  is  t h e r e b y   t u r n e d   on  so  t h a t   t r a n s i s t o r   TR3'  i s  

t u r n e d   on  and  a  s i g n a l   is  p r o v i d e d   at   t e r m i n a l   1 1 ' .   When 

the   i n p u t   c u r r e n t   and  the   p o t e n t i a l   d i f f e r e n c e   a c r o s s  

r e s i s t o r   R3'  d e c r e a s e s   s u f f i c i e n t l y ,   t r a n s i s t o r   TR2'  a n d  

t r a n s i s t o r   T R 3 '  a r e   t u r n e d   o f f .  



1.  A  m e t h o d   of  c o n t r o l l i n g   a  s w i t c h i n g   means   in  a  
c i r c u i t   a s s o c i a t e d   w i t h   a  s p a r k   i g n i t i o n   i n t e r n a l  

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

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

e n g i n e ,   t h e   i n p u t   s i g n a l   is  a  c h a n g e   in  m a g n i t u d e   of  a n  

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

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

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

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t he   c i r c u i t   i s  

an  i g n i t i o n   c i r c u i t   and  t he   s w i t c h i n g   means   c o n t r o l s   t h e  

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

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n   t h e   i n p u t  

s i g n a l   i s   a p p l i e d   to   a  b i a s i n g   r e s i s t o r   of  a  s e m i -  

c o n d u c t o r   d e v i c e .  

4.  A  m e t h o d   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m   w h e r e i n  

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

a n d   a d d i t i o n a l l y   t h r o u g h   a  r e g u l a t i n g   means   and  t h e  

c u r r e n t   f l o w   t h r o u g h   t h e   r e g u l a t i n g   means   f a l l s   when  t h e  

i n p u t   c u r r e n t   i n c r e a s e s .  

5.  A  m e t h o d   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m   w h e r e i n  

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

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

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

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

c u r r e n t   is   r e s t r i c t e d .  

6.  A  c o n t r o l   d e v i c e   f o r   c o n t r o l l i n g   t he   f low  of  a n  

e l e c t r i c a l   o u t p u t   c u r r e n t   in  a c c o r d a n c e   w i t h   an  i n p u t  

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

s w i t c h i n g   m e a n s ,   a  b i a s i n g   r e s i s t o r   f o r   t he   s w i t c h i n g  

m e a n s   and  c o m p e n s a t i n g   m e a n s ,   t he   b i a s i n g   r e s i s t o r   a n d  



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

t e r m i n a l   a t   wh ich   the   i n p u t   s i g n a l   is   r e c e i v e d   and  t h e  

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

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

b i a s i n g   r e s i s t o r   w i t h o u t   v a r y i n g   s u b s t a n t i a l l y   t h e  

v o l t a g e   a t   e i t h e r   t he   i n p u t   t e r m i n a l   or  a  p o i n t   in  t h e  

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

t e r m i n a l .  

7.  A  s p a r k   i g n i t i o n   i n t e r n a l   c o m b u s t i o n   e n g i n e   h a v i n g  

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

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

an  i n p u t   s i g n a l   wh ich   is  a  c h a n g e   in  t he   m a g n i t u d e   o f  

f l o w   of  c u r r e n t   to  a  p o i n t   in  a  c i r c u i t   of  t he   i g n i t i o n  

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

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

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

s i g n a l .  

8.  Any  n o v e l   f e a t u r e   or  c o m b i n a t i o n   of  n o v e l   f e a t u r e s  

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