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@  Variable  dwell  I.C.  engine  ignition  system. 

@  A  dwell  control  for  an  ignition  system  of  the  general  type 
including  a  closed  loop  control  which  operates  to  vary  the  in- 
stant  after  each  spark  at  which  energy  storage  is  commenced 
for  the  next  spark.  At  low  speeds  the  closed  loop  control  is 
overridden  and  the  circuit  output  (Q44)  is  operated  at  constant 
duty  ratio.  Switch  over  between  the  two  modes  of  operation  is 
effected  under  the  control  of  a  bistable  circuit  (Q18,  Q19) 
which  is  set  to  one  state  in  which  a  variable  timer  (C1,  Q2,  Q3, 
04)  incorporated  in  the  closed  loop  control  determines  the  in- 
stant  of  energy  storage  commencement,  whenever  the  time 
duration  for  which  the  energy  stored  exceeds  a  threshold  in 
less  than  a  predetermined  duration.  The  bistable  is  set  to  its 
other  state,  to  provide  fixed  duty  cycle  operation,  whenever 
the  timer  period  exceeds  a  limiting  value,  or  when  a  pulse  ar- 
rives  at  the  circuit  input  (Q1)  from  a  transducer  (10)  before  the 
expiry  of  the  timer  period.  This  control  scheme  for  the  bistable 
prevents  undesirable  hunting  between  the  two  operating 
modes. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  v a r i a b l e   d w e l l   i . e .   e n g i n e  

i g n i t i o n   s y s t e m .  

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

by  b u i l d i n g   up  a  s t o r e   of  e n e r g y   fo r   a  p e r i o d   and  t h e n  

r e l e a s i n g   the   e n e r g y   q u i c k l y   to  p r o v i d e   a  s p a r k .   T h e  

c o n v e n t i o n a l   c o n t a c t - b r e a k e r / c o i l   i g n i t i o n   s y s t e m  
u t i l i s e s   a  c o n t a c t   b r e a k e r   d r i v e n   by  the   e n g i n e   t o  

c o n t r o l   t he   f l ow  of  c u r r e n t   in  a  c o i l   p r i m a r y .   E n e r g y  
r e l e a s e   is  p r o v i d e d   by  i n t e r r u p t i n g   the   c o i l   c u r r e n t   a t  

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

i g n i t i o n   s p a r k s   is  v a r i e d   m e c h a n i c a l l y   by  the   c o n t a c t  

b r e a k e r   in  a c c o r d a n c e   w i t h   e n g i n e   p a r a m e t e r s   such   a s  

s p e e d   and  a i r   i n t a k e   m a i n f o l d   p r e s s u r e   and  t h e  

m e c h a n i c a l   a r r a n g e m e n t   fo r   s p e e d   and  vacuum  t i m i n g  

c o n t r o l   have   become  v e r y   s o p h i s t i c a t e d   o v e r   a  l o n g  

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

More  r e c e n t l y   t h e r e   have   been   many  p r o p o s a l s   f o r  

c o n t r o l l i n g   the   t i m i n g   of  the   i g n i t i o n   s p a r k s  

e l e c t r o n i c a l l y   and  in  such   p r o p o s a l s ,   m e c h a n i c a l   v a c u u m  

and  s p e e d   t i m i n g   c o n t r o l   is  u n n e c e s s a r y .   H o w e v e r ,   t h e r e  

e x i s t s   a  demand  for   h y b r i d   s y s t e m s   in  w h i c h   t i m i n g  
c o n t r o l   is  e f f e c t e d   m e c h a n i c a l l y ,   bu t   e l e c t r o n i c  

c i r c u i t s   c o n t r o l   the   a c t u a l   c o i l   c u r r e n t .   T h u s ,   f o r  

e x a m p l e ,   the   c o n v e n t i o n a l   c o n t a c t   b r e a k e r   m a y  b e  

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

t i m i n g   c o n t r o l s .   Such  a  t r a n s d u c e r   may  be,  fo r   e x a m p l e ,  

one  r e l y i n g   on  v a r i a b l e   r e l u c t a n c e ,   on  H a l l   e f f e c t ,   o r  

on  o t h e r   " n o n - c o n t a c t "   s w i t c h i n g   a r r a n g e m e n t s ,   t h e  

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

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



the   d e s i r e d   i n s t a n t s   of  i g n i t i o n .   C l e a r l y ,   such   a 
t r a n s d u c e r   s i m u l a t e s   the   c o n v e n t i o n a l   c o n t a c t   b r e a k e r ,  

bu t   a v o i d s   i t s   m e c h a n i c a l   p r o b l e m s   such   as  c o n t a c t  

b o u n c e ,   w e a r ,   c o n t a c t   e r o s i o n ,   e t c .  

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

t r a i n ,   i f   the   " l e a d i n g   e d g e "   of  each   p u l s e   is  u sed   t o  

t u r n   the   c o i l   c u r r e n t   on,  (as   w i t h   a  c o n v e n t i o n a l  

c o n t a c t   b r e a k e r   s y s t e m )   the   c o i l   o n - t i m e   w i l l   be  a  
f i x e d   p r o p o r t i o n  o f   t he   c y c l e   t ime   and  h e n c e   w i l l  

r e d u c e   as  s p e e d   i n c r e a s e s .   T h i s   i n v o l v e s   m a k i n g   a  

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

s p e e d   and  an  i n a d e q u a t e   o n - t i m e   a t   h i g h   s p e e d s .   To 

o v e r c o m e   t h i s   p r o b l e m   i t   has  a l r e a d y   been   p r o p o s e d ,  

e . g .   in  U K - A - 2 1 1 3 7 6 1   to  v a r y   t he   c o i l   d u t y   r a t i o   i n  

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

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

c o i l   o n - t i m e   as  s p e e d   i n c r e a s e s .   A  c l o s e d - l o o p  

c o r r e c t i o n   s y s t e m   was  e m p l o y e d   to  p r o v i d e   a  r e l a t i v e l y  

s low  c o r r e c t i o n   to  m a i n t a i n   the   p r o p o r t i o n   of  e a c h  

c y c l e   fo r   wh ich   the   c o i l   c u r r e n t   was  a b o v e   a  s e t   l e v e l  

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

The  p r e v i o u s l y   p r o p o s e d   a p p a r a t u s   was  f o u n d   to  be  t o o  

s e n s i t i v e   to  the   j i t t e r   w h i c h   was  f o u n d   to  o c c u r   when  a 

c h a i n   d r i v e   f rom  the   e n g i n e   to  the   t r a n s d u c e r   was  u s e d ,  

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

I t   is  an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  

v a r i a b l e   d w e l l   i . c .   e n g i n e   i g n i t i o n   s p a r k   i g n i t i o n  

s y s t e m   wh ich   can  o p e r a t e   s a t i s f a c t o r i l y   when  in  t h e  

p r e s e n c e   of  s u b s t a n t i a l   t i m i n g   j i t t e r   and  wh ich   a l s o   i s  

r e l a t i v e l y   i n s e n s i t i v e   to  s u p p l y   v o l t a g e   v a r i a t i o n s .  

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



t r a n s d u c e r   d r i v e n   by  the   e n g i n e   and  p r o d u c i n g   a  p u l s e  
t r a i n   of  a p p r o x i m a t e l y   c o n s t a n t   d u t y   r a t i o   a n d  

i n c l u d i n g   m e c h a n i c a l   means   fo r   v a r y i n g   the   p h a s e   of  t h e  

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

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

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

e v e n t s   in  s a i d   p u l s e   t r a i n ,   means   s e n s i t i v e   t o  

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

c o m m e n c i n g   an  e n e r g y   s t o r a g e   p e r i o d   in  each   i g n i t i o n  

c y c l e   a t   r e l a t i v e l y   low  e n g i n e   s p e e d s ,   t i m e r   m e a n s  

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

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

commence   s a i d   e n e r g y   s t o r a g e   p e r i o d   a t   an  i n s t a n t   i n  

e a c h   c y c l e   e a r l i e r   t h a n   s a i d   d i f f e r e n t   s p e c i f i c   e v e n t ,  
t he   t i m i n g   p e r i o d   of  s a i d   t i m e r   b e i n g   d e t e r m i n e d   by  
c l o s e d   l oop   c o n t r o l   means   so  a s  t o   r e g u l a t e   t h e  

f r a c t i o n a l   t ime   d u r i n g   w h i c h   the   e n e r g y   s t o r e d   by  s a i d  

e n e r g y   s t o r a g e   means   e x c e e d s   a  t h r e s h o l d   v a l u e ,  

c h a r a c t e r i s e d   by  mode  s e l e c t i o n   b i s t a b l e   s w i t c h   m e a n s  
fo r   d e t e r m i n i n g   w h e t h e r   or  no t   s a i d   t i m e r   or  s a i d  

d i f f e r e n t   s p e c i f i c   e v e n t   is  to  c a u s e   c o m m e n c e m e n t   o f  

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

b e i n g   s w i t c h e d   to  a  s t a t e   in  w h i c h   s a i d   t i m e r   c a u s e s  

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

t ime   d u r a t i o n   fo r   wh ich   t he   e n e r g y   s t o r e d   by  s a i d  

e n e r g y   s t o r a g e   means   e x c e e d s   a  t h r e s h o l d   v a l u e   is  l e s s  

t h a n   a  p r e d e t e r m i n e d   d u r a t i o n   and  to  i t s   o t h e r   s t a t e   i n  

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

of  t he   e n e r g y   s t o r a g e   p e r i o d   e i t h e r   when  t i m i n g   p e r i o d  
of  t he   t i m e r   e x c e e d s   a  l i m i t i n g   v a l u e   or  when  s a i d  

d i f f e r e n t   s p e c i f i c   e v e n t   o c c u r s   b e f o r e   e x p i r y   of  t h e  

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

Where   the   e n e r g y   s t o r a g e   means   is  a  c o i l ,   t h e   e n e r g y  

s t o r a g e   p e r i o d   is  commenced   by  c o m p l e t i n g   a  p a t h   f o r  



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

means  s e n s e s   t he   c o i l   c u r r e n t   and  d e t e r m i n e s   the   t i m e r  

t i m i n g   p e r i o d   so  t h a t   t he   c o i l   c u r r e n t   is   a b o v e   a  

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

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

The  a c c o m p a n y i n g   d r a w i n g   is   an  e l e c t r i c a l   c i r c u i t  

d i a g r a m   of  one  e x a m p l e   of  a  v a r i a b l e   d w e l l   i . c .   e n g i n e  

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

The  s y s t e m   shown  i n c l u d e s   a  t r a n s d u c e r   10  which   s e n s e s  

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

t i m e d   i g n i t i o n   d i s t r i b u t o r .   The  t r a n s d u c e r   may  be  a  

H a l l - e f f e c t   d e v i c e ,   a  v a r i a b l e   r e l u c t a n c e   d e v i c e   or  a n y  
o t h e r   known  " n o - c o n t a c t "   d e v i c e   w h i c h   p r o v i d e s ,   in  w e l l  

known  m a n n e r ,   a  p u l s e   t r a i n   of  f i x e d   d u t y   r a t i o   a n d  

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

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

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

f u r t h e r   d e s c r i p t i o n   is  g i v e n   h e r e i n .   The  t r a n s d u c e r   i s  

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

of  a b o u t   15%.  

The  o u t p u t   of  t he   t r a n s d u c e r   10  is  c o n n e c t e d   by  a  

p u l l - u p   r e s i s t o r   R1  to  a  s u p p l y   r a i l   11  to  wh ich   a  

r e g u l a t e d   v o l t a g e   is  a p p l i e d   by  a  known  r e g u l a t o r  

c i r c u i t   12.  The  t r a n s d u c e r   o u t p u t   is  a l s o   c o n n e c t e d   b y  

a  r e s i s t o r   R2  to  t he   b a s e   of  an  npn  t r a n s i s t o r   Q l ,  

wh ich   has  i t s   e m i t t e r   c o n n e c t e d   to  a  g r o u n d   r a i l   13,  s o  

t h a t   t r a n s i s t o r   Ql  is  c o n d u c t i v e   w h e n e v e r   t he   o u t p u t   o f  

the   t r a n s d u c e r   10  is  h i g h .   A  r e s i s t o r   R3  c o n n e c t s   t h e  

b a s e   of  t r a n s i s t o r   Ql  to  t he   g r o u n d   r a i l   13.  T h e  

c o l l e c t o r   of  t he   t r a n s i s t o r   Q1  is  c o n n e c t e d   to  t h e  

c a t h o d e s   of  two  d i o d e s   Dl  and  D2.  The  anode   of  d i o d e   D l  
is  c o n n e c t e d   to  one  s i d e   of  a  c a p a c i t o r   Cl ,   t he   o t h e r  

s i d e   of  wh ich   is   c o n n e c t e d   to  the   c o l l e c t o r   of  a  p n p  



t r a n s i s t o r   Q2  w h i c h   has   i t s   b a s e   c o n n e c t e d   to  a  b i a s  

v o l t a g e   s o u r c e   V1  and  i t s   e m i t t e r   c o n n e c t e d   by  a  

r e s i s t o r  R 4   to  t he   r a i l   11.  The  e m i t t e r   of  t h e  

t r a n s i s t o r   Q2  is  a l s o   c o n n e c t e d   by  a  r e s i s t o r   R5  to  t h e  

c o l l e c t o r   of  a  pnp  t r a n s i s t o r   Q3  w h i c h   has   i t s   e m i t t e r  

c o n n e c t e d   to  r a i l   11  and  i t s   b a s e   c o n n e c t e d   to  t h e  

c o l l e c t o r   of  an  npn  t r a n s i s t o r   Q4,  t he   e m i t t e r   of  w h i c h  

is  c o n n e c t e d   by  a  r e s i s t o r   R6  to  t he   g r o u n d   r a i l   13  a n d  

the   b a s e   of  w h i c h   is  c o n n e c t e d   to  s a i d   o t h e r   s i d e   o f  

t he   c a p a c i t o r   Cl .   the   a n o d e   of  the   d i o d e   D2  i s  

c o n n e c t e d   to  t he   r a i l   11  by  a  r e s i s t o r   R 7 .  

A n o t h e r   d i o d e   D3  has   i t s   a n o d e   c o n n e c t e d   to  t he   a n o d e  

of  d i o d e   D2  and  i t s   c a t h o d e   c o n n e c t e d   by  a  r e s i s t o r   R8 
to  r a i l   13.  The  c a t h o d e   of  d i o d e   D3  is  c o n n e c t e d   to  t h e  

b a s e   of  an  n p n  t r a n s i s t o r   Q5,  the   c o l l e c t o r   of  w h i c h   i s  

c o n n e c t e d   by  two  r e s i s t o r s   R9,  R10  in  s e r i e s   to  t h e  

r a i l   11.  The  e m i t t e r   of  t he   t r a n s i s t o r   Q5  is  c o n n e c t e d  

to  t he   c o l l e c t o r   of  an  npn  t r a n s i s t o r   Q6  the   e m i t t e r   o f  

w h i c h   is  c o n n e c t e d   to  the   j u n c t i o n   of  two  r e s i s t o r s  

R11  and  R12  in  s e r i e s   b e t w e e n   r a i l s   11  and  13.  The  b a s e  

of  t r a n s i s t o r   Q6  is  c o n n e c t e d   by  a  r e s i s t o r   R13  to  s a i d  

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

The  a n o d e   of  the   d i o d e   D1  is  c o n n e c t e d   to  the   e m i t t e r s  

of  two  pnp  t r a n s i s t o r s   Q7  and  Q8.  T r a n s i s t o r   Q7  has  i t s  

b a s e   c o n n e c t e d   to  t he   b i a s   v o l t a g e   s o u r c e   V1  and  i t s  

c o l l e c t o r   c o n n e c t e d   by  a  r e s i s t o r   R14  to  r a i l   13.  An 

npn  t r a n s i s t o r   Qg  has  i t s   b a s e   c o n n e c t e d   to  t h e  

c o l l e c t o r   of  t r a n s i s t o r   Q7,  and  i t s   e m i t t e r   g r o u n d e d   t o  

r a i l   13.  The  e m i t t e r   of  t r a n s i s t o r   Q8  is  c o n n e c t e d   by  a  

c o n s t a n t   c u r r e n t   s o u r c e   Sl  to  the   r a i l   11  and  i t s  

c o l l e c t o r   is  g r o u n d e d   to  r a i l   13.  t he   b a s e   o f  

t r a n s i s t o r   Q8  is  c o n n e c t e d   by  a n o t h e r   c u r r e n t   s o u r c e   S2  

to  r a i l   11  and  to  t he   e m i t t e r   of  a  pnp  t r a n s i s t o r   Q 1 0 .  
The  c o l l e c t o r   of  t r a n s i s t o r   Q10  is  c o n n e c t e d   to  t h e  



c o l l e c t o r   of  t r a n s i s t o r   Q8  and  to  r a i l   13  and  i t s   b a s e  

is  c o n n e c t e d   to  the   c o l l e c t o r s   of  an  npn  t r a n s i s t o r   Q11 
and  a  pnp  t r a n s i s t o r   Q12.  T r a n s i s t o r   Q11  has   i t s   b a s e  

c o n n e c t e d   to  a n o t h e r   b i a s   v o l t a g e   s o u r c e   V2  and  i t s  

e m i t t e r   g r o u n d e d   to  r a i l   13  v i a   a  r e s i s t o r   R15.  T h e  

t r a n s i s t o r   Q12  has   i t s   b a s e   c o n n e c t e d   to  t he   b i a s  

v o l t a g e   s o u r c e   V1  and  i t s   e m i t t e r   c o n n e c t e d   by  a  

r e s i s t o r   R16  to  t he   r a i l  1 1 .   The  b a s e   of  t r a n s i s t o r   Q10 
is  a l s o   c o n n e c t e d   by  a  r e s i s t o r   R17  and  a  c a p a c i t o r   C2 
in  s e r i e s   to  the   r a i l   11.  The  b a s e   of  t r a n s i s t o r   Q10  i s  

a l s o   c o n n e c t e d   to  t he   c a t h o d e   of  a  d i o d e   D4,  t he   a n o d e  

of  w h i c h   is  c o n n e c t e d   by  a  r e s i s t o r   R18  to  the   r a i l   1 1 .  

Anode  o f  d i o d e   D4  is  a l s o   c o n n e c t e d   to  the  a n o d e   of  a  

d i o d e   D5,  t he   c a t h o d e   of  wh ich   is  c o n n e c t e d   to  t h e  

t r a n s d u c e r   o u t p u t ,   and  to  the   c o l l e c t o r   of  an  n p n  
t r a n s i s t o r   Q13  wh ich   has   i t s   e m i t t e r   g r o u n d e d   to  r a i l  

1 3 .  

A  pnp  t r a n s i s t o r   Q14  has  i t s   e m i t t e r   c o n n e c t e d   to  t h a t  

of  t r a n s i s t o r   Q12  and  i t s   c o l l e c t o r   c o n n e c t e d   to  t h e  

e m i t t e r   of  t r a n s i s t o r   Q11.  The  b a s e   of  t r a n s i s t o r   Q14 

is   c o n n e c t e d   by  a  r e s i s t o r   R19  to  r a i l   11  and  by  a  

r e s i s t o r   R20  to  the   c o l l e c t o r   of  t r a n s i s t o r   Ql,  so  t h a t  

t r a n s i s t o r   Q14  t u r n s   on  w h e n e v e r   t r a n s i s t o r   Q1  i s  

c o n d u c t i v e   and  so  d i r e c t l y   c o n n e c t s   the   e m i t t e r s   o f  

t r a n s i s t o r s   Q11,  Q12  t o g e t h e r .  

The  e m i t t e r   of  t r a n s i s t o r   Q12  is  a l s o   c o n n e c t e d   to  t h e  

a n o d e   of  a  d i o d e   D6,  t he   c a t h o d e   of  wh ich   is  c o n n e c t e d  

to  t he   c o l l e c t o r   a  pnp  t r a n s i s t o r   Q16  and  to  g r o u n d   v i a  

a  c u r r e n t   s i n k   S3.  The  e m i t t e r   of  t r a n s i s t o r   Q16  i s  

c o n n e c t e d   to  r a i l   11  and  a  r e s i s t o r   R21  c o n n e c t s   t h e  

b a s e   of  t r a n s i s t o r   Q16  to  t h a t   r a i l .   The  b a s e   o f  

t r a n s i s t o r   Q16  is  a l s o   c o n n e c t e d   to  the   c o l l e c t o r   of  a n  

npn  t r a n s i s t o r   Q15,  t he   e m i t t e r   of  wh ich   is  c o n n e c t e d  

to  the   e m i t t e r   of  t r a n s i s t o r   Q11  and  the   b a s e   of  w h i c h  

is  g r o u n d e d   v i a   a  r e s i s t o r   R22.  A  r e s i s t o r   R23  c o n n e c t s  



t he   b a s e   of  t r a n s i s t o r   Q15  to  the   a n o d e   of  a  d i o d e   D 7 ,  
t he   c a t h o d e   of  w h i c h   is  c o n n e c t e d   to  g r o u n d   by  a  

r e s i s t o r   R24.  The  e m i t t e r   of  an  npn  t r a n s i s t o r   Q17  i s  

c o n n e c t e d   to  t he   c a t h o d e   of  d i o d e   D7  and  the   b a s e   o f  

t r a n s i s t o r   Q17  is  c o n n e c t e d   to  t he   j u n c t i o n   of  t w o  

r e s i s t o r s   R25,  R26  c o n n e c t e d   in  s e r i e s   b e t w e e n   t h e  

r a i l s   11,  and  1 3 .  

An  npn  t r a n s i s t o r   Q18  has   i t s   e m i t t e r   c o n n e c t e d   to  r a i l  

13  and  i t s   c o l l e c t o r   c o n n e c t e d   by  two  r e s i s t o r s   R 2 7 ,  

R28  in  s e r i e s   to  r a i l   11.  The  j u n c t i o n   of  t h e s e  

r e s i s t o r s   R27,  R28  is  c o n n e c t e d   to  the   b a s e   of  a  p n p  
t r a n s i s t o r   Q19,  t he   e m i t t e r   of  w h i c h   is  c o n n e c t e d   t o  

r a i l   11  and  the   c o l l e c t o r   of  w h i c h   is  c o n n e c t e d   b y  

t h r e e   r e s i s t o r s   R70,  R29,  R 3 0  i n   s e r i e s   to  r a i l   1 3 ,  

w i t h   t he   j u n c t i o n   of  r e s i s t o r s   R29,  R30  c o n n e c t e d   t o  

the   b a s e   of  t r a n s i s t o r   Q18.  T r a n s i s t o r   Q18,  Q19  form  a  
b i s t a b l e   s w i t c h ,   t u r n e d   on  as  h e r e a f t e r   e x p l a i n e d   b y  

t u r n i n g   on  t r a n s i s t o r   Q19  and  t u r n e d   o f f ,   as  a l s o  

e x p l a i n e d   by  t u r n i n g   o f f   t r a n s i s t o r   Q18.  The  c o l l e c t o r  

of  t he   t r a n s i s t o r   Qlg  is  a l s o   c o n n e c t e d   v i a   a  r e s i s t o r  

R31  to  t he   b a s e   of  t r a n s i s t o r   Q13,  and  by  a  r e s i s t o r  

R32  to  t he   anode   of  a  d i o d e   Dg,  the   c a t h o d e   of  w h i c h   i s  

c o n n e c t e d   to  the   b a s e   of  t he   t r a n s i s t o r   Q5.  T h e  

c o l l e c t o r   of  t r a n s i s t o r   Qg  is  c o n n e c t e d   to  t he   j u n c t i o n  

of  r e s i s t o r s   R70  and  R29  so  t h a t   when  t r a n s i s t o r   Q19 
t u r n s   on  i t   s i n k s   any  c u r r e n t   b e i n g   p a s s e d   b y  

t r a n s i s t o r   Q19  and  c a u s e s   t r a n s i s t o r   Q18  to  t u r n   o f f .  

An  npn  t r a n s i s t o r   Q20  has   i t s   c o l l e c t o r   c o n n e c t e d   t o  

t he   j u n c t i o n   of  r e s i s t o r   R17  and  c a p a c i t o r   C2,  i t s   b a s e  

c o n n e c t e d   to  the   b i a s   v o l t a g e   s o u r c e   V2  and  i t s   e m i t t e r  

c o n n e c t e d   by  a  r e s i s t o r   R3  to  the   c o l l e c t o r   of  a n o t h e r  

npn  t r a n s i s t o r   Q21,  t he   e m i t t e r   of  wh ich   is  g r o u n d e d   t o  

r a i l   13.  A  d i o d e   Dg  has  i t s   a n o d e   c o n n e c t e d   to  t h e  

c o l l e c t o r   of  the   t r a n s i s t o r   Q19  and  i t s   c a t h o d e  



c o n n e c t e d   to  the   j u n c t i o n   of  r e s i s t o r s   R70  and  R 2 9 .  
T r a n s i s t o r   Q21  has  i t s   b a s e   c o n n e c t e d   to  the   j u n c t i o n  
of  two  r e s i s t o r s   R33,  R34  c o n n e c t e d   in  s e r i e s   b e t w e e n  

the   c o l l e c t o r   of  a  pnp  t r a n s i s t o r   Q22  and  r a i l   1 1 .  

T r a n s i s t o r   Q22  has   i t s   e m i t t e r   c o n n e c t e d   to  the   b a s e   o f  

a  pnp  t r a n s i s t o r   Q23,  t he   e m i t t e r   of  wh ich   is  c o n n e c t e d  

to  r a i l   11.  The  b a s e   of  t r a n s i s t o r   Q22  is  c o n n e c t e d   t o  

t he   j u n c t i o n   o f  t w o   r e s i s t o r s   R35  and  R36  w h i c h   a r e   i n  

s e r i e s   b e t w e e n   t he   r a i l   11  and  the   o u t p u t   of  t h e  

t r a n s d u c e r   10.  The  j u n c t i o n   of  t h e s e   two  r e s i s t o r s   R35  
and  R36  is  a l s o   c o n n e c t e d   to  the   c o l l e c t o r   of  a  p n p  
t r a n s i s t o r   Q24  wh ich   has   i t s   e m i t t e r   c o n n e c t e d   to  r a i l  

11  and  i t s   b a s e   c o n n e c t e d   to  the   c o l l e c t o r   o f  

t r a n s i s t o r   Q23  wh ich   is  a l s o   c o n n e c t e d   to  g r o u n d   by  a  

r e s i s t o r   R 3 7 .  

An  npn  t r a n s i s t o r   Q25  has  i t s   e m i t t e r   g r o u n d e d   to  r a i l  

11  and  i t s   c o l l e c t o r   c o n n e c t e d   to  the   c o l l e c t o r   o f  

t r a n s i s t o r   Q9.  The  b a s e   of  t r a n s i s t o r   Q25  is  c o n n e c t e d  

to  r a i l   13  by  a  r e s i s t o r   R38  and  a l s o   to  the   c o l l e c t o r  

of  a  pnp  t r a n s i s t o r   Q26.  T r a n s i s t o r   Q26  has   i t s   b a s e  

c o n n e c t e d   by  a  r e s i s t o r   R39  to  r a i l   13,  and  by  t w o  

r e s i s t o r s   R40,  R41  in  s e r i e s   to  r a i l   11.  The  j u n c t i o n  

of  r e s i s t o r s   R40,  R 4 1  i s   c o n n e c t e d   to  the   anode   of  a  

d i o d e   D9,  t he   c a t h o d e   of  w h i c h   is  c o n n e c t e d   to  r a i l   13  

by  a  c u r r e n t   s i n k   S4.  An  npn  t r a n s i s t o r   Q27  has   i t s  

e m i t t e r   c o n n e c t e d   to  t h a t   of  t r a n s i s t o r   Q26  and  by  a  

r e s i s t o r   R42  to  r a i l   11  and  i t s   c o l l e c t o r   c o n n e c t e d   b y  

a  r e s i s t o r   R43  to  t he   r a i l   13.  A  t r a n s i s t o r   Q28  has   i t s  

b a s e   c o n n e c t e d   to  t he   c o l l e c t o r   of  the   t r a n s i s t o r   Q 2 7 ,  
i t s   e m i t t e r   g r o u n d e d   to  r a i l   13  and  i t s   c o l l e c t o r  

c o n n e c t e d   to  the   b a s e   of  t he   t r a n s i s t o r   Q27.  A  c u r r e n t  

s i n k   S5  a l s o   c o n n e c t e s   t he   b a s e   of  t r a n s i s t o r   Q27  t o  

g r o u n d   r a i l   1 1 .  

A  c a p a c i t o r   C3  is  c o n n e c t e d   a t   one  s i d e   to  the  b a s e   o f  



t r a n s i s t o r   Q27  and  a t   t he   o t h e r   s i d e   to  t he   a n o d e   of  a  
d i o d e   D10  the   c a t h o d e   of  w h i c h   is  c o n n e c t e d   to  t h e  

c a t h o d e   of  d i o d e   D9.  T h e s e   two  c a t h o d e s   a r e   c o n n e c t e d  

to  t he   c o l l e c t o r   of  a  pnp  t r a n s i s t o r   Q29  w h i c h   has  i t s  

e m i t t e r   c o n n e c t e d   to  r a i l   11,  and  i t s   b a s e   c o n n e c t e d   b y  

a  r e s i s t o r   R44  to  r a i l   11,  by  a  r e s i s t o r   R45  to  t h e  

c o l l e c t o r -  o f   t r a n s i s t o r   Q17  and  by  a  r e s i s t o r   R46  t o  

the   a n o d e   of  a  d i o d e   D11,  t he   c a t h o d e   of  w h i c h   i s  

c o n n e c t e d   to  t he   c o l l e c t o r   of  t he   t r a n s i s t o r   Q20.  T h e  

a n o d e   of  d i o d e   D10  is  c o n n e c t e d   to  g r o u n d   r a i l   11  by  a  

c u r r e n t   s i n k   S6,  to  t he   b a s e   of  a  pnp  t r a n s i s t o r   Q30 
and  to  t he   c o l l e c t o r   of  a  pnp  t r a n s i s t o r   Q 3 1 .  
T r a n s i s t o r   Q31  has  i t s   e m i t t e r   c o n n e c t e d   to  r a i l   11  a n d  

i t s   b a s e   c o n n e c t e d   by  a  r e s i s t o r   R47  to  t he   r a i l   1 1 .  

The  c o l l e c t o r   of  t r a n s i s t o r   Q30  is  c o n n e c t e d   by  a  

c u r r e n t   s i n k   S7  to  r a i l   13  and  i t s   e m i t t e r   is  c o n n e c t e d  

by  a  r e s i s t o r   R48  to  r a i l   11.  The  c o l l e c t o r   o f  

t r a n s i s t o r   Q30  is  a l s o   c o n n e c t e d   to  the   b a s e   of  an  n p n  
t r a n s i s t o r   Q32,  the   e m i t t e r   of  w h i c h   is  g r o u n d e d   t o  

r a i l   13  and  the   c o l l e c t o r   of  wh ich   is  c o n n e c t e d   by  a  

r e s i s t o r   R50  to  the   e m i t t e r   of  the   t r a n s i s t o r   Q30.  An 

npn  t r a n s i s t o r   Q33  has   i t s   b a s e   and  e m i t t e r   c o n n e c t e d  

to  t he   c o l l e c t o r   of  t r a n s i s t o r   Q32  and  i t s   e m i t t e r  

c o n n e c t e d   by  a  r e s i s t o r   R51  to  g r o u n d .  

An  npn  t r a n s i s t o r   Q34  has  i t s   b a s e   c o n n e c t e d   to  t h e  

j u n c t i o n   o f  t w o   r e s i s t o r s   R52,  R53  in  s e r i e s   b e t w e e n  

c o l l e c t o r   of  a  pnp  t r a n s i s t o r   Q35  and  r a i l   1 3 .  

T r a n s i s t o r   Q35  has   i t s   e m i t t e r   c o n n e c t e d   to  r a i l   11  a n d  

i t s   b a s e   c o n n e c t e d   to  the   j u n c t i o n   of  t he   r e s i s t o r s   Rg 
and  RIO.  The  e m i t t e r   of  t r a n s i s t o r   Q34  is  c o n n e c t e d   t o  

r a i l   13  and  i t s   c o l l e c t o r   is  c o n n e c t e d   by  a  r e s i s t o r  

R54  to  r a i l   11  and  by  a  r e s i s t o r   R55  to  the   b a s e   of  a n  

npn  t r a n s i s t o r   Q36,  w h i c h   has  e m i t t e r   g r o u n d e d   to  r a i l  

13.  T r a n s i s t o r   Q36  has  i t s   c o l l e c t e r   c o n n e c t e d   by  t w o  



r e s i s t o r s   R56,  R57  in  s e r i e s   to  r a i l   11,  and  by  a n o t h e r  

two  r e s i s t o r s   R58,  R59  in  s e r i e s   to  the   r a i l   11.  T h e  

j u n c t i o n   of  t h e  l a t t e r   two  r e s i s t o r s   is  c o n n e c t e d   t o  

the   c a t h o d e   of  a  d i o d e   D12,  the   a n o d e   of  w h i c h   i s  

c o n n e c t e d   to  the   b a s e   of  t he   t r a n s i s t o r   Q23.  T h e  

j u n c t i o n   of  the   two  r e s i s t o r s   R56,  R 5 7  i s   c o n n e c t e d   t o  

t h e   b a s e   of  a  pnp  t r a n s i s t o r   Q37  wh ich   has  i t s   e m i t t e r  

c o n n e c t e d   by  a  r e s i s t o r   R60  t o  r a i l   11  and  i t s  

c o l l e c t o r   c o n n e c t e d   by  a  r e s i s t o r   R61  to  r a i l   13.  t h e  

c o l l e c t o r   of  t he   t r a n s i s t o r   Q37  is  a l s o   c o n n e c t e d   by  a  

c a p a c i t o r   C4  and  two  r e s i s t o r s   R62,  R63  in  s e r i e s   t o  

the   r a i l   13,  t he   j u n c t i o n   of  t h e s e   r e s i s t o r s   b e i n g  

c o n n e c t e d   to  the   b a s e   of  an  npn  t r a n s i s t o r   Q38,  t h e  

e m i t t e r   of  wh ich   is  c o n n e c t e d   to  the   b a s e   of  t h e  

t r a n s i s t o r   Q36  and  the   c o l l e c t o r   of  wh ich   is  c o n n e c t e d  

by  a  r e s i s t o r   R64  to  t he   b a s e   of  t he   t r a n s i s t o r   Q 1 9 .  

The  e m i t t e r   of  t r a n s i s t o r   Q37  is  c o n n e c t e d   to  the   b a s e  

of  a  pnp  t r a n s i s t o r   Q39,  t he   e m i t t e r   of  wh ich   i s  

c o n n e c t e d   to  r a i l   11  and  the   c o l l e c t o r   of  wh ich   i s  

c o n n e c t e d   by  a  r e s i s t o r   R65  to  the   c o l l e c t o r   of  an  n p n  
t r a n s i s t o r   Q40,  t he   b a s e   of  wh ich   is  c o n n e c t e d   to  t h e  

c o l l e c t o r   and  b a s e   of  t he   t r a n s i s t o r   Q33.  The  c o l l e c t o r  

of  t r a n s i s t o r   Q39  is  a l s o   c o n n e c t e d   to  t he   b a s e   of  a  

pnp  t r a n s i s t o r   Q41,  wh ich   has   i t s   e m i t t e r   c o n n e c t e d   t o  

r a i l   11  by  a  c u r r e n t   s o u r c e   Sg,  and  i t s   c o l l e c t o r  

c o n n e c t e d   by  a  r e s i s t o r   R66  to  t he   a n o d e   of  a  d i o d e  

D13,  t he   c a t h o d e   of  w h i c h   is  c o n n e c t e d   to  the   c o l l e c t o r  

of  a  t r a n s i s t o r   Q40.  The  e m i t t e r   of  t r a n s i s t o r   Q41  i s  

c o n n e c t e d   to  t he   b a s e   of  a  pnp  t r a n s i s t o r   Q42  wh ich   h a s  

i t s   e m i t t e r   c o n n e c t e d   to  r a i l   11  and  i t s   c o l l e c t o r  

c o n n e c t e d   by  a  c u r r e n t   s i n k   S9  to  r a i l   13.  T h e  

c o l l e c t o r   of  t r a n s i s t o r   Q42  is  c o n n e c t e d   to  the   b a s e   o f  

an  npn  t r a n s i s t o r   Q43,  wh ich   has  i t s   c o l l e c t o r  

c o n n e c t e d   to  r a i l   11  and  i t s   e m i t t e r   c o n n e c t e d   by  t w o  

r e s i s t o r s   R67,  R68  in  s e r i e s   to  r a i l   13.  The  j u n c t i o n  



of  r e s i s t o r s   R67,  R68  is   c o n n e c t e d   to  t h e   b a s e   of  a n  

npn  i n t e g r a t e d   D a r l i n g t o n   t y p e   o u t p u t   t r a n s i s t o r   Q44 

w h i c h   has   i t s   e m i t t e r   c o n n e c t e d   to  r a i l   13  by  a  c u r r e n t  

s e n s i n g   r e s i s t o r   R69  and  i t s   c o l l e c t o r   c o n n e c t e d   v i a  

the   i g n i t i o n   c o i l   p r i m a r y   w i n d i n g   14  to  t he   raw  s u p p l y  

15.  The  e m i t t e r   of  t r a n s i s t o r   Q40  is  c o n n e c t e d   to  t h e  

e m i t t e r   of  t r a n s i s t o r   Q44  so  t h a t   t r a n s i s t o r   Q40  s t a r t s  

to  t u r n   o f f   w h e n e v e r   t he   v o l t a g e   a c r o s s   r e s i s t o r   R69 
r i s e s   to  t h a t   a c r o s s   r e s i s t o r   R 5 1 .  

A  pnp  t r a n s i s t o r   Q45  has   i t s   e m i t t e r   c o n n e c t e d   to  r a i l  

11,  i t s   b a s e   c o n n e c t e d   to  the   j u n c t i o n   of  two  r e s i s t o r s  

R72,  R 7 1  i n   s e r i e s   b e t w e e n   t he   e m i t t e r   of  t r a n s i s t o r  

Q43  and  r a i l   11,  and  i t s   c o l l e c t o r   c o n n e c t e d   to  t h e  

a n o d e   of  d i o d e   D 7 .  

In  o p e r a t i o n   t r a n s i s t o r   Ql  o p e r a t e s   to  i n v e r t   t h e  

n e g a t i v e - g o i n g   o u t p u t   p u l s e s   f rom  the   t r a n s d u c e r   1 0 .  

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

t he   p o t e n t i a l   of  i t s   s a i d   one  s i d e   p u l l e d   down  t o  

a p p r o x i m a t e l y   one  d i o d e   v o l t a g e   d r o p   a b o v e   g r o u n d ,  

c u t t i n g   o f f   t r a n s i s t o r s   Q8  and  Q6  in  c o n s e q u e n c e .   A t  

low  and  medium  s p e e d s   t h i s   has  t he   e f f e c t   of  c u t t i n g  

o f f   t r a n s i s t o r s   Q3  and  Q4  and  c a p a c i t o r   C1  s u b s e q u e n t l y  

d i s c h a r g e s   l i n e a r l y   v i a   t r a n s i s t o r   Q2  a c t i n g   as  a  

c o n s t a n t   c u r r e n t   s o u r c e ,   u n t i l   t r a n s i s t o r   Q4  t u r n s   o n ,  

w h e r e u p o n   t r a n s i s t o r   Q3  s h u n t s   t he   e m i t t e r   r e s i s t o r   R4 

of  t r a n s i s t o r   Q2.  T h i s   i n c r e a s e s   t he   c h a r g i n g   r a t e   o f  

c a p a c i t o r   Cl ,   w h i c h   c h a r g e s   up  by  a b o u t   1  v o l t   m o r e ,  

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

t r a n s i s t o r   Q6  t u r n s   on,  at   wh ich   p o i n t   t he   t i m e r  

c o n s t i t u t e d   by  the   c a p a c i t o r   C1  and  v a r i o u s   t r a n s i s t o r s  

c o n t r o l l i n g   i t s   c h a r g e ,   has  t i m e d   o u t .   D u r i n g   t h e  

t r a n s d u c e r   p u l s e ,   t he   p o t e n t i a l   of  t he   " o t h e r   s i d e "   o f  

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

s i d e "   r i s e s   u n t i l   c l a m p e d   by  t r a n s i s t o r   Q8  w h i c h   f o r m s  

p a r t   of  a  D a r l i n g t o n   v o l t a g e  



f o l l o w e r   d r i v e n   by  the   v o l t a g e   on  c a p a c i t o r   C2.  T h i s  

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

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

t h e   t r a n s i s t o r   Q6,  t h i s   d e l a y   i n c r e a s i n g   in  r e s p o n s e   t o  

i n c r e a s e s   in  t he   c o n t r o l   v o l t a g e .   At  s u f f i c i e n t l y   l o w  

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

" o t h e r   s i d e "   of  c a p a c i t o r   Cl ,   is  no t   l o w e r e d  

s u f f i c i e n t l y   to  t u r n   o f f   t r a n s i s t o r   Q4;  h e n c e   t h e  

a u g m e n t e d   c h a r g i n g   r a t e   p r o v i d e d   by  t r a n s i s t o r  Q 3   i s  

o p e r a t i v e   t h r o u g h o u t   t he   t i m e r ' s   a c t i o n .   T h i s   e n a b l e s  

the   c o i l   o f f   t ime   to  be  c o n t r o l l e d   o v e r   a  s u f f i c i e n t l y  
wide   r a n g e   of  n o n - z e r o   v a l u e s .  

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

t r a n s i s t o r   Q7  is  n o n - c o n d u c t i v e .   D u r i n g   d w e l l   c o n t r o l  

o p e r a t i o n   ( t o   be  d e s c r i b e d   h e r e i n a f t e r )   h o w e v e r ,   w h e n  

t he   v o l t a g e   a c r o s s   c a p a c i t o r   C2  a p p r o a c h e s   the  v a l u e   a t  

w h i c h   maximum  t i m e   d e l a y   is  p r o d u c e d ,   t r a n s i s t o r s   Q7 
and  Q9  t u r n   on  to  p r o v i d e   d e t e c t i o n   of  a  " t i m e r  

o u t r a n g e d "   c o n d i t i o n .  

When  t r a n s i s t o r   Q13  is   c o n d u c t i v e   ( i e   in  a  t i m e r  

c o n t r o l l e d   t u r n   on  c o n d i t i o n ) ,   d i o d e   D4  i s  

n o n - c o n d u c t i v e ,   and  t he   v o l t a g e   on  c a p a c i t o r .   C2  i s  

c o n t r o l l e d   by  t r a n s i s t o r s   Q11  and  Q12.  Both   of  t h e s e  

a r e   h e l d   o f f   by  t r a n s i s t o r   Q14  e x c e p t   d u r i n g   t h e  

t r a n s d u c e r   p u l s e s .   T r a n s i s t o r   Q12  is  h e l d   o f f   u n l e s s  

t r a n s i s t o r   Q16  is  s a t u r a t e d ,   i . e .   u n l e s s   t r a n s i s t o r   Q15 
is  on.   T h i s   c o n d i t i o n   is  met  d u r i n g   t r a n s d u c e r   p u l s e s  

o n l y   i f   the   c u r r e n t   l i m i t   ( t o   be  e x p l a i n e d   h e r e i n a f t e r )  

is  in  c o n t r o l ;   h e n c e   t r a n s i s t o r   Q12  a c t i n g   as  a  

c o n s t a n t   c u r r e n t   s o u r c e   is  t u r n e d   on  o n l y   when  t h e  

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

T r a n s i s t o r   Q l l ,   wh ich   a c t s   as  a  c o n s t a n t   c u r r e n t   s i n k ,  

is  h e l d   o f f   when  t r a n s i s t o r   Q15  is  c o n d u c t i n g ,   so  t h a t  

i t   is  o p e r a t i v e   o n l y   when  the   c u r r e n t   l i m i t   is  no t   i n  

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



The  m a g n i t u d e s   of  the   s i n k   and  s o u r c e   c u r r e n t s   have   a  

r a t i o   of  a b o u t   2 : 1 ,   so  t h a t   in  s t e a d y   s t a t e   the   c u r r e n t  

l i m i t   is  in  o p e r a t i o n   fo r   a b o u t   two  t h i r d s   of  t h e  

t r a n s d u c e r   p u l s e   d u r a t i o n ,   i . e .   a b o u t   10%  of  t h e  

i g n i t i o n   c y c l e   p e r i o d .  

When  t he   d w e l l   c o n t r o l   l o o p   is  no t   in  o p e r a t i o n   t h e  

v o l t a g e   on  c a p a c i t o r   C2  is  p r e - c o n d i t i o n e d   by  means   o f  

t r a n s i s t o r   Q13  and  d i o d e   D4.  D i o d e   D5  p r e v e n t s  

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

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

u n d i s t u r b e d   i f   the   t i m e r   is  p r e - e m p t e d   by  t h e  

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

low  e n g i n e   s p e e d s   in  d w e l l   c o n t r o l .  

Under   e n g i n e   r u n n i n g   c o n d i t i o n s ,   t r a n s i s t o r s   Q30,  Q32 

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

t r a n s i s t o r   Q33  p r o v i d e s   a  r e f e r e n c e   v o l t a g e   fo r   t h e  

c u r r e n t   c o n t r o l   l o o p .   T h i s   l o o p   is  g a t e d   by  t r a n s i s t o r  

Q39  w h i c h   when  o f f   e n a b l e s   t he   c u r r e n t   c o n t r o l   l o o p  

t r a n s i s t o r s   Q40,  Q41,  Q42,  Q43  and  Q44,  w h i c h   a l l  

o p e r a t e   in  s a t u r a t i o n   u n t i l   c o i l   c u r r e n t   has   r i s e n   to  a  

v a l u e   at   w h i c h   the   v o l t a g e   a c r o s s   r e s i s t o r   R69  c a u s e s  

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

l i m i t   comes  i n t o   c o n t r o l .   When  t r a n s i s t o r   Q43  i s  

u n s a t u r a t e d ,   t r a n s i s t o r   Q45  is  s w i t c h e d   on,  t h e r e b y  

s i g n a l l i n g   when  the   o u t p u t   s t a g e   is  e i t h e r   in  c u r r e n t  

l i m i t   or  no t   c o n d u c t i n g   at   a l l .  

C a p a c i t o r   C5  and  r e s i s t o r   R73  c o n t r o l   the   h i g h  

f r e q u e n c y   g a i n   of  the   c u r r e n t   l i m i t   a m p l i f i e r .  

The  command  s i g n a l   f o r   c o i l   s w i t c h i n g   o p e r a t e s   v i a  

t r a n s i s t o r s   Q34,  Q36,  Q37  and  Q39,  w i t h   t r a n s i s t o r   Q38 

p r o v i d i n g   a  b r i e f   h o l d - o f f   p u l s e   l a s t i n g   a b o u t   0.3mS  i n  

o r d e r   to  p r e v e n t   s p u r i o u s   c o i l   t u r n - o n   due  to  s p a r k  



i n t e r f e r e n c e .   T h i s   h o l d - o f f   p u l s e   is   a l s o   used   to  t u r n  

on  t he   mode  c o n t r o l   s w i t c h   (Q18,   Q 1 9 ) ,   and  i t   a l s o  

e n s u r e s   t h a t   t r a n s i s t o r   Q31  is  h e l d   on  d e s p i t e   s p a r k  

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

of  c u r r e n t   l i m i t   d u r a t i o n   by  the   a s s o c i a t e d   c i r c u i t .  

T r a n s i s t o r   Q31  c o n d u c t s   o n l y   when  the   c o i l   is  o f f .  

C o n s e q u e n t l y ,   d u r i n g   each   t r a n s d u c e r   p u l s e ,   t r a n s i s t o r  

Q31  is  o f f   and  t r a n s i s t o r s   Q27  and  Q28  a r e   l a t c h e d   o n ,  

t h e r e b y   h o l d i n g   o f f   t r a n s i s t o r s   Q26  and  Q25.  T h e  

" l o w e r "   s i d e   of  c a p a c i t o r   C3  is   t h e r e f o r e   h e l d   n e a r  

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

lyA.   If   the   mode  c o n t r o l   b i s t a b l e   s w i t c h   is  o f f ,  

t r a n s i s t o r   Q29  t u r n s   o f f   when  c u r r e n t   l i m i t   is  r e a c h e d ,  

c a u s i n g   c a p a c i t o r   C3  to  be  d i s c h a r g e d   a d d i t i o n a l l y   a t  

a b o u t   100µA.  I f   t he   p e r i o d   of  t h i s   a u g m e n t e d   d i s c h a r g e  

f a l l s   s h o r t   of  a b o u t   1mS,  t r a n s i s t o r s   Q27  and  Q28 
r e m a i n   on  when  t r a n s i s t o r   Q31  t u r n s   on,   and  c a p a c i t o r  

C3  is  r e c h a r g e d   r a p i d l y .   If   t he   1mS  t h r e s h o l d   i s  

e x c e e d e d ,   t he   b a s e   p o t e n t i a l   of  t he   t r a n s i s t o r   Q27  i s  

r a i s e d   a b o v e   t h a t   of  t r a n s i s t o r   Q26  when  t r a n s i s t o r   Q31 
t u r n s   on,  r e s u l t i n g   in  t r a n s i s t o r s   Q27  and  Q28  t u r n i n g  

o f f   and  t r a n s i s t o r s   Q26  and  Q25  t u r n i n g   on.  In  t h i s  

e v e n t   c a p a c i t o r   C3  r e c h a r g e s   r e l a t i v e l y   s l o w l y ,  

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

above   t he   t h r e s h o l d   v a l u e   to  p r o d u c e   an  o u t p u t   f r o m  

t r a n s i s t o r   Q25  o u t l a s t i n g   the   c o i l   h o l d - o f f   p u l s e .  

At  a  v o l t a g e   on  c a p a c i t o r   C3  l o w e r   t h a n   the   t h r e s h o l d  

fo r   s w i t c h i n g   o f f   t r a n s i s t o r s   Q27,  Q28  the   a u g m e n t e d  

d i s c h a r g e   c u r r e n t   r e s u l t i n g   when  t r a n s i s t o r   Q29  i s  

n o n - c o n d u c t i n g   is   r e m o v e d   by  means  of  d i o d e s   D9,  D 1 0 .  
and  c a p a c i t o r   C3  c o n t i n u e s   to  d i s c h a r g e   at   a b o u t   1µA. 
A f t e r   a b o u t   300mS,  t r a n s i s t o r s   Q 3 0  a n d   Q32  t u r n   on  a n d  

f o l l o w   the   v o l t a g e   of  c a p a c i t o r   C3,  s h u t t i n g   down  t h e  

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



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

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

The  t r a n s i s t o r s   Q22,  Q23  and  Q24  form  a  b i s t a b l e  

c i r c u i t   w h i c h   d e l i v e r s   an  o u t p u t   f rom  t r a n s i s t o r   Q22  i f  

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

o c c u r s   b e f o r e   i t   is  s h o r t e d   ou t   by  the   p o s i t i v e   g o i n g  

c o i l   t u r n - o n   s i g n a l   a p p l i e d   v i a   d i o d e   D12.  I f  

t r a n s i s t o r   Q22  is   t u r n e d   on  by  the   t r a n s d u c e r   p u l s e  

o c c u r r i n g   f i r s t ,   t h e n   t r a n s i s t o r   Q23  is  h e l d   o n ,  

t h e r e b y   s u s t a i n i n g   the   o u t p u t   u n t i l   the   end  of  t h e  

t r a n s d u c e r   p u l s e .   The  o u t p u t   is  used   v i a   t r a n s i s t o r   Q21 

to  t u r n   o f f   the   mode  c o n t r o l   b i s t a b l e   s w i t c h   ( Q l 8 ,   Q 1 9 )  
fo r   t he   d u r a t i o n   of  any  t r a n s d u c e r   p u l s e   w h i c h  

p r e - e m p t s   the   t i m e r .   I t   a l s o   p r o v i d e s   fo r   t h i s   p e r i o d ,  

a  d i s c h a r g e   c u r r e n t   v i a   t r a n s i s t o r   Q20  fo r   c a p a c i t o r  

C2,  a f f o r d i n g   a  " f o r c i n g "   d w e l l   c o n t r o l   c o r r e c t i o n .  

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

t r a n s i s t o r   Q22  d i r e c t l y ,   bu t   i t   t u r n s   on  t r a n s i s t o r   Q24 
v i a   t he   t u r n - o f f   d e l a y s   of  o v e r d r i v e n   t r a n s i s t o r s   Q 1 ,  

Q36  and  Q23.  T h u s ,   t he   " r a c e "   c o n d i t i o n   is  r e l i a b l y  
"won"  by  t r a n s i s t o r   Q22  w h e n e v e r   t he   t i m e r   i s  

p r e - e m p t e d .  

As  m e n t i o n e d   a b o v e   t r a n s i s t o r s   Q18  and  Qlg  fo rm  a  

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

on  e n a b l e s   t i m e d   t u r n - o n   by  means   of  t r a n s i s t o r   Q 5 .  
When  the   mode  c o n t r o l   s w i t c h   is  o f f ,   t r a n s i s t o r   Q5 
c o n d u c t s   o n l y   d u r i n g   t r a n s d u c e r   p u l s e s ,   g i v i n g   d i r e c t  

c o i l   c o n t r o l   by  the   t r a n s d u c e r   s i g n a l .  

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

s w i t c h   is  no t   t u r n e d   to  " o f f "   ( d i r e c t   c o n t r o l )   w h e n  

s p u r i o u s   s p a r k s   c o u l d   r e s u l t .   T h r e e   s e p a r a t e   means   a r e  



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

two  of  t h e s e ,   v i z   t h e   " t i m e r   o u t r a n g e d "   d e t e c t o r   a n d  

t he   " t i m e r - p r e - e m p t e d "   d e t e c t o r   b o t h   have   o u t p u t s   w h i c h  

a r e   e f f e c t i v e l y   g a t e d   by  the   t r a n s d u c e r   p u l s e .   T h e  

s w i t c h   is   t u r n e d   on,  i f   no t   a l r e a d y   on,   by  t h e   c o i l  

h o l d - o f f   p u l s e ,   and  is   t u r n e d   o f f   i m m e d i a t e l y  

a f t e r w a r d s   i f   a  more  p e r s i s t e n t   o u t p u t   is   r e c e i v e d   f r o m  

the   c u r r e n t   l i m i t   d u r a t i o n   d e t e c t o r .  

Mode  c h a n g e   due  to  f a l l i n g   s p e e d   w i t h   n e g l i g i b l e   j i t t e r  

is  n o r m a l l y   c a u s e d   by  " t i m e r   o u t r a n g e d "   d e t e c t i o n   a t ,  

fo r   e x a m p l e ,   a b o u t   700  rpm  e n g i n e   s p e e d .  

J i t t e r - i n d u c e d   h u n t i n g   b e t w e e n   modes  is  a v o i d e d   s i n c e  

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

o p e r a t i o n ,   t he   t i m e d   t u r n - o n   is  e a r l y   e n o u g h   to  a v o i d  

b e i n g   p r e - e m p t e d   d e s p i t e   s u b s t a n t i a l   j i t t e r   (up  to  6% 

w i t h   t y p i c a l   v a l u e   of  c o i l - c u r r e n t   g r o w t h   t i m e ) .  

For  o p t i m u m   d y n a m i c   p e r f o r m a n c e   in  f o l l o w i n g   e n g i n e  

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

c u r r e n t s   p a s s e d   by  t r a n s i s t o r s   Q11  and  Q12  a r e   c h o s e n  

in  r e l a t i o n   to  t he   c a p a c i t o r   C2  and  in  r e l a t i o n   to  t h e  

t i m e   c o n s t a n t s   of  t he   t i m e r   c i r c u i t   to  e n s u r e   t h a t   t h e  

d w e l l   t i m e   e r r o r   in  any  g i v e n   c y c l e   is  a p p r o x i m a t e l y  

m a t c h e d   by  the   r e s u l t a n t   t i m e r   d e l a y   c o r r e c t i o n   in  t h e  

n e x t   c y c l e   at   s p e e d s   at   wh ich   t r a n s i s t o r s   Q3,  Q4  t u r n  

o f f .   At  h i g h   s p e e d s   t he   r e d u c e d   c o i l   o f f   t ime   c a n  

r e s u l t   in  r e s i d u a l   c o i l   e n e r g y   a t   c o i l   t u r n   on,  c a u s i n g  

random  v a r i a t i o n s   in  t he   c o i l   c u r r e n t   g r o w t h   t i m e .  

U n d e r  t h e s e   c i r c u m s t a n c e s   a  r e d u c e d   c o r r e c t i o n   p e r  

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

t r a n s i s t o r s   Q4  and  Q3  r e m a i n   o n .  

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

f e e d b a c k   c i r c u i t   of  known  k i n d   may  be  a s s o c i a t e d   w i t h  

t r a n s i s t o r   Q 4 4 .  



1.  A  d w e l l   c o n t r o l   fo r   an  i g n i t i o n   s y s t e m   e m p l o y i n g   a  

t r a n s d u c e r   (10)   d r i v e n   by  the   e n g i n e   and  p r o d u c i n g   a  

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

i n c l u d i n g   m e c h a n i c a l   means   fo r   v a r y i n g   the   p h a s e   of  t h e  

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

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

(14)  c o n t r o l l e d   by  s a i d   t r a n s d u c e r   fo r   r e l e a s i n g   e n e r g y  
to  c r e a t e   i g n i t i o n   s p a r k s   in  s y n c h r o n i s m   w i t h   s p e c i f i c  

e v e n t s   in  s a i d   p u l s e   t r a i n ,   means   (Q22)  s e n s i t i v e   t o  

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

c o m m e n c i n g   an  e n e r g y   s t o r a g e   p e r i o d   in  each   i g n i t i o n  

c y c l e   a t   r e l a t i v e l y   low  e n g i n e   s p e e d s ,   t i m e r   means  ( C l ,  

Q2,  Q3  and  Q4)  o p e r a t i n g   a t   r e l a t i v e l y   h i g h   e n g i n e  

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

t r a n s d u c e r   to  commence   s a i d   e n e r g y   s t o r a g e   p e r i o d   at   a n  

i n s t a n t   in  each   c y c l e   e a r l i e r   t h a n   s a i d   d i f f e r e n t  

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

d e t e r m i n e d   by  c l o s e d   l o o p   c o n t r o l   means  so  as  t o  

r e g u l a t e   t he   f r a c t i o n a l   t i m e   d u r i n g   w h i c h   the   e n e r g y  
s t o r e d   by  s a i d   e n e r g y   s t o r a g e   means  e x c e e d s   a  t h r e s h o l d  

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

means  (Q18,   Q19)  f o r   d e t e r m i n i n g   w h e t h e r   or  no t   s a i d  

t i m e r   or  s a i d   d i f f e r e n t   s p e c i f i c   e v e n t   is  to  c a u s e  

c o m m e n c e m e n t   of  s a i d   e n e r g y   s t o r a g e   p e r i o d ,   s a i d  

b i s t a b l e   s w i t c h   means   b e i n g   s w i t c h e d   to  a  s t a t e   i n  

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

s t o r a g e   p e r i o d   w h e n e v e r   t he   t i m e   d u r a t i o n   f o r   which   t h e '  

e n e r g y   s t o r e d   by  s a i d   e n e r g y   s t o r a g e   means  e x c e e d s   a  

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

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

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

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

l i m i t i n g   v a l u e   or  when  s a i d   d i f f e r e n t   s p e c i f i c   e v e n t  

o c c u r s   b e f o r e   e x p i r y   of  t he   t i m i n g  p e r i o d   of  s a i d   t i m e r .  



2.  A  d w e l l   c o n t r o l   as  c l a i m e d   in  c l a i m   1  in  w h i c h   t h e  

e n e r g y   s t o r a g e   means  is  an  i g n i t i o n   c o i l   ( 1 4 ) ,   c u r r e n t  

in  t he   c o i l   b e i n g   s e n s e d   by  the   c l o s e d   l o o p   c o n t r o l  

m e a n s .  

3.  A  d w e l l   c o n t r o l   as  c l a i m e d   in  c l a i m   2  c o m p r i s i n g   a  

s e m i c o n d u c t o r   s w i t c h   d e v i c e   (Q44)  and  a  c u r r e n t   s e n s i n g  

e l e m e n t   (R69)  in  s e r i e s   w i t h   t h e   c o i l   ( 1 4 ) ,   a  d r i v e  

a m p l i f i e r   (Q37,   Q39,  Q41,  Q42,  Q43)  fo r   p r o v i d i n g   d r i v e  

c u r r e n t   to  s a i d   s w i t c h   d e v i c e   ( Q 4 4 ) ,   c u r r e n t   l i m i t  

s e m i c o n d u c t o r   means   (Q40)  c o n n e c t e d   to  s a i d   c u r r e n t  

s e n s i n g   e l e m e n t   (R69)  and  to  t he   d r i v e   a m p l i f i e r   a n d  

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

d e v i c e   (Q44)  when  the   c o i l   c u r r e n t   e x c e e d s   a  t h r e s h o l d  

l e v e l   and  means  (Q45)  c o n n e c t e d   to  t he   d r i v e   a m p l i f i e r  

and  p r o v i d i n g   a  f e e d b a c k   s i g n a l   to  the   c l o s e d   l o o p  

c o n t r o l   means  when  the   c u r r e n t   l i m i t   s e m i c o n d u c t o r  

means  (Q40)  is   in  o p e r a t i o n .  

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

wh ich   a  c a p a c i t o r   (C3)  is  e m p l o y e d   in  a  t i m e r   c i r c u i t  

(Q27,   Q28)  fo r   d e t e c t i o n   of  when  the   t i m e   d u r a t i o n   f o r  

wh ich   the   e n e r g y   s t o r e d   by  the   e n e r g y   s t o r a g e   m e a n s  

e x c e e d s   a  t h r e s h o l d   v a l u e   is   g r e a t e r   t h a n   s a i d  

p r e d e t e r m i n e d   d u r a t i o n .  

5.  A  d w e l l   c o n t r o l   as  c l a i m e d   in  c l a i m   4  in  w h i c h   s a i d  

c a p a c i t o r   (C3)  p r e s e r v e s   a  c h a r g e   s i g n a l l i n g   s u c h  

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

wh ich   c h a r g e   t h e n   d e t e r m i n e s   w h e t h e r   the   mode  s e l e c t i o n  

b i s t a b l e   s w i t c h   means  (Q18,  Q19)  is   s w i t c h e d   f rom  s a i d  

f i r s t - m e n t i o n e d   s t a t e   to  s a i d   o t h e r   s t a t e .  



6.  A  d w e l l   c o n t r o l   as  c l a i m e d   in  c l a i m   4  or  5  in  w h i c h  

s a i d   c a p a c i t o r   (C3)  a l s o   o p e r a t e s   so  as  s m o o t h l y   t o  

t u r n   o f f   t he   c o i l   c u r r e n t   when  n e c e s s a r y   a f t e r   t h e  

t r a n s d u c e r   s i g n a l   has  c e a s e d .  

7.  A  d w e l l   c o n t r o l   as  c l a i m e d   in  c l a i m   6  in  w h i c h   s a i d  

c a p a c i t o r   (C3)  is  c o n n e c t e d   to  s a i d   c l o s e d   l o o p   c o n t r o l  

means   so  as  to  p r o v i d e   a  s i g n a l   t h e r e t o   r e p r e s e n t i n g  

s a i d   t h r e s h o l d   v a l u e   wh ich   r e d u c e s   g r a d u a l l y   as  s a i d  

c a p a c i t o r   (C3)  d i s c h a r g e s   f o l l o w i n g   c e s s a t i o n   of  t h e  

t r a n s d u c e r   s i g n a l .  
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