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Description 

This  invention  relates  to  an  apparatus  and 
method  for  electronically  generating  synchroniza- 
tion  pulses  in  relation  to  the  occurrence  of  an 
ignition  event  in  a  specified  engine  cylinder  for 
sequential  fuel  injection  control  for  a  multi- 
cylinder  internal  combustion  engine  having  a 
concurrent  discharge  ignition  system. 

In  an  internal  combustion  engine  having  a  fuel 
system  which  sequentially  injects  the  fuel  for 
each  cylinder  in  synchronism  with  engine  rota- 
tion,  a  timing  signal  identifying  a  specified  engine 
rotary  position  is  required  for  control  purposes.  In 
one  such  system,  the  timing  signal  is  obtained 
from  a  magnetic  sensor  mechanism  located  in 
proximity  to  the  engine  cam  shaft  and  comprises 
periodically  generated  synchronization  pulses 
which  occur  in  relation  to  the  top  dead  centre 
position  of  a  specified  engine  cylinder. 

U.S.  Patent  No.  4,463,728  discloses  a  system  for 
electronically  generating  a  timing  signal  and 
thereby  eliminating  the  need  for  a  camshaft  sen- 
sor.  In  this  system,  the  occurrence  of  an  ignition 
event  in  a  specified  engine  cylinder  is  detected  by 
inductively  sensing  the  ignition  voltage  at  a  point 
between  a  conventional  ignition  distributor  and 
spark  plug.  The  sharp  rise  in  the  ignition  voltage 
on  or  about  the  occurrence  of  the  ignition  event  is 
detected  and  used  to  develop  the  timing  signal 
synchronization  pulses.  However,  the  application 
of  such  a  technique  to  an  engine  having  a  concur- 
rent  discharge,  or  distributorless,  ignition  system 
is  not  straightforward.  An  ignition  system  of  this 
type  is  shown  in  the  U.S.  Patent  No.  3,202,146.  In 
such  systems,  ignition  voltages  are  concurrently 
generated  for  at  least  two  of  the  ignition  spark 
plugs  and  electrical  discharges  occur  concur- 
rently  in  the  respective  engine  cylinders.  One  of 
the  cylinders  is  in  its  compression  stroke-  and  the 
electrical  discharge  produces  an  ignition  event; 
the  other  cylinder  is  in  its  exhaust  stroke  and  the 
electrical  discharge  therein  does  not  produce  an 
ignition  event.  As  a  result,  a  sharp  rise  in  the 
ignition  voltage  of  a  particular  cylinder  does  not 
necessarily  coincide  with  the  occurrence  of  an 
ignition  event  therein. 

The  present  invention  is  directed  to  an 
apparatus  and  method  for  electronically  generat- 
ing  an  electrical  synchronization  pulse  in  relation 
to  the  occurrence  of  an  ignition  event  in  a 
specified  engine  cylinder  where  the  engine  igni- 
tion  system  is  of  the  concurrent  discharge  type 
described  above  thereby  eliminating  the  need  for 
a  separate  sensor  to  develop  the  synchronization 
signal. 

To  this  end  an  apparatus  and  method  in  accord- 
ance  with  the  present  invention  is  characterised 
by  the  features  specified  in  the  characterising 
portion  of  claim  1  and  claim  4  respectively. 

The  density  of  the  gaseous  mixture  in  a  com- 
pression  stroke  cylinder  is  much  greater  than  that 
in  an  exhaust  stroke  cylinder,  and  the  ignition 
voltage  required  to  produce  an  electrical  dis- 
charge  increases  with  increasing  density.  As  a 

result  the  ignition  voltage  at  or  about  the  time  the 
electrical  discharges  occur  is  significantly  greater 
for  the  compression  stroke  cylinder  than  for  the 
exhaust  stroke  cylinder.  The  apparatus  for  this 

5  invention  comprises  electronic  elements  for  sens- 
ing  the  ignition  voltage  magnitudes  generated  for 
both  a  specified  engine  cylinder  and  the  other 
engine  cylinder  in  which  an  electrical  discharge  is 
concurrently  produced.  The  voltages  are  com- 

10  pared  in  timed  relation  to  an  ignition  system 
control  signal,  and  an  output  pulse  is  generated  if 
the  ignition  voltage  for  the  specified  engine 
cylinder  is  greater  than  the  voltage  for  the  other 
engine  cylinder.  A  series  of  synchronization 

15  pulses  are  generated  in  response  to  such  output 
signals  and  the  synchronization  pulses  are 
applied  to  the  fuel  injection  system  to  synchronize 
the  operation  thereof  with  engine  rotation. 

The  present  invention  is  described  in  reference 
20  to  two  embodiments.  In  the  first  embodiment  the 

voltages  compared  are  derived  directly  from  the 
ignition  voltages  as  they  occur.  In  the  second 
embodiment  the  voltages  are  first  integrated  over 
a  specified  time  period  and  then  compared. 

25  In  the  drawings:  — 
Figure  1  is  a  block  diagram  depicting  the  engine 

and  control  system  of  this  invention. 
Figures  2A  —  2C  are  graphs  depicting  a  control 

voltage  which  initiates  the  ignition  sequence,  and 
30  the  ignition  voltages  for  a  pair  of  engine  cylinders 

in  which  electrical  discharges  are  concurrently 
generated; 

Figures  3A  and  3B  are  graphs  depicting  the 
ignition  voltages  for  a  pair  of  engine  cylinders  in 

35  which  electrical  discharges  are  concurrently 
generated; 

Figure  4  is  a  circuit  diagram  of  a  system 
according  to  the  first  embodiment  of  this  inven- 
tion; 

40  Figures  5A  —  5F  are  graphs  depicting  the  oper- 
ation  of  the  system  depicted  in  Figure  4. 

Figure  6  is  a  circuit  diagram  of  a  system 
according  to  the  second  embodiment  of  this 
invention;  and 

45  Figures  7A  —  7J  are  graphs  depicting  the  oper- 
ation  of  the  system  depicted  in  Figure  6. 

Referring  now  to  the  drawings,  and  more  par- 
ticularly  to  Figure  1,  the  reference  numeral  10 
generally  designates  a  six-cylinder  internal  com- 

50  bustion  engine  having  fuel  injectors  12,  14,  16,  18, 
20  and  22,  selectively  energizable  by  a  sequential 
fuel  injection  controller  (SFI)  24  via  the  lines  26  for 
injecting  fuel  for  the  respective  engine  cylinders. 
The  fuel  is  combined  with  air  in  a  conventional 

55  manner  to  form  a  gaseous  mixture  in  the 
respective  engine  cylinders  and  the  spark  plugs 
28,  30,  32,  34,  36  and  38  are  selectively  controlled 
by  an  ignition  unit  (IGN)  40  via  lines  42  to  produce 
concurrent  electrical  discharges  in  two  of  the 

60  engine  cylinders.  The  ignition  unit  40  comprises 
three  internal  auto-transformers  and  six  ignition 
towers  44,  46,  48,  50,  52  and  54  connected  to  the 
lines  42.  A  portion  of  the  ignition  unit  40  including 
the  ignition  towers  48  and  54  and  the  auto- 

65  transformer  56  is  shown  in  more  detail.  Essen- 
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tialiy,  the  auto-transformer  56  comprises  a  prim- 
ary  winding  58  and  a  secondary  winding  60 
inductively  coupled  thereto.  The  terminals  of  the 
primary  winding  58  are  connected  to  positive  and 
negative  voltage  potentials  as  indicated  and  the 
ignition  unit  40  includes  control  elements  (not 
shown)  for  alternately  opening  and  closing  the 
switch  62  in  accordance  with  the  logic  level  of  the 
signal  on  line  64  for  alternately  initiating  and 
interrupting  electrical  current  in  the  primary  wind- 
ing  58.  The  secondary  winding  60  is  connected  at 
one  terminal  to  the  ignition  tower  48  and  at  the 
other  terminal  tp  the  ignition  tower  54.  Due  to  the 
inductive  coupling  between  the  primary  and 
secondary  windings  58  and  60,  ignition  voltages 
of  opposite  polarity  are  developed  at  the  ter- 
minals  of  secondary  winding  60  each  time  switch 
62  is  opened  to  interrupt  the  flow  of  current  in  the 
primary  winding  58.  The  ignition  voltages  so 
developed  are  applied  via  two  of  the  lines  42  to 
two  of  the  spark  plugs  28  —  38.  When  the  ignition 
voltage  thereby  applied  to  the  spark  plug  of  a 
respective  engine  cylinder  is  sufficiently  great  to 
ionize  the  gaseous  mixture  therein,  an  electrical 
discharge  occurs  across  the  gap  of  the  respective 
spark  plug.  It  will  be  understood  that  the  ignition 
unit  40  includes  a  second  auto-transformer  unit 
(not  shown),  such  as  the  auto-transformer  56,  for 
developing  concurrent  ignition  voltages  at  the 
ignition  towers  46  and  52,  and  a  third  auto- 
transformer  unit  (not  shown)  for  developing  con- 
current  ignition  voltages  at  the  ignition  towers  44 
and  50. 

The  development  of  the  various  ignition  volt- 
ages  is  timed  relative  to  the  rotary  position  of 
engine  10  such  that  an  electrical  discharge  occurs 
at  a  specified  point  in  the  compression  stroke  of 
each  engine  cylinder.  Due  to  the  manner  in  which 
the  ignition  voltages  are  generated,  a  second 
electrical  discharge  will  concurrently  occur  in 
another  engine  cylinder  which  is  in  its  exhaust 
stroke.  The  gaseous  mixture  in  the  compression 
stroke  cylinder  is  combustible  and  the  electrical 
discharge  produced  therein  results  in  an  ignition 
event.  The  gaseous  mixture  in  the  exhaust  stroke 
cylinder  is  not  combustible  and  the  electrical 
discharge  produced  therein  does  not  produce  an 
ignition  event.  In  a  typical  six-cylinder  engine 
installation  where  the  cylinder  ignition  event 
sequence  is  1-2-3-4-5-6,  electrical  discharges  are 
concurrently  produced  in  the  cylinders  1  and  4,  in 
the  cylinders  2  and  5,  and  in  the  cylinders  3  and  6. 
For  the  purpose  of  description,  the  ignition  volt- 
age  generated  at  the  ignition  tower  48  will  be 
referred  to  hereinafter  as  the  #1  cylinder  voltage, 
and  the  ignition  voltage  generated  at  the  ignition 
tower  54  will  be  referred  to  as  the  #4  cylinder 
voltage. 

An  electronic  control  module  (ECM)  70  is 
responsive  to  various  input  signals  on  lines  72, 
74,  76  and  78,  and  is  effective  to  produce  an 
electronic  spark  timing  (EST)  output  signal  on  fine 
64  for  controlling  the  operation  of  ignition  unit  40 
and  a  sequential  fuel  injection  (SFl)  output  signal 
on  line  80  for  controlling  the  operation  of  sequen- 

tial  fuel  injection  unit  24.  The  input  signal  on  line 
72  (THR)  is  indicative  of  the  engine  throttle  or 
accelerator  pedal  position;  the  input  signal  on  line 
74  (RPM)  is  indicative  of  the  engine  speed;  the 

5  input  signal  on  line  76  (CRANK)  is  indicative  of  the 
engine  crankshaft  position;  and  the  input  signal 
on  line  78  is  a  synchronization  pulse  timing  signal 
generated  by  the  synchronization  pulse  generator 
(SYNC)  82  of  this  invention.  The  throttle  and 

10  speed  signals  on  line  72  and  74  are  obtained  in  a 
conventional  manner  and  further  description 
thereof  is  considered  to  be  unnecessary.  The 
crank  signal  on  line  76  is  obtained  from  a 
crankshaft  sensor  generally  designated  by  the 

15  reference  numeral  86,  which  includes  a  Hall  Effect 
sensor  88  secured  to  the  engine  10  and  two  or 
more  magnetic  elements  90  adapted  to  rotate 
with  the  engine  flywheel  92.  The  Hall  sensor  88 
develops  an  electrical  pulse  on  line  76  each  time  a 

20  magnetic  element  90  passes  in  proximity  thereto 
and  the  electronic  control  module  (ECM)  70 
receives  such  pulses  as  an  "indication  of 
crankshaft  displacement. 

The  electronic  spark  timing  (EST)  output  signal 
25  on  line  64  is  developed  in  accordance  with  the 

throttle,  engine  speed  and  crankshaft  position 
inputs  on  lines  72,  74  and  76,  and  comprises  a 
series  of  digital  pulses.  At  each  rising  edge  of  an 
EST  signal  pulse,  the  ignition  unit  40  closes  a 

30  switch,  such  as  the  switch  62,  to  energize  the 
primary  winding  58  of  an  auto-transformer  56.  At 
the  falling  edge  of  the  EST  signal  pulse,  the  switch 
62  is  opened  to  interrupt  current  in  the  primary 
winding  58  and  to  thereby  generate  opposite 

35  polarity  ignition  voltages  at  the  terminals  of  a 
secondary  winding  60  for  producing  electrical 
discharges  in  a  pair  of  engine  cylinders. 

Representative  EST  signal  pulses  and  ignition 
voltage  signals  are  given  in  Figures  2A  —  2C. 

40  Figure  2A  depicts  the  EST  signal  pulse  on  line  64, 
Figure  2B  depicts  the  #1  cylinder  ignition  voltage 
at  ignition  tower  48  and  Figure  2C  depicts  the  #4 
cylinder  ignition  voltage  at  ignition  tower  54.  The 
graphs  are  shown  on  a  common  time  base  dis- 

45  continuous  at  the  middle  thereof  so  that  two 
different  EST  signal  pulses  may  be  depicted. 
Times  A  and  B  correspond  to  the  trailing  edges  of 
the  EST  signal  pulses  as  seen  in  Figure  2A.  At 
such  times,  the  current  in  the  primary  winding  of 

50  the  ignition  unit  auto-transformer  is  interrupted 
as  described  above  and  ignition  voltages  of  oppo- 
site  polarity  are  thereby  developed  at  the  ignition 
towers  48  and  54.  At  time  A,  the  #1  engine 
cylinder  is  in  its  compression  stroke  and  the  #4 

55  engine  cylinder  is  in  its  exhaust  stroke.  At  time  B, 
the  #1  engine  cylinder  is  in  its  exhaust  stroke  and 
the  #4  engine  cylinder  is  in  its  compression 
stroke.  Due  to  the  increased  density  of  the  gase- 
ous  mixture  in  a  compression  stroke  cylinder,  the 

60  ignition  voltage  required  to  ionize  the  gas  in  a 
spark  plug  gap  is  relatively  high  for  cylinder  #1  at 
time  A  and  for  cylinder  #4  at  time  B.  Since  the 
density  of  the  gases  in  the  exhaust  stroke  cylinder 
is  relatively  low,  the  peak  ignition  voltage  for 

65  cylinder  #4  at  time  A  and  for  cylinder  #1  at  point 
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B  are  relatively  low.  In  both  cases,  however,  the 
peak  ignition  voltage  is  followed  by  a  period  of 
electrical  discharge  as  indicated  by  the  reference 
numerals  96.  At  the  termination  of  the  electrical 
discharge,  the  ignition  voltages  return  to  a  quies- 
cent  level  after  a  period  of  resonant  ringing.  As 
will  be  described  in  detail  herein,  the  present 
invention  is  directed  to  a  method  and  apparatus 
for  electronically  detecting  the  difference  in  peak 
ignition  voltages  of  the  #1  and  #4  engine  cylin- 
ders  to  thereby  identify  an  ignition  event  in  the  #1 
cylinder  (or  any  other  specified  engine  cylinder) 
and  to  develop  a  synchronization  pulse  in  relation 
thereto. 

The  ignition  voltages  for  the  cylinder  #1  and 
cylinder  #4  are  shown  on  an  expanded  time  base 
in  the  Figures  3A  and  3B,  respectively.  In  a  typical 
engine  application,  it  has  been  found  that  the 
peak  ignition  voltage  in  a  compression  cylinder 
occurs  approximately  50  microseconds  after  the 
interruption  of  current  in  the  primary  winding  of 
the  respective  auto-transformer  at  time  A. 

Referring  once  again  to  Figure  1,  the  sequential 
fuel  injection  (SFI)  output  signal  on  line  80  is 
developed  by  the  ECM  70  in  accordance  with  a 
number  of  input  signals  including  the  syn- 
chronization  pulse  signal  on  line  78.  As  indicated 
earlier,  the  synchronization  pulses  are  generated 
in  synchronism  with  the  engine  rotation  by  syn- 
chronization  pulse  generator  82,  and  the  ECM  70 
utilizes  such  pulses  to  synchronize  the  fuel  injec- 
tion  sequence  with  the  engine  rotary  position. 
Inputs  to  the  synchronization  pulse  generator  82 
include  the  electronic  spark  timing  (EST)  signal  on 
line  64  and  the  #1  and  #4  ignition  voltage  signals 
on  lines  98  and  100.  The  ignition  voltage  present 
at  the  ignition  tower  48  of  ignition  unit  40  is 
capacitively  coupled  to  the  line  98  and  the  ignition 
voltage  present  at  the  ignition  tower  54  is  capaci- 
tively  coupled  to  the  line  100.  The  capacitive 
coupling  in  each  case  is  effected  by  embedding 
the  lines  98  and  100  in  the  insulating  material  of 
the  ignition  towers  48  and  54,  respectively.  The 
insulating  material  acts  as  a  dielectric  separating 
the  lines  98  and  100  from  the  respective  terminals 
of  the  secondary  winding  60  of  the  auto-trans- 
former  56.  Thus,  voltages  such  as  those  depicted 
in  Figures  2B  and  2C  and  in  Figures  3A  and  3B 
appear  on  the  lines  98  and  100,  respectively,  each 
time  the  switch  62  is  opened  to  interrupt  current 
in  primary  winding  58  for  generating  electrical 
discharges  in  the  #1  and  #4  engine  cylinders.  As 
will  be  explained  below,  the  synchronization 
pulse  generator  82  uses  such  voltages  in  conjunc- 
tion  with  the  EST  signal  on  line  64  to  generate  a 
timing  signal  on  line  78  comprising  a  series  of 
synchronization  pulses  which  occur  in  timed  rela- 
tion  with  the  #1  cylinder  ignition  events. 

A  circuit  diagram  of  the  synchronization  pulse 
generator  82  according  to  a  first  embodiment  of 
this  invention  is  depicted  in  Figure  4.  The  graphs 
shown  in  Figures  5A  —  5F,  depict  voltages  present 
at  the  circuit  junctions  A  —  F  of  the  circuit  of  Figure 
4.  The  reference  numerals  used  in  Figure  4  corre- 
spond  where  applicable  to  those  used  in  Figure  1.  " 

Thus,  the  EST  signal  pulse  input  is  on  line  64;  the 
#1  engine  cylinder  voltage  input  is  on  line  98;  the 
#4  engine  cylinder  voltage  input  is  on  line  100; 
and  the  synchronization  pulse  signal  output  is  on 

5  line  78.  In  accordance  with  the  convention  set 
forth  above,  such  signals  are  depicted  in  the 
graphs  of  Figures  5A,  5C,  5D  and  5F,  respectively. 
The  EST  signal  pulse  on  line  64  is  applied  as  an 
input  to  one-shot  102,  and  in  response  to  a 

w  negative  going  transition  thereof,  develops  a 
pulse  of  predetermined  duration  on  line  104.  The 
#1  and  #4  engine  cylinder  ignition  voltages  on 
lines  98  and  100  are  applied  through  capacitive 
voltage  dividers  106  and  108,  respectively,  to  the 

15  inverting  and  noninverting  inputs  of  the  gated 
comparator  110.  The  gated  comparator  110  is 
effective  when  enabled  by  a  logic  1  voltage 
potential  on  line  104  to  compare  the  voltages 
applied  to  its  inverting  and  noninverting  inputs 

20  and  to  develop  an  output  signal  at  the  terminal  E 
in  accordance  therewith.  The  pull-up  resistor  112 
normally  maintains  the  voltage  at  the  terminal  E 
at  a  relatively  high  level  and  the  comparator  1  1  0  is 
effective  when  enabled  to  lower  such  voltage 

25  substantially  to  ground  potential  if  the  voltage 
applied  to  its  inverting  input  (#1  cylinder  ignition 
voltage)  is  greater  than  the  voltage  applied  to  its 
noninverting  input  (#4  cylinder  ignition  voltage). 
The  AC  component  of  the  voltage  present  at  the 

30  terminal  E  is  coupled  via  the  capacitor  114  to  the 
trigger  input  (T)  of  a  monostable  multivibrator, 
designated  generally  by  the  reference  numeral 
116.  A  voltage  divider  comprising  the  resistors 
1  1  8  and  1  20  normally  maintains  the  voltage  at  the 

35  trigger  input  (T)  at  a  relatively  high  level  but  a 
negative  going  voltage  excursion  at  the  terminal 
E  is  effective  to  produce  a  correspondiong  nega- 
tive  going  excursion  at  the  trigger  input  (T)  to 
thereby  trigger  the  monostable  multivibrator  116. 

40  Essentially,  the  monostable  multivibrator  116 
comprises  an  integrated  circuit  timer  122  such  as 
the  555  Timer  manufactured  by  Signetics  Cor- 
poration.  The  timer  122  includes  an  internal 
switching  device  which  normally  holds  the  junc- 

45  tion  124  between  the  resistor  126  and  the 
capacitor  128  at  or  near  ground  potential.  During 
such  time,  the  output  on  line  78  is  also  at  ground 
potential.  When  a  negative  going  voltage  is 
applied  to  the  trigger  input  (T),  the  internal 

so  switching  device  releases  the  junction  124  and  the 
capacitor  128  charges  through  the  resistor  126. 
During  such  time,  the  output  on  line  78  is  at  a 
logic  1  voltage  potential.  When  the  voltage  at 
terminal  124  exceeds  a  predetermined  percen- 

55  tage  of  the  supply  voltage,  a  comparator  internal 
to  the  timer  122  reapplies  the  switching  device, 
bringing  the  junction  1  24  and  the  output  signal  on 
line  78  back  to  ground  potential.  The  above 
process  is  repeated  each  time  a  negative  going 

60  voltage  is  applied  to  the  trigger  input  (T)  of  timer 
122.  The  capacitor  129  functions  to  reduce  the 
sensitivity  of  the  timer  to  radiated  electrical  noise. 

In  view  of  the  above,  the  operation  of  the  circuit 
shown  in  Figure  4  will  be  described  in  reference  to 

65  the  graphs  of  Figures  5A—  5F.  Each  of  the  graphs 
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are  shown  on  a  common  time  base  discontinuous 
at  the  middle  thereof  so  that  two  different  EST 
signal  pulses  130  and  132  may  be  depicted.  The 
EST  signal  pulse  130  occurs  while  cylinder  #1  is 
in  its  compression  stroke  and  cylinder  #4  is  in  its 
exhaust  stroke.  The  EST  signal  pulse  132  occurs 
while  cylinder  #1  is  in  its  exhaust  stroke  and 
cylinder  #4  is  in  its  compression  stroke.  Initially, 
the  EST  signal  pulse  130  is  at  a  logic  1  voltage 
potential  resulting  in  the  closure  of  the  switch  62 
and  the  energization  of  the  primary  winding  58  of 
ignition  unit  40.  At  time  T0,  the  EST  signal  pulse 
130  falls  to  a  logic  zero  voltage  potential  and  the 
switch  62  is  opened  to  interrupt  the  current  in 
primary  winding  58.  At  such  time,  the  one-shot 
102  is  triggered  to  produce  a  positive  pulse  of 
predetermined  duration  on  line  104  as  seen  in 
Figure  5B  and  ignition  voltages  for  the  #1  and  #4 
engine  cylinders  are  generated  and  capacitively 
coupled  to  the  lines  98  and  100  as  seen  in  Figures 
5C  and  5D.  As  seen  in  Figure  5B,  the  duration  of 
the  pulse  developed  by  one-shot  102  is  approxi- 
mately  50  microseconds  —  the  time  typically 
required  for  the  ignition  voltage  of  a  compression 
stroke  cylinder  to  reach  its  peak  value.  In  the 
interval  between  time  T0  —  T-,  when  line  104  is  at  a 
logic  1  voltage  potential,  the  gated  comparator 
110  is  effective  to  compare  the  ignition  voltages 
present  on  lines  98  and  100.  Normally,  the  output 
of  the  gated  comparator  at  terminal  E  is  held  at  a 
logic  1  voltage  potential,  but  comparator  110  is 
effective  to  reduce  such  voltage  to  substantially 
ground  potential  during  such  time  interval  if  the 
#1  cylinder  ignition  voltage  on  line  98  is  greater 
than  the  #4  engine  cylinder  ignition  voltage  on 
line  100.  Since  engine  cylinder  #1  is  in  its  com- 
pression  stroke,  the  magnitude  of  the  ignition 
voltage  required  to  produce  an  electrical  dis- 
charge  therein  is  significantly  greater  than  that 
required  for  the  engine  cylinder  #4,  which  is  in  its 
exhaust  stroke,  as  seen  in  Figures  5C  and  5D.  As  a 
result,  the  output  of  comparator  110  at  terminal  E 
is  held  at  ground  potential  in  the  interval  T0  —  T,  as 
seen  in  Figure  5E.  The  negative  going  voltage 
transition  at  the  terminal  E  produces  a  negative 
going  voltage  at  the  trigger  input  (T)  of  mono- 
stable  multi-vibrator  116,  thereby  causing  the 
output  line  78  to  rise  to  a  logic  1  voltage  potential 
as  seen  in  Figure  5F.  When  the  capacitor  128  is 
charged  through  resistor  126  to  a  predetermined 
percentage  of  supply  voltage  at  time  T2,  the 
voltage  on  line  78  falls  to  a  logic  zero  voltage 
potential  as  seen  in  Figure  5F.  The  synchroniza- 
tion  pulse  134  defined  by  the  times  T0  and  T2  in 
Figure  5  is  thereby  developed  in  timed  relation  to 
the  occurrence  of  an  ignition  event  in  #1  engine 
cylinder  and  is  used  by  the  ECM  70  as  a  means  for 
synchronizing  the  injection  of  fuel  with  the  engine 
rotary  position. 

At  the  initiation  of  the  EST  signal  pulse  132  at 
time  T3,  the  ignition  switch  62  is  closed  to  ener- 
gize  the  primary  winding  58  with  current.  At  the 
termination  of  the  EST  signal  pulse  132  at  time  T4, 
the  switch  62  is  opened  to  interrupt  current  in  the 
primary  winding  58.  At  such  time,  the  one-shot 

102  is  triggered  to  produce  a  positive  pulse  of 
predetermined  duration  on  line  104  as  seen  in 
Figure  5B  and  ignition  voltages  for  the  #1  and  #4 
engine  cylinders  are  generated  and  capacitively 

5  coupled  to  the  lines  98  and  100  as  seen  in  Figures 
5C  and  5D,  respectively.  Since  the  #4  engine 
cylinder  is  in  its  compression  stroke,  the  ignition 
voltage  required  to  produce  an  electrical  dis- 
charge  therein  is  significantly  higher  than  that 

10  required  for  the  #1  engine  cylinder  which  is  in  its 
exhaust  stroke,  as  seen  in  Figures  5D  and  5C. 
Thus,  in  the  interval  defined  by  the  times  T4  and 
T5,  wherein  the  gated  comparator  110  is  enabled 
to  compare  the  voltages  on  lines  98  and  100,  the 

15  voltage  at  the  comparator  output  terminal  E 
remains  at  a  logic  1  voltage  potential.  As  a  result, 
the  monostable  multi-vibrator  1  1  6  is  not  triggered 
and  the  voltage  on  output  line  78  thereof  is 
maintained  at  a  logic  zero  voltage  potential  as 

20  seen  in  Figure  5F. 
In  view  of  the  above,  it  will  be  seen  that  the 

synchronization  pulse  generator  depicted  in  Fig- 
ure  4  is  effective  to  distinguish  between  an  igni- 
tion  voltage  and  consequent  electrical  discharge 

25  which  produces  an  ignition  event  and  an  ignition 
voltage  and  consequent  electrical  discharge 
which  does  not  produce  an  ignition  event.  For  the 
two  concurrent  electrical  discharges  initiated  by 
the  EST  signal  pulses  130  and  132,  only  one 

30  synchronization  pulse  134  is  developed. 
The  synchronization  pulse  generator  82  accord- 

ing  to  a  second  embodiment  of  this  invention  is 
depicted  in  Figure  6.  Similarly  to  Figure  4,  various 
circuit  junctions  thereof  are  identified  by  the 

35  letters  A  —  J  and  the  graphs  of  Figures  7A  —  7J 
depict  the  voltages  with  respect  to  time  which 
occur  at  such  junctions.  In  addition,  circuit 
elements  in  Figure  6  which  correspond  to  the 
circuit  elements  depicted  in  Figure  4  have  been 

40  assigned  the  same  reference  numerals.  Accord- 
ing  to  the  second  embodiment  of  this  invention, 
the  #1  and  #4  engine  cylinder  voltages  on  lines 
98  and  100  are  each  applied,  after  being  suitably 
scaled  by  the  capacitive  dividers  106  and  108,  to  a 

45  gated  integrator  140  or  142  and  a  sample  and  hold 
circuit  144  or  146  before  application  to  a  com- 
parator  148.  in  the  first  embodiment,  the  com- 
parator  110  is  gated  into  operation  by  the  output 
of  one-shot  102  —  in  the  second  embodiment,  the 

so  integrators  140  and  142  and  the  sample  and  hold 
circuits  144  and  146  are  gated  into  operation  by 
the  output  pulse  of  one-shot  1  02.  Thus,  the  output 
of  one-shot  102  on  line  104  is  applied  to  the 
enable  inputs  (EN)  of  gated  integrators  140  and 

55  142  via  lines  150  and  152,  and  to  the  enable  inputs 
(EN)  of  sample  and  hold  circuits  144  and  146  via 
lines  154  and  156.  Both  the  gated  integrators  140 
and  142  and  the  sample  and  hold  circuits  144  and 
146  may  be  of  conventional  design  and  comprise 

60  well-known,  over-the-counter  devices.  The  gated 
integrators  140  and  142  are  effective  when  a 
positive  pulse  is  applied  to  the  enable  (EN)  input 
thereof  to  integrate  the  respective  #1  or  #4 
cylinder  ignition  voltage  on  line  158  or  160  with 

65  respect  to  time,  and  apply  the  result  "of  such 
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integration  to  the  output  terminals  E  or  F,  respec- 
tively.  The  sample  and  hold  circuits  144  and  146 
are  each  effective  when  a  negative  going  voltage 
transition  is  applied  to  the  enable  (EN)  input 
thereof  to  sample  the  voltage  potential  on  line  162 
or  164  and  to  hold  such  voltage  at  the  output 
terminal  G  or  H  thereof.  The  output  terminal  G  is 
applied  via  line  166  to  the  inverting  input  of 
comparator  148  and  the  output  terminal  H  is 
applied  via  line  168  to  the  noninverting  input  of 
comparator  148.  The  output  of  comparator  148  at 
terminal  I  is  applied  through  the  AC  coupling 
capacitor  114  to  the  trigger  input  (T)  of  the  timer 
122  which  operates  as  described  in  reference  to 
Figure  4  to  generate  a  synchronization  pulse  on 
line  78  of  predetermined  duration  when  a  nega- 
tive  going  voltage  is  applied  to  its  trigger  input. 

Referring  to  the  graphs  depicted  in  Figures 
7A  —  7J,  the  operation  of  the  circuit  depicted  in 
Figure  6  will  be  described.  As  with  Figure  5,  the 
graphs  of  Figures  7A  —  7J  are  depicted  on  a 
common  time  base  which  is  discontinuous  at  its 
midsection  in  order  to  illustrate  circuit  operation 
for  two  different  EST  signal  pulses  130  and  132. 
Also,  as  with  Figure  5,  the  EST  signal  pulse  130 
occurs  while  the  #1  cylinder  is  in  its  compression 
stroke  and  the  #4  cylinder  is  in  its  exhaust  stroke. 
The  EST  signal  pulse  132  occurs  while  the  #1 
cylinder  is  in  its  exhaust  stroke  and  the  #4 
cylinder  is  in  its  compression  stroke.  Initially,  the 
EST  signal  pulse  130  is  at  a  logic  1  voltage 
potential  causing  the  switch  62  of  ignition  unit  40 
to  be  closed,  thereby  energizing  the  primary 
winding  58  of  auto-transformer  56  with  current. 
At  time  T0  the  EST  signal  pulse  130  falls  to  a  logic 
0  voltage  potential.  As  a  result,  the  one-shot  102  is 
triggered  into  operation  to  produce  a  positive 
pulse  of  predetermined  duration  on  line  104  as 
seen  in  Figure  7B  and  ignition  voltages  for  the  #1 
and  #4  engine  cylinders  are  generated  at  the 
terminals  of  the  secondary  winding  60  as  seen  in 
Figures  7C  and  7D,  respectively.  The  gated  integ- 
rators  140  and  142  are  also  gated  into  operation 
during  the  interval  of  the  pulse  generated  by  one- 
shot  102  and  hence  integrate  the  respective  igni- 
tion  voltages  with  respect  to  time  over  such 
interval.  The  gated  integrator  140  integrates  the 
#1  engine  cylinder  ignition  voltage  and  the  out- 
put  of  such  integrator  at  terminal  E  is  depicted  in 
Figure  7E.  The  gated  integrator  142  integrates  the 
#4  engine  cylinder  ignition  voltage  and  the  out- 
put  of  such  integrator  at  terminal  F  is  depicted  in 
figure  7F.  Since  the  #1  engine  cylinder  is  in  its 
compression  stroke  and  the  #4  engine  cylinder  is 
in  its  exhaust  stroke,  the  ignition  voltage  mag- 
nitude  on  line  98  is  greater  than  that  on  line  100. 
This  difference  in  magnitude  is  detected  accord- 
ing  to  the  second  embodiment  of  this  invention 
by  detecting  the  difference  in  the  final  value  of  the 
gated  integrators  140  and  142  at  time  T,  when  the 
output  pulse  of  one-shot  102  terminates.  At  time 
T,  the  sample-and-hold  circuits  144  and  146  are 
enabled  by  the  negative  going  voltage  transition 
on  line  154  and  156  to  sample  and  hold  the 
integrator  values  and  the  integrators  are  reset  to 

zero.  Thus,  the  sample-and-hold  circuit  144  holds 
the  final  value  of  integrator  140  at  the  output 
terminal  G  and  the  sample-and-hold  circuit  146 
holds  the  final  value  of  the  gated  integrator  142  at 

5  the  output  terminal  H,  the  voltage  at  terminal  G 
being  depicted  in  Figure  7G  and  the  voltage  at 
terminal  H  being  depicted  in  Figure  7H.  Since  at 
time  T,  the  voltage  at  terminal  G  is  suddenly 
greater  than  the  voltage  at  terminal  H,  the  com- 

10  parator  148  changes  to  its  low  impedance  output 
state  and  its  output  voltage  at  terminal  I  falls  to  a 
logic  zero  voltage  potential  as  seen  in  Figure  71.  In 
response  thereto,  the  output  of  timer  122  on  line 
78  rises  to  a  logic  1  voltage  potential  as  seen  in 

15  Figure  7J  and  the  capacitor  128  begins  charging 
through  the  resistor  126.  Since  the  voltages 
applied  to  the  comparator  inputs  are  held  by 
sample  and  hold  circuits  144  and  146,  the  output 
of  comparator  148  at  junction  I  remains  at  a  logic 

20  zero  voltage  potential  as  seen  in  Figure  71.  When 
the  capacitor  128  is  charged  to  a  predetermined 
percentage  of  the  supply  voltage  at  ti  me  i2,  the 
capacitor  128  is  discharged  and  the  output  of 
timer  122  on  line  78  fails  to  a  logic  zero  voltage 

25  potential  as  seen  in  Figure  7J. 
At  a  later  point  in  time,  when  the  #1  engine 

cylinder  is  in  its  exhaust  stroke  and  the  #4  engine 
cylinder  is  in  its  compression  stroke,  the  EST 
signal  pulse  132  occurs.  At  the  initiation  thereof  at 

30  time  T3,  the  switch  62  of  ignition  unit  40  closes  to 
energize  the  primary  winding  58  of  auto-trans- 
former  56  with  current.  At  time  T4,  the  EST  signal 
pulse  132  terminates,  and  ignition  unit  40  opens 
the  switch  62  to  interrupt  current  in  the  primary 

35  winding  58.  The  trailing  edge  of  the  EST  signal 
pulse  132  causes  the  one-shot  102  to  produce  a 
positive  pulse  of  predetermined  duration  on  line 
104  as  seen  in  Figure  7B,  and  produces  ignition 
voltages  for  the  #1  and  #4  engine  cylinders  as 

40  seen  in  Figures  7C  and  7D.  However,  the  #1 
cylinder  ignition  voltage  in  Figure  7C  is  relatively 
small  because  that  cylinder  is  in  its  exhaust 
stroke,  and  the  magnitude  of  the  #4  engine 
cylinder  ignition  voltage  is  relatively  high  since 

45  such  cylinder  is  in  its  compression  stroke.  As  a 
result,  the  final  value  of  the  integrator  142  (ter- 
minal  F)  is  greater  than  that  of  the  integrator  140 
(terminal  E)  at  time  T5  when  the  output  of  one- 
shot  102  at  terminal  B  falls  to  a  logic  zero  voltage 

so  potential.  Thus,  at  time  Ts  when  the  sample  and 
hold  circuits  144  and  146  are  enabled  to  store 
such  final  values,  the  comparator  148  changes 
state  and  permits  its  output  voltage  at  terminal  I 
to  be  pulled  up  to  logic  1  voltage  potential  as  seen 

55  in  Figure  71.  Such  voltage  transition  is  positive  in 
nature  and  the  monostable  multi-vibrator  116 
does  not  produce  a  synchronization  pulse  in 
response  thereto. 

As  with  the  first  embodiment,  the  second 
so  embodiment  of  this  invention  is  effective  to  dis- 

tinguish  between  concurrently  generated  ignition 
voltages  in  "  compression  and  exhaust  stroke 
engine  cylinders  and  to  generate  a  synchroniza- 
tion  pulse  134  only  when  the  ignition  voltages 

65  produce  an  ignition  event  in  a  specified  #1  engine 
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cylinder.  The  rising  edge  of  the  synchronization 
pulses  according  to  the  second  embodiment 
follow  the  interruption  of  current  in  the  primary 
winding  58  by  an  interval  corresponding  to  the 
duration  of  the  one-shot  102  since  the  final  value 
of  the  gated  integrators  140  and  142  is  used  to 
distinguish  between  the  ignition  voltages.  Since 
typical  fuel  injection  specifications  require  only 
that  the  synchronization  pulse  be  generated  prior 
to  an  ignition  event  in  the  next  fired  engine 
cylinder,  some  leeway  in  the  timing  of  the  syn- 
chronization  pulse  is  permitted.  The  first  embodi- 
ment  circuit  of  Figure  4  has  been  found  to  per- 
form  adequately,  but  the  second  embodiment  of 
Figure  6  is  preferred  if  the  ignition  voltages  are 
obtained  in  an  electrically  noisy  environment  due 
to  the  ability  of  the  integrators  to  ignore  or 
cancel  out  such  noise. 

Claims 

1.  Apparatus  for  generating  electrical  syn- 
chronization  signals  in  relation  to  the  occurrence 
of  an  ignition  event  in  a  specified  one  of  the 
cylinders  of  an  internal  combustion  engine  (10) 
including  at  least  two  cylinders  in  which  gaseous 
mixtures  alternately  undergo  compression  and 
expansion  before  and  after  the  ignition  thereof, 
and  an  ignition  system  (40)  of  the  type  including 
primary  and  secondary  transformer  windings 
(58,  60),  the  secondary  winding  (60)  of  which  is 
connected  at  one  end  thereof  to  a  sparking 
device  (28  —  38)  in  one  of  said  cylinders  and  at 
the  other  end  thereof  to  a  sparking  device 
(28  —  38)  in  the  other  of  said  cylinders  such  that 
interruption  of  current  in  the  primary  winding 
(58)  generates  ignition  voltages  of  opposite 
polarity  at  the  ends  of  said  secondary  winding 
(60)  for  triggering  substantially  concurrent  elec- 
trical  discharges  at  said  sparking  devices 
(28  —  38)  for  producing  an  ignition  event  in  the 
compression  cylinder,  the  apparatus  being 
characterised  by  means  (106,  108)  for  sensing 
the  voltage  magnitudes  generated  for  each  of 
said  cylinders  at  the  onset  of  the  electrical  dis- 
charge,  such  magnitudes  at  the  point  of  electrical 
discharge  being  determined  as  a  function  of  the 
density  of  the  gaseous  mixtures  therein,  the 
compression  cylinder  voltage  magnitude  thereby 
being  relatively  large  as  compared  to  the  expan- 
sion  cylinder  voltage  magnitude;  comparator 
means  (110,  148)  effective  a  predetermined  time 
after  the  interruption  of  current  in  said  primary 
winding  (58)  for  comparing  the  sensed  voftage 
magnitudes  of  said  two  cylinders  and  for 
generating  an  output  signal  if  the  sensed  voltage 
magnitude  of  the  specified  cylinder  is  larger  than 
that  of  the  other  of  said  cylinders,  whereby  such 
output  signals  are  repetitively  generated  in 
coincidence  with  the  generation  of  a  compres- 
sion  cylinder  ignition  voltage  for  said  specified 
cylinder;  and  means  (116)  for  generating  an 
electrical  synchronization  signal-in  timed  relation 
to  the  generation  of  an  output  signal  by  said 
comparator  means,  whereby  the  synchronization 

signals  are  repetitively  generated  in  timed  rela- 
tion  to  the  occurrence  of  ignition  events  in  said 
specified  cylinder. 

2.  Apparatus  as  claimed  in  claim  1,  charac- 
5  terised  in  that  the  predetermined  time  of  said 

comparator  means  (110,  148)  corresponds  to  the 
time  nominally  required  for  the  compression 
ignition  voltage  to  reach  its  peak  magnitude  once 
the  primary  winding  current  has  been 

10  interrupted. 
3.  Apparatus  as  claimed  in  claim  1,  charac- 

terised  in  that  said  comparator  means  (48) 
includes  means  (140,  142)  for  integrating  the 
sensed  ignition  voltage  magnitudes  over  a  pre- 

15  determined  period  of  time  beginning  at  the 
interruption  of  current  in  said  primary  winding; 
and  said  comparator  means  (148)  is  effective  at 
the  end  of  said  predetermined  period  of  time  for 
comparing  such  integrated  voltages  and  for 

20  generating  said  output  signal. 
4.  A  method  of  generating  electrical  syn- 

chronization  signals  in  relation  to  the  occurrence 
of  an  ignition  event  in  a  specified  one  of  the 
cylinders  of  an  internal  combustion  engine  (10) 

25  including  a  distributorless  ignition  system  (40) 
for  igniting  multiple  cylinders  in  the  engine 
sequentially  in  a  predetermined  firing  order  and 
a  fuel  injection  system  (12  —  24)  for  delivering 
fuel  to  the  multiple  cylinders  sequentially  in  the 

30  firing  order  in  advance  of  ignition  based  upon  a 
synchronization  signal  generated  in  timed  rela- 
tion  to  the  occurrence  of  ignition  in  a  particular 
cylinder  in  the  firing  order,  the  ignition  system 
(40)  being  of  the  type  including  primary  and 

35  secondary  transformer  windings  (58,  60)  where 
the  secondary  winding  (60)  is  connected  at  one 
end  to  sparking  device  (28  —  38)  in  the  particular 
cylinder  and  at  the  other  end  to  a  sparking  device 
(28—38)  in  another  cylinder  where  the  two  cylin- 

40  ders  are  so  spaced  in  the  firing  order  that  they 
alternately  undergo  compression  and  expansion 
in  opposite  phase  and  such  that  interruption  of 
current  in  the  primary  winding  (58)  generates 
ignition  voltages  of  opposite  polarity  at  the 

45  respective  ends  of  the  secondary  winding  (60)  for 
causing  the  sparking  devices  to  develop  sub- 
stantially  concurrent  electrical  discharges  in  the 
cylinders  so  as  to  produce  fuel  ignition  in  the 
cylinder  undergoing  compression,  the  method 

so  being  characterised  by  sensing  (106,  108)  the 
respective  voltages  developed  as  to  each 
cylinder  at  the  onset  of  the  electrical  discharge, 
the  magnitude  of  each  such  voltage  being  deter- 
mined  as  a  function  of  the  density  of  the  gaseous 

55  mixture  within  the  cylinder  at  the  onset  of  the 
electrical  discharge  in  the  cylinder  such  that  the 
voltage  magnitude  developed  as  to  the  cylinder 
undergoing  compression  is  larger  than  the  volt- 
age  magnitude  developed  as  to  the  cylinder 

60  undergoing  expansion;  associating  (110,  148)  the 
interruption  of  current  in  the  primary  winding 
(58)  with  the  occurrence  of  ignition  in  the  particu- 
lar  cylinder  when  the  ensuing  sensed  voltage 
magnitude  developed  as  to  the  particular 

65  cylinder  is  larger  than  the  ensuing  sensed  volt- 
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age  magnitude  developed  as  to  the  other 
cylinder;  and  generating  (116)  the  synchroniza- 
tion  signal  in  timed  relation  to  the  associated 
interruption  of  current  in  the  primary  winding. 

Patentanspruche 

1.  Vorrichtung  zur  Erzeugung  elektrischer  Syn- 
chronisationssignale  beziiglich  des  Auftretens 
eines  Ziindungsereignisses  in  einem  bestimmten 
Zylinder  einer  Brennkraftmaschine  (10)  mit  min- 
destens  zwei  Zylindern,  in  denen  Gasgemische 
abwechselnd  Kompression  und  Expansion  vor 
bzw.  nach  der  Ziindung  derselben  unterzogen 
werden,  und  ein  Ziindsystem  (40)  des  Typs,  der 
Primar-  und  Sekundartransformatorwicklungen 
(58,  60)  enthalt,  dessen  Sekundarwicklung  (60)  an 
einem  Ende  mit  einer  Funkeneinrichtung  (28  —  30) 
in  einem  der  Zylinder  und  an  dem  anderen  Ende 
mit  einer  Funkeneinrichtung  (28  —  38)  in  dem 
anderen  der  Zylinder  so  verbunden  ist,  daB  Unter- 
brechung  des  Stromes  in  der  Primarwicklung  (58) 
Zundspannungen  entgegengesetzter  Polaritat  an 
den  Enden  der  Sekundarwicklung  (60)  erzeugt 
zum  Einleiten  im  wesentlichen  gleichlaufender 
elektrischer  Entladungen  an  den  Funkeneinrich- 
tungen  (28  —  38)  zur  Erzeugung  eines  Ziindereig- 
nisses  in  dem  unter  Druck  stehenden  Zylinder, 
wobei  die  Vorrichtung  gekennzeichnet  ist  durch 
Mittel  (106,  108)  zum  Erfassen  der  fur  jeden  der 
Zylinder  erzeugten  SpannungsgroBen,  wobei  der- 
artige  GroBen  zum  Zeitpunkt  der  elektrischen 
Entladung  als  Funktion  der  Dichte  des  darin 
enthaltenen  Gasgemisches  bestimmt  sind,  die 
Kompressionszylinder-SpannungsgroBe  dadurch 
relativ  groB  im  Vergleich  zu  der  Expansionszylin- 
der-SpannungsgroBe  ist,  durch  Komparatormittel 
(110,  148),  die  eine  vorbestimmte  Zeitlange  nach 
der  Stromunterbrechung  in  der  Primarwicklung 
(58)  zum  Vergleichen  der  erfaBten  Spannungs- 
groBen  der  beiden  Zylinder  und  zum  Erzeugen 
eines  Ausgangssignales  wirksam  sind,  falls  die 
erfaBte  SpannungsgrdBe  des  betreffenden  Zylin- 
ders  groBer  als  die  des  anderen  Zylinders  ist, 
wodurch  solche  Ausgangssignaie  wiederholt  mit 
der  Erzeugung  einer  Ko.mpressionszylinder-Zund- 
spannung  fur  den  betreffenden  Zylinder  zusam- 
menfallend  erzeugt  werden,  und  durch  Mittel 
(116)  zur  Erzeugung  eines  elektrischen  Synch  roni- 
sationssignales  in  zeitlicher  Beziehung  zu  der 
Erzeugung  eines  Ausgangssignales  durch  das 
Komparatormittel,  wodurch  die  Synchronisa- 
tionssignale  wiederholt  in  zeitlicher  Beziehung  zu 
dem  Auftreten  von  Zundereignissen  in  dem 
betreffenden  Zylinder  erzeugt  werden. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daB  die  vorbestimmte  Zeitlange 
bei  dem  Komparatormittel  (110,  148)  der  nominell 
fur  das  Erreichen  Ihrer  SpitzengroBe  fur  die  Kom- 
pressionsziindspannung  erforderlichen  Zeit  nach 
Unterbrechung  des  Primarwickiungsstromes  ent- 
spricht. 

3.  Vorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daB  das  Komparatormittel  (148) 
Mittel  (140,  142)  zum  -Integrieren  der  erfaBten 

ZiindspannungsgroBen  iiber  eine  vorbestimmte 
Zeitlange,  beginnend  mit  der  Stromunterbre- 
chung  in  der  Primarwicklung,  enthalt,  und  daB 
das  Komparatormittel  (148)  am  Ende  der  vorbe- 

s  stimmten  Zeitlange  zum  Vergleichen  solcher  inte- 
grierter  Spannungen  und  zum  Erzeugen  des  Aus- 
gangssignales  wirksam  ist. 

4.  Verfahren  zur  Erzeugung  elektrischer  Syn- 
chronisationssignale  mit  Bezug  auf  das  Auftreten 

w  eines  Ziindereignisses  in  einem  bestimmten 
Zylinder  einer  Brennkraftmaschine  (10),  die  ein 
verteilerloses  Ziindsystem  (40)  zum  Zunden  meh- 
rerer  Zylinder  der  Maschine  in  einer  vorbestimm- 
ten  Ziindreihenfolge  nacheinander  und  ein  Brenn- 

15  stoffeinspritzsystem  (12  —  24)  zum  Zuliefern  von 
Brennstoff  zu  den  mehreren  Zylindern  in  der 
Ziindreihenfolge  nacheinander  vor  dem  Zunden 
besitzt,  auf  Grundlage  eines  Synchronisationssig- 
nales,  das  in  zeitlicher  Beziehung  zu  dem  Auftre- 

20  ten  von  Ziindung  in  einem  bestimmten  Zylinder 
in  der  Ziindreihenfolge  erzeugt  wird,  wobei  das 
Ziindsystem  (40)  von  dem  Typ  ist,  der  Primar-  und 
Sekundar-Transformator-wicklungen  (58,  60)  ent- 
halt,  die  Sekundarwicklung  (60)  an  einem  Ende 

25  mit  einem  Ziindgerat  (28  —  38)  in  dem  bestimmten 
Zylinder  und  an  dem  anderen  Ende  mit  einem 
Ziindgerat  (28  —  38)  in  einem  anderen  Zylinder 
verbunden  ist,  wobei  die  beiden  Zylinder  einen 
solchen  Abstand  in  der  Ziindreihenfolge  besitzen, 

30  dalS  sie  abwechselnd  Kompression  und  Expan- 
sion  in  entgegengesetzten  Phasen  unterworfen 
sind,  und  so,  daB  die  Stromunterbrechung  in  der 
Primarwicklung  (58)  Zundspannungen  entgegen- 
gesetzter  Polaritat  an  den  jeweiligen  Enden  der 

35  Sekundarwicklung  (60)  erzeugt,  um  die  Ziindge- 
rate  im  wesentlichen  gleichlaufende  elektrische 
Entladungen  in  den  Zylindern  entwickeln  zu  las- 
sen,  um  so  eine  Brennstoffziindung  in  dem  sich 
einer  Kompression  unterziehenden  Zylinder  zur 

40  erzeugen,  wobei  das  Verfahren  dadurch  gekenn- 
zeichnet  ist,  dalS  die  jeweiligen  bei  jedem  Zylinder 
beim  Beginn  der  elektrischen  Entladung  entwik- 
kelten  Spannungen  erfaBt  (106,  108)  werden,  die 
GroSe  jeder  solchen  Spannung  als  eine  Funktion 

45  der  Dichte  des  Gasgemisches  innerhalb  des  Zylin- 
ders  beim  Beginn  der  elektrischen  Entladung  im 
Zylinder  bestimmt  wird,  so  daB  die  bei  dem  einer 
Kompression  unterzogenen  Zylinder  der  entwi- 
ckelte  SpannungsgroBe  groBer  als  die  bei  dem 

so  einer  Expansion  unterzogenen  Zylinder  entwi- 
ckelte  SpannungsgroBe  ist,  daB  die  Stromunterb- 
rechung  in  der  Primarwicklung  (58)  dem  Auftre- 
ten  von  Ziindung  in  dem  besonderen  Zylinder 
zugeordnet  (110,  148)  wird,  wenn  die  sich  erge- 

55  bende  bei  dem  bestimmten  Zylinder  entwickelte 
erfaBte  SpannungsgroBe  groBer  als  die  sich  erge- 
bende  bei  dem  anderen  Zylinder  entwickelte 
SpannungsgroBe  ist,  und  daB  das  Synchronisa- 
tionssignal  in  zeitlicher  Bezeichnung  zu  der  zuge- 

60  ordneten  Stromunterbrechung  ion  der  Primar- 
wicklung  erzeugt  (116)  wird. 

Revendications 

65  1.  Appareil  de  generation  de  signaux  electri- 
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ques  de  synchronisation  en  relation  avec  la  pro- 
duction  d'un  allumage  dans  un  cylindre  specifie 
parmi  les  cylindres  d'un  moteur  a  combustion 
interne  (10)  comportant  au  moins  deux  cylindres 
dans  lesquels  des  melanges  gazeux  sont  alterna- 
tivement  soumis  a  une  compression  et  a  une 
detente  avant  et  apres  I'allumage  dudit  melange, 
et  un  systeme  d'allumage  (40)  du  type  compor- 
tant  un  enroulement  primaire  et  un  enroulement 
secondaire  de  transformateur  (58,  60),  I'enroule- 
ment  secondaire  (60)  ayant  I'une  de  ses  extremite 
connectee  a  un  dispositif  d'allumage  (28  a  38) 
dans  Tun  desdits  cylindres  et  son  autre  extremite 
connectee  a  un  dispositif  d'allumage  (28  a  38) 
dans  I'autre  desdits  cylindres  de  maniere  qu'une 
interruption  de  courant  dans  I'enroulement  pri- 
maire  (58)  produise  des  tensions  d'allumage 
d'une  polarite  opposee  aux  extremites  dudit 
enroulement  secondaire  (60)  afin  de  declencher 
des  decharges  electriques  pratiquement  simulta- 
nees  sur  lesdits  dispositifs  d'allumage  (28  a  38)  de 
fagon  a  produire  un  allumage  dans  le  cylindre  de 
compression,  caracterise  en  ce  qu'il  comporte  des 
moyens  (106,  108)  destines  a  detecter  les  ampli- 
tudes  de  tensions  produites  pour  chacun  desdits 
cylindres  au  debut  de  la  decharge  electrique  etant 
determinees  en  fonction  de  la  densite  des 
melanges  gazeux  dans  les  cylindres,  I'amplitude 
de  tension  du  cylindre  de  compression  etant 
relativement  grande  comparee  a  ('amplitude  de 
tension  du  cylindre  de  detente;  des  moyens  de 
comparaison  (110,  148)  intervenant  un  intervalle 
de  temps  predetermine  apres  Interruption  du 
courant  dans  ledit  enroulement  primaire  (58)  afin 
de  comparer  les  amplitudes  de  tension  detectees 
des  deux  cylindres  et  afin  de  produire  un  signal 
de  sortie  si  I'amplitude  de  tension  detectee  du 
cylindre  specifie  est  superieure  a  celle  de  I'autre 
desdits  cylindres,  de  sorte  que  de  tels  signaux  de 
sortie  soient  produits  de  fagon  repetitive  en  coin- 
cidence  avec  la  production  d'une  tension  d'allu- 
mage  d'un  cylindre  de  compression  pour  ledit 
cylindre  specifie;  et  des  moyens  (116)  pour  la 
production  d'un  signal  electrique  de  synchronisa- 
tion  en  relation  temporisee  avec  la  production 
d'un  signal  de  sortie  par  lesdits  moyens  de 
comparaison,  les  signaux  de  synchronisation 
etant  ainsi  produits  de  fagon  repetitive  en  relation 
temporisee  avec  la  production  d'allumages  dans 
ledit  cylindre  specifie. 

2.  Appareil  suivant  la  revendication  1,  caracte- 
rise  en  ce  que  I'intervalle  de  temps  predetermine 
dans  lesdits  moyens  de  comparaison  (110,  148) 
correspond  a  I'intervalle  de  temps  necessaire  de 
fagon  normale  pour  que  la  tension  d'allumage  de 
compression  atteigne  son  amplitude  de  crete  une 
fois  que  le  courant  de  I'enroulement  primaire  a 
ete  interrompu. 

3.  Appareil  suivant  la  revendication  1,  caracte- 
rise  en  ce  que  lesdits  moyens  de  comparaison 
(48)  comprennent  des  moyens  (140,  142)  destines 
a  integrer  les  amplitudes  de  tension  d'allumage 

detectees  sur  une  periode  de  temps  predetermi- 
nee  a  partir  de  I'interruption  du  courant  dans 
I'enroulement  primaire;  et  en  ce  que  lesdits 
moyens  de  comparaison  (148)  interviennent  a  la 

5  fin  de  ladite  periode  predeterminee  pour  compa- 
rer  de  telles  tensions  integrees  et  de  produire  ledit 
signal  de  sortie. 

4.  Procede  pour  la  production  de  signaux  elec- 
triques  de  synchronisation  en  relation  avec  la 

70  production  d'un  allumage  dans  un  cylindre  speci- 
fie  de  plusieurs  cylindres  d'un  moteur  a  combus- 
tion  interne  (10)  comportant  un  systeme  d'allu- 
mage  (40)  sans  distributeur  afin  d'allumer  succes- 
sivement  plusieurs  cylindres  dans  le  moteur  dans 

15  un  ordre  d'allumage  predetermine  et  un  systeme 
d'injection  de  carburant  (12  a  24)  destine  a  ali- 
menter  successivement  du  carburant  aux  cylin- 
dres  dans  I'ordre  d'allumage  avec  une  avance  a 
raliumage  base  sur  un  signal  de  synchronisation 

20  produit  en  relation  temporisee  avec  la  production 
de  I'allumage  dans  un  cylindre  particulier  dans 
I'ordre  d'allumage,  le  systeme  d'allumage  (40) 
etant  du  type  comportant  un  enroulement  pri- 
maire  et  un  enroulement  secondaire  (58,  60), 

25  I'une  des  extremites  de  I'enroulement  secondaire 
(60)  etant  connectee  a  un  dispositif  d'allumage 
(28  a  38)  dans  le  cylindre  particulier  et  I'autre 
extremite  a  un  dispositif  d'allumage  (28  a  38) 
dans  un  autre  cylindre,  les  deux  cylindres  etant 

30  espaces  dans  I'ordre  d'allumage  de  telle  maniere 
qu'ils  subissent  alternativement  la  compression 
et  la  detente  dans  une  phase  opposee  et  de  fagon 
que  I'interruption  du  courant  dans  I'enroulement 
primaire  (48)  produise  des  tensions  d'allumage 

35  de  la  polarite  opposee  aux  extremites  respectives 
de  I'enroulement  secondaire  (60)  afin  d'amener 
les  dispositifs  d'allumage  a  produire  des 
decharges  electriques  pratiquement  simultanees 
dans  les  cylindres  afin  de  produire  I'allumage  du 

40  carburant  dans  le  cylindre  soumis  a  la  compres- 
sion,  le  procede  etant  caracterise  en  ce  qu'on 
detecte  (106,  108)  les  tensions  respectives  pro- 
duites  pour  chaque  cylindre  au  debut  de  la 
decharge  electrique,  I'amplitude  de  chacune  des- 

45  dites  tensions  etant  determinee  en  fonction  de  la 
densite  du  melange  gazeux  dans  le  cylindre  au 
debut  de  la  decharge  electrique  dans  le  cylindre 
de  fagon  que  I'amplitude  de  tension  produite  pour 
le  cylindre  soumis  a  la  compression  soit  supe- 

50  rieure  a  I'amplitude  de  tension  produite  pour  le 
cylindre  soumis  a  la  detente;  en  ce  qu'on  associe 
(110,  148)  I'interruption  du  courant  dans  I'enrou- 
lement  primaire  (48)  a  la  production  d'allumages 
dans  le  cylindre  particulier  lorsque  I'amplitude  de 

55  tension  detectee  resultante  produite  pour  le  cylin- 
dre  particulier  est  superieure  a  I'amplitude  de 
tension  detectee  resultante  produite  pour  I'autre 
cylindre;  et  en  ce  qu'on  produit  (116)  le  signal  de 
synchronisation  en  relation  temporisee  avec  rin- 

se  terruption  associee  de  courant  dans  I'enroule- 
ment  primaire. 

55 
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