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©  Apparatus  for  producing  spark  ignition  of  an  internal  combustion  engine. 
Apparatus  for  producing  spark  ignition  of  an  internal 

combustion  engine  in  which  sparks  at  the  spark  plugs  are 
initiated  by  a  high  voltage  pulse  of  typically  20KV  and  are 
sustained  thereafter  by  a  d.c.  voltage  of  typically  3KV.  In  one 
embodiment  the  d.c.  voltage  is  produced  from  a  12  volt  sup- 
ply  by  a  d.c.  to  d.c.  converter  (7),  the  converter  being  adapted 
to  produce  a  substantially  constant voltage  irrespective  of the 
current  drain  produced  by  the  spark.  within  given  limits.  The 
converter  is  also  adapted  to  shut  down  its  operation  in  the 
event  of  an  output  short  circuit  The  converter  is  disclosed 
connected  to  a  lean  burn  PROCO  engine  with  the  result  that 
only  one  spark  plug  per  cylinder  is  required.  In  an  alternative 
embodiment  the  d.c.  sustaining  voltage  is  derived  directly 
from  a  conventional  alternator  driven  by  the  engine. 





FIELD  OF  THE  INVENTION 
This   i n v e n t i o n   c o n c e r n s   improvements   in  and  r e l a t i n g   t o  

a p p a r a t u s   for   p r o d u c i n g   spark   i g n i t i o n   of  an  i n t e r n a l  
c o m b u s t i o n   e n g i n e ,   and  is  p a r t i c u l a r l y   but  not  e x c l u s i v e l y  
c o n c e r n e d   w i t h   e n g i n e s   for  a u t o m o b i l e s .  

BACKGROUND  TO  THE  INVENTION 
It   is  w e l l   known  t h a t   the  e l e c t r i c a l   s p a r k s   fed  to  t h e  

s p a r k   p l u g s   of  an  i n t e r n a l   combus t ion   engine   are  u s u a l l y  
p r o d u c e d   by  means  of  an  i g n i t i o n   c o i l   having  i t s   h i g h  
v o l t a g e   s e c o n d a r y   w ind ing   c o n n e c t e d   to  the  e n g i n e ' s   s p a r k  
plug  t h r o u g h   a  d i s t r i b u t o r ,   the  c o i l   having  i t s   p r i m a r y  
w i n d i n g   c o n n e c t e d   to  a  low  v o l t a g e   s o u r c e , . t y p i c a l l y   a 
12  v o l t   b a t t e r y   or  an  a l t e r n a t o r   sys tem  d r i v e n   by  t h e  
e n g i n e .   An  e n g i n e   d r i v e n   s w i t c h i n g   d e v i c e ,   t y p i c a l l y   a 
m e c h a n i c a l   c o n t a c t   b r e a k e r   p r o d u c e s   i n t e r r u p t i o n s   in  t h e  
c u r r e n t   f l o w i n g   the  p r i m a r y   winding   of  the  c o i l   and  c o n -  
s e q u e n t i a l l y   h igh   v o l t a g e   p u l s e s   are  p roduced   in  t h e  
s e c o n d a r y   w i n d i n g ,   which  are  a p p l i e d   to  the  spa rk   p l u g s .  

C o n s i d e r a b l e   r e s e a r c h   has  been  d i r e c t e d   at  i m p r o v i n g  
f u e l   economy  and  r e d u c i n g   p o l l u t a n t   e m i s s i o n   of  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 .   E f f o r t s   have  been  made  to  dev i s e   an  
eng ine   which  w i l l   run  s a t i s f a c t o r i l y   with  a  l e a n e r   f u e l  
to  a i r   r a t i o   fed  to  the  c y l i n d e r s   of  the  e n g i n e .   Such  a 
l e a n e r   f u e l   to  a i r   r a t i o   r e d u c e s   fuel   consumpt ion   but  h a s  
the  d i s a d v a n t a g e   t h a t   the  f u e l / a i r   mix tu re   becomes  n:ore 
d i f f i c u l t   to  i g n i t e   wi th   a  c o n v e n t i o n a l   spark   i g n i t i o n   s y s -  
tem.  Also ,   the  i n c r e a s e d   r a t i o   of  a i r   to  f u e l   i n c r e a s e s  
the  l i k e l i h o o d   of  n i t r o g e n o u s   f ue l   c o n s t i t u e n t s   b e i n g  
c o n v e r t e d   b y  t h e   c o m b u s t i o n   in to   ox ides   of  n i t r o g e n ,  
h e r e i n a f t e r   r e f e r r e d   to  as  NOx.  Such  NOx  p r o d u c t s   a r e  
d i f f i c u l t   to  e x t r a c t   from  the  exhaus t   of  the  e n g i n e ,   a s  
is  n e c e s s a r y   i f   the  engine   is  to  comply  with  p o l l u t a n t  
e m i s s i o n   r e g u l a t i o n s .  

In  o rde r   to  r e d u c e   NOx  exhaus t   e m i s s i o n ,   r e c e n t  
r e s e a r c h   has  been  d i r e c t e d   to  r e c i r c u l a t i n g   eng ine   e x h a u s t  
gases   i n t o   the  e n g i n e ' s   c y l i n d e r s   so  as  to  r e d u c e   t h e  
r a t i o   of  f u e l   to  a i r   in  the  m i x t u r e   to  be  consumed  in  t h e  
e n g i n e s ,   w h i l s t   m a i n t a i n i n g   a  lean  f ue l   c o n t e n t   in  t h e  



m i x t u r e .   Such  e x h a u s t   gas  r e c i r c u l a t i o n ,   h e r e i n a f t e r  

r e f e r r e d   to  as  EGR,  r e d u c e s   NOX  e m i s s i o n   but  c o o l s   t h e  

t e m p e r a t u r e   of  c o m b u s t i o n   and  makes  the   c o m b u s t i b l e   m i x t u r e  
in  the   e n g i n e ' s   c y l i n d e r s   even  more  d i f f i c u l t   to  i g n i t e .  

V a r i o u s   p r o p o s a l s   have  been  made  to  overcome  t h e  
d i f f i c u l t i e s   of  i g n i t i n g   a  l e a n   f u e l / a i r   m i x t u r e .   One 

s o l u t i o n   i n v o l v e s   the  r e d e s i g n   of  the   e n g i n e   such  a s  
to  p r o d u c e   a  s o - c a l l e d   s t r a t i f i e d   c h a r g e   in  the  c y l i n d e r s .  
In  a  s t r a t i f i e d   c h a r g e   e n g i n e ,   a  f u e l / a i r   m i x t u r e   has  a  

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

the   s p a r k   p lug   t h a n   in  the  most  p a r t   of  the   c y l i n d e r .  
When  s p a r k   i g n i t i o n   o c c u r s ,   c o m b u s t i o n   w i l l   o ccu r   m o r e  

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

t he   s p a r k   p lug   and  the   e n s u i n g   h e a t   of  c o m b u s t i o n   w i l l  

c a u s e   the   c o m b u s t i o n   to  s p r e a d   to  the  l e a n e r   m i x t u r e   in  t h e  

o t h e r   p a r t s   of  the   c y l i n d e r .   One  example   of  a  s t r a t i f i e d  

c h a r g e   e n g i n e   is   d e s c r i b e d   in  "A  New  Concep t   of  S t r a t i f i e d  

C h a r g e   C o m b u s t i o n  -   The  Ford  C o m b u s t i o n   P r o c e s s   (FCP)"SAE 

P a p e r   No.  6 8 0 0 4 1 ' J a n u a r y   1968.  This   e n g i n e   was  d e v e l o p e d  
i n t o   the   PROCO  e n g i n e   d e s c r i b e d   in  "The  Ford  PROCO  E n g i n e  

U p d a t e "   SAE  Pape r   No.  780699  Augus t   1978.  I t   w i l l   b e  

s e e n   t h a t   in  c o n t r a s t   to  the  FCP  e n g i n e ,   the  PROCO  e n g i n e  

has   an  EGR  s y s t e m   to  r e d u c e   NOx  e x h a u s t   e m i s s i o n s .   M o r e -  

ove r   i t   is   to  be  n o t e d   t h a t   in  o r d e r   to  a c h i e v e   s a t i s -  

f a c t o r y   c o m b u s t i o n ,   two  s p a r k   p l u g s   per   c y l i n d e r   are  r e q u i r e d  
w i t h   the   EGR  a s s i s t e d   PROCO  e n g i n e ,   thus   i l l u s t r a t i n g   t h e  

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

a  l e a n   burn   m i x t u r e   when  EGR  is  u s e d .   I t   w i l l   b e  

a p p r e c i a t e d   t h a t   when  two  s p a r k   p l u g s   per   c y l i n d e r   are  u s e d ,  

a  complex   d i s t r i b u t o r   is  r e q u i r e d   and  the   o v e r a l l   cos t   o f  

the   i g n i t i o n   s y s t e m   is  i n c r e a s e d   s u b s t a n t i a l l y .   A n o t h e r  

p r o b l e m   r e s u l t i n g   from  the  use  of  two  s p a r k   p l u g s   p e r  

c y l i n d e r   is  t h a t   the  PROCO  e n g i n e   c o n c e p t   can  only   be  u s e d  

f o r   l a r g e   e n g i n e   c a p a c i t i e s   of  t y p i c a l l y   5  l i t r e s   or  m o r e .  

For  s m a l l e r   e n g i n e   c a p a c i t i e s ,   t h e r e   is  not   enough  room  i n  

the   c y l i n d e r   head  to  r e c e i v e   the  s p a r k   p l u g s   and  t h e  



n e c e s s a r y   v a l v e s   and  i n j e c t o r s   used  for   t h i s   type   o f  
e n g i n e .  

A n o t h e r   p r o p o s a l   for  i g n i t i n g   a  f u e l / a i r   m i x t u r e   i s  
shown  in  U.S.  P a t e n t   N o .  4 , 0 3 3 , 3 1 6   to  B i r c h e n o u g h ,   t h a t  
d i s c l o s e s   an  a r r a n g e m e n t   in  which  a  high  v o l t a g e   d i r e c t  
c u r r e n t   s o u r c e   is  c o n n e c t e d   in  s e r i e s   wi th   the  s e c o n d a r y  
w i n d i n g   of  a n  i g n i t i o n   c o i l ,   in  such  a  manner  as  to  m a i n -  
t a i n   the  s p a r k   i n i t i a t e d   by  the  c o n v e n t i o n a l   o p e r a t i o n   o f  
the  c o i l .   Thus,   the  spa rk   i g n i t i o n   in  the  c y l i n d e r   i s  
i n i t i a t e d   by  a  t y p i c a l l y   20KV  pu l se   p roduced   in  a  c o n v e n -  
t i o n a l   manner   by  i n t e r r u p t i n g   the  c u r r e n t   flow  in  t h e  
c o i l ' s   p r i m a r y   w i n d i n g ,   and  the  spark   is  t h e r e a f t e r   m a i n -  
t a i n e d   by  a  h igh   v o l t a g e   of  t y p i c a l l y   2  to  4  KV  from  t h e  
h igh   v o l t a g e   d . c .   source   t h a t   is  c o n n e c t e d   in  s e r i e s   w i t h  
the  c o i l ' s   s e c o n d a r y   w i n d i n g ,   in  a  manner  b r o a d l y   a n a l o g o u s  
to  the  way  in  which  a  w e l d i n g   arc  is  i n i t i a t e d   by  a  h i g h  
v o l t a g e   p u l s e   and  is  s u s t a i n e d   by  a  lower  v o l t a g e   d i r e c t  
c u r r e n t .   I t   is  wel l   known  t h a t   once  an  arc  has  b e e n  
s t r u c k   i t   can  be  m a i n t a i n e d   by  a  v o l t a g e   l e s s   than   t h a t  
r e q u i r e d   to  s t r i k e   the  a r c .  

B i r c h e n o u g h   s t a t e s   t h a t   the  v o l t a g e   r e q u i r e d   to  s u s -  
t a i n   the  s p a r k   is  g e n e r a l l y   c o n s t a n t ,   and  t h a t   the  v o l t a g e  
c u r r e n t   c h a r a c t e r i s t i c   of  the  d i r e c t   c u r r e n t   g e n e r a t o r  
s h o u l d   be  such  as  to  d e l i v e r   a  c o n s t a n t   c u r r e n t   to  t h e  
s p a r k .  

The  c i r c u i t   shown  in  F i g u r e   2  of  the  B i r c h e n o u g h   U . S .  
P a t e n t   a c h i e v e s   t h i s   c o n d i t i o n   by  a r r a n g i n g   the  d . c .  
g e n e r a t o r   to  have  an  ou tpu t   v o l t a g e   c u r r e n t   c h a r a c t e r i s t i c  
d e f i n e d   by  a  curve  for   which  a  d e c r e a s e d   o u t p u t   v o l t a g e  
r e s u l t s   in  an  i n c r e a s e d   c u r r e n t ,   the  maximum  c u r r e n t   a t  
low  v o l t a g e   be ing   l i m i t e d   by  the  ou tpu t   impedance   of  t h e  
d . c .   g e n e r a t o r .  

I  have  found  t h a t   in  p r a c t i c e ,   w h i l s t   the  v o l t a g e  
r e q u i r e d   to  s u s t a i n   the  arc  does  have  a  g e n e r a l l y   c o n s t a n t  
mean  v a l u e ,   i t   is  s u b j e c t   to  t r a n s i s t o r y   f l u c t u a t i o n s ,  
t h e s e   f l u c t u a t i o n s   o c c u r r i n g   d u r i n g   c o m b u s t i o n   c o n d i t i o n s   o f  
h igh  EGR,  h igh  c o m p r e s s i o n  h i g h   gas  s w i r l   r a t e s   w i t h i n   t h e  



c y l i n d e r ,   and  e x t r e m e l y   l e a n   burn   f u e l   m i x t u r e s .   D u r i n g  
such  a  t r a n s i s t o r y   f l u c t u a t i o n s   bo th   a  r e l a t i v e l y   h i g h  
v o l t a g e   and  c u r r e n t   may  be  r e q u i r e d   to  s u s t a i n   the  s p a r k .  
Howeve r ,   t he   d . c .   g e n e r a t o r   of  B i r c h e n o u g h   d e l i v e r s   a  
r e l a t i v e l y   low  v o l t a g e   at  h igh   c u r r e n t   l e v e l s   and  a c c o r -  
d i n g l y   w i l l   no t   s u s t a i n   the  s p a r k   d u r i n g   such  t r a n s i t o r y  
c o n d i t i o n s   u n l e s s   the  d . c .   g e n e r a t o r   is  made  more  p o w e r f u l  
and  a c c o r d i n g l y   i n e f f i c i e n t   fo r   the  most  p a r t   of  i t s  

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

B i r c h e n o u g h   in  the  e v e n t   t h a t   a  s h o r t   c i r c u i t   o c c u r s   a c r o s s  
the   s p a r k   p lug   or  a c r o s s   the  o u t p u t   of  the  g e n e r a t o r .  
Such  a  s h o r t   c i r c u i t   c o n d i t i o n   c o u l d   occu r   when  an  e n g i n e e r  
is   c h e c k i n g   o p e r a t i o n   of  the  i g n i t i o n   c i r c u i t .   I t   i s  

common  p r a c t i c e   to  t o u c h   the  s p a r k   p l u g ' s   l e a d   a g a i n s t  
t he   e n g i n e   to  see  i f   a  s p a r k   jumps  from  the  end  of  t h e  

l e a d .   D u r i n g   such  t e s t i n g   a  s h o r t   c i r c u i t   is  l i k e l y   t o  

o c c u r   a c r o s s   the   o u t p u t   of  the   d . c .   g e n e r a t o r .   Now,  t h e  

d . c .   g e n e r a t o r   of  B i r c h e n o u g h   c o m p r i s e s   a  f r e e   r u n n i n g  
o s c i l l a t o r   wh ich   d r i v e s   a  s t e p   up  t r a n s f o r m e r ,   the   o u t p u t  
of  w h i c h   is   a p p l i e d   to  a  d iode   and  c a p a c i t o r   n e t w o r k   w h i c h  

a c t s   as  a  r e c t i f i e r   and  v o l t a g e   m u l t i p l i e r ,   to  d e v e l o p   a  

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

the  e v e n t   of  a  s h o r t   c i r c u i t   a c r o s s   the  o u t p u t ,   the  d . c .  

g e n e r a t o r   o p e r a t e s   to  pump  a  h igh   c u r r e n t   i n t o   t h e  

s h o r t   c i r c u i t .  A s   a  r e s u l t   the  o s c i l l a t o r   w i l l  

o v e r h e a t   and  is  l i k e l y   to  f a i l .   The  c i r c u i t   of  B i r c h e n o u g h  
is  a c c o r d i n g l y   d a n g e r o u s   to  m a i n t e n a n c e   e n g i n e e r s .   I f   a n  

e n g i n e e r   a c c i d e n t a l l y   t o u c h e s   the  h igh   v o l t a g e   s p a r k   p l u g  

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

pump  a  h e a v y   c u r r e n t   i n t o   the  s h o r t ,   w i t h   c o n s e q u e n t i a l  

h a z a r d o u s   r e s u l t s   fo r   the  e n g i n e e r .  
A n o t h e r   p r o b l e m   w i t h   the   B i r c h e n o u g h   c i r c u i t   is  t h a t  

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

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

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

r o t o r   arm.  This   p r o b l e m   is  p a r t i c u l a r l y   s e r i o u s   i f   t h e  



e n e r g y   s u p p l i e d   by  the  d . c .   g e n e r a t o r   is  s e l e c t e d   to  b e  
h igh   enough  to  m a i n t a i n   the  spa rk   du r ing   combust ion   w i t h  
h igh   EGR  r a t e s   and  high  c o m b u s t i o n   gas  swi r l   for  l e a n  
burn  f u e l   m i x t u r e s .  

A  f u r t h e r   problem  with  the  B i r c h e n o u g h   c i r c u i t   i s  
t h a t   the  o u t p u t   c a p a c i t o r   of  the  d . c .   g e n e r a t o r   w i l l  
r e m a i n   c h a r g e d   for   a  s u b s t a n t i a l   time  a f t e r   the  c i r c u i t  
has  been  s w i t c h e d   of f .   Thus,  i f   an  e n g i n e e r   touches   t h e  
o u t p u t   of  the  i g n i t i o n   c i r c u i t   even  a f t e r   the  c i r c u i t   h a s  
been  s w i t c h e d   o f f ,   he  is  l i a b l e   to  r e c e i v e   an  e l e c t r i c  
s h o c k .  

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 
I t   is  an  o b j e c t   of  the  i n v e n t i o n   to  p rov ide   an  i m p r o v e d  

i g n i t i o n   sys tem  for   a  l ean   burn  e n g i n e .  
I t   is  a n o t h e r   o b j e c t   of  the  i n v e n t i o n   to  p rov ide   a n  

i g n i t i o n   sys tem  t h a t   w i l l   p r o v i d e   s a t i s f a c t o r y   c o m b u s t i o n  
of  an  i n t e r n a l   c o m b u s t i o n   eng ine   p r o v i d e d   wi th   an  EGR 
s y s t e m .  

I t   is  a  f u r t h e r   o b j e c t   of  the  i n v e n t i o n   to  p r o v i d e   a n  
i g n i t i o n   sys tem  in  which  the  spa rks   produced  by  the  s p a r k  
p l u g s   are  i n i t i a t e d   by  the  c o n v e n t i o n a l   o p e r a t i o n   of  a n  
i g n i t i o n   c o i l   and  are  t h e r e a f t e r   s u s t a i n e d   by  the  use  of  a 
d .c .   g e n e r a t o r ,   the  d .c .   g e n e r a t o r   being  so  adapted  as  t o  
s u s t a i n   the  s p a r k s   even  du r ing   the  a f o r e s a i d   t r a n s i t o r y  
arc  s u s t a i n i n g   v o l t a g e   and  c u r r e n t   f l u c t u a t i o n s .  

I t   is  yet  a n o t h e r   o b j e c t   of  the  i n v e n t i o n   to  p r o v i d e  
such  a  d . c .   g e n e r a t o r   which  does  not  pump  heavy  c u r r e n t  
i n t o   an  ou tpu t   s h o r t   c i r c u i t ,   and  which  is  less   l i k e l y   t o  
p roduce   d a n g e r o u s   e l e c t r i c a l   shocks  to  m a i n t e n a n c e  
e n g i n e e r s .  

A  f u r t h e r   o b j e c t   of  the  i n v e n t i o n   is  to  provide   a 
s t r a t i f i e d   charge   i n t e r n a l   c o m b u s t i o n   engine   having  an  
EGR  sys tem,   with  an  i g n i t i o n   system  i n c l u d i n g   only  one 
spa rk   plug  per  eng ine   c y l i n d e r .  

Yet  a n o t h e r   o b j e c t   of  the  i n v e n t i o n   is  to  p rovide   a 
PROCO  engine   with  an  i g n i t i o n   sys tem  hav ing   only  one  s p a r k  
plug  per  c y l i n d e r .  



Yet  a  f u r t h e r   o b j e c t   i s   to  p r o v i d e   an  i g n i t i o n   s y s t e m  
w h i c h   a i d s   in  p e r m i t t i n g   s m a l l e r   s i z e   PROCO  e n g i n e s   to  b e  
c o n s t r u c t e d .  

From  one  a s p e c t   the  i n v e n t i o n   p r o v i d e s   an  a p p a r a t u s  
f o r   p r o d u c i n g   s p a r k   i g n i t i o n   of  an  i n t e r n a l   c o m b u s t i o n  

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

by  an  e l e c t r i c a l   p u l s e   and  are   t h e r e a f t e r   s u s t a i n e d   by  t h e  

use  of  a  d . c .   g e n e r a t o r   w h i c h   a p p l i e s   a  s u s t a i n i n g   v o l t a g e  
to  t he   p l u g s ,   the   g e n e r a t o r   b e i n g   c h a r a c t e r i s e d   in  t h a t  
i t   is   a d a p t e d   to  p r o d u c e   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  

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

s u s t a i n i n g   the   s p a r k   in  the  e v e n t   t h a t   the   c u r r e n t   s u p p l i e d  

t h e r e b y   to  the   s p a r k   p lug   e x c e e d s   a  p r e d e t e r m i n e d   maximum 

v a l u e .   The  d . c .   g e n e r a t o r   has  the   a d v a n t a g e   t h a t   b e c a u s e  

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

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

EGR,  gas  s w i r l   l o a d   and  e x t r e m e l y   l e a n   b u r n .   I f   t h e  

s p a r k   demands  a  t r a n s i t o r y   h igh   c u r r e n t ,   the   v o l t a g e   of  t h e  

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

d r o p p i n g   be low  the  a rc   s u s t a i n i n g   v o l t a g e .  

A l s o ,   b e c a u s e   the   g e n e r a t o r   w i l l   c ease   o p e r a t i o n   w h e n  

the   c u r r e n t   e x c e e d s   a  g i v e n   maximum  v a l u e   t h e r e o f ,   t h e  

g e n e r a t o r   w i l l   not   pump  a  heavy   c u r r e n t   i n t o   a  s h o r t   c i r c u i t ,  

and  t h u s   d a n g e r s   to  m a i n t e n a n c e   e n g i n e e r s   who  a c c i d e n t l y   t o u c h  

the   s p a r k   p lug   l e a d s ,   are  r e d u c e d   s u b s t a n t i a l l y .   A l s o ,  

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

no t   o v e r h e a t   or  f a i l .  

In  a c c o r d a n c e   w i t h   a  p r e f e r r e d   f e a t u r e   of  the   i n v e n t i o n ,  

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

c a p a c i t o r   which   is  s h u n t e d   by  r e s i s t a n c e   e l e m e n t s   to  a l l o w  

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

In  t h i s   way,  the   c a p a c i t o r   w i l l   d i s s i p a t e   the  c h a r g e   w h i c h  

m i g h t   o t h e r w i s e   g ive   a n  e l e c t r i c a l   shock   to  a  m a i n t e n a n c e  

e n g i n e e r .  
From  a n o t h e r   a s p e c t   the   i n v e n t i o n   p r o v i d e s   an  a p p a r a t u s  

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



e n g i n e   in  which  the  s p a r k   s u s t a i n i n g   v o l t a g e   p roduced   by  
the  d . c .   g e n e r a t o r   is  of  a  s e l e c t i v e l y   v a r i a b l e   l e v e l ,   t h e  
l e v e l   b e i n g   a l t e r a b l e   in  dependence   upon  o p e r a t i n g   p a r a -  
m e t e r s   of  the  e n g i n e ,   w i th   the  a d v a n t a g e   t h a t   r e l a t i v e l y  
h i g h   s p a r k   e n e r g i e s   need  only  be  used  for  ex t reme  c o m b u s -  
t i o n   c o n d i t i o n s   and  lower  spa rk   e n e r g i e s   can  be  used  a t  
o t h e r   t i m e s ,   so  t h a t   spark   plug  e l e c t r o d e   e r o s i o n   i s  
r e d u c e d .  

From  yet   a n o t h e r   a s p e c t   the  i n v e n t i o n   p r o v i d e s   a n  
improved   i g n i t i o n   system  on  a  s t r a t i f i e d   charge   l e a n  
burn   e n g i n e ,   p a r t i c u l a r l y   but  not  e x c l u s i v e l y   a  PROCO 

e n g i n e ,   in  which  s p a r k s  a c r o s s   spa rk   p lugs   in  c o m b u s t i o n  

chambers   in  the  engine   are  i n i t i a t e d   by  e l e c t r i c a l   p u l s e s  
and  are  t h e r e a f t e r   s u s t a i n e d   by  the  use  of  a  d . c .   g e n e r a t o r  
which  a p p l i e s   a  spa rk   s u s t a i n i n g   v o l t a g e   to  the  p l u g s .  
In  a c c o r d a n c e   wi th   t h i s   a s p e c t   of  the   i n v e n t i o n   only  one 

s p a r k   p lug   per  c o m b u s t i o n   chamber  is  p r o v i d e d ,   s ince   i n  

a c c o r d a n c e   w i t h   my  i n v e n t i o n   s a t i s f a c t o r y   i g n i t i o n   can  be  

a c h i e v e d   wi th   only  one  spa rk   p lug ,   w i t h o u t   any  r e d u c t i o n  

in  f u e l   economy  and  wi th   an  improvement   in  e x h a u s t   p o l l u -  
t i o n   r e d u c t i o n .   F u r t h e r m o r e ,   w i th   my  i n v e n t i o n   t h e  

s t r a t i f i e d   charge   engine   can  o p e r a t e   at  high  EGR  r a t e s  

w i t h o u t   the  o c c u r r e n c e   of  s u b s t a n t i a l   ha rsh   r u n n i n g .  
F u r t h e r   f e a t u r e s   o b j e c t s   and  a d v a n t a g e s   of  my  i n v e n -  

t i o n   w i l l   appea r   from  the  f o l l o w i n g   d e s c r i p t i o n   o f  

embod imen t s   t h e r e o f   g iven  by  way  of  i l l u s t r a t i v e   example  

wi th   r e f e r e n c e   to  the  a ccompany ing   d r a w i n g s .  
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  is  a  s c h e m a t i c   d iagram  of  an  a p p a r a t u s   f o r  

p r o d u c i n g   spa rk   i g n i t i o n   in  a c c o r d a n c e   wi th   the  i n v e n t i o n ;  

FIGURE  2  i l l u s t r a t e s   in  more  d e t a i l   the  c i r c u i t  

d i ag ram  of  a  d . c .   g e n e r a t o r   shown  in  FIG.  1; 

FIGURE  3  shows  waveforms  i l l u s t r a t i v e   of  o p e r a t i o n   o f  

the  d . c .   g e n e r a t o r ;   FIG.  3A  showing  the  c u r r e n t   in  t h e  

p r i m a r y   w ind ing   of  the  t r a n s f o r m e r   T1  of  FIG.  2;  F I G .  3 B  

showing  the  v o l t a g e   induced   in  the  s e c o n d a r y   winding   o f  

the  t r a n s f o r m e r   Tl;  and  FIG.  3C  i l l u s t r a t i n g   the  v o l t a g e  



c u r r e n t   o u t p u t   c h a r a c t e r i s t i c   of  the  g e n e r a t o r   7 ;  
FIGURE  4  i l l u s t r a t e s   a  m o d i f i c a t i o n   of  the   a p p a r a t u s  

of  FIGS.  1  and  2  in  wh ich   the   v o l t a g e   p r o d u c e d   by  t h e  

g e n e r a t o r   7  is   c o n t r o l l e d   in  d e p e n d e n c e   on  o p e r a t i n g  

p a r a m e t e r s   of  the   e n g i n e   to  r e d u c e   s p a r k   p lug   e r o s i o n ;  
FIGURES  5  t o  7   i l l u s t r a t e   a l t e r n a t i v e   a r r a n g e m e n t s  

to  the   c i r c u i t   of  FIG.  4 ;  

FIGURE  8  is  a  s c h e m a t i c   c i r c u i t   d i a g r a m   of  a n  
a r r a n g e m e n t   p e r m i t t i n g   a  s e p a r a t e   i n d u c t a n c e   to  be  c o n n e c t e d  

in  s e r i e s   w i t h   the   s p a r k   p l u g s ;  
FIGURE  9  is  a  s c h e m a t i c   a r r a n g e m e n t   which   a l l o w s   t h e  

d . c .   g e n e r a t o r   to  be  u s e d   as  an  a d d - o n   u n i t   fo r   a  c o n v e n -  
t i o n a l   i g n i t i o n   s y s t e m .  

FIGURE  10  is  a  s e c t i o n a l   view  of  a  c y l i n d e r   of  a  
PROCO  e n g i n e ;  

FIGURE  11  is  a  s e c h m a t i c   top  p l a n   view  of  the   c y l i n d e r  

h e a d   of  the   PROCO  e n g i n e ;  

FIGURE  12  is  a  s c h e m a t i c   s e c t i o n a l   view  of  a  PROCO 

e n g i n e   a d a p t e d   to  have  an  i g n i t i o n   s y s t e m   a c c o r d i n g   to  t h e  

i n v e n t i o n ,   and  w h i c h   has  on ly   one  s p a r k   p lug   per   c y l i n d e r ;  
a n d  

FIGURE  13  is  a  s c h e m a t i c   d i a g r a m   of  a n o t h e r   e x a m p l e  

of  the   i n v e n t i o n   which   u t i l i s e s   a  c o n v e n t i o n a l   a l t e r n a t o r .  



DESCRIPTION  OF  PREFERRED  EMBODIMENTS 
R e f e r r i n g   to  FIGURE  1  t h e r e   is  shown  a  spark   p u l s e  

g e n e r a t i n g   means  which   i n c l u d e s   an  i g n i t i o n   co i l   1, 
h a v i n g   p r i m a r y   and  s e c o n d a r y   w i n d i n g s   1a,  1 b ,  a   c u r r e n t  
c o n t r o l   means  2  which   c o n t r o l s   a  low  v o l t a g e   c u r r e n t   f l o w -  
ing  in  the   p r i m a r y   w i n d i n g ,   and  an  eng ine   d r i v e n   s p a r k  
t i m i n g   c o n t r o l   means  3  which  d r i v e s   the  c u r r e n t  c o n t r o l   means  
2.  The  c u r r e n t   c o n t r o l   means  2  is  a d a p t e d   to  p roduce   a r a p i d   r a t e   of  change   of  c u r r e n t   flow  in  the  p r imary   w i n d i n g  
l a  i n   r e s p o n s e   to  o p e r a t i o n   of  the  t i m i n g   c o n t r o l   means  3,  so  as  to  i n d u c e   in  the  s e c o n d a r y   w ind ing   16  a  high  v o l t a g e  
p u l s e   of  t y p i c a l l y   20-40  KV.  This  h igh   v o l t a g e   p u l s e   i s  
c a p a b l e   of  p r o d u c i n g   spa rk   i g n i t i o n   in  an  i n t e r n a l   combus -  
t i o n   e n g i n e   and  the  p u l s e   is  a p p l i e d   t h r o u g h   a  d i s t r i b u t o r  
4  w h i c h   may  be  any  of  the  we l l   known  t y p e s ,   to  spark   p lugs   5 i n s t a l l e d   in  c y l i n d e r s   of  the  engine   (not  s h o w n ) .  

The  c u r r e n t   c o n t r o l   means  2  and  the  t i m i n g   c o n t r o l   means  
3  may  be  c o n s t i t u t e d   by  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   d r i v e n  
by  a  cam  in  the  d i s t r i b u t o r   4,  which  s w i t c h e s   a  n o m i n a l l y  
12  v o l t   s u p p l y   from  the  e n g i n e ' s   u sua l   b a t t e r y / a l t e r n a t o r  
a r r a n g e m e n t   (not   shown)  on  l i n e   6,  to  i n t e r r u p t   the  c u r r e n t  
f low  and  p r o d u c e   a  r a p i d   r a t e   of  change  of  c u r r e n t   in  t h e  
p r i m a r y   la .   A l t e r n a t i v e l y ,   the  c u r r e n t   c o n t r o l   means  c a n  
be  a  s e m i c o n d u c t o r   s w i t c h , w h i c h   may  o p e r a t e   to  d i s c h a r g e   a 
c a p a c i t o r   t h r o u g h   the  p r i m a r y   wind ing   1a.  Also,   the  s p a r k  
t i m i n g   c o n t r o l   means  3 may  be  c o n s t i t u t e d   by  a  known 
p h o t o e l e c t r i c ,   i n f r a - r e d   or  l i k e   d e t e c t o r   r e s p o n s i v e   to  t h e  
a n g u l a r   p o s i t i o n   of  r o t a t i o n   of  the  e n g i n e .  

Thus,   in  o p e r a t i o n   of  the  spark   g e n e r a t i n g   means,  h i g h  
v o l t a g e   p u l s e s   are  p r o d u c e d   in  the  c o i l ' s   s e c o n d a r y   w i n d i n g  
1b  in  r e s p o n s e   to  s u c c e s s i v e   o p e r a t i o n s   of  the  s p a r k  
t i m i n g   c o n t r o l   means  3,  t h e s e   p u l s e s   be ing   a p p r o p r i a t e l y  
a p p l i e d   by  the  d i s t r i b u t o r   4  to  s u c c e s s i v e   ones  of  t h e  
s p a r k   p l u g s   5  so  as  to  e s t a b l i s h   s p a r k s   in  s u c c e s s i v e   o n e s  
of  the  c y l i n d e r s   and  t h e r e b y   i g n i t e   f u e l / a i r   m i x t u r e   in  t h e  
c y l i n d e r s .  

A d d i t i o n a l l y ,   a  d .c .   g e n e r a t o r   7  is  p r o v i d e d ,   c o n n e c t e d  
in  s e r i e s   wi th   the  s e c o n d a r y   wind ing   lb.  The  g e n e r a t o r   7 
a p p l i e s   to  the  s p a r k   p lugs   5  a  d .c .   v o l t a g e   capab le   o f  



s u s t a i n i n g   a  s p a r k   a c r o s s   the   s p a r k   p l u g s   a f t e r   the   h i g h  
v o l t a g e   s p a r k   i n i t i a t i n g   p u l s e   p r o d u c e d   by  o p e r a t i o n   o f  
t h e   c i r c u i t   2  has  d i e d   away  to  a  l e v e l   i n c a p a b l e   o f  

m a i n t a i n i n g   the   s p a r k .   The  d . c .   g e n e r a t o r   7  c o m p r i s e s  .  
a  d . c .   to  d . c .   c o n v e r t e r   a r r a n g e d   to  g e n e r a t e   a  h i g h  

v o l t a g e   o u t p u t   of  n o m i n a l l y   3KV  from  the   low  v o l t a g e  

s u p p l y   on  l i n e   6.  The  g e n e r a t o r   7  p r o d u c e s   a  r e c t i f i e d   d . c .  

o u t p u t   on  l i n e   8,  w h i c h   is   f ed   t h r o u g h   the   s e c o n d a r y   l b  

of  the   c o i l   to  t he   d i s t r i b u t o r   4  and  hence   to  t he   s p a r k  

p l u g s   5.  The  o u t p u t   v o l t a g e   of  the   g e n e r a t o r  7   is  of  a  
m a g n i t u d e   s e l e c t e d   to  s u s t a i n   but   not   i n i t i a t e   a  s p a r k  

a c r o s s   one  of  t h e   s p a r k   p l u g s 5 ,   and  the  g e n e r a t o r   is  per  s e  

c a p a b l e   of  p r o d u c i n g   a  c o n t i n u o u s   v o l t a g e   of  such   a  m a g n i t u d e .  
Once  the  s p a r k   has  been   i n i t i a t e d   by  a  h i g h   v o l t a g e   p u l s e  

p r o d u c e d   by  o p e r a t i o n   of  the   c u r r e n t   c o n t r o l   means  2,  t h e  

s p a r k   can  be  s u s t a i n e d   by  a  somewhat   l ower   v o l t a g e ,   and  t h e  

d . c .   g e n e r a t o r   7  i s   s u i t a b l e   f o r   p r o v i d i n g   such  a  s u s t a i n i n g  

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

s u p p l i e d   by  a  s e p a r a t e   g e n e r a t o r   7  p r o v i d e s   the   a d v a n t a g e  
of  a l l o w i n g   much  g r e a t e r   s p a r k   c u r r e n t s   to  be  e s t a b l i s h e d  

f o r   l o n g e r   p e r i o d s   of  t ime ,   w h i c h   p r o v i d e s   fo r   i m p r o v e d   f u e l  

b u r n i n g   and  r e s u l t s   in  i m p r o v e d   f u e l   economy  a n d / o r   a  
r e d u c t i o n   in  p o l l u t a n t   e m i s s i o n .  

In  t he   fo rms   of  the  i n v e n t i o n   d e s c r i b e d   h e r e i n   t h e  

g e n e r a t o r   7  d e v e l o p s   a  c o n t i n u o u s   o u t p u t   v o l t a g e   and  e a c h  

s p a r k   is   e x t i n g u i s h e d   e i t h e r   by  o p e r a t i o n   of  the   d i s t r i b u t o r  

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

to  a  s u b s e q u e n t   s p a r k   p l u g ,   or  by  v i r t u e   of  the   i n c r e a s e d  

gas   p r e s s u r e   p r o d u c e d   in   the  c y l i n d e r   by  the   c o m b u s t i o n  

i n i t i a t e d   by  the   s p a r k .   The  i n c r e a s e d   gas  p r e s s u r e  

p r e s e n t s   an  i n c r e a s e d   e l e c t r i c a l   i m p e d a n c e   to  the   a r c  

e s t a b l i s h e d   b e t w e e n   the   s p a r k   p lug   e l e c t r o d e s ,   and  t h e  

v o l t a g e   l e v e l   p r o d u c e d   by  the  g e n e r a t o r   7  can  be  a p p r o -  

p r i a t e l y   s e l e c t e d   so  t h a t   the  i n c r e a s e d   gas  p r e s s u r e   w i l l  

c a u s e   the   s p a r k   a u t o m a t i c a l l y   to  e x t i n g u i s h   when  the  g a s  

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

c o m b u s t i o n   has  o c c u r r e d   in  the   c y l i n d e r .   Thus ,   when  t h e  

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



p r o d u c e d   by  the  g e n e r a t o r   7  is  i n s u f f i c i e n t   to  m a i n t a i n  
the  s p a r k ,   and  the  spark   w i l l   t e r m i n a t e   a u t o m a t i c a l l y .  

In  an  a l t e r n a t i v e   a r r a n g e m e n t ,   the  d .c .   g e n e r a t o r   7 
is  s w i t c h e d   o f f   and  on  aga in   so  as  to  t e r m i n a t e   the  s p a r k .  

Because   the  g e n e r a t o r   7  is  per   se  capab le   of  p r o d u c -  
ing  a  c o n t i n u o u s   h igh  v o l t a g e   o u t p u t ,   the  p e r i o d   t h a t   t h e  
g e n e r a t o r   7  can  be  s w i t c h e d   to  supply   the  spark   s u s t a i n i n g  
v o l t a g e   to  the  s p a r k s ,   can  be  s e l e c t e d   i n d e p e n d e n t l y   o f  
the  c h a r a c t e r i s t i c s   of  the  c i r c u i t   of  the  g e n e r a t o r  7   a n d  
thus   the  d u r a t i o n   of  the  o u t p u t   v o l t a g e   can  be  s e l e c t e d  
for   example  to  be  from  a  few  m i l l i s e c o n d s   to  an  e f f e c t i v e l y  
i n f i n i t e   d u r a t i o n .   This   a r r a n g e m e n t   a l lows  the  s p a r k  
d u r a t i o n   to  be  c o n t r o l l e d   i n d e p e n d e n t l y   of  the  c h a r a c t e r i s -  
t i c s   of  the  c i r c u i t ,   and  a l l o w s   the  c u r r e n t   f l o w i n g  
t h r o u g h   the  arc  e s t a b l i s h e d   a c r o s s   the  spark   plug  to  be  
s u b s t a n t i a l l y   c o n s t a n t   d u r i n g   the  e n t i r e   p e r i o d   t h a t   t h e  
spa rk   is  s u s t a i n e d   by  the  v o l t a g e   from  the  g e n e r a t o r   7 .  
A c c o r d i n g l y ,   the  sys tem  of  the  i n v e n t i o n   a l lows   the  s p a r k  
d u r a t i o n   to  be  e x t e n d e d   and  energy   to  be  i n c r e a s e d   w h i c h  
improves   eng ine   c o m b u s t i o n .  

The  d .c .   to  d . c .   c o n v e r t e r   c i r c u i t   of  the  g e n e r a t o r   7 
w i l l   now  be  d e s c r i b e d   in  more  d e t a i l   with  r e f e r e n c e   t o  
FIGURE  2.  The  c i r c u i t   of  the  g e n e r a t o r   7  is  shown  w i t h i n -  
a  h a t c h e d   o u t l i n e   and  i t s   i n t e r c o n n e c t i o n s   to  the  r e s t   o f  
the  i g n i t i o n   c i r c u i t   are  shown  s c h e m a t i c a l l y .   The 
c i r c u i t   c o m p r i s e s   an  o s c i l l a t o r   s tage   9  which  d r i v e s   a 
s t ep   up  t r a n s f o r m e r   T1,  the  ou tpu t   of  the  t r a n s f o r m e r  
be ing   fed  to  a  v o l t a g e   m u l t i p l i e r   and  r e c t i f i e r   s t a g e   10 .  

The  o s c i l l a t o r   s t a g e   9  is  powered  from  the  low  v o l t a g e  
12  v o l t   supp ly   l i n e   6  t h r o u g h   an  i n t e r f e r e n c e   f i l t e r  
ne twork   c o m p r i s i n g   c a p a c i t o r s   C1  to  C3  and  an  i n d u c t o r   L1 .  
The  f i l t e r   n e t w o r k   p r e v e n t s   s p u r i o u s   t r a n s i e n t s   on  the  l i n e  
6  from  d i s t u r b i n g   the  o s c i l l a t o r y c o n d i t i o n   of  the  o s c i l l a t o r  
s t age   9.  The  t r a n s f o r m e r   Tl  has  a  p r imary   w ind ing   w i t h  
wind ing   p o r t i o n s   11a,  11b  and  a  c e n t r e   tap  CT,  a  f e e d b a c k  
wind ing   12,  a  s e c o n d a r y   w ind ing   13  and  a  s a t u r a b l e   core  14. 
T r a n s i s t o r s   TH1  and  T112  are  a r r a n g e d   to  c o n t r o l   the  c u r r e n t  



f l o w i n g   f rom  t h e   r a i l   6  in  the  p r i m a r y   w i n d i n g   p o r t i o n s  

l i a ,   l i b   r e s p e c t i v e l y ,   the   b a s e s   of  the   t r a n s i s t o r s  

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

back   w i n d i n g   12,  t h r o u g h   a  b i a s i n g   r e s i s t o r   R1  and  d i o d e s  

D1  and  D2.  

O p e r a t i o n   of  the   o s c i l l a t o r   w i l l   now  be  d e s c r i b e d  

w i t h   r e f e r e n c e   to  the   wavefo rm  d i a g r a m s   of  FIGURES 3A  a n d  

3B.  Assume  t h a t   the   t r a n s i s t o r   TR1  is  c o n d u c t i n g .  
A  c u r r e n t   f l o w s   from  the  l i n e   6  t h r o u g h   the  w i n d i n g   p o r -  
t i o n   11a  from  t he   c e n t r e   tap   CT,  the  c u r r e n t   b u i l d i n g   up  
s u b s t a n t i a l l y   l i n e a r l y   at   a  r a t e   d e t e r m i n e d   s u b s t a n t i a l l y  

by  the   i n d u c t a n c e   of  the   w i n d i n g   p o r t i o n   l l a .   T h e  

r e s u l t i n g   c u r r e n t   ramp  in  the   w i n d i n g   p o r t i o n   l l a   is  shown  

at   15  in  FIG.  3A.  The  e f f e c t   of  t h i s   s u b s t a n t i a l i y   c o n -  
s t a n t   r a t e   of  change   of  c u r r e n t   in  the   w i n d i n g   is  to  i n d u c e  

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

is   of  such   a  p o l a r i t y   to  b i a s   the   base   of  t r a n s i s t o r   TR1 

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

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

up,  t he   co r e   14  becomes   s a t u r a t e d   w i t h   m a g n e t i c   f l u x ,   a n d  

the   c u r r e n t   can  i n c r e a s e   no  f u r t h e r .   As  a   r e s u l t   t h e  

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

and  the   b i a s   v o l t a g e   to  the  t r a n s i s t o r   TR1  d e c r e a s e s ,  
w h i c h   d e c r e a s e s   the   c u r r e n t   f low  in  the  w i n d i n g   p o r t i o n   l l a ,  

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

t h e   f e e d b a c k   w i n d i n g   12.  This   o p p o s i t e   p o l a r i t y   b i a s  

v o l t a g e   r a p i d l y   s w i t c h e s   on  t r a n s i s t o r   TR2  and  t u r n s   o f f  

the   t r a n s i s t o r   TR1.  The  c u r r e n t   t h e n   b u i l d s   up  i n  a n  

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

co re   14  s a t u r a t e s ,   in  the  manner   shown  at  16  in  FIG.  3A, 

at  w h i c h   t ime  t r a n s i s t o r   TR1  w i l l   a g a i n   s w i t c h   on  a n d  

t r a n s i s t o r   TR2  w i l l   s w i t c h   o f f .   The  c i r c u i t   w i l l   o s c i l l a t e  

in  t h i s   m a t t e r .   The  c u r r e n t   ramps  such  as  15  and  16 

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

p o s i t i v e   and  n e g a t i v e   v o l t a g e s ,   such  as  17  and  18  shown  i n  

FIG.  3B,  the   v o l t a g e s   b e i n g   s t e p p e d   up  r e l a t i v e   to  t h e  

v o l t a g e   a p p l i e d   to  the  p r i m a r y   w i n d i n g   p o r t i o n s  1 1   i n  

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



p o r t i o n s   and  s e c o n d a r y   w i n d i n g s   11,  12.  Under  a  no  l o a d  
c o n d i t i o n   for   the  c o n v e r t e r   7,  s w i t c h i n g   t r a n s i e n t s   o c c u r  
in  the  o s c i l l a t o r   which  r e s u l t   in  v o l t a g e   s p i k e s   19  (FIG.  3B) 
o c c u r r i n g   on  the  v o l t a g e   waveform  of  the  s e c o n d a r y   w i n d i n g   12 .  

The  v o l t a g e   m u l t i p l i e r   and  r e c t i f i e r   10  c o m p r i s e s   f a s t  
r e c o v e r y   d i o d e s   D3,  D4  which  r e s p e c t i v e l y   pump  c h a r g e   i n t o  
s e r i e s   c o n n e c t e d   c a p a c i t o r s   C4,  C5  d u r i n g   o p p o s i t e   p o l a r i t i e s  
of  the  v o l t a g e   on  the  w i n d i n g   13.  Thus,   when  the  o u t p u t  
v o l t a g e   a c r o s s   w i n d i n g   13  is  p o s i t i v e   diode  D4  c o n d u c t s   a n d  
c h a r g e s   c a p a c i t o r   C5,  and  when  the  o u t p u t   v o l t a g e   is  n e g a t i v e  
c a p a c i t o r   C4  is  c h a r g e d   t h r o u g h   d iode   D3.  S ince   the  c a p a c i -  
t o r s   are   s e r i e s   c o n n e c t e d ,   the  o u t p u t   a c r o s s   bo th   of  t h e m  
c o n s t i t u t e s   a  d o u b l i n g   of  the  p o s i t i v e   v o l t a g e   swing  a c r o s s  
the  w i n d i n g   13.  A  f i n a l   o u t p u t   c a p a c i t o r   C6  is  c o n n e c t e d   i n  
p a r a l l e l   w i t h   the  c a p a c i t o r s   C4,  C5  for   s m o o t h i n g   p u r p o s e s .  
C o n n e c t e d   in  p a r a l l e l   w i t h   the  f i n a l   o u t p u t   c a p a c i t o r   is  a 
r e s i s t o r   c h a i n   R2,  R3  which  c o n t r i b u t e s   to  s m o o t h i n g   t h e  
o u t p u t   and  which   a l s o   p r o v i d e s   a  d i s c h a r g e   p a t h   for   the  f i n a l  
o u t p u t   c a p a c i t o r   C6.  A  f u n c t i o n   i n d i c a t o r   20,  t y p i c a l l y   a 
neon  t u b e ,   is  c o n n e c t e d   in  p a r a l l e l   w i th   the  r e s i s t o r   R3  t o  
i n d i c a t e   t h a t   the  g e n e r a t o r   7  is  o p e r a t i v e .  

The  v o l t a g e   c u r r e n t   c h a r a c t e r i s t i c   of  the  o u t p u t   of  t h e  
g e n e r a t o r   7  t h a t   is  fed  to  the  l i n e   8,  is  shown  in  FIG.  3C 
as  a  curve   21.  I t   w i l l   be  seen  t h a t   the  g e n e r a t o r   7  d e l i v e r 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   over  a  p r e d e t e r m i n e d   r a n g e  
of  c u r r e n t .   Thus  when  a  s p a r k   is  s t r u c k   a c r o s s   a  s p a r k  
plug  5,  the  g e n e r a t o r   7  w i l l   m a i n t a i n   a  c o n s t a n t   v o l t a g e  
i r r e s p e c t i v e   of  the   c u r r e n t   demand  d e f i n e d   by  the  i m p e d a n c e  
of  the  a r c ,   up  to  a  maximum  v a l u e   of  c u r r e n t   22  (FIG.  3 C ) .  
The  c u r r e n t   v a l u e   22  is  d e f i n e d   by  the  p o i n t   at  which  t h e  
b a s e s   of  TR1  and  TR2  no  l o n g e r   s a t u r a t e ,   t h i s   b e i n g   a d j u s -  
t a b l e   by  a d j u s t i n g   the  v a l u e   of  r e s i s t o r   R1.  C u r r e n t s   a b o v e  
the  v a l u e   22  i n d i c a t e   a  s h o r t   or  o t h e r   f a u l t   c o n d i t i o n   a t  
the  s p a r k   p l u g ,   and  the  g e n e r a t o r   is  a r r a n g e d   to  shut   down 
o p e r a t i o n   a u t o m a t i c a l l y   i f   such  a  c o n d i t i o n   o c c u r s .   The  
o c c u r r e n c e   of  such  a  s h o r t   c i r c u i t   is  r e f l e c t e d   back  to  t h e  
o u t p u t   w i n d i n g   13  of  the  t r a n s f o r m e r   T1  (FIG.  2)  such  a s  
to  a l t e r   the  i n d u c t a n c e   of- 



the   t r a n s f o r m e r   and  p r e v e n t  t h e   o s c i l l a t o r   9  from  w o r k i n g .  
A n o t h e r   u s e f u l   f e a t u r e   of  the   g e n e r a t o r  7   can  be  seen   f r o m  

FIG.  3C.  B e f o r e   a  s p a r k   is  s t r u c k   a c r o s s   one  of  t h e  

s p a r k   p l u g s ,   s u b s t a n t i a l l y   no  c u r r e n t   is  drawn  on  l i n e   8 

from  the   g e n e r a t o r   7.  Under  such  a  c o n d i t i o n ,   t h e  

c a p a c i t o r   C6  (FIG.  2)  becomes   c h a r g e d   to  a  v o l t a g e   s u b s t a n -  

t i a l l y   e q u a l   to  t w i c e   the  v a l u e   of  the   v o l t a g e   s p i k e s   1 9 .  
T h i s   r e l a t i v e l y   h i g h   v o l t a g e   from  the  g e n e r a t o r   7  a i d s   i n  

s t r i k i n g   t h e   s p a r k s   at  the  s p a r k   p l u g s   5,  s i n c e   t h i s   v o l t a g e  
adds   i t s e l f   to  the   h i g h   v o l t a g e   p u l s e s   i n d u c e d   in  t h e  

s e c o n d a r y   w i n d i n g   lb  of  the   c o i l .   A f t e r   the   s p a r k   has  b e e n  

s t r u c k ,   c u r r e n t   is  drawn  from  the  g e n e r a t o r   8  and  t h e  

v o l t a g e   s p i k e s   19  become  i n t e g r a t e d   by  the  c a p a c i t o r s   C4 

to  C6  w i t h   the   r e s u l t   t h a t   o u t p u t   v o l t a g e   on  l i n e   8  d r o p s  
on to   a  s u b s t a n t i a l l y   c o n s t a n t   p l a t e a u   d e p i c t e d   in  FIG.  3C, 
and  w h i c h   i s   s u b s t a n t i a l l y   e q u a l   to  t w i c e   the   v o l t a g e   l e v e l  

the   w a v e f o r m   17  (FIG.  3 B ) .  

The  v o l t a g e   c u r r e n t   c h a r a c t e r i s t i c   of  t he   g e n e r a t o r   7 

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

s p a r k   u n d e r   c o n d i t i o n s   of  e x t r e m e   l e a n   burn  combined   w i t h  

s u b s t a n t i a l   r a t e s   of  EGR  and  gas  s w i r l   w i t h i n   the   c y l i n d e r s   o f  

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

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

draw  an  i n c r e a s e d   c u r r e n t   from  the  g e n e r a t o r   7.  I  h a v e  

f o u n d   t h a t   to  s u s t a i n   the  a rc   in  t h e s e   e x t r e m e   c o n d i t i o n s ,  

t he   g e n e r a t o r   must  be  a b l e   to  d e l i v e r   an  a p p r o p r i a t e  

c u r r e n t   to  the   a rc   w i t h o u t   a l l o w i n g   the  v o l t a g e   a p p l i e d  

to  the  a rc   to  d r o p .   If   the  v o l t a g e   drops   below  a  c e r t a i n  

l e v e l ,   even   m o m e n t a r i l y ,   the   a rc   w i l l   become  e x t i n g u i s h e d  

and  w i l l   n o t   be  r e - k i n d l e d   u n l e s s   a n o t h e r   20  KV  p u l s e   i s  

a p p l i e d   f rom  the   i g n i t i o n   c o i l .   In  FIG.  3  t h e r e   is  s h o w n  

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

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

U.S.  P a t e n t   No.  4 , 0 3 3 , 3 1 6 .   I t   w i l l   be  seen   t h a t   i f   t h e  

arc   m o m e n t a r i l y   demands  a  r e l a t i v e l y   h i g h   c u r r e n t ,   t h e  

v o l t a g e   a p p l i e d   by  the  g e n e r a t o r   w i l l   d rop .   Thus ,   t h e  

arc   would   e i t h e r   become  e x t i n g u i s h e d   or  i f   the   g e n e r a t o r   o f  



B i r c h e n o u g h   were  d e s i g n e d   to  o p e r a t e   s a t i s f a c t o r i l y   u n d e r  
t h e s e   c o n d i t i o n s ,   i t   would  consume  much  more  power  a n d  
would  n o r m a l l y   d e l i v e r   u n n e c e s s a r i l y   h igh  v o l t a g e s   t o  
the  s p a r k   p l u g s .  

I t   is  to  be  no ted   t h a t   the  g e n e r a t o r   7  has  a  low  c o m p o n e n t  
coun t   and  is  t h e r e f o r e   cheap  to  p roduce   and  more  r e l i a b l e .  

A n o t h e r  a d v a n t a g e   of  the  g e n e r a t o r   7  is  t h a t   in  t h e  
e v e n t   of  an  e n g i n e e r   t o u c h i n g   the  spark   plug  l ead   to  p r o d u c e  
a  s h o r t   c i r c u i t ,   the  o s c i l l a t o r   9  of  the  g e n e r a t o r   b e c o m e s  
damped  and  c e a s e s   o p e r a t i o n .   In  t h i s   way  a  c o n d i t i o n  
is  a v o i d e d   in  which  the  g e n e r a t o r   pumps  a  heavy  c u r r e n t   i n t o  
the  s h o r t   c i r c u i t .   C l e a r l y   such  a  c o n d i t i o n   would  be  
h a z a r d o u s   to  the  e n g i n e e r   and  would  a l so   be  l i k e l y   to  c a u s e  
the   g e n e r a t o r   to  o v e r h e a t   and  f a i l .  

A  f u r t h e r   s a f e t y   f e a t u r e   of  the  g e n e r a t o r   7  is  t h a t  
the   o u t p u t   c a p a c i t o r   C6  (FIG.  2)  is  s h u n t e d   by  r e s i s t o r s  
R2,  R3  so  t h a t   i t s   charge   can  d i s s i p a t e   when  the  e n g i n e  
is  t u r n e d   o f f .  

W i t h o u t   t h i s   shunt   the  c a p a c i t o r   C6  would  r e t a i n   i t s  
c h a r g e   for   a  c o n s i d e r a b l e   p e r i o d   of  time  so  t h a t   i f   a n  
e n g i n e e r   was  to  work  on  the  e n g i n e ,   he  could   r e c e i v e   a n  
e l e c t r i c   shock  from  the  c a p a c i t o r   C6  t h r o u g h   the  i g n i t i o n  
l e a d s .   Also  w i th   the  p r e s e n t   g e n e r a t o r   7,  the  neon  20 
w i l l   r e a d i l y   i n d i c a t e   to  him  not  only  i f   the  sys tem  i s  
o p e r a t i v e   but  a l so   i f   a  charge  r emains   on  the  c a p a c i t o r  
c 6 .  

A  f e a t u r e   of  the  i g n i t i o n   system  j u s t   d e s c r i b e d   i s  
t h a t   s u b s t a n t i a l l y   i n c r e a s e d   mean  spark  e n e r g i e s   a r e  
a c h i e v e d   compared  wi th   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  
i g n i t i o n ) b y   means  of  the  c u r r e n t s   i n j e c t e d   i n t o   t h e  
s p a r k s   by  the  g e n e r a t o r   7.  When  s u b s t a n t i a l   EGR  or  e x t r e m e  
l e a n   bu rns   are  u t i l i z e d   in  an  e n g i n e ,   the  s p a r k   e n e r g i e s  
need  to  be  s u b s t a n t i a l   i f   r e l i a b l e   i g n i t i o n   is  to  be  
a c h i e v e d .   A  d i s a d v a n t a g e   t h a t   can  occur  is  t h a t   t h e  
i n c r e a s e d   s p a r k   e n e r g i e s   can  cause  u n a c c e p t a b l e   e r o s i o n  
r a t e s   of  the  spa rk   p lug  e l e c t r o d e s   and  the  e l e c t r o d e s   o f  
the  d i s t r i b u t o r   4.  In  a c c o r d a n c e   wi th   a  f e a t u r e   of  my 



i n v e n t i o n   the   e n e r g y   l e v e l   of  the   s p a r k s   can  be  s e l e c t e d  

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

t h a t   h i g h é r   e n e r g y   s p a r k s   a re   on ly   p r o d u c e d   when  e x t r e m e  

c o n d i t i o n s   o c c u r .   In  t h i s   way,  the  mean  e n e r g y   of  t h e  

s p a r k s   can  be  r e d u c e d   w i t h o u t   d e t r a c t i n g   from  the   i m p r o v e d  

e n g i n e   r u n n i n g   c h a r a c t e r i s t i c s   t h a t   r e s u l t   from  t h e  

i n v e n t i o n .   An  example   of  such  an  a r r a n g e m e n t   is  s h o w n  

in  FIGURE  4.  This   F i g u r e   shows  the  g e n e r a t o r   7  c o u p l e d  
in  s e r i e s   to  the   i g n i t i o n   c o i l ,   much  as  shown  in  FIGURE  2 ,  
bu t   a d d i t i o n a l l y   shows  a  r e l a y   23  which   is  used   to  s w i t c h  

the   v o l t a g e   a p p l i e d   to  the  o s c i l l a t o r   9.  The  r e l a y   23 

has  a  c o i l   24,  and  c o n t a c t s   25  which   are   s h u n t e d   by  a  v o l -  

t a g e   d r o p p i n g   r e s i s t o r   R4.  N o r m a l l y   the  c o n t a c t s   25  a r e  

open  as  shown  in  the  d r a w i n g ,   such  t h a t   a  p o r t i o n   of  t h e  

12V  s u p p l y   to  the   o s c i l l a t o r   9  is   d r o p p e d   a c r o s s   the  r e s i s -  

t o r   R4,  t h e r e b y   r e d u c i n g   the   v o l t a g e   d e v e l o p e d   a c r o s s   t h e  

p r i m a r y   w i n d i n g   11  to  a  v a l u e   l e s s   t h a n   12  v o l t s .   As  a  
r e s u l t   the   h i g h   v o l t a g e   d . c .   o u t p u t   d e v e l o p e d   on  l i n e   8 

is   r e d u c e d   be low  i t s   maximum  v a l u e .   However ,   when  t h e  

c o n t a c t s   25  of  the   r e l a y   c l o s e ,   the   r e s i s t o r   R4  is  s h o r t e d  

out   and  the   v o l t a g e   a p p l i e d   to  the  o s c i l l a t o r   9  i n c r e a s e s  

w i t h   t he   r e s u l t   t h a t   the  d . c .   o u t p u t   v o l t a g e   on  l i n e   8 

a c h i e v e s   i t s   maximum  v a l u e .  

The  r e l a y   is  c o n t r o l l e d   by  a  l o g i c   c i r c u i t   26  w h i c h  

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

f low  t h r o u g h   the  r e l a y   c o i l   24.  The  l o g i c   c i r c u i t   i s  

r e s p o n s i v e   to  s e n s e d   o p e r a t i n g   p a r a m e t e r s   of  the  e n g i n e   shown 

s c h e m a t i c a l l y   at  27.  The  l o g i c   c i r c u i t   26  d e t e r m i n e s  

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

e x t r e m e   c o m b u s t i o n   c o n d i t i o n s   o c c u r ,   and  the   c i r c u i t   26 

s w i t c h e s   the   r e l a y   23  a c c o r d i n g l y .   As  shown  in  FIGURE  4 ,  
the   e n g i n e   is  p r o v i d e d   w i t h   an  EGR  s y s t e m   in  which   t h e  

gas  f low  r a t e   is  c o n t r o l l e d   s e l e c t i v e l y   by  a  c o n t r o l   2 8 .  

As  w i l l   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   in  the  a r t   t h e  

EGR  r a t e   is  t y p i c a l l y   c o n t r o l l e d   as  a  f u n c t i o n   of  i n l e t  

m a n i f o l d   vacuum  l e v e l .   The  l o g i c   c i r c u i t   26  is  r e s p o n s i v e  



to  the  EGR  r a t e .  

The  l o g i c   c i r c u i t   26  is  a l s o   r e s p o n s i v e   to  a  f u e l  
c o n t r o l   29  which  d e t e r m i n e s   the  f u e l   m i x t u r e   s t r e n g t h .  
In  an  e n g i n e   a s p i r a t e d   by  a  c o n v e n t i o n a l   c a r b u r e t t o r ,   t h e  
l o g i c   c i r c u i t   would  be  r e s p o n s i v e   to  the  s e t t i n g   of  t h e  
c o n v e n t i o n a l   choke  whereas   w i t h   a  s t r a t i f i e d   charge  e n g i n e  
p r o v i d e d   w i t h   f u e l   i n j e c t o r s ,   the  flow  r a t e   of  fue l   t o  
the  i n j e c t o r s   would  be  m o n i t o r e d .  

The  l o g i c   c i r c u i t   26  is  a l so   r e s p o n s i v e   to  t h e  
e n g i n e   t e m p e r a t u r e   as  s ensed   by  a  t e m p e r a t u r e   sensor   30 .  
Thus,   when  t h e s e   p a r a m e t e r s   j o i n t l y   or  s e v e r a l l y   d e f i n e   a  
c o n d i t i o n   known  to  r e p r e s e n t   ex t reme  c o m b u s t i o n   c o n d i t i o n s ,  
the   r e l a y   23  is  s w i t c h e d   to  p r o v i d e   a  maximum  o u t p u t  
v o l t a g e   on  l i n e   8,  but  o t h e r w i s e   the  o u t p u t   v o l t a g e   i s  
s w i t c h e d   to  a  lower   l e v e l ,   w i t h   a  c o n s e q u e n t i a l   m i n i m i z a t i o n  
of  s p a r k   p lug  e l e c t r o d e   e r o s i o n .  

FIGURES  5  to  7  i l l u s t r a t e   a l t e r n a t i v e   ways  in  w h i c h  
the   r e l a y   25  can  be  c o n n e c t e d   to  the  d . c .   g e n e r a t o r   7 .  
In  FIGURE  5,  the  d r o p p i n g   r e s i s t o r   R4  is  c o n n e c t e d   in  t h e  
12  v o l t   s upp ly   r a i l   6  r a t h e r   t han   in  the  e a r t h   r e t u r n .  

In  FIGURE  6,  the  d r o p p i n g   r e s i s t o r   is  c o n n e c t e d   in  t h e  

h i g h   o u t p u t   v o l t a g e   l i n e   8  of  the  g e n e r a t o r   7.  I n  

FIGURE  7  the  d r o p p i n g   r e s i s t o r   is  c o n n e c t e d   in  the  e a r t h  

r e f e r e n c e   l i n e   of  r e c t i f i e r   o u t p u t   s t a g e   10  of  t h e  

g e n e r a t o r .  
In  the  above  d e s c r i b e d   embodiments   of  the  i n v e n t i o n ,  

the  d . c .   g e n e r a t o r   7  is  c o n n e c t e d   in  s e r i e s   wi th   t h e  

s e c o n d a r y   w ind ing   16  of  the  i g n i t i o n   c o i l .   This  a r r a n g e -  
ment  has  the  a d v a n t a g e   t ha t   the  i n d u c t a n c e   of  the  s e c o n d a r y  

w i n d i n g   lb  a c t s   to  i n c r e a s e   the  s u s t a i n i n g   v o l t a g e   above  t h e  

l e v e l   se t   by  the  g e n e r a t o r   7  in  r e s p o n s e   to  i n c r e a s e d   arc  i m p e d a n c e  

t h a t   o c c u r s   for  example  du r ing   high  gas  s w i r l .   In  c e r t a i n  
c i r c u m s t a n c e s ,   the  i n d u c t a n c e   of  the  s e c o n d a r y   1b  may  n o t  

be  s u f f i c i e n t   for   t h i s   purpose   and  i t   may  be  d e s i r a b l e   t o  

use  a  s e p a r a t e   i n d u c t o r   to  d e f i n e   the  b a l l a s t .  

FIGURE  8  shows  an  a r r a n g e m e n t   in  which  a  s e p a r a t e  

i n d u c t o r   c o i l   L2  is  c o n n e c t e d   in  the  l i n e   8  r a t h e r   t h a n  

u s i n g   the  c o i l   w ind ing   1b  as  the  b a l l a s t   i n d u c t a n c e .   A 



v o l t a g e   i s o l a t i n g   means  31  is  p r o v i d e d   in  s e r i e s   w i t h   t h e  
c o i l ' s   s e c o n d a r y   w i n d i n g   1b  in  o r d e r   to  p r e v e n t   the   d . c .  
c u r r e n t   from  the   g e n e r a t o r   7  from  f l o w i n g   t h r o u g h   t h e  

w i n d i n g   to  e a r t h   in  p r e f e r e n c e   to  f l o w i n g   to  the  s p a r k  
p l u g s   t h r o u g h   the   d i s t r i b u t o r   4 .  

The  v o l t a g e   i s o l a t i n g   means  31  is  a l so   a d a p t e d   t o  
a l l o w   o p e r a t i o n   of  the   i g n i t i o n   c o i l   1  such  t h a t   a  h i g h  
v o l t a g e   p u l s e   i n d u c e d   in  the  s e c o n d a r y   w i n d i n g   r e l a t i v e  

to  e a r t h   can  f l o w   to  the  s p a r k   p l u g s .   The  v o l t a g e   i s o l a -  

t i n g   means  31  in  one  form  c o m p r i s e s   a  c a p a c i t o r   w h i c h  
b l o c k s   d i r e c t   c u r r e n t   f low  from  the  g e n e r a t o r   7  to  e a r t h  

t h r o u g h   the   w i n d i n g   1b.  The  v o l t a g e   i s o l a t i n g   means  c a n  
a l s o   c o m p r i s e   a  s p a r k   gap  a c r o s s   which   p u l s e s   i n d u c e d   i n  

the   s e c o n d a r y   1b  w i l l   jump,  or  a  h i g h   v o l t a g e   d i o d e .  
In  the  above   d e s c r i b e d   e m b o d i m e n t s ,   the  i g n i t i o n   c o i l  

1  is   shown  to  have  f o u r   t e r m i n a l s ,   two  f o r   each  w i n d i n g .  
Such  a  c o i l   can  be  made  at  low  c o s t   by  a d a p t i n g   the   m a n u f a c -  
t u r e a f   a  c o n v e n t i o n a l   i g n i t i o n   c o i l .   A  c o n v e n t i o n a l  

i g n i t i o n   c o i l   has  t h r e e   t e r m i n a l s   such  t h a t   one  end  of  e a c h  

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

r e s p e c t i v e   t e r m i n a l   and  the  o t h e r   ends  t h e r e o f   are  c o n n e c t e d  

to  a  common  t e r m i n a l   f o r   c o n n e c t i o n   to  e a r t h .   I f   i t   i s  

d e s i r e d   to  use  the   dc  g e n e r a t o r   7  as  an  a d d - o n   u n i t   fo r   a n  

e x i s t i n g   c o n v e n t i o n a l   i g n i t i o n   sys t em,   the  c i r c u i t   a r r a n g e -  
ment  as  shown  in  FIGURE  9  may  be  u s e d .  

In  FIGURE  9  a  c o n v e n t i o n a l   t h r e e   t e r m i n a l   c o i l   32  i s  

shown,  h a v i n g   p r i m a r y   and  s e c o n d a r y   w i n d i n g s   3 2 a ,  b   e a c h  

w i t h   t h e i r   own  t e r m i n a l   33,  34,  and  a  common  e a r t h e d  

t e r m i n a l   35.  The  d . c .   g e n e r a t o r   7  is  c o u p l e d   to  t h e  

c o n v e n t i o n a l   c o i l   and  d i s t r i b u t o r   4  by  means  of  the   b a l l a s t  

i n d u c t o r   L2  and  the   a f o r e s a i d   v o l t a g e   i s o l a t i n g   means  31 

c o n n e c t e d   in  s e r i e s   b e t w e e n   the  g e n e r a t o r   7  and  the  c o i l ' s  

s e c o n d a r y   w i n d i n g   lb.   The  v o l t a g e   i s o l a t i n g   means  31 

s e r v e s   to  d i r e c t   the   c u r r e n t   from  the   g e n e r a t o r   7  to  t h e  

d i s t r i b u t o r   4  and  hence   to  the  s p a r k   p u l g s   r a t h e r   t h a n  

a l l o w i n g   i t   to  f low  t h r o u g h   the  s e c o n d a r y   c o i l   32b  t o  

e a r t h .   The  v o l t a g e   i s o l a t i n g   means  31  however   a l l o w s   t h e  



h igh   v o l t a g e   p u l s e s   i nduced   in  the  w i n d i n g   32b  to  pass  t o  
the  d i s t r i b u t o r   4.  As  p r e v i o u s l y   s t a t e d ,   the  i s o l a t i n g  
means  can  for   example  compr i se   a  c a p a c i t o r ,   a  s p a r k   gap  o r  
a  d i o d e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   d i f f e r e n t   c o m b i n a t i o n s   o f  
the   c i r c u i t   f e a t u r e s   j u s t   d e s c r i b e d   can  be  u t i l i z e d .   F o r  
example   any  of  the  v o l t a g e   l e v e l   s w i t c h i n g   a r r a n g e m e n t s  
shown  in  FIGURES  4  to  7  could   be  used  wi th   the  c i r c u i t s   o f  
FIGURES  8  or  9 .  

The  g e n e r a t o r   7  thus   can  be  used  wi th   c o n v e n t i o n a l l y  
a s p i r a t e d   e n g i n e s   to  a c h i e v e   improvemen t s   in  f u e l   economy 
and  p o l l u t a n t   e m i s s i o n   r e d u c t i o n ,   as  w i l l   be  i l l u s t r a t e d   by 
example   h e r e i n a f t e r ,   and  a l so   p r o v i d e s   fo r   s i m i l a r   i m p r o v e -  
ments   w i th   e n g i n e s   p r o v i d e d   wi th   EGR,  which  may or   may  n o t  
be  c o n v e n t i o n a l l y   a s p i r a t e d   wi th   a  c a r b u r e t t o r .  

As  p r e v i o u s l y   m e n t i o n e d ,   one  a s p e c t   of  the  i n v e n t i o n  
c o n c e r n s   s t r a t i f i e d   cha rge   e n g i n e s   and  an  example  of  t h e  
i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  r e l a t i o n   to  the  F o r d  
PROCO  e n g i n e   in  o r d e r   to  i l l u s t r a t e   t h e  a d v a n t a g e s   a c h i e v e d  
t h e r e b y .  

Deve lopmen t   of  the  Ford  PROCO  eng ine   can  be  seen  f r o m  
" E x h a u s t   E m i s s i o n   C o n t r o l   by  the  Ford  Programmed  C o m b u s t i o n  
P r o c e s s  -   PROCO"  SAE  Paper  No.  720052  J a n u a r y   1972,  and  f r o m  
the  p r e v i o u s l y   m e n t i o n e d   SAE  Paper   No.  7 8 0 6 9 9  -   "The  F o r d  
PROCO  Engine   U p d a t e " .  

A  s c h e m a t i c   i l l u s t r a t i o n   of  the  PROCO  eng ine   is  shown 
in  FIGURES  10  and  11.  The  eng ine   has  a  high  c o m p r e s s i o n  
r a t i o   of  t y p i c a l l y   11:1  and  o p e r a t e s   wi th   a  lean   fue l   t o  
a i r   r a t i o   of  t y p i c a l l y   15:1.   R e f e r r i n g   to  FIGURE  10,  
which  shows  a  s e c t i o n a l   view  of  one  c y l i n d e r   of  the  e n g i n e ,  
an  e n g i n e   b lock   36  is  bored   wi th   a  c y l i n d e r   37  which  r e c e i v e s  
a  p i s t o n   38  formed  wi th   a  d i s h e d   c o m b u s t i o n   chamber  3 9 .  
A  c y l i n d e r   head  40  is  b o l t e d   onto  the  b lock   36.  The  h e a d  
40  r e c e i v e s   two  spark   p lugs   41,  42  and  a l s o   a  f u e l   i n j e c t o r  
43  t h a t   i n j e c t s   f ue l   d i r e c t l y   i n t o   the  c y l i n d e r   such  as  t o  
e s t a b l i s h   a  s t r a t i f i e d   charge   t h e r e i n .   The  eng ine   has  a  
EGR  sys tem  (not  shown)  in  o rde r   to  r e d u c e   NOX  e m i s s i o n .  



The  l a y o u t   of  the   c y l i n d e r   head   in  p l a n   view  is  s h o w n  

s c h e m a t i c a l l y   in  FIGURE  10,  from  which   i t   w i l l   be  seen   t h a t  

the   head   i n c l u d e s   i n l e t   and  o u t l e t   v a l v e s   44,  45  for   a i r  

and  EGR,  and  an  i n l e t   m a n i f o l d   46.  The  i n l e t   m a n i f o l d   46 

and  t he   i n l e t   v a l v e   a re   a r r a n g e d   to  e s t a b l i s h   a  s w i r l i n g  

gas  m o t i o n   w i t h i n   the  c y l i n d e r ,   the  gas  m o t i o n   b e i n g  
i n d i c a t e d   s c h e m a t i c a l l y   by  the  a r r o w s   47,  4 8 .  

I t   has  been   found   n e c e s s a r y   to  use  two  s p a r k   p l u g s  

pe r   c y l i n d e r   w i t h   a  PROCO  e n g i n e   b e c a u s e   u n s a t i s f a c t o r y  
c o m b u s t i o n   o t h e r w i s e   r e s u l t s   at  c o n d i t i o n s   of  h igh   l o a d  

and  h i g h   EGR.  As  a  r e s u l t   a  complex   d i s t r i b u t o r   i s  

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

u n d e s i r a b l y   i n c r e a s e d .   Also ,   as  can  be  seen   from  FIGURE 

11 ,   t he   c y l i n d e r   head   40  becomes  r a t h e r   c rowded  w i t h  

c o m p o n e n t s ,   wh ich   makes  i t   d i f f i c u l t   to  d e s i g n   an  e n g i n e  
of  t h i s   type   w i t h   a  c a p a c i t y   of  l e s s   t han   5  l i t r e s ,   s i n c e  

the   s i z e   of  the  head   t h e n   is  too  s m a l l   to  r e c e i v e   a l l   o f  

the   r e q u i r e d   c o m p o n e n t s .  
I  have  f o u n d   t h a t   a  PROCO  e n g i n e   can  be  made  to  r u n  

s a t i s f a c t o r i l y   w i t h   only   one  s p a r k   p lug   per  c y l i n d e r   w h e n  

an  i g n i t i o n   s y s t e m   of  the  k ind   shown  in  FIGURE  1  is  u s e d  

t h e r e w i t h .   Such  an  a r r a n g e m e n t   a c c o r d i n g   to  the  i n v e n t i o n  

is   shown  in  FIGURE  12  where  i t   can  be  seen   t h a t   the  e n g i n e  

has  been   m o d i f i e d   to  have  only   one  s p a r k   p lug   42  w h i c h  

r e c e i v e s   a  s p a r k   i n i t i a t i n g   p u l s e   from  a  s p a r k   g e n e r a t i n g  

means  and  a  s p a r k   s u s t a i n i n g   v o l t a g e   t h e r e a f t e r   from  a  
d . c .   g e n e r a t o r ,   as  d e s c r i b e d   w i t h   r e f e r e n c e   to  FIGURE  1  e t  

s eq .   The  i m p r o v e m e n t   a c h i e v e d   can  be  seen   from  the  r e s u l t s  

of  a  t e s t   g i v e n   be low,   in  which   a  s i n g l e   c y l i n d e r   of  a  
PROCO  e n g i n e   was  run   w i t h   a)  two  s p a r k   p l u g s   b)  one  s p a r k  

p lug   and  c)  one  s p a r k   p lug   w i t h   the  i g n i t i o n   sy s t em  of  t h e  

i n v e n t i o n ,   the  o t h e r   p lug  o p e n i n g   b e i n g   b l a n k e d   o f f .  

In  the   r e s u l t s   of  t e s t   c)  the  s y s t e m   of  t h e  

i n v e n t i o n   is  r e f e r r e d   to  as  the   BWU  i g n i t i o n   s y s t e m .   T h e  

t e s t s   were  p e r f o r m e d   w i t h o u t   a t t e m p t i n g   to  o p t i m i z e   t h e  

s e t t i n g s   of  the  e n g i n e   fo r   the  DWU  s y s t e m   e x c e p t   t h a t   a  IJO 

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



the  optimum  s e t t i n g   for   the  2  p lug  PROCO  e n g i n e .   I t   i s  
b e l i e v e d   t h a t   f u r t h e r   i m p r o v e m e n t s   in  H C ( h y d r o c a r b o n )   a n d  
C O ( c a r b o n   monox ide )   e x h a u s t   e m i s s i o n s   can  be  a c h i e v e d  
when  f u r t h e r   o p t i m i z a t i o n   of  the  eng ine   o p e r a t i n g   p a r a m e t e r s  
is  a c h i e v e d .  



T e s t   C o n c l u s i o n s  

1.  The  BWU  s y s t e m   is  c o m p a r a b l e   to  the  s t a n d a r d  

PROCO  2  p lug   sy s t em  on  e m i s s i o n s   and  has  a  c o m p a r a b l e  
f u e l   e c o n o m y .  

2.  The  BWU  s y s t e m   is  b e t t e r   t h a n   a  PROCO  s i n g l e  

p l u g   s y s t e m   on  b o t h   e m i s s i o n s   and  f u e l   e c o n o m y .  
3.  The  BWU  s y s t e m   is  at  l e a s t   as  good  as  the  PROCO 

2  p l u g   s y s t e m   on  d r i v e a b i l i t y   and  a  s i g n i f i c a n t   i m p r o v e -  
ment  compared   to  a  PROCO  s i n g l e   p lug  s y s t e m .  

The  BWU  s y s t e m   p r o v i d e s   fo r   i n c r e a s e d   EGR  t o l e r a n c e .  

On  t e s t   the   s t a n d a r d   2  p lug   PROCO  e n g i n e   would  run  to  a  

p r e d e t e r m i n e d   minimum  m i s f i r e   r a t e   l i m i t   w i th   an  EGR  f l o w  

r a t e   of  66%  r e l a t i v e   to  the  f low  r a t e   of  f r e s h   i n l e t   g a s .  
However   w i t h   1  p lug   and  the  BWU  s y s t e m ,   the   PROCO  ran   t o  

103%  EGR  b e f o r e   the  m i s f i r e   l i m i t   was  a p p r o a c h e d .  
As  p r e v i o u s l y   m e n t i o n e d ,   the   i g n i t i o n   s y s t e m   of  t h e  

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

c o n v e n t i o n a l l y   a s p i r a t e d   e n g i n e s ,   w i t h   or  w i t h o u t   EGR. 

Given   be low  in  Tab le   2  is  the   r e s u l t s   of  t e s t s   p e r f o r m e d  

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



The  t e s t s   were  p e r f o r m e d   over  4,200  m i l e s .   The  f i g u r e s  
in  b r a c k e t s   show  the  o v e r a l l   f ue l   economy  improvemen t   g i v e n  
by  the  BWU  sys tem  in  p e r c e n t a g e   terms  r e l a t i v e   to  a  b a s e l i n e  
d e f i n e d   by  a  c o m p a r a b l e   run  of  the  engine   w i th   i t s   c o n v e n -  
t i o n a l   i g n i t i o n   s y s t e m .  



An  a d v a n t a g e   of  the   d . c .   g e n e r a t o r   7  d e s c r i b e d   w i t h  
r e f e r e n c e   to  F i g u r e   2  et  seq  is  t h a t   i t   is  e m i n e n t l y   s u i t a b l e  
to  m a n u f a c t u r e   in  mass  p r o d u c t i o n .   I t   has  a  h igh   c o n -  
v e r s i o n   e f f i c i e n c y   of  g r e a t e r   t han   90%  which   is  a c h i e v e d   w i t h  

a  low  componen t   c o u n t .  

A n o t h e r   p r a c t i c a l   form  of  the  d . c .   g e n e r a t o r   7  is  s h o w n  
in  FIGURE  13.  Th i s   form  of  the  g e n e r a t o r   d e r i v e s   t h e  

h i g h   v o l t a g e   a p p l i e d   to  s u s t a i n   the  s p a r k s ,   d i r e c t l y   f r o m  
t h e   u s u a l   a l t e r n a t o r   f i t t e d   to  the  e n g i n e   to  power  t h e  
u s u a l   a n c i l l a r y   e n g i n e   c i r c u i t s .   R e f e r r i n g   to  FIGURE  1 3 ,  
an  e n g i n e   50  is  shown  d r i v i n g   an  e l e c t r i c a l   a l t e r n a t o r   51  b y  
means  of  a  b e l t   52,  in  a  c o n v e n t i o n a l   manner .   T h e  

a l t e r n a t i n g   v o l t a g e   from  the  a l t e r n a t o r   51  is   fed   to  t h e  
u s u a l   r e c t i f i e r   and  v o l t a g e   r e g u l a t o r   shown  s c h e m a t i c a l l y  
a t   53,  w h i c h   s u p p l i e s   a  n o r m a l   12  v o l t   d . c .   s u p p l y   t o  

a n c i l l a r y   e l e c t r i c a l   c i r c u i t s   54,  such  as  fo r   example   the  l o w  

v o l t a g e   c i r c u i t s   c o n n e c t e d   to  the  p r i m a r y   w i n d i n g   la  of  t h e  
c o i l   1.  A d d i t i o n a l l y ,   and  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 he   o u t p u t   of  the   a l t e r n a t o r   51  is  fed   to  an  i s o l a t i n g   a n d  

s t e p   up  t r a n s f o r m e r   55  and  t h e n c e   to  a  r e c t i f y i n g   a n d  

s m o o t h i n g   c i r c u i t   c o m p r i s i n g   a  d iode   D5,  a  c a p a c i t o r   C7  and  a  
r e s i s t o r   R5.  The  r e c t i f i e r   a r r a n g e m e n t   p r o v i d e s   an  o u t p u t  

v o l t a g e   of  n o m i n a l l y   3KV  fo r   a p p l i c a t i o n   on  l i n e   8  t h r o u g h  

t he   s e c o n d a r y   w i n d i n g   of  the  c o i l   lb  to  s u s t a i n   the  s p a r k s ,  
in  t he   manner   d e s c r i b e d   w i t h   r e f e r e n c e   to  FIGURE  1 .  

O p t i o n a l l y ,   the   c i r c u i t   can  i n c l u d e   a  v o l t a g e   l e v e l  

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

FIGURE  7.  Thus ,   r e f e r i n g   to  FIGURE  13,  t h e r e   is  shown  a  

l o g i c   c i r c u i t   26  wh ich   s w i t c h e s   c u r r e n t   to  o p e r a t e   t h e  

r e l a y   c o i l   24  and  c o n t a c t s   25  in  the  manner  d e s c r i b e d   w i t h  

r e f e r e n c e   to  FIGURE  7.  Thus ,   n o r m a l l y ,   the  v o l t a g e   d r o p p i n g  

r e s i s t o r   R4  r e d u c e s   the  o u t p u t   v o l t a g e   on  l i n e   8,  but  when  

the   r e l a y   o p e r a t e s   to  shu t   the   c o n t a c t s   25,  the   r e s i s t o r  

R4  is   s h u n t e d   and  the  o u t p u t   v o l t a g e   on  l i n e   8  is  i n c r e a s e d .  

C l e a r l y   the  a r r a n g e m e n t   of  FIGURE  13  and  be  used  w i t h  

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

can  a l s o   be  used  w i t h   a  s t r a t i f i e d   c h a r g e   e n g i n e   such  a s  

the   PROCO. 



1.  A p p a r a t u s   fo r   p r o d u c i n g   s p a r k   i g n i t i o n   of  an  i n t e r n a l  

c o m b u s t i o n   e n g i n e   w h e r e i n   c o m b u s t i o n   is   e f f e c t e d   by  means  o f  

a  s p a r k   p lug   in  a  c y l i n d e r   of  an  e n g i n e ,   s a i d   a p p a r a t u s  

c o m p r i s i n g :  

s p a r k   p u l s e   g e n e r a t i n g   means  f o r   a p p l y i n g   to  the  s p a r k  

p lug   an  e l e c t r i c a l   p u l s e   c a p a b l e   of  i n i t i a t i n g   a  s p a r k   a c r o s s  

the   s p a r k   p l u g ;   a n d  

a  d . c .   to  d . c .   c o n v e r t e r   c a p a b l e   of  p r o d u c i n g   a  c o n -  
t i n u o u s   o u t p u t   v o l t a g e   for   a p p l i c a t i o n   to  the  s p a r k   p lug   t o  

s u s t a i n   s p a r k s   e s t a b l i s h e d   by  s a i d   s p a r k   p u l s e   g e n e r a t i n g  

means ,   s a i d   c o n v e r t e r   b e i n g   a d a p t e d   to  p r o d u c e   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   over   a  p r e d e t e r m i n e d   r a n g e   of  c u r r e n t   v a l u e s  

s u p p l i e d   by  the  c o n v e r t e r   to  s u s t a i n   the   s p a r k ,   s a i d   c o n v e r t e r  

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

t h a t   t he   c u r r e n t   s u p p l i e d   by  the  c o n v e r t e r   e x c e e d s   a  p r e -  
d e t e r m i n e d   maximum  v a l u e .  

2.  A p p a r a t u s   as  c l a i m e d   in  c l a im  1  w h e r e i n   s a id   d . c .   t o  

d . c .   c o n v e r t e r   c o m p r i s e s :  
a)  a  s t e p   up  t r a n s f o r m e r   h a v i n g   a  p r i m a r y   a  s e c o n d a r y  

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

p r i m a r y   w i n d i n g   and  to  s a i d   f e e d b a c k   w i n d i n g   so  a s  

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

c u r r e n t   f low  in  s a i d   p r i m a r y   w i n d i n g   t h a t   s a t u r a t e s  

s a i d   core  w i t h   m a g n e t i c   f l u x   w h e r e b y   to  i n d u c e   a n  

o s c i l l a t o r y   s t e p p e d   up  v o l t a g e   in  s a i d   t r a n s f o r m e r  

s e c o n d a r y   w i n d i n g  

c)  r e c t i f y i n g   means  c o u p l e d   to  s a i d   t r a n s f o r m e r  

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

s p a r k   p lug ,   a n d  

d)  the   c o n v e r t e r   be ing   so  a r r a n g e d   t h a t   in  the  e v e n t  

s a i d   o u t p u t   v o l t a g e   is  s h o r t e d   to  e a r t h   t h e  

o s c i l l a t o r   becomes  damped  and  s u b s t a n t i a l l y  
c e a s e s   o p e r a t i o n .  



3.  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   p r o v i d e d   w i t h   a  s p a r k  

i g n i t i o n   s y s t e m   w h e r e i n   c o m b u s t i o n   is  e f f e c t e d   by  means  of  a  

s p a r k   p l u g   in   a  c o m b u s t i o n   chamber   of  the   e n g i n e ,   c o m p r i s i n g :  

a)  an  i g n i t i o n   c o i l   h a v i n g   p r i m a r y   and  s e c o n d a r y  

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

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

t h e   s p a r k   p l u g  

b)  a  r e l a t i v e l y   low  v o l t a g e   s u p p l y  

c)  means   r e s p o n s i v e   to   s a i d   low  v o l t a g e   s u p p l y   a n d  

a r r a n g e d   to  p r o d u c e   in  s a i d   p r i m a r y   w i n d i n g   a  

r a t e   of  c h a n g e   of  c u r r e n t   fo r   i n d u c i n g   in   s a i d  

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

i n i t i a t i n g   a  s p a r k   a t   s a i d   s p a r k   p l u g ,   a n d  

d)  a  d . c .   to  d . c .   c o n v e r t e r   c a p a b l e   of  p r o d u c i n g  

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

the   s p a r k   p l u g   to  s u s t a i n   a  s p a r k   e s t a b l i s h e d   b y  

one  of  s a i d   v o l t a g e   p u l s e s   when the  p u l s e   is   n o  

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

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

a  s t e p   up  t r a n s f o r m e r   h a v i n g   a  p r i m a r y   a  s e c o n d a r y  
and  a  f e e d b a . c k   w i n d i n g ,   and  a  s a t u r a b l e   c o r e ;  
s e m i c o n d u c t o r   s w i t c h i n g   means  c o u p l e d   to  s a i d  

p r i m a r y   w i n d i n g   and  to  s a i d   f e e d b a c k   w i n d i n g   s o  

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

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

s a t u r a t e s   s a i d   co re   w i t h   m a g n e t i c   f l u x   w h e r e b y   t o  

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

s a i d   t r a n s f o r m e r   s e c o n d a r y   w i n d i n g ;  
r e c t i f y i n g   means  c o u p l e d   to  s a i d   t r a n s f o r m e r   s e c o n -  

d a r y   w i n d i n g   and  a r r a n g e d   to  p r o d u c e   a  r e c t i f i e d  

o u t p u t   v o l t a g e   f o r   a p p l i c a t i o n   to  the   s p a r k   p l u g ;  
a n d  

t h e   c o n v e r t e r   b e i n g   so  a r r a n g e d   t h a t   in   the   e v e n t  

s a i d   o u t p u t   v o l t a g e   is   s h o r t e d   to  e a r t h   t h e  
o s c i l l a t o r   b e c o m e s   damped  and  c e a s e s   o p e r a t i o n .  

4.  An  a r r a n g e m e n t   as  c l a i m e d   in  c l a i m   3  i n c l u d i n g   a  v o l t a g e  

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



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

o s c i l l a t o r y   v o l t a g e   d e v e l o p e d   a c r o s s   the  o u t p u t   w i n d i n g ,   a n  
o u t p u t   c a p a c i t o r   a r r a n g e d   to  be  charged  as  a  f u n c t i o n   of  s a i d  
r e c t i f i e d   m u l t i p l e   v o l t a g e   p r o d u c e d   by  the  v o l t a g e   m u l t i -  

p l i e r   s t a g e ,   and  r e s i s t o r   e l e m e n t s   connec t ed   in  p a r a l l e l   w i t h  
s a i d   o u t p u t   c a p a c i t o r   to  p r o v i d e   t h e r e f o r   a  d i s c h a r g e   p a t h  
when  the  c o n v e r t e r   is  i n o p e r a t i v e .  

5.  An  a r r a n g e m e n t   as  c l a i m e d   in  claim  4,  i n c l u d i n g   f u n c t i o n  
i n d i c a t o r   means  to  i n d i c a t e   t h a t   sa id   c o n v e r t e r   is  o p e r a t i v e .  

6.  An  a r r a n g e m e n t   as  c l a i m e d   in  claim  5  w h e r e i n   s a i d  
f u n c t i o n   i n d i c a t o r   means  c o m p r i s e s   a  neon  tube  c o n n e c t e d   i n  

p a r a l l e l   w i t h   s a i d   o u t p u t   c a p a c i t o r .  

7.  An  a r r a n g e m e n t   as  c l a i m e d   in  claim  3  i n c l u d i n g   s e n s o r  
m e a n s  f o r   p r o v i d i n g   an  o u t p u t   i n d i c a t i v e   of  an  e n g i n e   o p e r a -  
t i n g   p a r a m e t e r ,   and  means  r e s p o n s i v e   to  the  o u t p u t   of  t h e  

s e n s o r   means  and  a r r a n g e d   to  c o n t r o l   the  m a g n i t u d e   of  t h e  

o u t p u t   of  s a i d   d . c .   to  d . c .   c o n v e r t e r   such  as  to  m i n i m i s e  

spa rk   e r o s i o n   of  the  s p a r k   p l u g .  

8.  An  a r r a n g e m e n t   as  c l a i m e d   in  c la imed  in  c l a i m   3  w h e r e i n  

a  s e p a r a t e   i n d u c t o r   c o i l   is  c o n n e c t e d   in  s e r i e s   w i th   a n d  

be tween   the  o u t p u t   of  s a i d   d . c .   to  d.c.   c o n v e r t e r   and  t h e  

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

o u t p u t   for   c o n n e c t i o n   to  the  spa rk   plugs  is  t a k e n   at  t h e  

s e r i e s   c o n n e c t i o n   of  s a i d   s e p a r a t e   coi l   and  s a i d   s e c o n d a r y  

w ind ing   of  the   i g n i t i o n   c o i l ,   and  v o l t a g e   i s o l a t i n g   means  

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

the  s e c o n d a r y   w i n d i n g   to  pass   to  sa id   spark   p lug   o u t p u t ,  

s a i d   v o l t a g e   i s o l a t i n g   means  a l s o   being  a d a p t e d   to  c a u s e  

c u r r e n t   from  the  d . c .   to  d . c .   c o n v e r t e r   to  f low  to  s a i d  

spark   plug  o u t p u t   r a t h e r   t han   t h r o u g h   sa id   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 .  

9.  An  a r r a n g e m e n t   as  c l a i m e d   in  claim  8  w h e r e i n   s a i d  



i g n i t i o n   c o i l   has  f o u r   t e r m i n a l s   each  of  which   is  c o n n e c t e d  

to  a  r e s p e c t i v e   end  of  s a i d   p r i m a r y   and  s e c o n d a r y   w i n d i n g s ,  
and  w h e r e i n   one  t e r m i n a l   of  the   s e c o n d a r y   w i n d i n g   i s  
c o n n e c t e d   to  e a r t h   t h r o u g h   s a i d   v o l t a g e   i s o l a t i n g   m e a n s .  

10.  An  a r r a n g e m e n t   as  c l a i m e d   in  c l a i m   8  w h e r e i n   s a i d  

i g n i t i o n   c o i l   has  t h r e e   t e r m i n a l s ,   a  f i r s t   and  a  s e c o n d  

of  w h i c h   a re   c o n n e c t e d   to  r e s p e c t i v e   ends  of  s a i d   p r i m a r y  
and  s e c o n d a r y   c o i l   w i n d i n g s ,   the   t h i r d   t e r m i n a l   b e i n g  
c o n n e c t e d   in  common  to  the   o t h e r   two  ends  of  s a i d   w i n d i n g s ,  
s a i d   t h i r d   t e r m i n a l   b e i n g   e a r t h e d ,   and  s a i d   v o l t a g e  

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

s a i d   s p a r k   p l u g   o u t p u t ,  

11.  An  a r r a n g e m e n t   as  c l a i m e d   in  c l a i m   8  w h e r e i n   s a i d  

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

s p a r k   g a p .  

12.  An  a r r a n g e m e n t   as  c l a i m e d   in  c l a i m   8  w h e r e i n   s a i d  

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

13.  An  a r r a n g e m e n t   as  c l a i m e d   in  c l a i m   8  w h e r e i n   s a i d  

v o l t a g e   i s o l a t i n g   means  c o m p r i s e s   a  c a p a c i t o r .  

14.  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 n c l u d i n g  

a)  a  c o m b u s t i o n   c h a m b e r ;  

b)  a  s p a r k   p l u g   fo r   p r o d u c i n g   s p a r k   i g n i t i o n   i n  

s a i d   c h a m b e r ;  

c)  s p a r k   p u l s e   g e n e r a t i n g   means  f o r   a p p l y i n g  

e l e c t r i c a l   p u l s e s   to  the  s p a r k   p lug   in  a 
t imed   r e l a t i o n s h i p   d e p e n d e n t   upon  o p e r a t i o n  

of  the  e n g i n e ,   s a i d   p u l s e s   b e i n g   c a p a b l e   o f  

i n i t i a t i n g   s p a r k s   a c r o s s   the  s p a r k   p l u g ;  

d)  g e n e r a t o r   means  c a p a b l e   of  p r o d u c i n g   a  c o n t i n u o u s  

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

so  as  to  s u s t a i n   the  s p a r k   e s t a b l i s h e d   by  t h e  

s p a r k   p u l s e   g e n e r a t i n g   m e a n s  a f t e r   the  p u l s e  

g e n e r a t e d   t h e r e b y   is  no  l o n g e r   c a p a b l e   o f  

m a i n t a i n i n g   the   s p a r k ;  



e)  s e n s o r   means  for   p r o v i d i n g   an  o u t p u t   i n d i c a t i v e  
of  an  o p e r a t i n g   p a r a m e t e r   of  the  e n g i n e ;  

f)  means  r e s p o n s i v e   to  s a id   ou tpu t   of  the  s e n s o r  
means  and  a r r a n g e d   to  c o n t r o l   the  m a g n i t u d e   o f  
the  o u t p u t   v o l t a g e   of  s a i d   g e n e r a t o r   means  i n  
such   a  manner   as  to  tend  to  m in imi se   s p a r k  
e r o s i o n   of  s a i d   s p a r k   p l u g .  

15.  An  e n g i n e   as  c l a i m e d   in  c la im  14  i n c l u d i n g   an  EGR  s y s t e m  
and  w h e r e i n   s a i d   s e n s o r   means  i n c l u d e s   means  r e s p o n s i v e   t o  
the  EGR  r a t e   of  the   e n g i n e .  

16.  An  e n g i n e   as  c l a i m e d   in  c la im  14  or  15  w h e r e i n   s a i d  

s e n s o r   is  r e s p o n s i v e   to  the   s t r e n g t h   of  f u e l   m i x t u r e   s u p p l i e d  
to  the  e n g i n e .  

17.  An  e n g i n e   as  c l a i m e d   in  c la im  14,  15  or  16  w h e r e i n  

s a i d   s e n s o r   means  is  r e s p o n s i v e   to  engine   t e m p e r a t u r e . .  

18.  An  e n g i n e   as  c l a i m e d   in  c la im  14  i n c l u d i n g   a  r e l a t i v e l y  

low  v o l t a g e   s u p p l y ,   and  w h e r e i n   sa id   g e n e r a t o r   means  c o m p r i s e s  

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

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

means  c o u p l e d   to  the  p r i m a r y   wind ing   of  the  t r a n s f o r m e r   so  a s  

to  s w i t c h   c u r r e n t   from  s a i d   low  v o l t a g e   supp ly   and  p r o d u c e  

an  o s c i l l a t o r y   c u r r e n t   f low  in  s a id   t r a n s f o r m e r   p r i m a r y  

w i n d i n g   t h e r e b y   to  i n d u c e   an  o s c i l l a t o r y   h igh  v o l t a g e   in  t h e  

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

to  t r a n s f o r m e r   s e c o n d a r y   w i n d i n g   and  a r r a n g e d   to  p roduce   a  

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

to  the  s p a r k   p l u g ,  

and  i n c l u d i n g   a  v o l t a g e   d r o p p i n g   impedance   means  

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

c o n v e r t e r ,  
and  s w i t c h i n g   means  r e s p o n s i v e   to  s a i d   s e n s o r   means  t o  

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



19.  An  e n g i n e   as  c l a i m e d   in  c l a i m   18  w h e r e i n   s a i d   s w i t c h i n g  
means  c o m p r i s e s   a  r e l a y   h a v i n g   a  c o i l   and  s w i t c h i n g   c o n t a c t s ,  
s a i d   r e l a y   c o i l   b e i n g   e n e r g i s e d   from  s a i d   low  v o l t a g e   s u p p l y  
in  d e p e n d e n c e   upon  o p e r a t i o n   of  s a i d   s e n s o r   m e a n s ,   a n d  
s a i d   v o l t a g e   d r o p p i n g   means  b e i n g s h u n t e d   by  s a i d  
s w i t c h i n g   c o n t a c t s .  

20.  An  e n g i n e   as  c l a i m e d   in  c l a im  19  w h e r e i n   s a i d   v o l t a g e  
d r o p p i n g   i m p e d a n c e   means  c o m p r i s e s   a  r e s i s t o r   c o n n e c t e d   t o  
r e d u c e   t he   low  v o l t a g e   s u p p l y   r e c e i v e d   by  t h e   c o n v e r t e r .  

21.  An  e n g i n e   as  c l a i m e d   in  c l a im   19  w h e r e i n   s a i d   v o l t a g e  

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

r e d u c e   the   h i g h   o u t p u t   v o l t a g e   p r o d u c e d   by  the   d . c .   to  d . c .  

c o n v e r t e r .  

22.  A p p a r a t u s   fo r   p r o d u c i n g   s p a r k   i g n i t i o n   of  an  i n t e r n a l  

c o m b u s t i o n   e n g i n e   w h e r e i n   c o m b u s t i o n   is  e f f e c t e d   by  m e a n s  
of  a  s p a r k   p l u g   in  a  c o m b u s t i o n   chamber  of  t h e   e n g i n e ,  

c o m p r i s i n g :  

s p a r k   p u l s e   g e n e r a t i n g   means  for  a p p l y i n g   r e p e t i t i v e l y  

to  the  s p a r k   p l u g   an  e l e c t r i c a l   p u l s e   c a p a b l e   of  i n i t i a t i n g  

a  s p a r k   a c r o s s   the  s p a r k   p l u g ;  

a  d . c .   to  d . c .   c o n v e r t e r   c a p a b l e   of  p r o d u c i n g   a 
c o n t i n u o u s   o u t p u t   v o l t a g e   for   a p p l i c a t i o n   to  the  s p a r k  

p lug   to  s u s t a i n   a  s p a r k   e s t a b l i s h e d   by  the   s p a r k   p u l s e  

g e n e r a t i n g   means  a f t e r   each  s p a r k   i n i t i a t i n g   p u l s e   t h e r e f r o m  

is  no  l o n g e r   c a p a b l e   of  m a i n t i a n i n g   the  s p a r k ,   s a i d   c o n -  

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

a)  a  s t e p   up  t r a n s f o r m e r   h a v i n g   p r i m a r y   s e c o n d a r y  
and  f e e d b a c k   w i n d i n g s ,   and  a  s a t u r a b l e   c o r e  

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

p r i m a r y   w i n d i n g   and  to  s a i d   f e e d b a c k   w i n d i n g   i n  

such   a  manner   as  to  d e f i n e   an  o s c i l l a t o r   t o  

p r o d u c e   an  o s c i l l a t o r y   c u r r e n t   f low  in  s a i d  

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

t h a t   s a t u r a t e s   s a i d   core   whe reby   to  i n d u c e   a n  



o s c i l l a t o r y   s t e p p e d   up  v o l t a g e   in  s a id   s e c o n d a r y  
w i n d i n g ;  

c)  r e c t i f y i n g   means  coup l ed   to  sa id   s e c o n d a r y   w i n d i n g  
and  a r r a n g e d   to  p roduce   a  r e c t i f i e d   o u t p u t   v o l t a g e  
for   a p p l i c a t i o n   to  the  spa rk   p l u g s ;  

d)  the  c o n v e r t e r   be ing   so  a r r a n g e d   t h a t   in  the  e v e n t  
of  s h o r t   c i r c u i t   of  sa id   ou tpu t   v o l t a g e   to  e a r t h  
s a i d   o s c i l l a t o r   becomes  damped  and  c e a s e s   o p e r a -  
t i o n .  

23.  A p p a r a t u s   fo r   p r o d u c i n g   spark   i g n i t i o n   of  an  i n t e r n a l  
c o m b u s t i o n   e n g i n e   w h e r e i n   c o m b u s t i o n   is  e f f e c t e d   by  means  o f  

a  s p a r k   p lug   in  a  c o m b u s t i o n   chamber  of  the  e n g i n e ,   com- 
p r i s i n g :  

s p a r k   p u l s e   g e n e r a t i n g   means  for   a p p l y i n g   r e p e t i t i v e l y  
to  the  s p a r k   p lug   an  e l e c t r i c a l   pu l se   capab le   of  i n i t i a t i n g  

a  spa rk   a c r o s s   the  s p a r k   p l u g  
and  a  d . c .   to  d . c .   c o n v e r t e r   capab le   of  p r o d u c i n g   f r o m  

a  r e l a t i v e l y   low  v o l t a g e   supp ly   a  r e l a t i v e l y   h igh   o u t p u t  
v o l t a g e   for   a p p l i c a t i o n   to  the  spark   plug  to  s u s t a i n   a  

s p a r k   e s t a b l i s h e d   by  the  spa rk   plug  g e n e r a t i n g   means  a f t e r  

the  spa rk   i n i t i a t i n g   p u l s e   t h e r e f r o m   is  no  l o n g e r   c a p a b l e  

of  m a i n t a i n i n g   the  s p a r k ,   s a id   c o n v e r t e r   c o m p r i s i n g :  
a)  a  s t e p   up  t r a n s f o r m e r   having  p r imary   and  s e c o n d a r y  

w i n d i n g s ;  
b)  s e m i c o n d u c t o r   s w i t c h i n g   means  coup led   to  s a i d  

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

c u r r e n t   f low,   whereby  to  induce  an  o s c i l l a t o r y  

v o l t a g e   in  s a i d   s e c o n d a r y   w i n d i n g ;  

c)  v o l t a g e   m u l t i p l i e r   and  r e c t i f i e r   means  c o u p l e d  

to  s a i d   s e c o n d a r y   wind ing   and  i n c l u d i n g   an  o u t p u t  

c a p a c i t o r   a c r o s s   which  a  r e c t i f i e d   m u l t i p l e   o f  

s a i d   s e c o n d a r y   w ind ing   v o l t a g e   is  d e v e l o p e d   i n  

use  t h e r e o f ,   a n d  

d)  c i r c u i t   e l emen t   means  d e f i n i n g   a  r e s i s t a n c e   p a t h  

in  p a r a l l e l   wi th   sa id   c a p a c i t o r   to  a l l ow   i t   t o  

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



24.  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 n c l u d i n g :  
a)  m e a n s  d e f i n i n g   a  c o m b u s t i o n   c h a m b e r ,  

'b)  a  s i n g l e   s p a r k   p l u g · a r r a n g e d   to  p r o d u c e   s p a r k  
i g n i t i o n   in  s a i d   c o m b u s t i o n   c h a m b e r ,  

c)  f u e l   i n j e c t i o n   means  f o r   i n j e c t i n g   f u e l   i n t o   s a i d  
c o m b u s t i o n   chamber   in  such  a  manner   as  to  e s t a b l i s h  

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

s p a r k   p l u g   t h a n   in  r e g i o n s   r e m o t e   t h e r e f r o m ,  
d)  s p a r k   p u l s e   g e n e r a t i n g   means  fo r   a p p l y i n g   to  t h e  

s p a r k   p l u g   an  e l e c t r i c a l   p u l s e   c a p a b l e   of  i n i t i a t i n g  

a  s p a r k   a c r o s s   the   s p a r k   p l u g ,   a n d  

e)  g e n e r a t o r   means  a r r a n g e d   to  p r o d u c e   a  v o l t a g e   f o r  

a p p l i c a t i o n   to  the  s p a r k   p lug   so  as  to  s u s t a i n  
the   s p a r k   e s t a b l i s h e d   by  s a i d   p u l s e   g e n e r a t i n g   m e a n s  
a f t e r   s a i d   p u l s e   g e n e r a t i n g   means  is  no  l o n g e r  

c a p a b l e   of  m a i n t a i n i n g   the  s p a r k .  

25.  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   a c c o r d i n g   to  c l a i m   24 

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

h e a d ,   the   c y l i n d e r   head   i n c l u d i n g   an  a p e r t u r e   which   r e c e i v e s  

the  s p a r k   p l u g ,   and  an  a p e r t u r e   which   r e c e i v e s   s a i d   f u e l  

i n j e c t i o n   means ,   and  s a i d   p i s t o n   h a v i n g   a  head  t h a t   i n c l u d e s  

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

26.  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   as  c l a i m e d   in  c l a im  25 

i n c l u d i n g   i n l e t   and  o u t l e t   v a l v e s   mounted  on  s a i d   c y l i n d e r  

head ,   and  an  i n l e t   m a n i f o l d   c o u p l e d   to  s a i d   i n l e t   v a l v e   a n d  

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

of  gas  g e n e r a l l y   c o a x i a l   w i t h   the   c y l i n d e r   b o r e .  

27.  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   as  c l a i m e d   in  c l a im  26 

i n c l u d i n g   an  e x h a u s t   gas  r e c i r c u l a t i o n   sy s t em  c o u p l e d   t o  

s a i d   o u t l e t   and  i n l e t   v a l v e s .  

28.  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   as  c l a i m e d   in  c l a im  27 



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

29.  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   as  c l a i m e d   in  c l a i m   28 
w h e r e i n   s a i d   c o n v e r t e r   c o m p r i s e s :  

a)  a  s t e p   up  t r a n s f o r m e r   h a v i n g   a  p r i m a r y   a  s e c o n d a r y  
and  a  f e e d b a c k   w i n d i n g ,   and  a  s a t u r a b l e   c o r e ;  

b)  s e m i c o n d u c t o r   s w i t c h i n g   means  c o u p l e d   to  s a i d  
p r i m a r y   w i n d i n g   and  to  s a i d   f e e d b a c k   w i n d i n g   s o  
as  to  d e f i n e   an  o s c i l l a t o r   to  p r o d u c e   an  o s c i l l a t o r y  
c u r r e n t   f l ow  in  s a i d   p r i m a r y   w i n d i n g   t h a t   s a t u r a t e s  
s a i d   co r e   w i t h   m a g n e t i c   f l u x   whereby   to  i n d u c e   a n  
o s c i l l a t o r y   s t e p p e d   up  v o l t a g e   in  s a i d   t r a n s f o r m e r  
s e c o n d a r y   w i n d i n g ;  

c)  r e c t i f y i n g   means  c o u p l e d   to  s a id   t r a n s f o r m e r  
s e c o n d a r y   w i n d i n g   and  a r r a n g e d   to  p r o d u c e   a  r e c t i f i e d  
o u t p u t   v o l t a g e   for  a p p l i c a t i o n   to  the  s p a r k   p l u g ,  
a n d  

d)  the  c o n v e r t e r   being  so  a r r a n g e d   t h a t   in  the  e v e n t  
s a i d   o u t p u t   v o l t a g e   is  s h o r t e d   to  e a r t h   t h e  
o s c i l l a t o r   becomes  damped  and  c e a s e s   o p e r a t i o n .  

30.  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   as  c l a i m e d   in  c l a im   24 
i n c l u d i n g   a  dynamo  e l e c t r i c   machine   d r i v e n   by  the   e n g i n e   a n d  
a r r a n g e d   to  power  s a i d   spark   p u l s e   g e n e r a t i n g   means ,   a n d  
w h e r e i n   s a i d   g e n e r a t o r   means  c o m p r i s e s   means  a r r a n g e d   t o  
d e r i v e   from  s a i d   dynamo  e l e c t r i c   machine  an  o u t p u t   f o r  
a p p l i c a t i o n   to  the  s p a r k   plug  so  as  to  s u s t a i n   s p a r k s  
i n i t i a t e d   t h e r e b y   as  a f o r e s a i d .  

31.  An  i n t e r n a l   c o m b u s t i o n   eng ine   as  c l a i m e d   in  c l a im  30 
w h e r e i n   s a i d   g e n e r a t o r   means  i n c l u d e s   a  s t e p   up  t r a n s f o r m e r  
c o u p l e d   t o  s a i d   dynamo  e l e c t r i c   m a c h i n e ,   and  a  r e c t i f i e r  
c o n n e c t e d   to  the  t r a n s f o r m e r .  

32.  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   as  c l a i m e d   in  c l a im  211 

i n c l u d i n g   s e n s o r   means  for  s e n s i n g   at  l e a s t   one  o p e r a t i n g  



p a r a m e t e r   o f  t h e   e n g i n e ,   and  means   a r r a n g e d   to   c o n t r o l  t h e  

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

33.  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   as  c l a i m e d   in  c l a i m   31 
w h e r e i n   s a i d   dynamo  e l e c t r i c   m a c h i n e   c o m p r i s e s   an  a l t e r n a t o r .  

34.  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 n c l u d i n g :  

a)  a  p i s t o n   and  c y l i n d e r   a s s e m b l y   d e f i n i n g   a  c o m b u s -  

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

i g n i t i o n   in   s a i d   c o m b u s t i o n   c h a m b e r ;  

c)  c h a m b e r   i n l e t   and  o u t l e t   means  to  a l l o w   i n l e t  

and  e x h a u s t   g a s e s   to  e n t e r   and  l e a v e   t h e   c h a m b e r  

r e s p e c t i v e l y ;  

d)  e x h a u s t   gas  r e c i r c u l a t i o n   means  to  r e c i r c u l a t e  

e x h a u s t   gas  f rom  s a i d   o u t l e t   means  to   s a i d   i n l e t  

m e a n s ;  
e)  s p a r k   p u l s e   g e n e r a t i n g   means   f o r  a p p l y i n g   r e p e t i -  

t i v e l y   an  e l e c t r i c a l   p u l s e   to  t h e   s p a r k   p l u g ,  
s a i d   p u l s e   b e i n g   c a p a b l e   of  i n i t i a t i n g   an  e l e c -  

t r i c a l   s p a r k   a c r o s s   t he   s p a r k   p l u g ;  

f)  g e n e r a t o r   means  c a p a b l e   of  p r o d u c i n g   a  c o n t i n u o u s  

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

so  as  to  s u s t a i n   t he   s p a r k   e s t a b l i s h e d   by  t h e  

s p a r k   p u l s e   g e n e r a t i n g   means  a f t e r   t h e   s p a r k  
i n i t i a t e d   t h e r e b y   i s   no  l o n g e r   c a p a b l e   o f  

m a i n t a i n i n g   t h e   s p a r k .  

35.  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   as  c l a i m e d   in  c l a i m   34  

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

c o n v e r t e r   i n c l u d i n g :  

a)  a  s t e p   up  t r a n s f o r m e r   h a v i n g   a  p r i m a r y   a  s e c o n d a r y  
and  a  f e e d b a c k   w i n d i n g ,   and  a  s a t u r a b l e  c o r e ;  

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

p r i m a r y   w i n d i n g   and  to  s a i d   f e e d b a c k   w i n d i n g   s o  

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

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

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



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

c)  r e c t i f y i n g   means  coup led   to  s a i d   t r a n s f o r m e r  
s e c o n d a r y   w i n d i n g   and  a r r a n g e d   to  p r o d u c e   a 
r e c t i f i e d   o u t p u t   v o l t a g e   fo r   a p p l i c a t i o n   to  t h e  
s p a r k   p lug ;   a n d  

d)  the  c o n v e r t e r   be ing   so  a r r a n g e d   t h a t   in  the  e v e n t  
s a i d   o u t p u t   v o l t a g e   is  s h o r t e d   to  e a r t h   t h e  
o s c i l l a t o r   becomes  damped  and  c e a s e s   o p e r a t i o n .  

36.  An  i n t e r n a l   c o m b u s t i o n   eng ine   i n c l u d i n g :  
a)  a  c o m b u s t i o n   c h a m b e r ;  
b)  a  s p a r k   p lug  for   p r o d u c i n g   s p a r k   i g n i t i o n   i n  

s a i d   c h a m b e r ;  
c)  s p a r k   p u l s e   g e n e r a t i n g   means  for   a p p l y i n g  

r e p e t i t i v e l y   to  the  spa rk   p lug   an  e l e c t r i c a l   p u l s e  
c a p a b l e   of  i n i t i a t i n g   an  e l e c t r i c a l   s p a r k   a c r o s s  
the  s p a r k   p l u g ;  

d)  an  a l t e r n a t o r   d r i v e n   by  the  e n g i n e   and  a r r a n g e d  
to  power  s a id   spa rk   p u l s e   g e n e r a t i n g   m e a n s ;  

e)  means  fo r   d e r i v i n g   from  s a i d   a l t e r n a t o r   an  o u t p u t  
v o l t a g e   for   a p p l i c a t i o n   to  the  spa rk   plug  so  a s  
to  s u s t a i n   the   spa rk   e s t a b l i s h e d   by  the  s p a r k  
p u l s e   g e n e r a t i n g   means  a f t e r   the  p u l s e   g e n e r a t e d  
t h e r e b y   is  no  l o n g e r   c a p a b l e   of  m a i n t a i n i n g   t h e  
s p a r k .  

37.  An  i n t e r n a l   c o m b u s t i o n   engine   as  c l a i m e d   in  c l a im  36 
w h e r e i n   s a i d   means  e)  i n c l u d e s   a  t r a n s f o r m e r   c o u p l e d   t o  
s a i d   a l t e r n a t o r   and  a  r e c t i f i e r   c o u p l e d   to  the  t r a n s f o r m e r .  


























