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©  Method  and  apparatus  in  electronic  ignition  systems  for  internal  combustion  engine. 
@  In  a  method  of  improving  the  ignition  for  electronic 
ignition  systems  of  the  multiple  spark  type,  particularly  for 
difficult  operational  conditions,  the  energy  required  for 
ignition  is  stored  in  the  form  of  magnetic  energy  in  the 
magnetic  core  of  the  ignition  coil.  The  first  spark  is  furth- 
ermore  given  longer  duration  than  the  following  sparks  in 
every  shower  of  sparks  during  an  ignition  period.  An 
apparatus  in  electronic  ignition  systems  for  providing  multi- 
ple  sparks  of  different  durations,  particularly  during  the 
starting  sequence,  includes  a  logical  circuit  (4)  adapted  to 
control  a  transistor  (TR3)  to  ON  and  OFF  at  predetermined 
times.  The  transistor  is  coupled  in  series  with  the  primary 
winding  of  the  ignition  coil  (2),  whereby  the  magnetic  energy 
stored  in  the  magnetic  core  of  the  ignition  coil  generates  a 
spark  via  the  secondary  winding  of  the  coil  during  each 
opening  interval  of  the  transistor.  The  logical  circuit  is  further 
arranged  to  keep  the  transistor  open  during  an  ignition 
period  with  a  first  interval  which  is  longer  than  succeeding 
intervals.  In  order  to  make  closing  and  opening  of  the  contact 
breaker  points  more  reliable  in  an  electronic  ignition  system 
which  contact  breaker  points  for  internal  combustion  engine, 
a  circuit  (TR3,  D1,  C1,  R1,  R2,  C2)  is  arranged  to  generate  a 
high  voltage,  considerably  exceeding  the  battery  voltage 
(12V)  across  the  points  (BR)  and  send  a  high  current  through 
the  points  when  they  are  closed. 





The  p resen t   i nven t ion   r e l a t e s   to  a  method  of  improving  i g n i t i o n   i n  

e l e c t r o n i c   i g n i t i o n   system  of  the  mu l t i p l e   spark  type  in tended   f o r  

i n t e r n a l   combustion  eng ines ,   p a r t i c u l a r l y   in  d i f f i c u l t   o p e r a t i n g  

c o n d i t i o n s ,   and  an  appa ra tu s   in  e l e c t r o n i c   i g n i t i o n   systems  for  p r o v i d i n g  

m u l t i p l e   sparks  of  d i f f e r e n t   d u r a t i o n s ,   p a r t i c u l a r l y   during  the  s t a r t i n g  

p rocedure ,   from  magnetic  energy  s to red   i n  t h e   i g n i t i o n   co i l   magnetic  c o r e .  

The  i n v e n t i o n   f u r t h e r   r e l a t e s   to  an  appara tus   in  an  e l e c t r o n i c   i g n i t i o n  

system  provided  with  a  con tac t   b reaker   for  ob ta in ing   more  r e l i a b l e   open ing  

and  c l o s i n g   of  the  con tac t   b reaker   p o i n t s .  

To  improve  the  performance  of  i n t e r n a l   combustion  e n g i n e s ,  

p a r t i c u l a r l y   during  d i f f i c u l t   o p e r a t i n g   cond i t ions   such  as  when  the  e n g i n e  

is  cold ,   has  got  too  much  p e t r o l   or  is  a f f e c t e d   by  m o i s t u r e ,   as  well  a s  

when  it   is  ope ra t ing   with  an  inhomogenous  fuel  mix ture ,   such  as  when  it   i s  

i d l i n g ,   there   have  been  i g n i t i o n   systems  on  the  market  which  g e n e r a t e  

m u l t i p l e   sparks  by  s o - c a l l e d   c a p a c i t i v e   d i s c h a r g e .  

One  objec t   of  the  p re sen t   i n v e n t i o n   is  to  f u r t h e r   improve  t h e  

f u n c t i o n   of  such  an  i g n i t i o n   system  and  to  provide  a  device  for  t h i s  

purpose  which  is  s impler   and  cheaper  to  produce,  and  which  can  be  e a s i l y  

f i t t e d   to  e x i s t i n g   mechanical   i g n i t i o n   systems  to  improve  t h e i r  

o p e r a t i o n .  

This  objec t   is  achieved  by  a  method  in  accordance  with  claim  1  and  by 

an  appa ra tu s   in  accordance  with  claim  3 .  

By  making  the  f i r s t   spark  in  the  shower  of  i g n i t i o n   sparks  l o n g e r ,  

the  fuel   mixture  is  g e n e r a l l y   a l r eady   i gn i t ed   by  th i s   spark .   P r a c t i c a l  

t e s t s   have  shown  that   engines  provided  with  the  device  in  accordance  w i t h  

the  i n v e n t i o n   have  good  s t a r t i n g   p r o p e r t i e s   at  t e m p e r a t u r e s   r i gh t   down  t o  
-30°C.  However,  should  the  f i r s t   pulse  not  i g n i t e   the  fuel   m i x t u r e ,  
there   fol lows  a  s u c c e s s i o n   of  pulses   which  do  so  r e l i a b l y .   The  s p a r k  

f requency  is  s e l e c t e d   in  th i s   case  such  that   maximum  i g n i t i o n   energy  i s  

supp l ied   to  the  spark  p l u g .  

In  th i s   way  there  is  enabled  with  the  method  and  device  i n  

accordance   with  the  i nven t ion   the  p r o v i s i o n   of  many  times  higher   s p a r k  

energy  than  in  o rd ina ry   "mechanica l"   i g n i t i o n   with  a  con tac t   breaker .   Th i s  

provides   a  great   improvement  in  the  w i l l i n g n e s s   of  the  engine  to  s t a r t  

under  d i f f i c u l t   c o n d i t i o n s ,   the  need  for  choking  being  reduced,   o r  

d ispensed   with  e n t i r e l y .   Pe t ro l   (gas)  consumption  is  f u r the rmore   d e c r e a s e d  

with  the  aid  of  the  h o t t e r ,   e n e r g y - r i c h   sparks  and  there   is  a  decrease  i n  



wear  on  s t a r t   motor,  ba t t e ry   and  spark  plugs  as  well  as  con tac t   b r e a k e r ,  

where  a p p l i c a b l e .  

The  method  and  appara tus   in  accordance   with  the  i n v e n t i o n   a r e  

p a r t i c u l a r l y   a t t r a c t i v e   for  au tomobi l e s   having  exhaust   gas  c l ean ing ,   s i n c e  

r e l a t i v e l y   lean  fuel  mixtures   are  s t i l l   d e s i r a b l e   for  c o n d i t i o n s   of  low 

r e v o l u t i o n s   and  cold  engine.   This  e a s i l y   leads  to  b a c k f i r i n g ,   uneven  

running  and  high  emiss ions   of  uncombusted  hydrocarbons  as  a  r e s u l t   of  

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

The  i n v e n t i o n   may  be  u t i l i z e d   in  i g n i t i o n   systems  with  a  c o n t a c t - f r e e  

e l e c t r o n i c   t iming  means  as  well   as  c o n v e n t i o n a l   "mechanica l"   i g n i t i o n  

systems  with  con tac t   b r e a k e r s .  

The  a p p a r a t u s   in  accordance  with  the  i nven t ion   is  s u i t a b l y  

implemented  such  that   a  spark  shower  is  genera ted   during  the  e n g i n e  

s t a r t i n g   sequence,   the  f i r s t   spark  being  longer  and  s t r o n g e r   than  t he  

subsequent   ones  and  s t r i k i n g   at  exac t l y   the  r igh t   i g n i t i o n   angle ,   w h i l e  

the  remain ing   sparks  follow  r a p i d l y   while  the  p i s ton   moves  the  f i r s t   f i f t h  

of  i t s   s t roke   downwards.  A  t r i p l e   spark  is  genera ted   for  i d l i n g   to  g i v e  

uniform  o p e r a t i o n   without   the  r i sk   of  a  sudden  stop,   in  s p i t e   of  the  f u e l  

mixture  o f t en   being  uneven.  With  high  engine  r e v o l u t i o n s   the  t u rbu lence   i s  

so  grea t   tha t   the  fuel   mixture  w i l l   be  f a i r l y   homogenous,  and  the  s i n g l e  

spark,   as  with  a  normal  i g n i t i o n   system,  is  s u f f i c i e n t .  

The  m u l t i p l e   s t r i k e s   on  s t a r t i n g   normally  r eve r t   a u t o m a t i c a l l y   t o  

t r i p l e   s t r i k e s   during  i d l i ng   and  s i n g l e   s t r i k e s   at  high  r e v o l u t i o n s ,  

s ince   the  c o n t a c t   breaker   or  e l e c t r o n i c   timer  opens  and  c loses   more 

r a p i d l y   so  tha t   fewer  and  fewer  s t r i k e s   or  sparks  have  room  per  i g n i t i o n  

per iod ,   with  s i m i l a r   engine  r e v o l u t i o n s   and  a  cons tan t   spark  f r e q u e n c y .  

The  appa ra tu s   in  accordance  with  the  i nven t ion   can  be  s w i t c h e d  

between  a  m u l t i p l e   spark  mode,  a  s ing le   spark  mode  (which  can  be  d e s i r a b l e  

in  areas   with  d i f f i c u l t   radio  r e c e p t i o n   cond i t i ons   and  for  s e t t i n g   t h e  

i g n i t i o n )   and  to  "mechanical"   i g n i t i o n   (where  a p p l i c a b l e )   in  an  emergency 
s i t u a t i o n   if  the  t r a n s i s t o r   i g n i t i o n   should  f a i l .  

A  second  objec t   of  the  p r e s e n t   i nven t ion   is  to  p rov ide   more  c e r t a i n  

opening  and  c l o s i n g   of  the  con t ac t   b reaker   points   in  an  i g n i t i o n   sys t em 

provided  with  them. 

This  ob j ec t   is  achieved  with  an  appara tus   accord ing   to  claim  9 .  

S a t i s f a c t o r y   contact   is  namely  not  achieved  before   the  cu r ren t   ha s  

broken  through  oxides  and  d i r t   on  the  contac t   su r faces   and  provided  a 



microscop ic   weld  between  them.  Even  con tac t s   of  the  best  ma te r i a l   such  a s  

s i l v e r   and  gold  have  th i s   problem  with  low  vo l t ages   and  low  c u r r e n t s .  

An  embodiment  of  the  appara tus   in  accordance  with  the  i n v e n t i o n ,  
s e l e c t e d   as  an  example  and  app l ied   to  an  i g n i t i o n   system  with  a  c o n t a c t  

b reake r ,   will   now  be  de sc r ibed   in  d e t a i l  w i t h   r e f e r e n c e   to  t h e  

accompanying  drawings,   on  which  Fig.  1  is  a  sketch  of  an  e l e c t r o n i c  

i g n i t i o n   system  with  the  appa ra tus   in  accordance  with  the  i n v e n t i o n ,  

F igures   2  and  3  are  diagrams  i l l u s t r a t i n g   how  the  system  f u n c t i o n s ,   and  

Fig.  4  is  a  diagram  i l l u s t r a t i n g   a  p o s s i b l e   o p e r a t i o n a l   mode  of  t h e  

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

The  appara tus   in  accordance   with  the  i nven t ion   i l l u s t r a t e d   in  Fig.  1 

is  made  up  from  three   p a r t s ,   par t   A  for  p rovid ing   d i f f e r e n t   dura t ions   f o r  

the  mu l t i p l e   sparks ,   the  con tac t   b reaker   part  B  and  a  f i n a l   power  step  E. 

Turning  now  t o  F i g u r e s   2  and  3  to  desc r ibe   the  f unc t ion   of  t h e  

a p p a r a t u s ,   i t   wi l l   be  noted  that   Fig.  2  i l l u s t r a t e s   the  c r a n k s h a f t  

r e v o l u t i o n s   of  the  engine,   where  a  point   on  the  c i r c l e   corresponds   to  t h e  

p o s i t i o n   of  the  p i s ton   in  the  c y l i n d e r   bore  ( s inus   c u r v e ) .  

The  cam  c o n t r o l l i n g   the  con tac t   breaker   BR  (see  Fig.  1)  is  d i s p o s e d  
such  that   the  poin ts   are  c losed  for  t y p i c a l l y   58°  (the  dwell  is  580) 

and  open  for  90 -  58 -   320.  The  c r a n k s h a f t   moves  at  double  the  rate   o f  

the  cam  and  the  po in t s   are  c losed  during  the  time  co r re spond ing   to  the  a r c  
x  in  Fig.  2,  which  co r responds   to  an  angle  of  2  x  58 -   1160.  This  is  t h e  

per iod   during  which  magnet ic   energy  is  s tored  in  the  i g n i t i o n   coi l   2 .  

The  points   BR  open  at  the  point   y  in  Fig.  2,  the  i g n i t i o n   spark  b e i n g  

gene ra t ed   and  the  po in t s   being  open  for  a  period  co r re spond ing   to  the  a r c  
z  in  Fig.  2.  The  point  y  is  at  a  s u i t a b l e   p r e - i g n i t i o n ,   e .g .   10°  f o r  

i d l i n g .  

It  takes  a  compara t ive ly   long  time  to  give  the  i g n i t i o n   coi l   2  a  f u l l  

charge  of  magnetic  energy,   and  thus  the  period  x  should  be  c o m p a r a t i v e l y  

long.  Maximum  energy  is  s to red   in  the  i g n i t i o n   co i l   2  at  the  point  y,  t h e  

angula r   p o s i t i o n   of  y  being  the  one  des i r ed   for  i g n i t i o n .   The  gas  f u e l  

mixture   is  of ten  inhomogenous,  however,  and  when  the  spark  comes  to  a  

layer   with  an  u n s u i t a b l e   mixture  r a t i o ,   i g n i t i o n   does  not  take  p l a c e ,  
which  is  qui te   a  usual   phenomenon  in  the  cars  of  today,  and  c o n t r i b u t e s   t o  

i n j u r i o u s   emissions  and  h igher   fuel   consumption.  It  is  t h e r e f o r e   one  o f  

the  ob j ec t s   of  the  p resen t   i n v e n t i o n   to  let   the  e n e r g y - r i c h ,   f i r s t   s p a r k  
ex i s t   for  as  long  as  p o s s i b l e .   I ts   du ra t ion   can  be  of  the  order  o f  

magnitude  1)ms,  and  the  size  of  the  spark  cur ren t   at  the  f i r s t   i n s t an t   of  



the  order  of  magnitude  50  mA,  cu r ren t   then  dec reas ing   s u b s t a n t i a l l y  

l i n e a r l y   with  time,  see  a lso  Fig.  3 .  

If  th is   s t rong ,   f i r s t   i g n i t i o n   spark  should  be  u n s u c c e s s f u l   i n  

i g n i t i n g   the  gaseous  fuel  mixture ,   a  p l u r a l i t y   of  succeeding  sparks   a r e  

genera ted   during  the  per iod  z,  which  u n f a i l i n g l y   r e s u l t s   in  i g n i t i o n   o f  

the  gaseous  f u e l  m i x t u r e .  T h i s   co r responds   to  the  period  during  which  t h e  

poin ts   BR  are  open,  see  Fig.  3 .  

If  the  co i l   2  is  to  be  charged  to  maximum  energy  a f t e r   the  f i r s t  

s t rong  i g n i t i o n   spark ,   th is   takes  such  a  long  time  that  no  f u r t h e r   s p a r k  

has  time  to  be  gene ra t ed   during  the  per iod   z.  On  the  other   hand,  if  i t   i s  

a t tempted  to  take  out  a  very  large  number  of  sparks  during  th i s   per iod  z ,  
each  spark  wi l l   have  such  a  poor  energy  con ten t   that   i t   cannot  i g n i t e   t h e  

mixture .   However,  between  these  two  extreme  cases  there  is  an  optimum 

spark  f requency  which  gives  maximum  i g n i t i o n   energy  to  the  spark  plug  i n  

the  p r e v a i l i n g   c o n d i t i o n s .   The  optimum  mode  of  d r iv ing   t h e  i g n i t i o n   c o i l  

means  that   the  l i f e t i m e   of  the  succeeding   sparks  is  made  s h o r t e r   to  e n a b l e  

longer  magnetic  charg ing   of  the  co i l   2  between  each  spark,  see  Fig.   3.  The 

time  it   takes  to  charge  the  co i l   2  with  magnet ic   energy  is  dependent   on 

the  dr iv ing   vo l t age   and  primary  i n d u c t a n c e .   There  are  spec i a l   " s p o r t s "  

co i l s   with  a  la rge   number  of  turns  for  p rov id ing   a  very  rapid  c h a r g i n g  

time,  but  the  p r i n c i p l e   descr ibed   above  a lso  app l i e s   to  these ,   a l t h o u g h  

the  subsequent   sparks  can  be  f i r ed   with  a  h igher   f r e q u e n c y .  

In  p r e v i o u s l y   known  s i l i c o n   c o n t r o l l e d   r e c t i f i e r s   (SCR)  or  t h y r i s t o r  

i g n i t i o n   systems  of  the  mul t ip le   spark  type,  the  energy  is  namely  s t o r e d  

in  a  c a p a c i t o r ,   which  is  connected  in  p a r a l l e l   with  the  SCR  ac ross   t h e  

i g n i t i o n   c o i l ,   the  co i l   then  only  se rv ing   as  a  t r ans fo rmer .   With  t h i s  

method  it  is  p o s s i b l e   only  to  achieve  sparks   of  compara t ive ly   s h o r t  

d u r a t i o n ,   however,  and  combustion  of ten   appears   to  be  i n s u f f i c i e n t ,   w i t h  

the  ac tua l   r e s u l t   being  high  emiss ions .   In  the  present   i n v e n t i o n ,   t h e  

energy  is  s to red   in  the  form  of  magnetic  energy  in  the  i g n i t i o n   co i l   c o r e ,  

r e s u l t i n g   in  that   the  du ra t ion   of  a  spark  w i l l   be  inc reased   by  a  f a c t o r   o f  

10.  The  magnetic  i g n i t i o n   p r i n c i p l e   is  recommended  more  and  more  today  i n  

p r o f e s s i o n a l   c i r c l e s .  

The  i g n i t i o n   co i l   2  is  driven  via  the  t r a n s i s t o r   TR3,  which  in  t u r n  

is  c o n t r o l l e d   by  a  log ic   c i r c u i t   4 .  

The  logic  c i r c u i t   4  sends  an  output   pulse  t r a i n   Uout  through  t h e  

r e s i s t o r   R6  and  t r a n s i s t o r   TR1  to  the  base  of  the  t r a n s i s t o r   TR3  such  t h a t  



th is   t r a n s i s t o r   is  c o n t r o l l e d   in  a  de s i r ed   manner,  i . e .   it  opens  during  a 

s e r i e s   of  i n t e r v a l s ,   the  length  of  the  f i r s t   i n t e r v a l   t2  being  g r e a t e r  

than  the  succeed ing   i n t e r v a l s   t4  during  the  per iod  when  the  c o n t a c t  

breaker   po in t s   BR  are  open,  see  Fig.  3.  An  i g n i t i o n   spark  is  g e n e r a t e d  

during  each  opening  i n t e r v a l   of  the  t r a n s i s t o r   TR3. 

The  log ic   c i r c u i t   4  for  c o n t r o l l i n g   the  t r a n s i s t o r   TR3  can  be  a  

c u s t o m e r - s u i t e d   mono l i t i c   cu rcu i t   and  can  for  i n s t a n c e   have  the  f o l l o w i n g  

f u n c t i o n .  

When  the  con t ac t   breaker   po in ts   BR  are  open  and  the  f i r s t   spark  i s  

g e n e r a t e d ,   a  v o l t a g e   U4  across  the  c a p a c i t o r   C4  occurs  in  the  l o g i c a l  

c i r c u i t   4,  th i s   vo l tage   r i s i n g   from  an  i n i t i a l   level   Uo  during  t h e  

d u r a t i o n   of  the  spark,   as  a  r e s u l t   of  charg ing   the  c a p a c i t o r   C4,  s e e  

below.  During  the  r i s i n g   part  of  the  vo l t age   U4  the  l o g i c a l   c i r c u i t  

sends  a  pulse  on  i t s   output  6.  When  U4  reaches   a  p rede te rmined   t h r e s h o l d  

value  U1  the  l o g i c a l   c i r c u i t   is  switched  such  that   the  output   v o l t a g e  

Uout  goes  to  z e r o .  

Af te r   U4  has  reached  the  l eve l   U1  U4  begins  to  f a l l ,   and  when 

it  reaches   a  second  prede termined   t h r e s h o l d   value  U2  the  l o g i c a l   c i r c u i t  

swi tches   once  again  so  that   the  output  6  w i l l   be  high,  and  the  i n p u t  

vo l t age   wi l l   begin  to  r i se   again  as  a  r e s u l t   of  charging  the  c a p a c i t o r   C4, 

the  sequence  then  being  repeated   u n t i l   the  po in t s   BR  c l o s e .  

By  a r r a n g i n g   for  U4  to  s t a r t   from  an  i n i t i a l   l eve l   Uo  which  i s  

lower  than  the  i n i t i a l   level   U2  for  the  succeeding   pu l ses ,   the  f i r s t  

pulse  in  the  t r a i n   of  pulses  wil l   be  longer   than  the  succeeding  ones.  The 

pulse  times  are  determined  by  C4  and  an  i n t e r n a l   cu r ren t   g e n e r a t o r   in  t h e  

m o n o l i t i c   c i r c u i t   4,  and  by  s u i t a b l e   d imens ion ing   of  time  c o n s t a n t s   t h e  

d i s t a n c e   t3  between  the  pulses  can  be  made  c o n s i d e r a b l y   longer   than  t h e  

i n d i v i d u a l   pulses   t4  to  enable  optimum  r e - c h a r g i n g   of  energy  into  t h e  

i g n i t i o n   co i l   2 .  

The  value  of  the  c apac i t o r   C5  de t e rmines   the  longes t   time  for  which 

mu l t i p l e   sparks  can  be  emit ted  with  a  s t a t i c a l l y   open  contac t   b reaker .   The 

number  of  sparks  in  a  spark  shower  can  thus  be  maximized  to  30,  f o r  

example.  This  l i m i t a t i o n   occurs  when  the  engine  is  not  t u rn ing   o v e r  

a l though  the  i g n i t i o n   switched  on,  or  when  the  engine  turns  over  v e r y  

slowly  during  s t a r t i n g .   This  f unc t ion   is  impor tan t   s ince  the  engine  w i l l  

o the rwise   be  able  to  run  without  con tac t   breaking  (cable   r u p t u r e ) .  



As  mentioned  above,  the  output  pulses  from  the  l o g i c a l   c i r c u i t   a r e  
fed  to  the  base  of  the  t r a n s i s t o r   TR3  to  t r i g g e r   i t ,   the  t r a n s i s t o r   TR1 

then  se rv ing   to  amplify  the  output  pulses  from  the  l o g i c a l   c i r c u i t   4 ,  

while  the  t r a n s i s t o r   TR2  and  the  r e s i s t o r   R7  serve  as  c u r r e n t   l i m i t e r s   i f  

s h o r t - c i r c u i t i n g   should  occur  in  the  i g n i t i o n   co i l   2.  

The  t r a n s i s t o r   TR3  serves   as  a  very  rapid   swi tch ,   and  the  i g n i t i o n  

c a p a c i t o r   C6  may  t h e r e f o r e   be  made  c o n s i d e r a b l y   smal l e r   than  is  usual  w i t h  

"mechanical"   i g n i t i o n   systems.   The  c a p a c i t a n c e   of  the  c a p a c i t o r   C6  may  be  

reduced  by  t y p i c a l l y   a  f a c t o r   of  10  which  means  tha t   t h i s   component 
" s t e a l s "   10  times  less   ene rgy  f rom  the  primary  pu lse ,   which  gives  h i g h e r  

p o t e n t i a l   and  more  energy  to  the  i g n i t i o n   s p a r k .  

With  the  p resen t   i n v e n t i o n   it  is  s u i t a b l e   to  a d j u s t   the  sequence  so  

tha t   the  f i r s t   spark  wi l l   be  s t r o n g e r   than  in  "mechanica l"   i g n i t i o n ,   w h i l e  

the  subsequent   mu l t i p l e   sparks  wi l l   be  just   as  s t rong  as  for  " m e c h a n i c a l "  

i g n i t i o n .  

When  an  i g n i t i o n   spark  occurs ,   a  vol tage   spike  is  ob ta ined   a c r o s s  

the  t r a n s i s t o r   TR3.  With  a  spark  vo l tage   of  30  kV  and  a  t r a n s f o r m a t i o n  

r a t i o   in  the  i g n i t i o n   co i l   2 of  1:100  th is   vo l tage   spike  w i l l  b e   a b o u t  

300V.  This  spike  or  pulse  is  taken  through  the  diode  D1  and  a  d i r e c t  

vo l t age   of  the  same  order  of  magnitude  wi l l   be  s to red   in  the  c a p a c i t o r   C l ,  

which  is  thus  charged  up  to  about  300  V  by  the  m u l t i p l e   s p a r k s .  

So  as  not  to  load  the  i g n i t i o n   sequence,  the  c a p a c i t o r   Cl  i s  

connected  across   the  con tac t   b reaker   BR  via  a  l a rge   r e s i s t o r   R l .  

The  c a p a c i t o r   C2  is  charged  via  the  r e s i s t o r s   R1  and  R2  to  the  same 

vo l t age   as  the  c a p a c i t o r   Cl,  and  when  the  poin ts   BR  c lose   the  c a p a c i t o r   C2 

is  d i scha rged   r ap id ly   via  the  r e s i s t o r   R2,  which  has  a  low  value.   A  s h o r t  

cu r r en t   shock  of  the  order  of  magnitude  30  A  thus  occu r s ,   which  b r e a k s  

through  oxide  and  d i r t   on  the  con tac t   su r faces   of  the  po in t s   and  a c h i e v e s  

a  mic roscop ic   welded  po in t .   The  c a p a c i t o r   Cl  w i l l   here  remain  at  a 

s u b s t a n t i a l l y   cons tan t   l eve l   ( approx imate ly   300  V)  due  to  the  h i g h - o h m i c  

r e s i s t o r   R l .  

Examples  of  s u i t a b l e   component  values  a r e :  

Cl =  1 µF 

Rl  =  680  kohms 

R2 =  10  ohms 



After   the  po in t s   BR  have  been  closed  e f f e c t i v e l y ,   a  r e l a t i v e l y   l a r g e  

cur ren t   is  fed  from  +12V  via  the  r e s i s t o r   R3  and  diode  D2  and  through  t h e  

poin ts   BR  to  e a r t h .  

By  thus  app ly ing   a  high  vol tage  of  about  300  V  to  the  po in t s   BR  and  a 

high  cu r ren t   of  about  30  A  in  an  i n i t i a l   cu r r en t   shock,  and  t h e r e a f t e r   0 . 5  

A,  there  is  ob ta ined   r e l i a b l e   contact   func t ion   which  can  compete  with  t h a t  

of  e l e c t r o n i c   t iming  means .  

The  advantages   with  a  mechanical   con tac t   are  1)  low  p r i c e ,   2)  s i m p l e  

design  and  la rge   o p e r a t i o n a l   r e l i a b i l i t y ,   3)  i n s e n s i t i v e n e s s   to  h i g h  

t empera tu res   and  4)  the  op t ion   of  swi tch ing   the  i g n i t i o n   system  to  a  

conven t iona l   "mechanica l"   i g n i t i o n   should  the  e l e c t r o n i c s   f a i l ,   which  

allows  the  v e h i c l e   to  be  dr iven  to  a  r e p a i r   workshop.  

The  i g n i t i o n   system  desc r ibed   above  can  be  e a s i l y   a r ranged  s w i t c h a b l e  

between  a  m u l t i p l e   spark  mode,  a  s ing le   spark  mode  and  o r d i n a r y  

"mechanical"   i g n i t i o n   mode. 



1.  A  method  in  e l e c t r o n i c   i g n i t i o n   systems  of  the  m u l t i p l e   spark  t y p e  

for  improving  the  i g n i t i o n ,   p a r t i c u l a r l y   for  d i f f i c u l t   o p e r a t i n g  

c o n d i t i o n s ,   c  h  a  r  a  c  t  e  r  i  z  e  d   in  that   the  energy  r equ i red   f o r  

i g n i t i o n   spark  gene ra t ion   is  s t o r ed   as  magnetic  energy  in  the  core  of  t h e  

i g n i t i o n   c o i l   and  in  t h a t  t h e   f i r s t   spark  is  given  longer  du ra t i on   t h a n  

succeed ing   sparks   in  every  shower  of  sparks   during  an  i g n i t i o n   p e r i o d .  

2.  Method  as  claimed  in  claim  1,  c  h  a  r  a  c  t  e  r  i  z  e  d   in  t h a t  

the  l eng th   of  said  succeeding  sparks  and  t h e i r   mutual  spacing  are  a d a p t e d  

to  the  r a t e s   of  d i s cha rg ing   the  s to red   magnetic  energy  during  spark ing   and- 

r e s t o r a t i o n   between  the  sparks,   so  tha t   t o t a l   maximum  i g n i t i o n   energy  i s  

supp l i ed   to  the  spark  p l u g .  

3.  Appara tus   in  e l e c t r o n i c   i g n i t i o n   systems  for  p rov id ing   m u l t i p l e  

sparks  of  d i f f e r e n t   du ra t ions   from  the  magnetic  energy  s to red   in  t h e  

magnet ic   core  of  the  i g n i t i o n   c o i l ,   c  h  a  r  a  c  t  e  r  i  z  e  d   in  that   a  

l o g i c a l   c i r c u i t   is  adapted  to  c o n t r o l   a  t r a n s i s t o r   for  opening  and  c l o s i n g  

at  p r e d e t e r m i n e d   t imes,  said  t r a n s i s t o r   being  coupled  in  s e r i e s   with  t h e  

primary  winding  o f  t h e   i g n i t i o n  c o i l ,   the  magnetic  energy  s tored   in  t h e  

magnet ic   core  of  the  i g n i t i o n   co i l   g e n e r a t i n g   a  spark  via  the  s e c o n d a r y  

winding  of  the  i g n i t i o n   co i l ,   during  each  opening  i n t e r v a l   of  t h e  

t r a n s i s t o r ,   and  in  that   the  l o g i c a l   c i r c u i t   is  adapted  to  keep  t h e  

t r a n s i s t o r   open  during  a  f i r s t   i n t e r v a l   of  an  i g n i t i o n   per iod ,   said  f i r s t  

i n t e r v a l   being  longer  than  subsequent   i n t e r v a l s .  

4.  Appara tus   as  claimed  in  c la im  3,  c  h  a  r  a  c  t  e  r  i  z  e  d   in  t h a t  

the  l o g i c a l   c i r c u i t   is  adapted  to  gene ra t e   an  output   pulse  t r a i n   d u r i n g  

each  i g n i t i o n   pe r iod ,   with  the  f i r s t   pulse  of  the  t r a i n   longer  than  t h e  

succeed ing   p u l s e s ,   said  pulse  t r a i n   being  fed  to  the  base  of  t h e  

t r a n s i s t o r   coupled  in  s e r i e s   with  the  primary  winding  of  the  i g n i t i o n  

c o i l ,   such  tha t   the  t r a n s i s t o r   wi l l   open  during  the  pulses   from  t h e  

l o g i c a l   c i r c u i t .  

5.  Appara tus   as  claimed  in  claim  3  or  4,  c  h  a  r  a  c  t  e  r  i  z  e  d   i n  

that   the  l o g i c a l   c i r c u i t   is  a d a p t e d  t o   send  an  output  pulse  during  r i s i n g  

p o r t i o n s   of  a  vo l tage   U4,  and  that   said  vo l tage   is  equal  to  a  b a s i c  

l eve l   UU,  o u t s i d e   the  i g n i t i o n   per iod  and  s t a r t s   from  th i s   l e v e l   Uo  a t  

the  beg inn ing   of  an  i g n i t i o n   per iod ,   to  vary  t h e r e a f t e r   between  two  l e v e l s  

U1  and  U2  u n t i l   t e rmina t ion   of  the  i g n i t i o n   per iod ,   where  Ul>U2> 

UO. 



6.  Apparatus  as  claimed  in  claim  3  or  4,  c  h  a  r  a  c  t  e  r  i  z  e  d   i n  

that   the  l o g i c a l   c i r c u i t   has  a  master  t iming  func t ion   l i m i t i n g   the  number 

of  sparks  in  a  shower  of  sparks  to  a  s u i t a b l e   number,  e.g.  30  s p a r k s .  

7.  Apparatus  as  claimed  in  any  of  claims  3  -  6 ,  c  h  a  r  a  c  t  e  r  -  

i  z  e  d   in  that   the  l o g i c a l   c i r c u i t   is  a  mono l i t i c   c i r c u i t .  

8 .  A p p a r a t u s   as  claimed  in  any  of  claims  3 -  7,  in  which  the  i g n i t i o n  

system  is  of  the  mechanica l   type  with  con tac t   breaker   po in t s ,   c  h  a  r  a  c -  

t  e  r  i  z  e  d  i n   that   the  input   of  the  l o g i c a l   c i r c u i t   is  connected  a c r o s s  

the  p o i n t s ,   whereby  the  s t a r t   and  t e r m i n a t i o n   of  the  i g n i t i o n   per iod   i s  

determined  by  opening  and  c l o s i n g ,   r e s p e c t i v e l y ,   of  the  p o i n t s .  

9.  Apparatus   as  claimed  in  any  of  claims  3  -  8 ,   c  h  a  r  a  c  t  e  r  -  

i  z  e  d   in  that   means  are  provided  for  p r o t e c t i n g   the  t r a n s i s t o r   c o u p l e d  

in  s e r i e s   with  the  primary  winding  of  the  i g n i t i o n   co i l ,   should  there   be  a  

s h o r t - c i r c u i t   in  the  i g n i t i o n   c o i l .  

10.  Apparatus   in  e l e c t r o n i c   i g n i t i o n   systems  provided  with  c o n t a c t  

breaker   po in ts   in  i n t e r n a l   combustion  engines  for  ensur ing   opening  and  

c l o s i n g   of  the  p o i n t s ,   c  h  a  r  a  c  t  e  r  i  z  e  d   in  that   a  c i r c u i t   i s  

a r ranged  to  gene ra te   a  high  vo l tage   across   the  po in t s ,   said  high  v o l t a g e  

c o n s i d e r a b l y   exceeding  the  b a t t e r y   v o l t a g e ,   and  to  conduct  a  high  c u r r e n t  

through  the  po in t s   when  they  c l o s e .  

11.  Apparatus   as  claimed  in  claim  10,  c  h  a  r  a  c  t  e  r  i  z  e  d   i n  

that  the  c i r c u i t   i nc ludes   a  c a p a c i t o r   connected  in  p a r a l l e l   to  the  p o i n t s ,  

th i s   c a p a c i t o r   being  adapted  for  being  charged  to  said  high  vo l t age   f rom 

the  primary  pulses   of  the  i g n i t i o n   co i l   and  to  be  r ap id ly   d i s cha rged   by  a  

i  low-ohmic  connec t ion   through  the  poin ts   when  they  are  c l o s e d .  

12.  Apparatus  as  claimed  in  claim  10  or  11,  c  h  a  r  a  c  t  e  r  i  z  e  d  

in  that   the  c i r c u i t   inc ludes   a  t r a n s i s t o r   serving  as  a  switch  and  

connected  in  p a r a l l e l   with  a  c a p a c i t o r ,   said  t r a n s i s t o r   being  coupled  i n  

s e r i e s   with  the  primary  winding  o f  t h e   i g n i t i o n   co i l ,   whereby  said  h i g h  

)  vol tage   occurs  over  th is   p a r a l l e l   c i r c u i t   in  the  g e n e r a t i o n   of  an  i g n i t i o n  

spark,   said  high  vo l tage   being  fed  via  a  large  r e s i s t o r   to  the  c a p a c i t o r  

connected  in  p a r a l l e l   with  the  points   so  as  not  to  a f f e c t   the  i g n i t i o n  

p r o c e s s .  
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