
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number:  0  3 0 5   3 4 7   B 1  

12 EUROPEAN  PATENT  S P E C I F I C A T I O N  

@  Date  of  publication  of  patent  specification 
17.06.92  Bulletin  92/25 

©  int.  ci.5:  F02P  9/00,  G01L  23 /22 ,  
F02P  17 /00  

©  Application  number  :  88850270.5 

©  Date  of  filing  :  18.08.88 

(54)  A  method  and  an  arrangement  for  the  detection  of  ionizing  current  in  the  ignition  system  of  an 
internal  combustion  engine. 

(30)  Priority  :  27.08.87  SE  8703320 

@  Date  of  publication  of  application 
01.03.89  Bulletin  89/09 

©  Publication  of  the  grant  of  the  patent  : 
17.06.92  Bulletin  92/25 

@  Designated  Contracting  States  : 
DE  FR  GB  IT  SE 

CO 
h- 
CO 

o  
CO 

LU 

©  References  cited  : 
SE-B-  442  345 
US-A-  4  491  110 

(73)  Proprietor  :  SAAB-SCANIA  AKTIEBOLAG 
S-151  87  Sodertalje  (SE) 

©  Inventor  :  Jiewertz,  Sten 
Fjarilstigen  21 
S-153  00  Jama  (SE) 

©  Representative  :  Lagman,  Sven  et  al 
H.  ALBIHNS  PATENTBYRA  AB  P.O.  Box  3137 
S-103  62  Stockholm  (SE) 

Note  :  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any 
person  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted. 
Notice  of  opposition  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been 
filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent  convention). 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  305  347  B1 2 

Description 

The  present  invention  relates  to  a  method  and  an 
arrangement  for  detecting  the  presence  of  an  ionizing 
current  in  an  ignition  circuit  incorporated  in  the  ignition 
system  of  an  internal  combustion  engine,  in  which  a 
measuring  voltage  is  applied  to  at  least  a  secondary 
winding  in  the  ignition  circuit,  and  in  which  a  measur- 
ing  device  is  used  to  detect  the  possible  presence  of 
ionizing  current  in  the  ignition  circuit. 

Such  a  method  and  arrangement  are  described  in 
Swedish  Patent  Specification  SE  442  345.  This  speci- 
fication  describes  the  use  of  an  essentially  constant 
measuring  voltage  for  detecting  or  establishing  the 
presence  of  ionizing  current,  for  the  purpose  of 
detecting  abnormal  combustion  and/or  of  establishing 
in  which  cylinder  combustion  has  actually  taken 
place.  In  order  to  establish  positively  that  combustion 
is  abnormal,  e.g.  to  establish  knocking,  the  measuring 
voltage  applied  to  the  electrodes  of  the  spark  plugs  is 
preferably  relatively  high,  e.g.  in  the  order  of  400  volts. 
When  using  capacitive  ignition  systems,  the  ignition 
voltage  is  normally  stepped  up  in  two  stages,  a  volt- 
age  of  the  aforesaid  magnitude  being  obtained  in  an 
intermediate  stage. 

Thus,  in  known  ignition  systems  of  this  kind  it  is 
very  easy  to  obtain  the  measuring  voltage  required  to 
detect  the  ionizing  current. 

The  use  of  a  relatively  high  measuring  voltage, 
however,  also  has  disadvantages.  Tests  have  shown 
that  the  spark  plugs  quickly  become  coated  with  soot 
particles  which  are  liable  to  prevent  the  engine  from 
starting,  particularly  in  the  course  of  starting  an 
engine,  and  especially  when  the  engine  is  cold. 

When  the  sole  purpose  of  measuring  ionizing  cur- 
rent  is  to  establish  whether  or  not  combustion  has 
actually  taken  place,  it  is  possible  to  use  a  lower 
measuring  voltage,  in  the  order  of  60-1  00  volts.  How- 
ever,  although  this  lower  voltage  will  reduce  the  extent 
to  which  carbon  deposits  are  formed  on  the  spark 
plugs  and  therewith  alleviate  the  problems  of  ignition, 
the  application  of  a  lower  voltage  is  itself  accom- 
panied  by  certain  drawbacks.  When  detection  of  the 
possible  presence  of  an  ionizing  current  is  effected  in 
order  to  establish  whether  combustion  is  abnormal  or 
not,  preferably  to  detect  the  occurrence  of  knocking 
and  premature  ignition,  it  is  safest  to  utilize  a  high 
measuring  voltage,  wherewith  the  aforesaid  draw- 
backs  cannot  be  avoided. 

The  reason  why  spark  plugs  become  sooted  up 
in  this  fashion  is  because  the  soot,  or  carbon,  parti- 
cles  are  charged  electrically  and  consequently  attrac- 
ted  to  the  electric  poles  constituted  by  the  spark  plug 
electrodes  in  an  ionizing  current  measuring  process. 
The  same  physical  properties  are  utilized  purposely 
in  so-called  electrostatic  filters,  in  which  a  voltage 
field  generated  between  two  poles  is  utilized  to  filter 
out  solids  present  in  said  field. 

Soot  particles  present  in  the  combustion  cham- 
ber  consist  essentially  of  non-combusted  fuel.  Nor- 
mally,  when  starting  an  engine  an  excess  of  fuel  is 
supplied  to  the  engine,  in  order  to  facilitate  the  start. 

5  This  means  that  the  number  of  soot  particles  pro- 
duced  will  also  increase,  therewith  aggravating  the 
problem  of  measuring  ionizing  current. 

The  object  of  the  present  invention  is  to  avoid  this 
drawback  while,  nevertheless,  ensuring  that  the  ioni- 

10  zing  current  is  measured  reliably. 
This  object  is  achieved  with  the  inventive  method, 

the  characteristic  features  of  which  are  setforth  in  the 
following  Claim  1  . 

The  invention  also  relates  to  an  arrangement  for 
15  carrying  out  the  inventive  method,  this  arrangement 

being  characterized  by  the  features  setforth  in  the  fol- 
lowing  Claim  7. 

Thus,  the  use  of  a  very  low  measuring  voltage,  or 
the  total  omission  of  a  measuring  voltage,  during  an 

20  engine  start  will  avoid  or  at  least  greatly  alleviate  the 
aforesaid  problem.  Although  it  is  not  possible  to  detect 
reliably  the  possible  presence  or  occurrence  of  an 
ionizing  current  with  the  aid  of  a  low  measuring  volt- 
age,  which  in  itself  creates  drawbacks,  this  problem 

25  can  be  readily  overcome,  as  will  become  apparent 
from  the  following  description. 

In  a  computer-controlled  ignition  system  which 
lacks  a  mechanical  high  voltage  distributor,  it  is  poss- 
ible  to  utilize  an  established  normal  combustion  pro- 

30  cess  as  a  starting  point  for  triggering  the  supply  of 
ignition  voltage  to  respective  cylinders  in  a  given 
sequence  for  continued  operation  or  running  of  the 
engine.  This  obviates  the  need  to  identify  respective 
cylinders  with  the  aid  of  cam  shaft  sensors,  as  in  the 

35  case  of  conventional  solutions.  In  order  to  remove  the 
drawback  created  by  the  invention,  it  is  necessary  in 
the  case  of  a  computer  controlled  ignition  system  to 
initiate  ignition  each  time  a  cylinder  is  located  in  its  top 
dead-centre-position  during  an  engine  start.  In  the 

40  case  of  a  four-stroke  engine  this  means  that  when 
starting  the  engine  ignition  is  initiated  twice  during  a 
combustion  cycle  instead  of  once.  Acomputercontrol- 
led  ignition  system  solely  requires  a  modified  program 
having  no  need  for  additional  components.  The 

45  increase  in  wear  on  the  spark  plugs  caused  hereby 
can  also  be  overlooked  in  the  present  context,  since 
an  engine  starting  sequence  is  normally  of  very  short 
duration. 

It  is  not  possible  when  practising  the  invention  to 
so  detect  that  combustion  is  not  normal,  e.g.  that  knock- 

ing  has  developed.  However,  abnormal  combustion 
only  occurs  when  the  engine  is  hot  and/or  is  heavily 
loaded.  Since  such  operating  conditions  do  not  occur 
during  a  normal  engine  starting  process,  the  fact  that 

55  abnormal  combustion  cannot  be  detected  by  means 
of  the  inventive  method  or  arrangement  constitutes 
no  disadvantage. 

When  an  engine  has  been  started  and  has  run  for 
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some  time  so  as  to  become  hot,  the  sparks  which 
occur  normally  across  the  spark  plug  electrodes  will 
continuously  burn  off  any  soot  or  carbon  deposits  that 
may  form.  It  is  therefore  possible  to  increase  the 
measuring  voltage  to  a  higher  level  of  which  the  pre- 
sence  of  ionizing  currents  can  be  detected  in  a  known 
manner. 

The  invention  thus  enables  the  advantages  affor- 
ded  by  an  ionizing  current  measuring  process  while 
eliminating  the  drawbacks  which  such  measuring  pro- 
cesses  create  during  an  engine  start. 

Further  characteristic  features  of  the  invention 
will  be  apparent  from  the  following  claims  and  also 
from  the  following  description  of  an  exemplifying 
embodiment  of  the  invention  made  with  reference  to 
the  accompanying  drawing,  in  which  the  solitary  fig- 
ure  illustrates  schematically  a  capacitive  ignition  sys- 
tem  which  is  provided  with  an  inventive  arrangement 
for  the  detection  of  an  ionizing  current. 

The  ignition  system  illustrated  principally  in  the 
figure  is  a  capacitive  type  system  used  in  conjunction 
with  multicylinder  Otto-cycle  engines,  although  only 
two  of  the  spark  plugs  2,  3  serving  respective  cylin- 
ders  are  shown  on  the  drawing.  Thus,  the  ignition  cir- 
cuit  includes  a  charging  circuit  4,  to  which  voltage  is 
supplied  from  a  low  voltage  source  5,  e.g.  a  12V  bat- 
tery.  The  voltage  on  the  circuit  4  is  transformed  to  a 
high  voltage  of  about  400  V.  This  high  voltage  is  then 
applied  to  a  line  10  which  is  connected  to  a  line  11 
which  incorporates  an  earthed  charging  capacitor  15. 
This  capacitor,  which  is  thus  charged  to  a  voltage  of 
about  400  V,  is  connected  through  the  line  10  with  par- 
allel-coupled  primary  windings  12,  13  of  a  number  of 
ignition  coils  corresponding  to  the  number  of  cylinders 
in  the  engine.  Each  primary  winding  12,13,  is  connec- 
ted  in  a  respective  line  20,  21,  which  are  earthed 
through  a  respective  thyristor  22  and  23.  The  thyris- 
tors  22,  23  are  capable  of  opening  the  earthing  con- 
nection  20,  21  of  respective  primary  windings  12,  13, 
via  signals  on  lines  24,  25  extending  from  an  ignition 
pulse  triggering  unit  6  -  hereinafter  called  the  trigger 
unit.  The  trigger  unit  6  produces  output  signals  in  res- 
ponse  to  input  signals  appearing  on  lines  7,  8,  9,  64. 
These  input  signals  relate  to  engine  speed,  engine 
load,  the  angular  position  of  the  crankshaft,  and 
engine  temperature,  and  are  processed  in  a  micro- 
computer-based  system  incorporated  in  the  unit  6. 
When  the  earth  connection  of  the  primary  windings 
12,  13  opens  upon  receipt  of  a  trigger  signal  from  the 
thyristor  22  or  the  thyristor  23,  the  capacitor  1  5  is  dis- 
charged  to  earth  through  the  line  20  or  the  line  21. 
Consequently,  the  primary  winding  concerned  will 
induce  a  high  ignition  voltage  (about  40  kV)  in  a  cor- 
responding  secondary  winding  30  or  31  .  Each  secon- 
dary  winding  forms  part  of  a  respective  ignition  circuit 
32  or  33  which  delivers  ignition  voltage  to  the  spark 
plug  2  or  3,  for  ignition  of  the  fuel-air  mixture  supplied 
to  the  combustion  chamber  concerned. 

One,  negative  end  of  respective  secondary  wind- 
ings  30,  31  is  connected  with  the  central  electrode  of 
respective  plugs  2,  3,  this  electrode  thus  receiving  a 
first  negative  ignition  pulse  so  as  to  generate  a  spark 

5  between  said  electrode  and  the  earthed  electrode 
body  of  the  spark  plug.  The  other,  positive  end  34  and 
35  of  respective  secondary  windings  30,  31  is  earthed 
through  a  line  36  and  a  measuring  device  29  incorpo- 
rated  therein.  This  measuring  device  includes,  inter 

10  alia,  a  measuring  capacitor  40  which  is  connected  in 
series  with  three  parallel-coupled  lines  37,  38,  39, 
each  of  which  consolidates  the  earth  connection  and 
which  also  co-act  with  a  detector  unit  50  included  in 
the  measuring  device  29. 

15  The  voltage  produced  in  the  charging  circuit  4  is 
utilized  to  charge  the  charging  capacitor  15.  The 
same  voltage  is  utilized  in  a  voltage  divider  compris- 
ing  two  resistors  60,  61  which  are  connected  in  series 
between  the  charging  circuit  4  and  earth.  The  resist- 

20  ances  of  the  resistors  60,  61  are  selected  so  that  a 
constant  voltage  of  about  70  V  is  obtained  at  a  con- 
nection  point  62  therebetween.  The  connecting  point 
62  is  connected  to  the  line  36  through  which  voltage 
is  applied  to  the  measuring  capacity  40,  via  a  line  14 

25  which  includes  a  diode  16.  The  connection  point  62  is 
also  connected  to  earth  via  a  transistor  63,  whose 
base  is  connected  to  the  trigger  unit  6. 

Of  the  lines  37,  38,  39  leading  to  earth  and  con- 
nected  to  the  capacitor  40,  the  line  37  incorporates  a 

30  Schottky-diode  27  whose  cathode  is  connected  to  the 
capacitor  40  and  the  anode  connected  to  earth.  The 
line  38  includes  three  series-connected  resistors  41, 
42,  43,  of  which  the  last  mentioned  is  connected 
directly  to  earth.  The  line  39  includes  a  diode  45,  the 

35  cathode  of  which  is  connected  to  a  voltage  stabilizer 
46  which  functions  as  a  low  voltage  source  and  which 
is  connected  to  earth  over  a  line  44.  The  stabilizer  46 
also  has  a  connection  47  to  the  low  voltage  source  5, 
which  also  serves  the  charging  circuit  4. 

40  Connected  between  the  resistors  41,  42  is  a  line 
49  which  also  connects  with  the  voltage  stabilizer  46, 
there  being  effected  between  the  resistors  42,  43  a 
transfer  of  voltage  to  the  detector  unit  50,  over  a  line 
51.  The  line  51  carries  a  reference  voltage  to  the 

45  detector  unit  50,  whereas  a  line  52  carries  to  the 
detector  unit  50  the  voltage  present  between  the 
capacitor  40  and  the  resistor  41,  this  value  being  the 
true  voltage  value.  A  comparison  between  the  refer- 
ence  value  on  the  line  51  and  the  true  or  real  value 

so  on  the  line  52  is  made  in  a  comparator  (not  shown) 
included  in  the  detector  unit  50. 

The  detector  unit  50  is  also  supplied  with  a  signal 
on  a  line  53  extending  from  a  measurement  window 
unit  17.  This  unit  receives  from  the  trigger  unit  6  on  a 

55  line  18an  inputsignal  relating  to  the  time  for  triggering 
the  ignition  pulse,  and  on  line  19  an  inputsignal  which 
relates  to  the  prevailing  angular  position  of  the 
crankshaft.  The  output  signals  of  the  unit  17  on  the 
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line  53  represent  the  angular  ranges  of  the 
crankshaft,  so-called  measurement  windows,  over 
which  the  detector  unit  50  shall  operate  in  order  to 
establish  whether  ionizing  currentflows  in  the  ignition 
circuit  32  and  33  respectively  or  not.  Thus,  the  detec- 
tor  unit  50  produces  on  lines  54,  55  output  signals 
which  represent  either  the  detection  or  non-detection 
of  ionizing  current  in  different  windows. 

The  described  arrangement  operates  in  the  fol- 
lowing  manner.  A  start  sequence  is  commenced  by 
applying  a  voltage  to  the  system,  via  a  manually  actu- 
able  ignition  lock,  not  shown.  Subsequent  hereto,  the 
trigger  unit  6  receives  signals  on  the  lines  7,  9,  64, 
these  signals  being  delivered  to  a  comparator 
included  in  the  trigger  unit  6,  for  comparison  with  fixed 
reference  values.  Thus,  an  engine  speed  value  which 
is  beneath  a  given,  pre-determined  speed  value,  can 
be  utilized  to  establish  the  occurrence  of  an  engine 
start  sequence. 

This  pre-determined  engine  speed  may,  advan- 
tageously,  be  of  the  same  value  as  the  engine  idling 
speed,  although  it  must,  at  the  same  time,  exceed  the 
speed  at  which  the  engine  can  be  rotated  by  the 
engine  starting  motor.  In  the  case  of  a  four-cylinder 
engine  for  saloon  cars,  this  pre-determined  speed 
may  be  about  850  rpm. 

Alternatively,  an  engine  start  sequence  can  be 
considered  to  have  been  initiated  when  the  engine 
temperature  is  beneath  a  given  pre-determined  tem- 
perature,  such  that  the  engine  temperature  can  be 
utilized,  in  an  analogous  fashion,  to  detect  the  occurr- 
ence  of  an  engine  start  sequence,  with  the  aid  of  the 
signal  on  the  line  64.  In  the  case  of  further,  alternative 
embodiments  an  engine  start  sequence  can  be  detec- 
ted  with  the  aid  of  a  signal  produced  during  operation 
of  a  starting  motor  and/or  after  a  given  length  of  time 
has  lapsed  from  a  pre-determined  happening,  for 
example  that  a  starting  sequence  is  considered  to 
prevail  over  a  given  length  of  time  from  the  moment 
of  applying  voltage  to  the  ignition  system. 

During  an  engine  start  sequence,  the  trigger  unit 
6  supplies  ignition-initiating  trigger  signals  to  the  igni- 
tion  circuit  32,  33  in  response  to  signals  obtained  on 
the  line  9  from  the  crankshaft  sensor.  In  this  case,  the 
trigger  signals  are  sent  each  time  a  piston  is  located 
in  a  top  dead-centre-  position.  In  the  case  of  a  four- 
stroke  engine  this  means  that  ignition  is  also  initiated 
during  the  exhaust  phase  of  respective  cylinders. 

During  a  start  sequence,  the  trigger  unit  6  sup- 
plies  a  positive  control  voltage  to  the  transistor  63, 
which  therewith  connects  the  point  62  to  earth.  Con- 
sequently,  no  voltage  is  applied  across  the  measuring 
capacitor  40  in  the  illustrated  exemplifying  arrange- 
ment  and  it  is  not  therefore  possible  to  measure  ioni- 
zing  current. 

In  the  case  of  an  alternative  embodiment,  it  is 
possible  to  apply  a  low  measuring  voltage.  Because 
no  measuring  voltage,  or  only  a  low  measuring  volt- 

age  is  applied,  no  soot  deposits  will  form  on  the  spark 
plugs,  as  distinct  from  the  case  when  a  high  measur- 
ing  voltage  is  applied  across  the  spark  plug  elec- 
trodes. 

5  When  the  engine  has  started,  the  trigger  unit  6 
indicates  termination  of  the  engine  start  sequence,  by 
interrupting  the  control  current  to  the  transistor  63, 
which  therewith  breaks  the  direct  earth  connection  of 
the  point  62.  Instead,  the  point  62  obtains  a  voltage 

10  which  is  determined  by  the  voltage  divider  60,  61,  this 
voltage  according  to  the  aforegoing  being  about  70  V. 
This  voltage  is  applied  to  the  measuring  capacitor  40, 
enabling  the  capacitor  to  be  utilized  to  detect  ionizing 
current.  The  voltage  of  70  V  is  sufficient  to  reliably 

15  identify  normal  combustion.  If  it  is  also  desired  to 
identify  abnormal  combustion,  or  alternatively  to 
identify  solely  abnormal  combustion,  the  reliability  in 
identification  can  be  enhanced  by  selecting  other 
values  for  the  resistors  60,  61  of  the  voltage  divider, 

20  so  that  a  higher  measuring  voltage,  e.g.  of  200-400 
volts,  is  applied  to  the  measuring  capacitor  40. 

The  measuring  capacitor  40  is  charged  when 
voltage  is  applied  thereto.  In  this  case,  current  flows 
from  the  low  voltage  source  5  to  one  plate  of  the 

25  measuring  capacitor  40,  via  the  charging  circuit  4,  the 
resistor  60,  the  line  14  and  the  diode  16.  The  other 
plate  of  the  capacitor  40  closes  the  current  circuit  via 
the  line  39,  the  diode  45,  the  voltage  stabilizer  46  and 
its  connection  47  with  the  low  voltage  source  5.  When 

30  an  ignition  voltage  is  induced  in  the  ignition  circuits  32, 
33  there  is  generated  an  alternating  voltage  which 
ignites  the  spark  between  the  electrodes  of  the  spark 
plugs  2,  3  with  a  first  negative  pulse.  In  this  case,  cur- 
rent  flows  from  the  electrode  body  of  the  spark  plug 

35  to  its  central  electrode  and  from  there  through  the  sec- 
ondary  winding  30  and  31  respectively,  the  line  36 
and  to  one  plate  of  the  capacitor  40.  The  circuit  is 
closed  by  current  from  the  second  plate  of  the  capaci- 
tor  40  flowing  through  the  line  39,  incorporating  the 

40  diode  45,  to  the  voltage  stabilizer  46  and  hence  to 
earth  via  the  line  44. 

The  positive  pulses  of  the  ignition  voltage  gener- 
ate,  in  a  corresponding  manner,  current  which  flows 
in  the  opposite  direction  between  the  spark  plug  elec- 

45  trades.  The  circuit  is  therewith  completed  via  the 
Schottky-diode  27,  earthed  over  the  line  37,  to  the 
capacitor  40  and  from  there  to  respective  spark  plugs 
2,  3  via  the  secondary  winding  30  and  31  respectively. 

According  to  the  first  alternative  mentioned 
so  above,  a  positive  measuring  voltage  of  about  70  V  is 

produced  in  the  ignition  circuits  between  the  elec- 
trodes,  this  voltage  being  delivered  from  the  voltage 
divider  60,  61  via  the  line  14.  The  measuring  voltage 
will  thus  lie  in  the  ignition  circuits  2,  3  during  the  whole 

55  of  the  revolution  of  the  crankshaft. 
When  combustion  occurs,  the  measuring  voltage 

generates  an  ionizing  current  between  the  spark  plug 
electrodes.  Since  the  measuring  voltage  is  positive, 

4 
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there  is  obtained  an  ionizing  current  which  flows  from 
the  central  electrode  of  the  spark  plug  to  its  body  elec- 
trode.  Thus,  a  current  circuit  is  completed  from  the 
measuring  capacitor  40  serving  as  the  measuring 
voltage  source,  via  the  secondary  winding  and  the 
spark  plug  electrodes  concerned,  the  earthed  voltage 
stabilizer  66,  and  across  the  resistor  41  back  to  the 
capacitor  40.  A  given  part  of  the  ionizing  current  is 
passed  to  the  resistor41  ,  serving  as  a  measuring  resi- 
stance,  also  via  the  resistors  42,  43  connected  in 
series  to  earth. 

When  ionizing  current  flows  through  the  measur- 
ing  resistor  41  ,  a  voltage  drop  occurs  across  the  resis- 
tor.  The  potential  which  prevails  in  the  line  52  when  no 
ionizing  current  is  present  thereby  drops,  e.g.,  from  a 
value  of  5  V,  which  is  sustained  by  the  voltage  stabi- 
lizer  46,  to  a  value  of  -0.2  V.  This  latter  value  is  deter- 
mined  by  the  Schottky-diode  27  with  the  aim  of 
protecting  the  detector  unit  50  from  large  negative  vol- 
tages.  This  lowered  potential  is  transferred  as  a  true 
value  to  the  detector  unit  50,  on  the  line  52.  Compari- 
son  with  the  reference  value  on  the  line  51  will  result 
in  a  change  in  the  detector  unit  output  signal  on  the 
output  lines  54,  55  of  said  unit,  provided  that  a  com- 
parison  has  actually  taken  place.  The  measuring  win- 
dow  signal  on  the  line  53  determines  when  the 
comparison  is  carried  out.  This  signal  is  a  square- 
wave  signal  which  when  high  is  said  to  present  a  win- 
dow  which  permits  the  detector  unit  50  to  carry  out 
said  comparison. 

The  inventive  solution  is  utilized  to  determine 
when  combustion  takes  place  in  a  given  cylinder  sub- 
sequent  to  an  engine  start.  This  information  is  then 
used  as  a  starting  point  in  the  microcomputer  system 
of  the  trigger  unit  6  for  calculating  the  correct  order  in 
which  subsequent  ignition  pulses  are  sent  to  remain- 
ing  cylinders.  This  is  effected  in  a  known  manner,  dis- 
closed  in  our  aforementioned  Swedish  Patent 
Specification  SE  442  345.  Since  detailed  knowledge 
of  the  manner  in  which  this  correct  order  is  achieved 
is  not  necessary  in  order  to  obtain  an  understanding 
of  the  present  invention,  it  will  not  be  described  in 
detail  here. 

A  measuring  voltage  which  is  higher  than  the  volt- 
age  of  70  V  mentioned  above  can  be  used,  by  select- 
ing  other  resistance  values  for  the  resistors  60,  61  of 
the  voltage  divider.  For  example,  the  measuring  volt- 
age  may  instead  be  400  V.  In  addition  to  identifying 
normal  combustion  processes,  a  measuring  voltage 
of  such  high  value  will  also  enable  abnormal  combus- 
tion  processes  to  be  identified  reliably,  preferably 
knocking  and  premature  ignition.  In  this  case  a  posi- 
tive  measuring  voltage  of  400  V  occurs  in  the  ignition 
circuits  during  the  whole  of  the  revolution  of  the 
crankshaft.  The  measuring  process  in  other  respects 
is  effected  in  a  known  manner,  such  as  that  described 
in  detail  in  the  aforementioned  SE  442  345. 

Similarly  to  that  previously  described,  the  higher 

measuring  voltage  of  400  V  can  also  be  used  for  indi- 
cating,  at  the  same  time,  normal  combustion  proces- 
ses  for  cylinder  identification. 

The  invention  can  also  be  utilized,  within  the 
5  scope  of  the  following  claims,  in  ignition  systems 

other  than  that  described  in  the  aforegoing.  The  illus- 
trated  and  described  exemplifying  embodiment 
includes  an  ignition  system  for  two  cylinders.  It  will  be 
understood,  however,  that  the  invention  can  also  be 

10  applied  with  engines  having  four  cylinders  orwith  any 
desired  number  of  cylinders.  Similar  to  that  which  is 
described  in  detail  in  the  aforementioned  Swedish 
Patent  Specification  442  345,  there  can  be  used  in  the 
case  of  a  four-cylinder  engine  two  measuring  devices 

15  each  being  used  for  two  cylinders.  In  accordance  with 
a  further,  alternative  variant,  one  measuring  device 
can  be  used  for  each  cylinder. 

Although  the  invention  has  been  exemplified  with 
reference  to  a  capacitive  ignition  system,  it  will  be 

20  understood  that  the  invention  can  also  be  applied  with 
an  inductive  ignition  system. 

In  the  case  of  the  illustrative  embodiment  a  con- 
stant  measuring  voltage  is  utilized  during  a  start  sequ- 
ence  and  another  measuring  voltage  is  used  after  the 

25  start  sequence.  In  the  case  of  alternative  embodi- 
ments  it  is  conceivable  to  divide  both  the  start  sequ- 
ence  and  that  which  occurs  afterwards  into  further 
sequences  or  processes.  For  example,  a  first  high 
measuring  voltage  can  be  applied  immediately  subse- 

30  quent  to  the  start  sequence  and  a  still  higher  voltage 
can  be  applied  when  the  engine  speed  or  engine  tem- 
perature  exceed  values  far  above  those  values  which 
correspond  to  the  start  sequence. 

In  the  case  of  the  illustrated  embodiment  several 
35  electronic  units  are  shown  as  separate  components. 

In  practice,  several  components  may  advantageously 
comprise  one  and  the  same  electronic  component 
having  the  same  functions  as  those  recited  in  the  des- 
cription.  Thus,  several  of  the  components  may  be 

40  included  in  a  microprocessor  or  microcomputer. 

Claims 

45  1.  A  method  for  detecting  ionizing  current  in  an 
ignition  circuit  (32,  33)  forming  part  of  the  ignition  sys- 
tem  of  an  internal  combustion  engine,  in  which 
method  a  measuring  voltage  is  applied  to  at  least  one 
secondary  winding  (30,  31)  of  the  ignition  circuit  (32, 

so  33),  and  in  which  a  measuring  device  (29)  is  used  to 
detect  the  possible  presence  of  ionizing  current  in  the 
ignition  circuit,  characterized  in  that  a  parameter  rep- 
resenting  an  engine  start  sequence  is  detected; 
that  when  an  engine  start  sequence  is  detected, 

55  either  a  first  substantially  constant  measuring  voltage 
is  applied,  or  no  measuring  voltage  is  applied; 
that  when  detection  of  the  engine  start  sequence  is 
terminated,  a  second,  substantially  constant  measur- 

5 
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ing  voltage  Is  applied;  and 
that  the  first  measuring  voltage  is  lower  than  the  sec- 
ond  measuring  voltage. 

2.  A  method  according  to  Claim  1,  characterized 
by  applying  during  the  engine  start  sequence  a 
measuring  voltage  which  is  lower  than  a  value  at 
which  ionizing  current  detection  is  possible;  and  by 
applying,  subsequent  to  said  engine  start  sequence, 
a  measuring  voltage  having  a  value  at  which  ionizing 
current  detection  is  possible. 

3.  A  method  according  to  Claim  1,  characterized 
by  applying,  during  the  engine  start  sequence,  a 
measuring  voltage  which  is  substantially  equal  to  0 
volt;  and  by  applying,  subsequent  to  said  engine  start 
sequence,  a  measuring  voltage  which  exceeds  70 
volts. 

4.  A  method  according  to  Claim  1,  characterized 
in  that  the  engine  start  sequence  is  detected  by 
means  of  a  signal  representing  the  engine  speed,  said 
start  sequence  existing  when  the  engine  speed  lies 
beneath  a  given  pre-determined  value;  and  in  that  the 
engine  start  sequence  ends  when  the  engine  speed 
reaches  this  value. 

5.  A  method  according  to  Claim  1,  characterized 
in  that  the  engine  start  sequence  is  detected  with  the 
aid  of  a  signal  representing  the  engine  temperature, 
the  start  sequence  existing  when  the  engine  tempera- 
ture  lies  beneath  a  given  pre-determined  value;  and 
in  that  the  start  sequence  ends  when  the  engine  tem- 
perature  has  reached  said  value. 

6.  A  method  according  to  Claim  1,  in  which  the 
measuring  device  (29)  is  arranged  in  an  earth  con- 
nection  for  the  secondary  winding  (30,  31)  and  in 
which  the  measuring  device  (29)  comprises  a 
measuring  capacitor  (40),  characterized  in  that  the 
voltage  measuring  point  (62)  of  the  measuring  device 
(29)  is  connected  to  earth  during  the  engine  start 
sequence,  the  applied  measuring  voltage  being  sub- 
stantially  equal  to  0  volt;  and  in  that  the  earth  connec- 
tion  of  the  voltage  measuring  point  (62)  is  interrupted 
subsequent  to  the  termination  of  the  engine  start 
sequence. 

7.  An  arrangement  for  detecting  ionizing  current 
in  at  least  one  ignition  circuit  (32,  33)  forming  part  of 
the  ignition  system  of  an  internal  combustion  engine, 
said  ignition  circuit  (32,  33)  including  at  least  one  igni- 
tion-coil  secondary  winding  (30,  31)  and  ignition 
devices  (2,  3)  for  igniting  the  fuel-air  mixture  present 
in  the  combustion  chamber  of  the  engine,  said  ignition 
circuit  (32,  33)  being  connected  to  an  external  voltage 
source  (4,  60,  61)  which  when  combustion  takes  place 
in  the  combustion  chamber  generates  an  ionizing  cur- 
rent  in  the  ignition  circuit  (32,  33),  this  ionizing  current 
being  detected  in  a  measuring  device  (29)  connected 
to  the  secondary  winding  (30,  31),  characterized  in 
that 
connected  to  the  connection  of  the  ignition  circuit  (32, 
33)  with  the  external  voltage  source  (4,  60,  61)  is  an 

earth  connection  which  includes  a  controlled  semi- 
conductor  switch  (63),  preferably  a  transistor,  which 
receives  control  signals  from  a  control  unit  (6); 
in  that  the  control  unit  (6)  is  connected  with  transduc- 

5  ers  which  sense  at  least  one  engine  parameter  which 
is  utilized  for  detecting  an  engine  start;  and 
in  that  the  control  unit  (6)  is  configured  to  send  a  sig- 
nal  to  the  controlled  semiconductor  switch  (63)  for 
opening  the  earth  connection  during  an  engine  start 

10  and  to  send  another  signal  to  the  controlled  semicon- 
ductor  switch  (63)  for  interrupting  the  earth  connec- 
tion  when  the  engine  start  sequence  is  terminated,  so 
that  the  external  voltage  source  (4,  60,  61)  will  apply 
a  lower  voltage  during  engine  start  than  that  applied 

15  in  the  absence  of  an  engine  start. 

Patentanspruche 

20  1.  Verfahren  zur  Erfassung  von  lonisierungs- 
strom  in  einem  Zundschaltkreis  (32,  33),  der  ein  Teil 
der  Zundanlage  eines  Verbrennungkraftmotors  ist, 
bei  dem  eine  Melispannung  an  zumindest  eine 
Sekundarwicklung  (30,  31)  des  Zundschaltkreises 

25  (32,  33)  gelegt  wird  und  bei  dem  eine  Melieinrichtung 
(29)  zum  Erfassen  des  moglichen  Vorhandenseins 
von  lonisierungsstrom  in  dem  Zundschaltkreis  einge- 
setzt  wird, 
dadurch  gekennzeichnet,  daft  ein  einen  Motorstart- 

30  vorgang  wiedergebender  Parameter  erfalit  wird,  dali 
dann,  wenn  ein  Motorstartvorgang  erfalit  wird,  ent- 
weder  eine  erste,  im  wesentlichen  konstante  Meli- 
spannung  oderkeine  Melispannung  angelegt  wird, 
dali  dann,  wenn  die  Erfassung  des  Motorstartvor- 

35  gangs  beendet  ist,  eine  zweite,  im  wesentlichen  kon- 
stante  Melispannung  angelegt  wird,  und 
dali  die  erste  Melispannung  niedriger  als  die  zweite 
Melispannung  ist. 

2.  Verfahren  nach  Anspruch  1  ,  gekennzeichnet 
40  durch  Anlegen  einer  Melispannung  wahrend  des 

Motorstartvorgangs,  die  niedriger  ist  als  ein  Wert,  bei 
dem  eine  lonisierungsstromerfassung  moglich  ist, 
und  durch  auf  den  Motorstartvorgang  folgendes  Anle- 
gen  einer  Melispannung  eines  Werts,  bei  dem  eine 

45  lonisierungsstromerfassung  moglich  ist. 
3.  Verfahren  nach  Anspruch  1  ,  gekennzeichnet 

durch  Anlegen  einer  Melispannung  wahrend  des 
Motorstartvorgangs,  die  im  wesentlichen  0  Volt  ent- 
spricht  und  durch  auf  den  Motorstartvorgang  folgen- 

50  des  Anlegen  einer  Melispannung,  die  70  Volt 
ubersteigt. 

4.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dali  der  Motorstartvorgang  mittels  einem 
die  Motordrehzahl  wiedergebenden  Signal  erfalit 

55  wird,  wobei  der  Startvorgangvorliegt,  wenn  die  Motor- 
drehzahl  unterhalb  eines  gegebenen,  vorbestimmten 
Wertes  liegt,  und  dali  der  Motorstartvorgang  endet, 
wenn  die  Motordrehzahl  diesen  Wert  erreicht. 

6 
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5.  Verfahren  nach  Anspruch  1  ,  dadurch  gekenn- 
zeichnet,  dali  der  Motorstartvorgang  mit  Hilfe  eines 
die  Motortemperatur  wiedergebenden  Signals  erfalit 
wird,  wobei  der  Startvorgang  vorliegt,  wenn  die 
Motortemperatur  unterhalb  eines  gegebenen,  vorbe- 
stimmten  Wertes  liegt,  und  dali  der  Startvorgang 
endet,  wenn  die  Motortemperatur  den  genannten 
Wert  erreicht  hat. 

6.  Verfahren  nach  Anspruch  1,  bei  dem  die  Meli- 
einrichtung  (29)  in  einem  Masseanschluli  der  Sekun- 
darwicklung  (30,  31)  angeordnet  ist  und  bei  dem  die 
Melieinrichtung  (29)  einen  Melikondensator  (40)  auf- 
weist,  dadurch  gekennzeichnet,  dali  der  Spannungs- 
melipunkt  (62)  der  Melieinrichtung  (29)  wahrend  des 
Motorstartvorgangs  mit  Masse  verbunden  ist,  die 
angelegte  Melispannung  im  wesentlichen  0  Volt 
betragt,  und  dali  die  Masseverbindung  des  Melispan- 
nungspunktes  (62)  nach  der  Beendigung  des  Motor- 
startvorgangs  unterbrochen  wird. 

7.  Vorrichtung  zur  Erfassung  von  lonisierungs- 
strom  in  zumindest  einem  Zundschaltkreis  (32,  33), 
der  ein  Teil  der  Zundanlage  eines  Verbrennungskraft- 
motors  ist,  wobei  der  Zundschaltkreis  (32,  33)  zumin- 
dest  eine 
Zundspulensekundarwicklung  (30,  31)  und  Zundein- 
richtungen  (2,3)  zum  Zunden  der  in  der  Verbren- 
nungskammer  des  Motors  vorhandenen  Kraftstoff- 
Luftmischung  aufweist,  und  wobei  der  Zundschalt- 
kreis  (32,  33)  mit  einer  externen  Spannungsquelle  (4, 
60,  61)  verbunden  ist,  die  bei  einer  in  der  Verbren- 
nungskammer  stattfindenden  Verbrennung  einen 
lonisierungsstrom  in  dem  Zundschaltkreis  (32,  33) 
erzeugt,  der  in  einer  mit  der  Sekundarwicklung  (30, 
31)  verbundenen  Melieinrichtung  (29)  erfalit  wird, 
dadurch  gekennzeichnet,  dali  mit  der  Verbindung  des 
Zundschaltkreises  (32,  33)  und  der  externen  Span- 
nungsquelle  (4,  60,  61)  ein  Masseanschluliverbun- 
den  ist,  der  einen  gesteuerten  Halbleiterschalter  (63) 
aufweist,  vorzugsweise  einen  Transistor,  der  Steuer- 
signale  von  einer  Steuereinheit  (6)  empf  ingt, 
dali  die  Steuereinheit  (6)  mit  Ubertragern  verbunden 
ist,  die  zumindest  einen  Motorparameter  abtasten, 
der  zum  Erfassen  eines  Motorstarts  herangezogen 
wird,  und  dali  die  Steuereinheit  (6)  zum  Senden  eines 
Signals  an  den  gesteuerten  Halbleiterschalter  (63) 
zum  Offnen  der  Masseverbindung  wahrend  eines 
Motorstarts  und  zum  Senden  eines  anderen  Signals 
an  den  gesteuerten  Halbleiterschalter  (63)  zum 
Unterbrechen  der  Masseverbindung  nach  beendeten 
Motorstartvorgang  ausgebildet  ist,  so  dali  die  externe 
Spannungsquelle  (4,  60,  61)  wahrend  eines  Motor- 
starts  eine  niedrigere  Spannung  anlegt,  als  die  in 
Abwesenheit  eines  Motorstarts  angelegte. 

Revendications 

1.  Methode  pour  detecter  un  courant  ionisant 

dans  un  circuit  d'allumage  (32,33)  faisant  partie  du 
systeme  d'allumage  d'un  moteur  a  combustion 
interne,  methode  dans  laquelle  une  tension  de 
mesure  est  appliquee  a  au  moins  un  enroulement 

5  secondaire  (30,31)  du  circuit  d'allumage  (32,33),  et 
dans  laquelle  on  utilise  un  dispositif  de  mesure  (29) 
pour  detecter  la  presence  eventuelle  d'un  courant 
ionisant  dans  le  circuit  d'allumage,  caracterisee  en  ce 
qu'on  detecte  un  parametre  representant  une 

10  sequence  de  demarrage  du  moteur; 
en  ce  que,  lorsqu'on  detecte  une  sequence  de 
demarrage  du  moteur,  ou  bien  on  applique  une  pre- 
miere  tension  de  mesure  pratiquement  constante,  ou 
bien  on  n'applique  aucune  tension  de  mesure; 

15  en  ce  que,  lorsque  la  detection  de  la  sequence  de 
demarrage  du  moteur  est  terminee,  on  applique  une 
deuxieme  tension  de  mesure  pratiquement  cons- 
tante,  ou  bien  on  n'applique  aucune  tension  de 
mesure; 

20  en  ce  que  la  premiere  tension  de  mesure  est  infe- 
rieure  a  la  deuxieme  tension  de  mesure. 

2.  Methode  selon  la  revendication  1  ,  caracterisee 
en  ce  qu'on  applique,  pendant  la  sequence  de 
demarrage  du  moteur,  une  tension  de  mesure  qui  est 

25  inferieure  a  une  valeur  pour  laquelle  une  detection  de 
courant  ionisant  est  possible  et  en  ce  qu'on  applique, 
apres  cette  sequence  de  demarrage  du  moteur,  une 
tension  de  mesure  ayant  une  valeur  pour  laquelle  une 
detection  de  courant  ionisant  est  possible. 

30  3.  Methode  selon  la  revendication  1  ,  caracterisee 
en  ce  qu'on  applique,  pendant  la  sequence  de 
demarrage  du  moteur,  une  tension  de  mesure  qui  est 
pratiquement  egale  a  0  volt  et  en  ce  qu'on  applique, 
apres  cette  sequence  de  demarrage  du  moteur,  une 

35  tension  de  mesure  qui  depasse  70  volts. 
4.  Methode  selon  la  revendication  1  ,  caracterisee 

en  ce  que  la  sequence  de  demarrage  du  moteur  est 
detecteeau  moyen  d'un  signal  representant  la  vitesse 
de  rotation  du  moteur,  cette  sequence  de  demarrage 

40  existant  lorsque  la  vitesse  de  rotation  du  moteur  se 
trouve  en  dessous  d'une  valeur  donnee  predetermi- 
nee,  et  en  ce  que  la  sequence  de  demarrage  du 
moteur  se  termine  lorsque  la  vitesse  de  rotation  du 
moteur  atteint  cette  valeur. 

45  5.  Methode  selon  la  revendication  1  ,  caracterisee 
en  ce  que  la  sequence  de  demarrage  du  moteur  est 
detectee  a  I'aide  d'un  signal  representant  la  tempera- 
ture  du  moteur,  la  sequence  de  demarrage  existant 
lorsque  la  temperature  du  moteur  se  trouve  en  des- 

50  sous  d'une  valeur  donnee  predeterminee  et  en  ce  que 
la  sequence  de  demarrage  se  termine  lorsque  la  tem- 
perature  du  moteur  a  atteint  cette  valeur. 

6.  Methode  selon  la  revendication  1,  dans 
laquelle  le  dispositif  de  mesure  (29)  est  dispose  pour 

55  que  I'enroulement  secondaire  (30,31)  soit  raccorde  a 
la  masse  et  dans  laquelle  le  dispositif  de  mesure  (29) 
comprend  un  condensateur  de  mesure  (40),  caracte- 
risee  en  ce  que  le  point  de  mesure  de  tension  (62)  du 
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dispositif  de  mesure  (29)  est  raccorde  a  la  masse  pen- 
dant  la  sequence  de  demarrage  du  moteur,  la  tension 
de  mesure  appliquee  etant  sensiblement  egale  a  0 
volt,  et  en  ce  que  la  mise  a  la  masse  du  point  de 
mesure  de  la  tension  (62)  est  interrompue  apres  la  fin  5 
de  la  sequence  de  demarrage  du  moteur. 

7.  Appareil  pour  detecter  un  courant  ionisant  dans 
au  moins  un  circuit  d'allumage  (32,33)  faisant  partie 
du  systeme  d'allumage  d'un  moteur  a  combustion 
interne,  ce  circuit  d'allumage  (32,33)  comprenant  au  10 
moins  un  enroulement  secondaire  (30,31)  d'une 
bobine  d'allumage  et  des  dispositifs  d'allumage  (2,3) 
pour  allumer  un  melange  d'air  et  de  carburant  present 
dans  la  chambre  de  combustion  du  moteur,  ce  circuit 
d'allumage  (32,33)  etant  relie  a  une  source  de  courant  15 
exterieure  (4,60,61)  qui,  lorsque  la  combustion 
s'effectue  dans  la  chambre  de  combustion,  produit  un 
courant  ionisant  dans  le  circuit  d'allumage  (32,33),  ce 
courant  ionisant  etant  detecte  dans  un  dispositif  de 
mesure  (29)  raccorde  a  I'enroulement  secondaire  20 
(30,31),  caracterise  en  ce  qu'une  mise  a  la  masse  est 
reliee  au  raccordement  du  circuit  d'allumage  (32,33) 
a  la  source  de  courant  exterieure  (4,60,61),  laquelle 
mise  a  la  masse  comporte  un  interrupteursemi-con- 
ducteur  controle  (63),  de  preference  un  transistor,  qui  25 
recoit  des  signaux  de  commande  d'une  unite  de 
commande  (6); 
en  ce  que  I'unite  de  commande  (6)  est  raccordee  a 
des  transducteurs  qui  detectent  au  moins  un  parame- 
tre  du  moteur  qui  est  utilise  pour  detecter  un  30 
demarrage  du  moteur;  et 
en  ce  que  I'unite  de  commande  (6)  est  configuree 
pour  envoyer  un  signal  a  I'interrupteur  a  semi-con- 
ducteur  controle  (63)  pour  ouvrir  la  mise  a  la  masse 
lors  d'un  demarrage  de  moteur  et  pour  envoyer  un  35 
autre  signal  a  I'interrupteur  a  semi-conducteur 
controle  (63)  pour  interrompre  la  mise  a  la  masse  lors- 
que  la  sequence  de  demarrage  du  moteur  est  termi- 
nee,  de  telle  sorte  que  la  source  de  courant  exterieure 
(4,60,61)  applique  une  tension  inferieure  pendant  le  40 
demarrage  du  moteur  a  celle  appliquee  en  I'absence 
d'un  demarrage  de  moteur. 
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