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Description 

This  invention  relates  to  an  engine  knock  control 
apparatus  which  detects  knocking  of  an  internal 
combustion  engine  by  means  of  a  knock  sensor 
and  controls  the  spark  timing  in  dependence  of  the 
detected  knock  signal. 

An  engine  knock  control  apparatus  of  this  kind  is 
known  for  example  from  the  US  patent  4111  035. 
Fig.  3  of  this  US  patent  shows  an  engine  knock 
signal  generating  apparatus  with  noise  channel 
inhibiting  feedback.  This  apparatus  comprises  a 
vibration  sensor  generating  knock-induced  vibra- 
tions  at  a  characteristic  frequency  and  other 
vibrations  which  is  tuned  to  resonate  at  sub- 
stantially  the  characteristic  frequency,  a  bandpass 
filter  tuned  to  the  characteristic  frequency  for 
removing  noise  components  which  is  connected 
to  the  vibration  sensor  output,  and  the  output  of 
which  is  provided  to  one  input  of  a  comparator,  a 
noise  reference  generator  receiving  its  input  partly 
from  the  bandpass  filter  and  partly,  via  a  summing 
junction,  from  a  low  pass  filter  which  receives  its 
input  from  the  output  of  the  comparator,  the  other 
input  of  the  comparator  being  connected  to  the 
output  of  the  noise  reference  generator.  This 
known  device  does  not  comprise  any  means  for 
generating  a  stabilized  background  signal  level 
prevented  from  an  abnormal  rise  of  the  signal 
voltage. 

The  knock  signal  detected  by  the  knock  sensor 
generally  involves  amplitude  fluctuations  of  as 
large  as  from  ±5  to  ±600  mV  irrespective  of  the 
kind  of  the  knock  sensor.  In  order  to  correctly 
detect  and  discriminate  the  knock  signal,  there- 
fore,  the  signal  must  be  levelled  up  to  a  dis- 
criminating  level  by  use  of  an  amplifier.  If  the 
detection  signal  is  merely  amplified  by  usual 
amplifier  circuits,  however,  the  detection  signal 
cannot  be  amplified  up  to  a  level  that  exceeds  the 
battery  voltage  employed  as  a  power  source  of  the 
amplifier,  its  maximum  voltage  being  determined 
by  the  battery  voltage. 

If  the  gain  of  the  amplifier  is  kept  at  a  high  level, 
the  amplifier  output  would  saturate  at  excessive 
knock  signals,  whereby  an  excessively  large  knock 
control  signal  is  generated  from  the  comparator 
and  proper  knock  control  becomes  impossible.  If 
the  gain  of  the  amplifier  is  kept  at  a  low  level,  on 
the  contrary,  an  excessively  small  knock  control 
signal  would  be  generated  from  the  comparator  at 
small  knock  signals,  whereby  proper  knock  control 
becomes  impossible,  either.  Furthermore,  the 
known  apparatus  do  not  have  means  for  generat- 
ing  a  stabilized  background  signal  level.  For  these 
reasons,  conventional  engine  knock  control 
apparatus  are  not  sufficiently  reliable. 

It  is  therefore  the  object  of  the  present  invention 
to  provide  an  engine  knock  control  apparatus 
having  high  reliability  and  comprising  a  back- 
ground  level  circuit  which  is  stabilized  against  an 
abnormal  rise  of  the  signal  voltage  and  thus  allows 
obtaining  a  proper  knock  control  signal  at  the 
comparator  output. 

The  above-mentioned  object  is  accomplished 

according  to  claim  1.  The  dependent  claims  refer 
to  preferred  embodiments. 

The  engine  knock  control  apparatus  according 
to  the  invention  comprises 

5  —  a  knock  sensor  detecting  engine  knocking  and 
producing  a  knock  signal  as  output  and 

—an  amplifier  amplifying  the  knock  signal  and  is 
characterized  by 

—  a  knock  signal  clamping  circuit  coupled  to  the 
70  knock  sensor  and  clamping  the  output  signal  of  the 

knock  sensor  at  a  predetermined  maximum  level 
and  preventing  an  abnormal  rise  of  its  signal 
voltage, 

—  an  integrator  receiving  the  output  signal  from 
75  the  clamping  circuit  and  providing  an  integrated 

output  signal,  and 
—  a  comparator  receiving  and  comparing  the 

integrated  output  signal  and  the  knock  signal 
which  provides  a  spark  timing  control  signal  to  an 

20  ignition  control  device  controlling  the  ignition 
timing  of  an  ignition  coil. 

The  background  signal  level  is  obtained  by 
averaging  the  knock  signals  at  the  time  of  amplify- 
ing  the  knock  sensor  output.  The  background  level 

25  circuit  comprises  a  maximum  clamp  circuit  for 
clamping  the  background  level  signal  voltage. 

According  to  a  preferred  embodiment,  the 
engine  knock  control  apparatus  of  this  invention  is 
equipped  with  an  automatic  gain  control  system 

30  as  a  pre-stage  circuit  to  the  comparator  for  making 
constant  the  gain  of  the  amplifier  in  proportion  to 
the  ratio  of  the  amplitude  of  the  knock  signal  to  the 
amplitude  of  the  background  level  (input  signal 
ratio).  The  automatic  gain  control  circuit  is  the 

35  object  of  the  corresponding  parent  application 
81106002.9  (EP—  A—  0  047  394). 

It  has  been  confirmed  according  to  the  experi- 
mental  results  obtained  by  the  inventors  of  the 
present  invention  that  the  input  signal  ratio  is 

40  substantially  independent  of  the  amplitude  of  the 
knock  signals  and  remains  constant.  On  the  basis 
of  these  experimental  results,  the  reliability  of  an 
engine  knock  control  apparatus  can  be  further 
improved  by  controlling  the  gain  of  the  amplifierto 

45  a  constant  level  in  correspondence  to  the  input 
signal  ratio,  thereby  making  it  possible  to  obtain  a 
proper  knock  control  signal  from  the  comparator 
irrespective  of  the  amplitude  of  the  knock  signal. 

The  maximum  clamp  circuit  in  the  background 
so  level  circuit,  which  is  the  object  of  the  divisional 

application  84103812.8  (EP—  A—  0  148  308)  pre- 
vents  an  abnormal  rise  of  the  voltage  of  the 
background  level  circuit  and  stabilizes  the  knock- 
ing  detection  performance.  Thereby  the  reliability 

55  is  improved.  In  the  following,  the  invention  is 
explained  with  reference  to  the  drawings,  whereby 
are: 

Fig.  1:  A  block  diagram  showing  the  overall 
construction  of  an  apparatus  according  to  the 

so  present  invention; 
Fig.  2:  waveform  diagrams  showing  the  signal 

waveforms  at  different  portions  of  the  apparatus  in 
a  time  chart; 

Fig.  3:  a  circuit  diagram  showing  in  detail  a 
65  circuit  which  includes  the  knock  sensor,  the  fail- 



P  0  146  666  B l  

afe  device,  the  condensor  coupling  circuit,  tne 
inition  noise  cut  circuit  and  the  bandpass  filter 
hown  in  Fig.  1; 
Fig.  4:  characteristic  diagrams  of  the  resonance 

ircuit  consisting  of  the  knock  sensor  and  the 
ondensor  coupling  circuit  shown  in  Fig.  3; 
Fig.  5:  a  circuit  diagram  showing  another  circuit 

onstruction  of  the  knock  sensor; 
Fig.  6:  a  block  circuit  diagram  comprising  the 

utomatic  gain  control  circuit  the  background 
;vel  circuit  of  the  present  invention,  the  com- 
arator  and  the  amplifier  that  are  shown  in  Fig.  1  ; 
Fig.  7:  a  characteristic  diagram  showing  the 

ependence  of  the  output  level  of  the  automatic 
lain  control  circuit  on  the  input  signal  level 
ccording  to  the  block  diagram  of  Fig.  6; 
Fig.  8:  a  detailed  circuit  diagram  of  the  block 

liagram  shown  in  Fig.  6; 
Fig.  9:  a  diagram  useful  for  explaining  the 

lutomatic  gain  control  operation  of  the  circuit 
hown  in  Fig.  8; 
Fig.  10:  a  circuit  diagram  of  the  retard  angle 

letting  circuit  shown  in  Fig.  1; 
Fig.  1  1  :  waveform  diagrams  showing  the  signal 

vaveforms  at  different  portions  of  the  circuit 
ihown  in  Fig.  10  in  a  time  chart; 

Fig.  12:  a  circuit  diagram  of  a  circuit  including 
he  integration  circuit  and  the  advance  angle 
letting  circuit  shown  in  Fig.  1; 

Fig.  13:  a  spark  timing  characteristic  diagram  of 
he  spark  timing  of  the  apparatus  according  to  the 
jresent  invention; 

Fig.  14:  a  characteristic  diagram  of  the  retard 
:ircuit  used  in  the  apparatus  according  to  the 
jresent  invention;  and 

Fig.  15:  waveform  diagrams  obtained  with  an 
abnormal  voltage  superposed  at  posnt  (a)  in  Fig. 
i. 

The  engine  knock  control  apparatus  of  the 
jresent  invention  shown  in  Fig.  1  comprises  a 
cnock  sensor  100  for  detecting  knocking  and 
Droducing  a  knock  signal,  a  knock  control 
apparatus  101  for  generating  a  control  signal  for 
:ontrolling  the  spark  timing  of  the  ignition  coil 
135  by  means  of  the  knock  signal  applied  thereto 
From  the  knock  sensor  100,  a  pick-up  coil  105  for 
detecting  the  spark  timing  of  the  ignition  coil  135 
and  a  contactless  ignition  control  device  103  for 
igniting  the  ignition  coil  135  by  means  of  the 
output  from  the  pick-up  coil  105  and  that  of  the 
knock  control  apparatus  101  and  for  delivering  a 
feedback  signal  to  the  knock  control  apparatus 
101. 

The  knock  control  apparatus  101  receives  the 
detection  signal  of  the  knock  sensor  100  and  the 
output  signal  of  the  contactless  ignition  control 
device  103  and  controls  the  ignition  control 
device  103  in  accordance  with  the  magnitude  of 
knocking,  thereby  allowing  the  ignition  control 
device  to  perform  retard  angle  control. 

The  knock  control  apparatus  101  comprises  a 
fail-safe  device  102  (object  of  the  divisional 
application  ...  (680-36.055))  for  detecting  faults  of 
the  knock  sensor  100  and  delivering  a  signal  for 
compulsively  retarding  the  angle  of  the  spark 

liming,  a  conuensui  i;uu(jimy  uiuuu  i  i-ui  unuun 
having  a  gate  for  cutting  the  spark  noise  in 
synchronism  with  the  spark  timing,  a  bandpass 
filter  (BPF)  114  for  filtering  the  knock  signal,  an 

;  automatic  gain  control  (AGO  circuit  160  for  con- 
trolling  the  gain  of  an  amplifier  of  its  own  in 
proportion  to  the  input  signal  ratio  by  means  of 
the  output  of  the  BPF  114,  a  background  level 
(BGL)  circuit  1  19  for  obtaining  a  mean  value  of  the 

o  knock  signal  by  means  of  the  input  from  the  AGC 
circuit  160,  an  amplifier  161  for  amplifying  the 
output  of  the  BGL  circuit  119  and  feeding  it  back 
to  the  AGC  circuit  160,  a  first  comparator  118  for 
comparing  the  BGL  output  signal  with  the  output 

5  signal  of  the  AGC  circuit  160  and  generating  a 
retard  angle  signal  proportional  to  the  knocking 
signai,  a  second  comparator  138  using  a  pre-set 
voltage  as  a  reference  signal,  a  retard  angle 
setting  circuit  126  for  logically  operating  the  AND 

o  between  the  output  of  both  comparators  118,  138 
and  setting  the  retard  angle  signal  in  proportion 
to  the  knocking,  a  monostable  circuit  such  as  a 
multivibrator  128  for  generating  a  signal  of  a 
predetermined  pulse  width  in  synchronism  with 

'5  the  cut  of  the  ignition  coil  135  by  means  of  the 
signal  from  the  ignition  control  device  103,  an 
advance  angle  setting  circuit  127  for  generating  a 
signal  for  advancing  the  angle  of  the  spark  timing 
of  the  ignition  coil  135  at  a  predetermined  volt- 

w  age/period  ratio  during  the  period  in  which  the 
output  pulse  of  the  monostable  circuit  128  is 
being  generated,  and  an  integration  circuit  125  for 
generating  a  d.c.  voltage  proportional  to  the 
retard  angle  signal  set  in  the  retard  angle  setting 

is  circuit  126  and  to  the  advance  angle  signal  set  in 
the  advance  angle  setting  circuit  127  and  compul- 
sively  retarding  the  angle  of  the  spark  timing  of 
the  ignition  coil  135  by  means  of  the  output  from 
the  fail-safe  device  102. 

to  The  fail-safe  device  102  has  a  fail-safe  function 
to  detect  various  fault  or  abnormal  modes  of  the 
knock  sensor  100  and  allows  it  to  perform  the 
retard  angle  control  in  accordance  with  the 
detected  mode.  The  fail-safe  device  102  consists 

is  of  a  constant  current  circuit  107,  a  sensor  short 
detector  108  and  a  sensor  open  detector  109  and 
provides  the  output  of  each  circuit  of  the  inte- 
gration  circuit  125,  thereby  performing  the  fail- 
safe  function. 

so  The  BGL  circuit  119  generates  an  averaged 
signal  at  the  output. 

The  ignition  control  device  103  consists  of  an 
amplifier  131  for  wave-shaping  the  output  signal 
of  the  pickup  coil  105,  a  retard  circuit  132  for 

55  controlling  the  spark  timing  in  accordance  with 
the  output  voltage  of  the  knock  control  apparatus 
101  and  a  power  transistor  134  for  switching  the 
ignition  coil  135  and  for  generating  a  high  voltage 
on  its  secondary  side.  Next,  the  operation  of  the 

eo  above-mentioned  construction  will  be  described 
on  the  basis  of  the  waveform  diagrams  shown  in 
Fig.  2. 

Fig.  2(1)  shows  the  spark  timing  waveform.  In 
practice,  this  waveform  signal  is  the  base  signal 

65  to  the  power  transistor  134  of  the  ignition  control 
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device  1  03.  The  power  transistor  1  34  is  turned  ON 
at  an  H  level  and  is  turned  off  at  an  L  level.  The 
spark  is  generated  by  the  ignition  coil  135  in  the 
transient  period  in  which  the  transistor  134  is 
switched  from  ON  to  OFF. 

Fig.  2(2)  shows  the  output  signal  of  a  predeter- 
mined  pulse  width  of  the  monostable  circuit  128 
which  receives  the  base  signal  as  the  input  and  is 
triggered  when  the  transistor  changes  from  ON  to 
OFF  thereby  to  generate  a  pulse  signal  of  a 
predetermined  width  t,.  Fig.  2(3)  shows  the 
boosted  output  of  the  knock  sensor  100.  The 
signals  detected  by  the  knock  sensor  100  are 
those  which  change  to  positive  and  negative  with 
a  d.c.  zero  level  as  the  reference.  The  knock  signal 
is  included  in  these  detected  signals.  On  the  other 
hand,  the  sensor  short  detector  108  and  the 
sensor  open  detector  109  are  provided  in  order  to 
realize  a  fail-safe  operation.  If  these  detectors  are 
not  normally  operating,  the  mode  detection  is  not 
possible  if  the  signal  is  one  of  the  above-men- 
tioned  d.c.  zero  level  signals.  To  cope  with  this 
problem  there  is  disposed  the  constant  current 
circuit  107.  When  a  constant  current  from  the 
constant  current  circuit  107  overlays  the  output  of 
the  sensor  100,  a  predetermined  biasing  is 
effected  in  positive  direction.  This  constant  cur- 
rent  circuit  107  plays  an  important  role,  since 
without  the  constant  current  circuit  1  07  the  output 
of  the  knock  sensor  100  changes  within  the  range 
of  ±5  to  ±600  mV,  i.e.  by  a  factor  of  up  to  120. 

If  the  knock  d.c.  impedance  is  840O.  and  the 
inductance  L=1  H,  the  a.c.  impedance  at  7  kHz  is 
about  44  kO.  If  the  knock  sensor  output  is  to  be 
levelled  up  by  ordinary  bias  means  using  resistor 
voltage  division  for  the  purpose  of  d.c.  level-up 
such  as  by  about  1.6  V  in  the  above-mentioned 
case,  biasing  from  the  6  V  power  source  using  a 
resistor  of  about  2.3  kQ  is  necessary.  In  this  case, 
the  damping  ratio  of  the  a.c.  signal  at  the  7  kHz 
output  of  the  knock  sensor  by  the  bias  means 
consisting  of  a  2.3  kQ  resistor  is  about  1  :20,  and 
the  output  after  biasing  when  the  knock  sensor 
output  is  ±5  mV  drops  to  0.25  mV.  It  is  obviously 
that  this  lowers  the  detection  accuracy,  and  detec- 
tion  of  the  fault  mode  becomes  impossible  in  the 
worst  case.  The  present  invention  improves  the 
knock  detection  accuracy  and  facilitates  the  fault 
mode  detection  by  providing  the  constant  current 
circuit  107. 

Fig.  2(3)  shows  the  sensor  output  which  is 
biased  by  the  constant  current  circuit  107. 

The  condensor  coupling  circuit  112  is  disposed 
in  order  to  remove  d.c.  components.  Further,  the 
circuit  has  the  function  of  causing  resonance  in 
the  knocking  frequency  range.  The  removal  of  the 
d.c.  bias  by  the  condensor  coupling  circuit  112 
contributes  remarkably  to  the  improvement  in  the 
noise  cut  performance  in  the  following  ignition 
noise  cut  circuit  113,  since  the  ignition  noise 
cannot  be  cut  unless  the  d.c.  bias  is  first  removed. 

The  ignition  noise  cut  circuit  113  is  controlled 
by  the  pulse  output  of  the  monostable  circuit  128 
such  as  shown  in  Fig.  2(2).  The  ignition  noise  cut 
circuit  113  is  a  kind  of  AND  gate  and  converts  the 

output  pulse  of  the  monostable  circuit  128  into  a 
gate  signal.  Accordingly,  only  during  the  period  t, 
in  which  the  output  pulse  of  the  monostable 
circuit  128  is  "1",  the  sensor  output  obtained  via 

5  the  condensor  coupling  circuit  112  is  clamped  at 
about  0  V.  Thus,  the  ignition  noise  is  cut. 

The  BPF  114  generates  the  knock  signal  by 
emphasizing  it  (or  by  damping  the  other  signals), 
and  has  such  a  characteristic  that  considerable 

w  damping  occurs  at  frequencies  higher  than  the 
knock  signal  due  to  knocking.  In  the  present 
invention,  the  BPF  114  may  be  changed  to  an 
amplification  circuit.  The  amplifier  115  (Figs.  6,  8) 
receives  ths  output  of  the  BPF  114  and  amplifies  it 

75  with  a  predetermined  gain.  Upon  receiving  the 
output  of  this  amplifier  115,  the  BGL  circuit  119 
detects  the  BGL.  The  comparator  118  compares 
the  output  voltage  of  the  BGL  circuit  119  (Fig.  8, 
position  (X))  with  the  output  voltage  at  position 

20  (Y)  in  Fig.  8.  The  conditions  of  both  signals  at  this 
time  are  shown  in  Fig.  2(5).  The  comparator  118 
shapes  only  the  output  of  the  amplifier  115 
greater  than  the  output  of  the  BGL  circuit  119.  The 
AND  output  between  the  comparator  118  and  a 

25  comparator  138,  which  is  disposed  in  order  to 
prevent  the  comparator  118  from  detecting  small 
signals  other  than  the  knock  signal  as  if  they  were 
the  knock  signal,  as  will  be  later  described,  is 
applied  to  the  retard  angle  setting  circuit  126  and 

30  is  converted  into  a  d.c.  level  signal,  which  is  the 
knock  signal  to  be  determined. 

Fig.  2(6)  shows  the  knock  signal  detected  by  the 
comparator  118  and  Fig.  2(7)  is  a  partially 
enlarged  view  of  this  knock  signal.  If  the  operation 

35  of  the  comparator  138  is  hereby  neglected,  the 
integration  circuit  125  receives  the  output  signal 
of  the  retard  angle  setting  circuit  126  and  integ- 
rates  the  pulse  only  when  the  pulse  is  at  the  high 
level  "1"  (Fig.  2(7)).  Accordingly,  an  integration 

40  value  corresponding  to  the  number  of  pulses  is 
produced  from  the  integration  circuit  125.  Fig.  2(8) 
shows  the  output  of  the  integration  circuit  125. 
The  retard  angle  control  is  effected  in  the  retard 
circuit  132  by  means  of  this  output  of  the  inte- 

45  gration  circuit  125. 
Fig.  3  shows  a  definite  construction  of  the 

circuit  ranging  from  the  knock  sensor  100  to  the 
BPF  114  of  the  overall  construction  shown  in  Fig. 
1.  The  knock  sensor  100  is  an  induction  type 

so  sensor  using  a  magnetostriction  element  and 
equivalently,  is  a  series  circuit  consisting  of  an 
inductance  26  and  a  resistor  21.  Generally,  the 
value  of  the  inductance  26  is  1  H  and  that  of  the 
resist  21  approximately  840  Q. 

55  The  constant  current  circuit  107  consists  of 
resistors  2,  3,  4,  a  Zener  diode  30  and  a  transistor 
27.  The  power  to  this  circuit  107  is  supplied  from  a 
power  source  120.  The  power  source  120  consists 
of  resistors  20,  18,  19,  a  Zener  diode  32  and  an 

60  operational  amplifier  33,  which  plays  the  role  of  a 
buffer.  The  Zener  voltage  of  the  Zener  diode  32  is 
set  to  6  V  and  the  output  of  the  operational 
amplifier  33  to  3  V.  The  collector  current  of  the 
PNP  transistor  27  is  set  to  approximately  1.9  mA. 

65  Accordingly,  the  d.c.  bias  voltage  at  the  point  (a) 
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jcomes  about  1.6  V  and  the  output  signal  onne  
lock  sensor  100  overlays  this  voltage  of  1.6  V. 
The  constant  current  circuit  107  is  employed  for 
le  following  reason 
The  output  impedance  Z  of  the  knock  sensor 
DO  is  determined  by  the  values  of  the  resistor  21 
id  the  inductance  26.  Accordingly,  the  value  of 
le  impedance  Z  at  a  knocking  frequency  f  of 
pproximately  7  kHz  is  given  as  follows: 

Z=2rrfL+R21 
=2nx7,000x  1+840 
=45  kQ  (D 

If  the  input  impedance  of  the  knock  sensor 
onnecting  portion  of  the  knock  control  apparatus 
01  is  low,  the  knock  sensor  output  signal  is 
rastically  attenuated.  The  knock  sensor  output 
aries  within  the  range  from  ±5  to  ±600  mV,  i.e. 
y  a  factor  of  up  to  120. 
The  constant  current  circuit  107  is  disposed  to 

nhance  the  input  impedance.  Especially  in  the 
onstruction  shown,  the  d.c.  bias  circuit  is  formed 
t  the  constant  current  arrangement  and  hence, 
he  impedance  value  of  this  d.c.  bias  circuit 
lecomes  approximate  by  infinite. 

On  the  other  hand,  disturbance  noise  is  likely  to 
iverlap  if  the  input  impedance  of  the  knock 
:ontrol  apparatus  is  increased.  A  typical  example 
if  such  a  disturbance  noise  is  the  ignition  noise 
Ig  noise)  occurring  in  synchronism  with  the  spark 
iming. 

Here,  the  ignition  noise  will  be  discussed. 
The  base  control  of  the  power  transistor  134  is 

iffected  by  use  of  the  pulse  such  as  shown  in  Fig. 
!(1).  When  this  pulse  is  at  the  H  level,  the  power 
ransistor  is  turned  ON,  it  is  turned  OFF  when  the 
julse  is  at  the  L  level.  During  the  transient  period 
n  which  the  transistor  changes  from  ON  to  OFF  or 
at  the  point  when  the  transistor  is  turned  OFF,  the 
secondary  voltage  of  the  ignition  coil  is  drastically 
3levated  which  generates  primary  noise.  Due  to 
:urther  elevation  of  this  secondary  voltage,  break- 
down  of  the  gas  layer  between  the  plug  elec- 
:rodes  occurs  and  ignition  takes  place.  The 
secondary  noise  occurs  at  this  time  of  ignition. 
The  secondary  noise  can  be  divided  into  a  noise 
due  to  capacitance  discharge  current  flowing  at 
the  initial  stage  of  the  ignition  and  a  noise  due  to 
an  induction  discharge  current  flowing  at  the  later 
stage.  The  former  becomes  the  major  noise 
source  among  the  secondary  noise.  When  the 
input  impedance  is  increased,  the  primary  noise 
and  the  secondary  noise  (the  former  noise)  over- 
lap  the  above-mentioned  knock  sensor  output  as 
the  disturbance  noises  that  exert  adverse 
influences  on  the  knock  signal  discrimination. 
Hence,  the  disturbance  noises  must  be  removed. 
The  disturbance  noises  continue  over  a  period  of 
about  50  to  60  us.  Hence,  the  knock  sensor  output 
may  be  masked  during  this  period.  To  accomplish 
this  object,  the  condenser  coupling  circuit  1  1  2  and 
the  ignition  noise  cut  circuit  113  are  provided. 
However,  the  practical  mask  zone  is  set  to  a  time 
width  sufficiently  greater  than  the  above-men- 

L1UI  ICU  !  IUIOC  bUMUIIuauuil  f̂ wiww  v̂iw.i  v-w  ~  —  - 
0.8  ms.,  for  example. 

The  condenser  coupling  circuit  112  consists  of  a 
capacitor  22  and  a  resistor  6.  The  ignition  noise 
cut  circuit  113  consists  of  resistors  5,  14,  a  Zener 
diode  31,  a  capacitor  23,  a  transistor  28  and  an 
operational  amplifier  35.  The  condenser  coupling 
circuit  112  is  provided  as  means  for  taking  out  the 
knock  signal  from  the  knock  sensor  output  signal 

i  in  a  satisfactory  manner.  As  the  knocking  signal  is 
passed  through  this  condenser  coupling  circuit 
112,  the  d.c.  bias  voltage  overlapping  the  knock 
sensor  output  signal  is  removed.  When  only  the 
knock  signal  is  to  be  taken  out  from  the  knock 

5  sensor  output  overlapping  the  d.c.  bias  com- 
ponent  and  when  the  above-mentioned  noise 
mask  is  to  be  applied,  the  treatment  becomes 
extremely  complicated.  The  concept  of  d.c.  cut- 
ting  itself  is  simple  and  is  an  extremely  practical 

o  technique  in  order  to  correctly  discriminate  the 
knock  signal. 

The  ignition  noise  cut  circuit  113  performs  Ig 
noise  cut  primary  by  means  of  the  operation  of 
the  transistor  28.  The  transistor  28  is  turned  on 

5  and  off  by  the  output  of  the  monostable  circuit 
128,  which  is  a  monostable  multivibrator.  As 
shown  in  Fig.  2(1),  the  monostable  multivibrator 
128  is  triggered  by  the  fall  of  the  base  signal  of  the 
power  transistor,  thereby  generating  a  pulse  of  a 

o  mask  zone  width.  Fig.  2(2)  shows  the  output  of 
this  monostable  multivibrator  128  whose  mask 
zone  width  is  the  time  interval  t,.  The  transistor  28 
is  turned  only  in  the  time  interval  t,  in  which  the 
output  of  this  monostable  multivibrator  128 

ts  becomes  "1".  During  this  time  interval  t1(  there- 
fore,  the  knock  sensor  output  is  short-circuited 
and  the  operational  amplifier  35  has  no  input 
signal,  whereby  the  Ig  noise  is  masked.  The  circuit 
of  Fig.  3  comprises  resistors  5,  6,  14  and 

10  capacitors  22,  23  as  the  load  impedance  of  the 
sensor  100,  however,  the  resistors  5,  14  and  the 
capacitor  23  can  be  omitted  if  the  resistor  14  has  a 
high  resistance  such  as  1  MQ,  for  example. 
Accordingly,  it  is  possible  that  the  load  of  the 

ts  sensor  100  consists  only  of  the  capacitor  22  and 
the  resistor  6. 

For  the  above-mentioned  reasons,  the  con- 
denser  coupling  circuit  112  also  has  the  function 
of  a  resonance  circuit  for  stressing  and  taking  up 

50  the  knock  signal  among  the  knock  sensor  output 
therefrom  in  addition  to  its  role  of  removing  the 
d.c.  component.  This  will  be  described  in  further 
detail. 

As  described  above,  the  resistors  5,  14  and  the 
55  capacitor  23  can  be  neglected  as  the  load  when 

the  knock  control  apparatus  is  viewed  from  the 
side  of  the  knock  sensor  100  by  selecting  a  high 
resistance  for  the  resistor  14.  Hence,  the  load  is 
only  the  condenser  coupling  circuit  112.  In  other 

so  words,  the  resonance  circuit  is  formed  solely  by 
the  knock  sensor  100  and  the  condenser  coupling 
circuit  112,  i.e.,  by  a  circuit  consisting  of  the 
inductance  26,  the  resistor  21,  the  capacitor  22 
and  the  resistor  6.  The  resonance  circuit  is  cap- 

65  able  of  acting  as  a  by-pass  filter  which  damps  (by 

o 
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approximately  5  dB)  the  3  —  5  kHz  engine  oscilla- 
tion  with  respect  to  the  knock  signal  (approxi- 
mately  7  kHz).  The  gain  G  at  this  time  is  given  by 
the  following  equation: 

_R6C22ei(n/2-8l) 

2=20  log  V(1  -_2L26C22)2+  {_(R21C22+R6C22)}i! 
(2) 

_C22(R2i+R6) 
tan  6=  (3) 

1  —  co2L2_C22 

Fig.  4  shows  the  characteristics  of  the  reso- 
nance  circuit  thus  obtained.  Fig.  4(A)  shows  the 
by-pass  filter  characteristic  when  the  capacitance 
of  the  capacitor  C22  is  as  large  as  100  pF.  Fig.  4(B) 
shows  the  characteristic  when  the  capacitance  of 
the  capacitor  C22  is  increased  to  470  pF.  It  also 
shows  the  band-pass  filter  characteristic. 

The  practical  resonance  circuit  has  a  band-pass 
filter  characteristic  which  corresponds  approxi- 
mately  to  that  shown  in  Fig.  4(B).  Incidentally, 
when  the  value  of  the  capacitor  C22  is  470  pF  and 
that  of  the  resistor  6  is  20  kQ,  the  resonance 
frequency  is  7  kHz  and  the  circuit  exhibits  the 
desired  band-pass  filter  characteristic. 

Fig.  5  shows  a  circuit  diagram  in  which  a 
piezoelectric  sensor  100  is  disposed  in  place  of 
the  knock  sensor  using  a  magnetostriction 
element.  Equivalently,  this  piezoelectric  sensor 
100  consists  of  a  capacitor  180.  The  characterizing 
feature  of  this  construction  resides  in  the  connec- 
tion  between  the  piezoelectric  sensor  100  and  the 
capacitor  22.  Namely,  in  this  construction,  a  series 
circuit  of  a  resistor  181  and  a  capacitor  182  is 
disposed  and  a  reference  voltage  of  +3  V  is 
impressed  via  a  high  resistor  183  (approximately 
1  MQ).  Furthermore,  the  reference  voltage  and 
the  output  of  the  knock  sensor  100  via  the 
capacitor  182  are  impressed  upon  the  positive 
terminal  of  the  operation  amplifier  184.  The 
reason  why  the  reference  voltage  is  applied  via 
the  high  resistor  183  is  to  bring  the  knock  sensor 
output  into  the  operating  range  of  the  operatoinal 
amplifier  184.  The  capacitor  182  takes  only  the  a.c. 
output  from  the  piezoelectric  sensor  100. 

The  BPF  114  (Fig.  3)  consists  of  the  resistors  15, 
16,  17,  the  capacitors  24,  25  and  the  operational 
amplifier  34.  The  non-inverting  terminal  of  this 
operational  amplifier  34  is  connected  to  the  out- 
put  (3  V  reference  voltage)  of  the  operational 
amplifier  33  of  the  power  source  120  having  the 
function  of  a  buffer.  Accordingly,  the  output  of  the 
BPF  114  is  d.c.-wise  biased  by  the  reference 
voltage.  The  BPF  1  14  has  the  filter  function  which 
increases  the  level  difference  between  the  knock 
signal  and  the  non-knock  signals.  This  facilitates 
the  discrimination  by  means  of  the  corresponding 
levels.  The  output  of  the  operational  amplifier  34 
of  the  BPF  114  is  applied  to  a  resistor  204  of  an 
AGC  circuit  160  shown  in  Fig.  8  that  will  be 
described  elsewhere. 

Next,  the  operation  of  the  knock  sensor  fault 

detection  circuit  will  be  described  with  reference 
to  Fig.  3.  The  sensor  short  detector  108  consists  of 
the  resistors  9,  10,  1  1  and  the  comparator  36.  The 
sensor  open  detector  109  consists  of  the  resistors 

5  7,  8  and  the  comparator  37.  It  will  hereby  be 
assumed  that  the  potential  at  point  (c)  of  the 
comparator  36  is  set  to  approximately  0.2  V  and 
the  potential  at  the  point  (b)  of  the  comparator  37 
to  approximately  2.8  V.  If  the  knock  sensor  100  is 

10  short-circuited  at  this  instance,  the  potential  at  the 
point  (a)  becomes  approximately  0  V.  Accord- 
ingly,  the  potential  at  the  point  (a)  becomes  lower 
than  that  at  the  point  (c)  and  the  output  of  the 
comparator  36  becomes  approximately  0  V.  In  the 

is  normal  operation  of  the  knock  sensor  100  in 
which  it  is  not  short-circuited,  the  potential  at  the 
point  (a)  is  set  to  a  level  higher  than  at  the  point 
(c)  by  the  d.c.  bias  so  that  the  output  of  the 
comparator  36  is  at  the  H  level  (approximately  6 

20  V).  On  the  other  hand,  when  the  knock  sensor  100 
becomes  open,  the  voltage  at  the  point  (a)  is 
about  3.2  V  and  is  higher  than  that  at  the  point  (b). 
Hence,  the  output  of  the  comparator  37  becomes 
0  V.  That  is  to  say,  when  the  knock  sensor  is 

25  disconnected  or  short-circuited,  the  voltage  at  the 
point  (g)  becomes  0  V  and  the  output  to  the 
integrator  125  becomes  also  0  V.  In  this  manner, 
short-circuit  and  open  fault  can  be  detected  by  the 
comparators  36,  37. 

30  Fig.  6  shows  a  block  diagram  of  a  circuit  which 
is  suitable  for  processing  the  knock  sensor  output 
and  includes  the  AGC  circuit  160,  the  BGL  circuit 
119,  the  amplifiers  115,  161  and  the  comparators 
118,  138.  One  of  the  features  of  the  circuit  shown 

35  in  Fig.  6  resides  in  the  circuit  construction 
between  the  AGC  circuit  160  and  the  comparator 
118.  The  output  of  the  BPF  114  is  applied  to  the 
AGC  circuit  160.  The  output  of  the  AGC  circuit  160 
is  divided  into  two  systems.  The  first  system 

40  consists  of  the  amplifier  115  which  amplifiers  the 
knock  signal  and  impresses  it  to  one  of  the  input 
terminals  of  the  comparator  118.  The  second 
system  is  the  BGL  circuit  119  consisting  of  a  half- 
wave  rectifier  116,  the  maximum  clamp  circuit 

45  116A,  an  integrator  117  and  an  amplifier  117A. 
The  output  of  the  amplifier  1  17A  is  applied  to  the 
other  input  terminal  of  the  comparator  118.  The 
output  of  the  amplifier  11  7A  is  negatively  fed  back 
to  the  AGC  circuit  160  via  the  amplifier  161. 

so  The  knock  sensor  output  ranges  from  ±5  to  600 
mV.  In  other  words,  the  sensor  output  varies  by  a 
factor  of  up  to  120.  If  this  output  is  merely 
amplified  (100  times,  for  example),  the  range 
becomes  ±0.5  to  ±60  V.  In  a  car,  however,  the 

55  maximum  voltage  is  the  battery  voltage  (approxi- 
mately  12  V)  and  voltages  such  as  60  V  do  not 
exist.  For  this  reason,  it  has  been  a  customary 
practice  either  to  carry  out  processing  with  such  a 
gain  that  no  saturation  occurs  or  to  carry  out 

60  processing  while  saturation  is  sufficiently  taken 
into  account  as  being  unavoidable.  The  former 
method  results  in  lowering  the  sensitivity  for  a 
weak  input  while  the  latter  also  results  in  lowering 
the  sensitivity  with  respect  to  an  input  of  large 

65  amplitude.  According  to  the  circuit  construction 
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town  in  Fig.  6  comprising  the  A_L  circuit  ibu  on 
le  output  side  of  the  BPF  circuit  114,  the  level 
ifference  between  the  knock  signal  and  the  non- 
lock  signals  is  increased  in  the  BPF  114  and  the 
gnal  is  impressed  upon  the  AGC  circuit  160  with 
\is  increased  level  difference  so  that  an  output 
aving  a  high  S/N  ratio  can  be  obtained.  Further, 
le  maximum  clamp  circuit  116A  is  disposed 
ccording  to  the  invention,  which  prevents  from 
n  abnormal  rise  of  the  voltage  in  the  BGL  circuit 
19. 
Another  feature  of  the  circuit  shown  in  Fig.  6 

ssides  in  disposition  of  the  comparator  138.  The 
werting  input  terminal  of  this  comparator  138  is 
onnected  to  a  voltage  Vz  (indicated  in  Fig.  12) 
nat  is  set  in  advance  by  voltage  division  by  the 
ssistors  148  and  149.  The  non-inverting  input 
3rminal  of  the  comparator  138  is  connected  to 
ie  non-inverting  input  terminal  of  the  com- 
iarator  1  1  8.  The  output  of  these  comparators  1  1  8, 
38  is  applied  to  the  retard  angle  setting  circuit 
26.  The  AGC  circuit  160  so  operates  as  to  control 
he  BGL  output  to  a  constant  level,  but  there  is  a 
mit  to  the  amplification  ratio  that  can  be  set. 
accordingly,  the  BGL  output  voltage  does  not 
ufficiently  rise  if  the  knock  sensor  output  signal 
3  small  at  the  low-speed  operation  of  the  engine, 
tence,  there  is  the  possibility  that  the  comparator 
18  would  detect  small  signals  other  than  the 
:nock  signal  as  if  they  were  the  knock  signal, 
towever,  if  the  inverting  input  terminal  of  the 
:omparator  138  is  set  to  a  voltage  Vco  required  for 
ietecting  the  original  knock  signal,  priority  is 
jiven  to  the  output  of  the  comparator  138  when 
he  BGL  output  is  lower  than  the  set  voltage  V00 
ind  the  knocking  pulse  is  generated  in  the  retard 
angle  setting  circuit  126  for  the  original  knock 
signal,  because  the  comparators  118  and  138  are 
disposed  in  the  AND  arrangement.  When  the 
lumber  of  revolutions  of  the  engine  increases 
with  such  a  consequence  that  the  level  of  the  BGL 
/oltage  becomes  higher  than  the  level  of  the  set 
/oltage  Vco  and  the  knock  signal  reaches  a  level  at 
which  accurate  detection  is  possible,  priority  is 
given  to  the  output  of  the  comparator  118  and  the 
signal  is  applied  to  the  retard  angle  setting  circuit 
126. 

According  to  the  experiments,  on  the  other 
hand,  it  has  been  confirmed  that  knock  signal 
detection  can  be  made  in  a  satisfactory  manner  if 
the  knock  signal  of  the  comparator  1  18  is  so  set  as 
to  be  higher  by  approximately  0.5  V  than  the  set 
voltage  Vco. 

As  shown  in  Fig.  7,  the  AGC  circuit  160  is 
capable  of  controlling  the  output  thereof  to  a 
constant  level  except  for  the  low  level  input  (±VU) 
and  the  high  level  input  (±VH). 

Referring  to  Fig.  8,  the  AGC  circuit  160  consists 
of  resistors  204,  205,  207,  209,  an  operational 
amplifier  206  and  an  FET  208.  The  half  wave 
rectifier  116  consists  of  a  capacitor  210,  resistors 
211,  217,  219,  diodes  216,  218  and  an  operational 
amplifier  215. 

The  maximum  clamp  circuit  116A  according  to 
the  invention  consists  of  resistors  225,  230,  an 

Operational  dlll|Jimei  a  win|jaigiui  u 
capacitor  229  and  resistors  235,  236.  The  inte- 
grator  117  consists  of  a  resistor  233  and  a 
capacitor  234.  The  amplifier  117A  consists  of 
resistors  237,  238,  239,  241,  242,  an  operational 
amplifier  240  and  a  resistor  243.  The  amplifier  161 
consists  of  an  operational  amplifier  248,  resistors 
250,  251,  252,  249,  and  a  capacitor  253. 

Next,  the  operation  of  the  circuit  shown  in  Fig.  8 
j  will  be  described.  Since  the  resistance  of  the 

resistor  207  is  high,  the  amplification  ratio  of  the 
operational  amplifier  206  is  determined  by  the 
drain-source  impedance  ZF  of  the  FET  208  and  the 
resistor  209;  the  resulting  gain  G  is  given  by  the 

;  following  equation: 

VD  R209 
G=  «(1+  )  (4) 

V,  ZF 
0 

where  V,  is  the  input  voltage  of  the  AGC  circuit 
160  (or  the  output  voltage  of  the  BPF  114)  and  V0 
is  the  output  voltage  of  the  AGC  circuit  160. 

It  is  of  importance  in  connection  with  equation 
5  (4)  that  the  drain-source  impedance  ZF  of  the  FET 

208  depends  on  its  gate-source  voltage  VGS.  When 
VGS  drops  from  0  V  to  -2  V,  for  instance,  ZF 
becomes  great  due  to  the  output  feedback  of  the 
amplifier  161,  whereas  the  gain  G  becomes  small. 

0  When  ZF  becomes  small,  the  gain  G  becomes 
great,  on  the  contrary.  As  a  result,  the  output 
voltage  of  the  BGL  circuit  119  obtained  from  the 
amplifier  117A  of  the  AGC  circuit  160  becomes 
constant  irrespective  of  the  fluctuation  of  the 

is  input  voltage  and  its  S/N  ratio  become  approxi- 
mately  constant.  Within  the  range  of  Vj=±200 
mV,  the  AGC  operates  sufficiently.  Incidentally, 
the  resistor  207  having  a  high  resistance  is  dis- 
posed  to  protect  the  FET  208  against  disconnec- 

10  tion  damage  or  defect.  Further,  the  drain-source 
impedance  ZF  has  a  value  of  approximately  200  O 
to  approximately  2  kQ. 

Further,  the  resistor  243  and  the  capacitor  253 
have  a  ripple  preventing  function  for  the  BGL.  In 

ts  the  overall  circuit  diagram,  the  operational  ampli- 
fier  (OP)  can  be  a  HA  17902  and  the  comparator 
(CO)  a  HA  17901,  each  of  Hitachi  Ltd.  (The  same 
applies  also  for  Fig.  3  and  12). 

When  no  BGL  input  exists,  the  +  terminal  of  the 
50  operational  amplifier  248  is  connected  to  the 

output  terminal  (3  V)  of  the  operational  amplifier 
33  and  hence,  the  terminal  input  becomes  3  V.  In 
this  case,  the  resistors  251,  252,  254  of  the 
amplifier  161  exhibit  the  d.c.  compensation  func- 

55  tion  such  that  the  output  V2  of  the  operational 
amplifier  248  becomes  4V,  as  shown  in  Fig.  9. 
Further,  the  operational  amplifier  248  is  an  invert- 
ing  amplifier  in  which  when  the  input  V, 
increases,  the  output  V2  tends  to  decrease.  Since 

60  this  output  V2  is  the  gate  input  of  the  FET  208  of 
the  AGC  circuit  160,  Vn  increases  with  increasing 
BGL  whereas  V2  decreases  so  that  the  gain  G  also 
decreases  and  the  AGC  operates.  Here,  the  AGC 
circuit  160  starts  operating  from  V2=3  V  and  ZF 

65  remains  constant  within  the  range  of  3  to  4  V. 

/ 
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The  operational  amplifier  226  of  the  maximum 
clamp  circuit  116A  is  a  buffer  disposed  for 
impedance  conversion.  When  the  non-inverting 
terminal  voltage  V,  is  about  to  exceed  5  V,  the 
comparator  228  becomes  conductive  and  a  cur- 
rent  flows  through  the  diode  227  and  the  resistor 
230  so  that  the  terminal  voltage  of  the  non- 
inverting  terminal  of  the  operational  amplifier  226 
is  clamped  to  maximum  of  5  V.  For  this  reason, 
the  inverting  output  voltage  (background  voltage 
level)  of  the  comparator  118  which  comprises  an 
operational  amplifier  245  does  not  vary  depend- 
ing  on  the  intensity  of  knocking,  and  the  detection 
of  knocking  does  not  become  difficult  with 
increasing  BGL  at  the  time  of  knocking. 

The  output  of  the  comparator  118  may  be 
directly  applied  to  the  integration  circuit  125  or  be 
produced  via  the  retard  angle  setting  circuit  126. 
Fig.  10  shows  the  construction  of  the  retard  angle 
setting  circuit  126  in  this  case,  which  consists  of 
resistors  163,  165,  167,  168,  a  diode  164,  a 
capacitor  166  and  a  comparator  169,  Fig.  11 
shows  the  corresponding  operation  waveform. 

Vz  in  Fig.  10  is  connected  to  the  Vz  terminal  of 
the  integration  circuit  of  Fig.  12  to  be  described 
later.  The  comparators  118  and  1  38  produce  pulse 
waveforms  such  as  shown  in  Fig.  11(1).  As  the 
capacitor  166  is  repeatedly  charged  and  dis- 
charged,  the  output  of  the  comparator  118 
becomes  such  as  shown  in  Fig.  1  1  (2).  On  the  other 
hand,  the  comparator  169  compares  the  output  at 
the  capacitor  166  with  the  reference  voltage  Vz 
and  obtains  a  pulse  output  of  a  pulse  width  t0 
which  is  greater  than  the  reference  voltage  and 
corresponds  to  the  output  at  the  capacitor  166. 
This  output  is  applied  to  the  integration  circuit  125 
and  leads  to  an  integration  output  such  as  shown 
in  Fig.  11(4). 

The  integration  circuit  125  shown  in  Fig.  12 
consists  of  a  mirror  integration  circuit  140,  a 
maximum  clamp  circuit  141,  a  minimum  clamp 
circuit  142,  resistors  50,  67,  60,  64,  65,  62,  63,  66, 
49,  transistors  74,  76,  79,  an  advance  angle  setting 
circuit  127  and  a  Zener  diode  80.  The  mirror 
integration  circuit  140  consists  of  an  operational 
amplifier  85  and  capacitors  71,  72.  The  maximum 
clamp  circuit  141  consists  of  resistors  51,  52,  53, 
56,  a  diode  83  and  an  operational  amplifier  86. 
The  minimum  clamp  circuit  142  consists  of  resis- 
tors  54,  55,  a  diode  84  and  an  operational  ampli- 
fier  87. 

An  advance  angle  circuit  for  engine  start  201 
consists  of  resistors  68,  69,  70,  59,  61,  57,  58, 
transistors  73,  75,  78,  a  Zener  diode  81  and  a 
diode  82. 

Furthermore,  the  transistor  77  is  subjected  to 
the  ON-OFF  control  by  the  inverting  output  of  the 
monostable  circuit  (multivibrator)  128  due  to  the 
transistor  203  (the  inverting  output  of  Fig.  2(2)). 
These  transistors  203  and  77  (Tr  77  is  OFF  at  t,  in 
Fig.  2(2))  correspond  to  the  advance  angle  setting 
circuit  127.  The  reference  potential  (3  V)  from  the 
operational  amplifier  33  shown  in  Fig.  3  and 
serving  as  a  buffer  is  applied  to  the  emitter  of  this 
transistor  77.  The  transistor  74  is  controlled  by  the 

46  668  B1  14 

short  and  open  detectors  108,  109  shown  in  Fig.  3. 
The  transistor  76  is  controlled  by  the  output  signal 
from  the  retard  angle  setting  circuit  126  which  is 
actuated  by  the  output  of  the  comparator  118. 

5  Further,  the  output  of  the  mirror  integration  cir- 
cuit  140  is  applied  to  a  retard  circuit  132  via  the 
resistor  49. 

Next,  the  operation  of  the  integration  circuit  125 
shown  in  Fig.  12  will  be  described. 

w  The  transistor  76  is  turned  ON  in  synchronism 
with  the  knock  signal  which  is  the  output  of  the 
retard  angle  setting  circuit  126.  Accordingly,  as 
shown  in  Fig.  2(7),  the  transistor  76  becomes 
conductive  during  the  period  of  the  pulse  width  t0 

75  of  the  knock  signal  (approximately  1  to  1.5  ms) 
and  the  current  I,  flows  to  the  ground  from  the 
operational  amplifier  85  through  the  capacitors 
72,  71,  the  resistor  60  and  the  transistor  76.  The 
output  voltage  of  the  operational  amplifier  33  at 

20  this  time  is  3  V. 
Accordingly,  the  voltage  rise  ratio  AV,  (voltage 

rise/pulse)  per  pulse  of  the  operational  amplifier 
85  in  this  instance  is  given  by  the  following 
equation: 

25 
3 

lr  (5) 
6̂0 

30  Hence, 

li 
AV,=  10  (6) 

C 
35 

where  the  capacitance  C  is  the  series  capacitance 
of  the  capacitors  71  and  72  and  R60  is  the 
resistance  of  the  resistor  60. 

As  is  obvious  from  the  equation  (6),  the  output 
40  voltage  of  the  operational  amplifier  85  increases 

in  proportion  to  the  number  of  the  knocking 
pulses,  i.e.  the  pulse  width  t0. 

On  the  other  hand,  the  inverting  output  of  the 
monostable  circuit  128  is  applied  from  the  tran- 

45  sistor  203  to  the  base  of  the  transistor  77  for  every 
period  and  the  transistor  77  is  turned  off  during 
the  predetermined  mask  time  tv  In  this  period,  the 
current  l2  flows  from  the  power  source  V+  to  the 
operational  amplifier  85  through  the  resistor  66, 

so  67  and  the  capacitors  71,  72.  The  Zener  voltage  of 
the  Zener  diode  80  is  6  V.  The  negative  terminal  of 
the  operational  amplifier  85  is  -3  V.  Accordingly, 
whenever  one  pulse  is  applied  from  the  mono- 
stable  circuit  128  to  the  operational  amplifier  85, 

55  the  output  voltage  of  the  operational  amplifier  85 
drops  in  accordance  with  the  following  voltage 
drop  ratio  AV2  (voltage  drop  value/period): 

6 -3  
60  l2=  (7) 

R66+R67 

65 
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Hence,  l2 
AV2=  1,  (8) 

C 

-here  R66  and  R67  represent  the  resistance  values 
f  the  resistors  66  and  67,  respectively. 
This  voltage  drop  ratio  AV2  is  set  to  approxi- 

lately  1/50,  or  below,  of  the  voltage  rise  ratio  AV, 
i  consideration  of  the  engine  power  and  torque, 
he  maximum  value  of  the  integrator  output  is 
lamped  by  the  clamp  voltage  of  the  maximum 
lamp  circuit  141  and  its  minimum  value  by  the 
lamp  voltage  of  the  minimum  clamp  circuit  142. 
At  the  start  of  the  engine,  the  integration  circuit 

25  is  provided  with  a  specific  advance  angle 
haracteristic  (advance  angle  value)  by  the 
dvance  angle  circuit  for  start  201.  This  advance 
ngle  characteristic  is  given  by  the  retard  circuit 
32.  As  the  retard  circuit  132,  it  is  possible  to 
mploy  a  circuit  such  as  disclosed  in  the  US  Patent 
application  Serial  No.  80  202  filed  October  1,  1979. 

Next  the  operation  of  the  retard  circuit  132  will 
ie  explained. 
The  spark  timing  characteristic  is  generally 

elative  and  is  determined  by  a  distributor  and  a 
ertain  operation  mode  which  is  in  turn  deter- 
nined  by  the  ignition  device  to  be  employed. 
:urther,  the  maximum  retard  angle  characteristic 
it  the  time  of  knocking  is  given  by  the  spark  timing 
iharacteristic  so  that  the  latter  gets  on  the  former 
it  the  time  of  knocking.  Fig.  1  3  shows  the  advance 
ingle  and  retard  angle  characteristic,  whereby  the 
solid  line  represents  the  minimum  retard  angle 
:haracteristic  in  a  certain  operation  mode  (that  is 
o  say,  the  minimum  clamp  voltage)  while  the 
lashed  line  represents  the  maximum  retard  angle 
iharacteristic  at  the  time  of  knocking  (that  is  to  say, 
he  maximum  clamp  voltage).  At  the  low  speed 
jperation  of  the  engine  such  as  at  below  200 
nin"1,  control  is  so  made  as  to  attain  the  maxi- 
mum  advance  angle  characteristic  determined  by 
■he  spark  timing  characteristic.  Such  a  characteris- 
:ic  is  employed  in  order  to  reliably  ensure  smooth 
starting  of  the  engine.  Namely,  if  the  spark  timing 
s  retarded  at  the  engine  start,  the  engine  may 
:ause  reverse  rotational  torque  and  the  load  of  the 
starter  may  become  extremely  high.  Accordingly, 
the  driving  current  of  the  starter  becomes  abnor- 
mally  high  in  such  a  case,  and  the  starter  cannot 
rotate  the  engine,  the  result  being  a  so-called  start 
failure.  To  eliminate  such  start  failures,  control  is 
so  made  as  to  attain  the  maximum  advance  angle 
characteristic  determined  by  the  spark  timing 
characteristic  at  the  engine  start  such  as  at  a  speed 
of  200  min"1,  for  example. 

The  characteristic  of  the  retard  circuit  132  to 
accomplish  the  above-mentioned  feature  is  shown 
in  Fig.  14.  As  shown,  the  circuit  has  such  a  retard 
characteristic  as  to  exhibit  a  predetermined  angle 
inclination  characteristic  with  respectto  the  output 
of  the  integration  circuit  125,  that  is,  the  output 
voltage  of  the  mirror  integration  circuit  140.  This 
attains  the  advance  of  a  predetermined  angle  for 
each  period.  Namely,  the  spark  timing  is  controlled 
in  such  a  direction  that  it  retards  the  angle  in 

response  10  ine  numuei  ui  MiuuMuy  (juioco  ui  im- 
pulse  width  and  advances  the  angle  by  a  predeter- 
mined  angle  in  each  period. 

Next,  the  operation  of  the  integration  circuit  125 
for  controlling  the  retard  circuit  132,  especiallythe 
measures  taken  at  the  engine  start  by  means  of  the 
advance  angle  circuit  for  start  201,  will  be 
described.  The  Zener  diode  81  has  a  Zener  voltage 
of  about  6  V.  When  the  power  source  voltage  (V+) 

)  is  low,  that  is,  at  the  engine  start  when  the  starter  is 
turned  on,  the  intermediate  voltage  between  the 
resistors  68  and  69  cannot  turn  on  the  Zener  diode 
81  .  Hence,  the  transistor  73  is  turned  off  while  the 
transistors  75  and  78  are  turned  on.  At  this  time, 

5  the  transistor  76  is  turned  off.  As  the  transistor  78  is 
turned  on,  a  current  flows  from  the  power  source 
through  the  resistor  57  in  the  same  direction  as  the 
current  l2  so  that  the  output  of  the  operational 
amplifier  85  decreases  down  to  a  voltage  which  is 

o  equal  to  the  voltage  at  point  (k)  and  is  clamped. 
This  voltage  at  point  (k)  corresponds  to  the 
minimum  clamp  voltage  (1.5  V)  shown  in  Fig.  14. 
The  output  thus  clamped  sets  (to  about  200  min"1  ) 
the  minimum  retard  angle  characteristic  at  the 

5  engine  start  indicated  by  the  solid  line  in  Fig.  13.  In 
this  manner,  the  retard  circuit  1  32  is  controlled  and 
is  set  to  the  minimum  retard  angle  characteristic. 

As  shown  in  Fig.  12,  the  retard  angle  control 
signal  from  the  retard  angle  setting  circuit  126  and 

o  the  advance  angle  control  signal  from  the  advance 
angle  setting  circuit  127  are  applied  to  the  mirror 
integration  circuit  140  of  the  integration  circuit  125, 
whereby  both  controls  are  effected  for  retard  angle 
and  advance  angle.  As  both  retard  angle  and 

(5  advance  angle  controls  are  effected  by  the  single 
mirror  integration  circuit,  the  accuracy  of  knocking 
control  can  be  improved. 

Next,  the  operation  of  the  integration  circuit  125 
at  the  time  of  failure  of  the  sensor  100  will  be 

to  described. 
The  transistor  74  is  turned  off  by  the  output  from 

the  sensor  short  detector  108  and  that  from  the 
sensor  open  detector  109  shown  in  Fig.  3,  respec- 
tively,  while  the  transistors  76  and  79  are  turned 

ts  on.  When  the  transistor  76  is  turned  on,  the  current 
I,  keeps  flowing  through  the  capacitors  71,  72  in 
the  same  way  as  in  the  above-mentioned  angle 
retard  operation  and  consequently,  the  output 
voltage  of  the  operational  amplifier  85  is  clamped 

so  at  6  V  (maximum  voltage)  that  is  the  same  as  the 
voltage  at  point  (h).  Further,  since  the  transistor  79 
is  turned  on,  the  voltage  at  point  (h)  is  controlled  to 
a  5  V  fail-safe  voltage  that  is  lower  than  the  normal 
voltage  as  shown  in  Fig.  10.  Thus,  a  suitable  angle 

55  retard  characteristic  can  be  obtained  even  in  an 
abnormal  case. 

Incidentally,  if  the  transistor  79  is  destroyed,  the 
fail-safe  clamp  voltage  becomes  6  V  as  shown  in 
Fig.  14.  Whether  the  fail-safe  voltage  is  to  be  set  to 

60  5  V  or  6  V  depends  on  the  engine  performance. 
Fig.  15  shows  the  operation  waveform  diagram 

when  the  abnormal  voltage  overlaps  at  point  (a)  of 
Fig.  13.  This  detection  of  an  abnormal  voltage  is 
effected  with  the  detectors  108  and  109  which  act 

65  also  as  detectors  of  abnormal  voltage.  Fig.  15(1) 

3 
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shows  the  base  signal  of  the  power  transistor  134. 
f  for  any  reason  the  knock  sensor  100  produces 
jn  abnormal  signal,  voltages  higher  than  the 
voltage  at  point  (b)  are  continuously  produced  as 
shown  in  Fig.  15(2)  so  that  the  output  of  the 
:omparator  37  continuously  drops  to  0  V  as 
shown  in  Fig.  15(3).  Consequently,  the  output  of 
:he  integration  circuit  125  such  as  shown  in  Fig. 
15(4)  is  first  increasing  and  is  then  clamped  to  the 
rail-safe  clamp  voltage  (5.4  V  in  the  drawing). 
Accordingly,  the  operation  of  the  circuit  is  not 
adversely  affected  by  abnormal  voltages. 

Claims 

1.  An  engine  knock  control  apparatus  including: 
—a  knock  sensor  (100)  detecting  engine  knock- 

ing  and  producing  a  knock  signal  as  output  and 
—  an  amplifier  amplifying  the  knock  signal, 

characterized  by 
—a  knock  signal  clamping  circuit  (116A) 

coupled  to  the  knock  sensor  (100)  and  clamping 
the  output  signal  of  the  knock  sensor  (100)  at  a 
predetermined  maximum  level  and  preventing  an 
abnormal  rise  of  its  signal  voltage, 

—  an  integrator  (117)  receiving  the  output  signal 
from  the  clamping  circuit  (116A)  and  providing  an 
integrated  output  signal  and 

—  a  comparator  (118)  receiving  and  comparing 
the  integrated  output  signal  and  the  knock  signal 
which  provides  a  spark  timing  control  signal  to  an 
ignition  control  device  (103)  controlling  the  igni- 
tion  timing  of  an  ignition  coil  (135)  (Fig.  6). 

2.  An  engine  knock  control  apparatus  according 
to  claim  1,  characterized  by  an  integration  circuit 
(125),  being  disposed  between  the  first  com- 
parator  (118)  and  the  ignition  control  device  (103) 
and  controlling  the  ignition  control  device  (103) 
which  controls  the  spark  timing  of  the  ignition  coil 
(135)  by  means  of  a  signal  by  integrating  the 
output  of  the  comparator  (118)  (Fig.  1). 

3.  An  engine  knock  control  apparatus  according 
to  claim  2,  characterized  by  a  retard  angle  setting 
circuit  (126)  being  disposed  between  the  com- 
parator  (118)  and  the  integration  circuit  (125)  and 
receiving  the  output  signal  of  the  comparator 
(118)  and  variably  controlling  the  retard  angle  of 
the  spark  timing  of  the  ignition  coil  (135)  in 
response  to  the  knock  signal  (Fig.  1). 

4.  An  engine  knock  control  apparatus  according 
to  claim  2  or  3,  characterized  by  an  advance  angle 
setting  circuit  (127)  being  disposed  between  the 
integration  circuit  (t25)  and  the  ignition  control 
device  (103)  and  receiving  the  output  signal  of  the 
ignition  control  device  (103)  and  effecting  the 
advance  angle  control  of  the  spark  timing  of  the 
ignition  control  device  (103)  (Fig.  1). 

5.  An  engine  knock  control  apparatus  according 
to  one  of  claims  1  to  4,  characterized  by  an 
ignition  noise  cut  circuit  (113)  being  disposed 
between  the  knock  sensor  (100)  and  the  integrator 
(117)  and  cutting  the  output  from  the  knock 
sensor  (100)  to  the  integrator  (117)  in  response  to 
the  output  of  the  ignition  control  device  (103)  and 
preventing  erroneous  operation  of  the  engine 

knock  control  apparatus  due  to  tne  ignition  noise 
generated  at  the  time  of  ignition  by  the  ignition 
coil  (135)  (Fig.  1,  6). 

6.  An  engine  knock  control  apparatus  according 
5  to  one  of  claims  1  to  5,  characterized  by  an 

advance  angle  circuit  (201)  for  the  engine  start 
being  disposed  between  the  comparator  (118) 
and  the  ignition  control  device  (103)  and  detecting 
the  engine  start  and  clamping  the  ignition  timing 

'0  at  a  predetermined  value  (Fig.  12). 

Patentanspruche 

1.  Klopfuberwachungseinrichtung  fur  Brenn- 
w  kraftmaschine,  mit 

—  einem  Klopfsensor  (100),  der  ein  Klopfen  der 
Brennrkaftmaschine  milSt  und  als  Ausgangssignal 
ein  Klopfsignal  erzeugt,  und 

—  einem  das  Klopfsignal  verstarkenden  Verstar- 
10  ker,  gekennzeichnet  durch 

—  eine  Klopfsignalklemmschaltung  (116A),  die 
mit  dem  Klopfsensor  (100)  gekoppelt  ist  und  das 
Ausgangssignal  des  Klopfsensors  (100)  auf  einem 
vorbestimmten  Hochstpegel  klemmt  und  einen 

25  abnormen  Anstieg  seiner  Signalspannung  verhin- 
dert, 

—einen  Integrierer  (117),  der  das  Ausgangssi- 
gnal  von  der  Klemmschaltung  (116A)  empfangt 
und  ein  integriertes  Ausgangssignal  liefert,  und 

30  —einen  Vergleicher  (118),  der  das  integrierte 
Ausgangssignal  und  das  Klopfsignal  vergleicht 
und  einer  Zundsteuereinheit  (103)  ein  Zundzeit- 
punktstellsignal  zufuhrt  zur  Uberwachung  des 
Ziindzeitpunkts  einer  Zundspule  (135)  (Fig.  6). 

35  2.  Klopfuberwachungseinrichthung  fur  Brenn- 
kraftmaschine  nach  Anspruch  1,  gekennzeichnet 
durch  ein  zwischen  dem  ersten  Vergleicher  (118) 
und  der  Zundsteuereinheit  (103)  angeordnetes 
Integrierglied  (125),  das  die  den  Zundzeitpunkt 

40  der  Zundspule  (135)  steuernde  Zundsteuereinheit 
(103)  mittels  eines  Signals  durch  Integration  des 
Ausgangssignals  vom  Vergleicher  (118)  steuert 
(Fig.  1). 

3.  Klopfuberwachungseinrichtung  fur  Brenn- 
45  kraftmaschine  nach  Anspruch  2,  dadurch  gekenn- 

zeichnet,  dalS  zwischen  dem  Vergleicher  (118)  und 
dem  Integrierglied  (125)  ein  Spatziindwinkelstell- 
glied  (126)  angeordnet  ist  und  das  Ausgangssi- 
gnal  des  Vergleichers  (118)  empfangt  und  den 

so  Spatziindwinkel  des  Ziindzeitpunkts  der  Zund- 
spule  (135)  aufgrund  des  Klopfsignals  verander- 
bar  bestimmt  (Fig.  1). 

4.  Klopfuberwachungseinrichtung  fur  Brenn- 
kraftmachine  nach  Anspruch  2  oder  3,  dadurch 

55  gekennzeichnet,  daft  zwischen  dem  Integrierglied 
(125)  und  der  Zundsteuereinheit  (103)  ein  Friih- 
ziindwinkelstellglied  (127)  angeordnet  ist  und  das 
Ausgangssignal  der  Zundsteuereinheit  (103) 
empfangt  und  die  Friihzundwinkelverstellung  des 

60  Ziindzeitpunkts  der  Zundsteuereinheit  (103)  vor- 
nimmt  (Fig.  1). 

5.  Klopfuberwachungseinrichtung  fur  Brenn- 
kraftmaschine  nach  einem  der  Anspruche  1  —  4, 
dadurch  gekennzeichnet,  date  zwischen  dem 

65  Klopfsensor  (100)  und  dem  Integrierglied  (117) 

10 
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n  Zundgerausschabschirmghed  Oi-s)  vorgese- 
sn  ist,  das  das  Ausgangssignal  vom  Klopfsensor 
00)  zum  Integrierglied  (117)  aufgrund  des  Aus- 
angssignals  der  Zundsteuereinheit  (103) 
Dschirmt  und  eine  fehlerhaften  Betrieb  der 
lopfuberwachungseinrichtung  infolge  des  von 
er  Zundspule  (135)  zum  Ziindzeitpunkt  erzeug- 
m  Zundgerauschs  verhindert  (Fig.  1,  6). 
6.  Klopfuberwachungseinrichtung  fur  Brenn- 

raftmaschine  nach  einem  der  Anspruche  1  —  5, 
adurch  gekennzeichnet,  dafi  zwischen  dem  Ver- 
leicher  (118)  und  der  Zundsteuereinheit  (103)  ein 
iindverstellwinkelglied  (201)  fur  den  Brennkraft- 
laschinenstart  angeordnet  ist  und  den  Brenn- 
raftmaschinenstart  erfalSt  und  den  Zundzeit- 
unkt  auf  einem  vorbestimmten  Wert  klemm  (Fig. 
2). 

evendications 

1.  Dispositif  de  commande  de  cognement  d'un 
loteur  comprenant 
—  un  capteur  de  cognement  (100)  detectant  un 

ognement  de  moteur  et  delivrant  un  signal  de 
ognement  a  sa  sortie  et 
—  un  amplificateur  amplifiant  le  signal  de 

ognement,  caracterise  par 
—  un  circuit  de  fixation  de  signal  de  cognement 

116A)  couple  au  capteur  de  cognement  (100)  et 
ixant  le  signal  de  sortie  du  capteur  de  cognement 
100)  a  un  niveau  maximum  predetermine  et 
impechant  une  elevation  anormale  de  sa  tension 
le  signal, 

—  un  integrateur  (117)  recevant  le  signal  de 
lortie  du  circuit  de  fixation  (116A)  et  delivrant  un 
iignal  de  sortie  integre  et 

—  un  comparateur  (118)  recevant  et  comparant 
e  signal  de  sortie  integre  et  le  signal  de  cogne- 
nent  qui  delivre  un  signal  de  commande  de 
distribution  d'allumage  a  un  dispositif  de  com- 
nande  d'allumage  (103)  commandant  la  distribu- 
ion  d'allumage  d'une  bobine  d'allumage  (135) 
Figure  6). 

2.  Dispositif  de  commande  de  cognement  de 
noteur  selon  la  revendication  1,  caracterise  par 
jn  circuit  d'integration  (125)  dispose  entre  le 

premier  uumijaieiieui  ii  ioi  ci  ic  _ia^uomi 
commande  d'allumage  (103)  et  commandant  le 
dispositif  de  commande  d'allumage  (103)  qui 
commande  la  distribution  d'allumage  de  la 
bobine  d'allumage  (135)  au  moyen  d'un  signal  en 
integrant  la  sortie  du  comparateur  (118)  (Figure 
1). 

3.  Dispositif  de  commande  de  cognement  d'un 
moteur  selon  la  revendication  2,  caracterise  par 

)  un  circuit  de  fixation  d'angle  de  retard  (126) 
dispose  entre  le  comparateur  (118)  et  le  circuit 
d'integration  (125)  et  recevant  le  signal  de  sortie 
du  comparateur  (118)  et  commandant  de  fagon 
variable  Tangle  de  retard  de  la  distribution  d'allu- 

;  mage  de  la  bobine  d'allumage  (135)  en  reponse 
au  signal  de  cognement  (Figure  1). 

4.  Dispositif  de  commande  de  cognement  de 
moteur  selon  la  revendication  2  ou  3,  caracterise 
par  un  circuit  de  fixation  d'angle  d'vance  (127) 

o  dispose  entre  le  circuit  d'integration  (125)  et  le 
dispositif  de  commande  d'allumage  (103)  et  rece- 
vant  le  signal  de  sortie  du  dispositif  de  com- 
mande  d'allumage  (103)  et  effectuant  la  com- 
mande  de  I'angle  d'avance  de  la  distribution 

5  d'allumage  du  dispositif  de  commande  d'allu- 
mage  (103)  (Figure  1). 

5.  Dispositif  de  commande  de  cognement  d'un 
moteur  selon  une  des  revendications  1  a  4, 
caracterise  par  un  circuit  de  coupure  de  bruit 

o  d'allumage  (113)  dispose  entre  le  capteur  de 
cognement  (100)  et  I'integrateur  (117)  et  coupant 
la  sortie  du  capteur  de  cognement  (100)  a  I'inte- 
grateur  (117)  en  reponse  a  la  sortie  du  dispositif 
de  commande  d'allumage  (103)  et  empechant  un 

■5  fonctionnement  errone  du  dispositif  de  com- 
mande  de  cognement  du  moteur  du  au  bruit 
d'allumage  engendre  a  Tinstant  d'allumage  par  la 
bobine  d'allumage  (135)  (Figure  1,  6). 

6.  Dispositif  de  commande  de  cognement  d'un 
to  moteur  selon  une  des  revendications  1  a  5, 

caracterise  par  un  circuit  d'angle  d'avance  (201) 
pour  le  demarrage  du  moteur  dispose  entre  le 
comparateur  (118)  et  le  dispositif  de  commande 
d'allumage  (103)  et  detectant  le  demarrage  du 

ts  moteur  et  fixant  la  distribution'  d'allumage  a  une 
valeur  predeterminee  (Figure  12). 
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