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(57)  To  perform  correction  of  a  fuel  injection  amount 
according  to  atmospheric  pressure  PA  with  a  high  preci- 
sion  over  the  whole  range  from  a  low-load  condition  to  a 
high-load  condition  of  an  engine  4  even  when  the 
engine  4  is  a  multiple  throttle  valve  type  engine. 

In  an  electronic  fuel  injection  control  device  1  for 
performing  correction  of  a  basic  fuel  injection  amount 
set  according  to  intake  manifold  vacuum  PB,  according 
to  atmospheric  pressure,  atmospheric  pressure  correc- 
tion  coefficient  setting  means  21  includes  atmospheric 
pressure  correction  coefficient  tables  21a  and  21b  pre- 
liminarily  storing  atmospheric  pressure  PA  correction 
coefficients  KpaL  and  KpaH  respectively  for  a  low-load 
condition  and  a  high-load  condition,  and  applicable 
table  selecting  means  21c.  Load  condition  deciding 
means  21  d  decides  an  engine  load  condition  according 
to  intake  manifold  vacuum  PB,  and  the  applicable  table 
selecting  means  21c  selects  either  the  atmospheric 
pressure  correction  coefficient  KpaL  or  KpaH  according 
to  a  decision  output  21f  from  the  load  condition  deciding 
means  21d.  Load  condition  decision  threshold  comput- 
ing  means  21  e  can  vary  a  load  condition  decision 
threshold  PBsud  according  to  atmospheric  pressure  PA. 
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Description 

The  present  invention  relates  to  an  electronic  fuel 
injection  device  for  an  internal-combustion  engine  for  a 
vehicle,  and  more  particularly  to  an  electronic  fuel  injec- 
tion  control  device  which  can  perform  precise  correction 
of  a  fuel  injection  amount  according  to  atmospheric 
pressure  even  in  a  multiple  throttle  valve  type  internal- 
combustion  engine  by  changing  an  atmospheric  pres- 
sure  correction  coefficient  for  the  fuel  injection  amount 
according  to  a  load  condition  of  the  internal-combustion 
engine. 

Japanese  Patent  Laid-open  No.  Hei  1-100335  has 
proposed  a  fuel  injection  device  which  can  perform 
atmospheric  pressure  correction  for  a  fuel  injection 
amount  without  the  use  of  an  atmospheric  pressure 
sensor.  In  the  conventional  fuel  injection  device,  a  refer- 
ence  value  of  variables  in  a  given  atmospheric  condition 
is  stored  by  using  at  least  an  engine  speed  as  a  param- 
eter.  Further,  a  signal  corresponding  to  the  parameter  is 
input,  and  an  output  from  air  amount  measuring  means 
or  limiting  means  is  input.  Further,  atmospheric  pres- 
sure  correction  computing  means  for  computing  an 
atmospheric  pressure  correction  value  in  a  given  opera- 
tional  condition  is  provided,  and  a  limited  value  of  the 
variables  is  corrected  with  the  atmospheric  pressure 
correction  value  by  the  limiting  means. 

In  a  control  device  designed  to  compute  a  fuel 
injection  amount  according  to  an  engine  speed  and  an 
intake  air  amount,  especially,  an  intake  manifold  vac- 
uum,  the  fuel  injection  amount  cannot  sometimes  be 
precisely  corrected  in  the  case  where  the  fuel  injection 
amount  does  not  linearly  change  with  the  intake  mani- 
fold  vacuum  corrected  for  computation  in  proportion  to  a 
decrease  in  atmospheric  pressure  at  a  highland.  Partic- 
ularly  in  a  multiple  throttle  valve  type  internal-combus- 
tion  engine,  the  linear  relation  between  intake  air 
amount  and  intake  manifold  vacuum  is  lost  in  a  high- 
load  condition  of  the  engine.  Therefore,  if  accurate 
atmospheric  correction  is  not  performed,  a  desired 
engine  output  cannot  be  obtained  at  a  highland. 

FIG.  19  is  an  illustration  showing  an  example  of  the 
above-mentioned  contents.  In  a  single  throttle  valve 
type  engine  shown  in  FIG.  19(a),  an  intake  manifold 
vacuum  PB  is  detected  by  an  intake  manifold  vacuum 
sensor,  and  an  atmospheric  pressure  is  detected  by  an 
atmospheric  pressure  sensor  (not  shown).  As  shown  in 
FIG.  19(b),  a  PB  correction  value  at  a  highland  is  calcu- 
lated  according  to  the  ratio  between  a  reference  (low- 
land)  atmospheric  pressure  and  an  actual  atmospheric 
pressure  (e.g.,  highland  atmospheric  pressure),  and  a 
fuel  injection  amount  is  set  according  to  the  PB  correc- 
tion  value  calculated  above,  thereby  allowing  substan- 
tially  good  atmospheric  pressure  correction. 

However,  in  a  multiple  throttle  valve  type  engine 
shown  in  FIG.  19(c),  the  linear  relation  between  intake 
air  amount  and  intake  manifold  vacuum  PB  is  lost  in  a 
high-load  condition  of  the  engine.  Accordingly,  it  is  nec- 
essary  to  correct  a  fuel  injection  amount.  Further,  in  a 

configuration  that  the  load  condition  of  the  engine  is 
detected  according  to  intake  manifold  vacuum,  and  a 
fuel  injection  amount  characteristic  L  in  a  low-load  con- 
dition  and  a  fuel  injection  amount  characteristic  H  in  a 

5  high-load  condition  are  switched  each  other  according 
to  the  detected  load  condition,  there  occurs  a  problem 
such  that  if  a  switching  point  between  these  characteris- 
tics  L  and  H  is  not  varied  with  variations  in  atmospheric 
pressure,  a  fuel  amount  demanded  by  the  engine  in  run- 

10  ning  at  a  highland,  for  example,  cannot  be  supplied. 
It  is  accordingly  an  object  of  the  present  invention  to 

provide  an  electronic  fuel  injection  control  device  which 
can  perform  correction  of  a  fuel  injection  amount 
according  to  atmospheric  pressure  with  a  high  accuracy 

15  over  the  whole  range  from  a  low-load  condition  to  a 
high-load  condition. 

According  to  the  invention  as  defined  in  claim  1  , 
there  is  provided  in  an  electronic  fuel  injection  control 
device  for  performing  correction  of  a  basic  fuel  injection 

20  amount  set  according  to  at  least  intake  manifold  vac- 
uum,  according  to  atmospheric  pressure;  the  improve- 
ment  wherein  atmospheric  pressure  correction 
coefficients  for  a  low-load  condition  and  a  high-load 
condition  of  an  engine  are  provided,  and  an  atmos- 

25  pheric  pressure  correction  coefficient  to  be  used  is 
changed  according  to  a  load  condition  of  the  engine. 

According  to  the  invention  as  defined  in  claim  2, 
whether  the  engine  is  in  the  low-load  condition  or  the 
high-load  condition  is  decided  according  to  the  intake 

30  manifold  vacuum,  and,  a  criterion  of  decision  of  the  low- 
load  condition  or  the  high-load  condition  varies  with  a 
change  in  the  atmospheric  pressure. 

A  demanded  fuel  injection  amount  according  to 
intake  manifold  vacuum  in  a  low-load  condition  is  differ- 

35  ent  from  that  in  a  high-load  condition.  According  to  the 
present  invention,  the  atmospheric  pressure  correction 
coefficients  in  the  low-load  condition  and  the  high-load 
condition  of  the  engine  are  provided,  and  the  atmos- 
pheric  pressure  correction  coefficient  to  be  used  is 

40  changed  according  to  the  load  condition  of  the  engine. 
Accordingly,  atmospheric  pressure  correction  for  a  fuel 
injection  amount  can  be  properly  performed  over  the 
whole  range  from  the  low-load  condition  to  the  high-load 
condition. 

45  Whether  the  engine  is  in  the  low-load  condition  or 
the  high-load  condition  is  decided  according  to  intake 
manifold  vacuum,  and  a  criterion  of  this  decision  varies 
with  a  change  in  atmospheric  pressure.  Accordingly,  a 
fuel  injection  amount  can  be  properly  corrected  accord- 

so  ing  to  wide  variations  in  atmospheric  pressure  from  at  a 
lowland  to  at  a  highland. 

Particularly  in  a  multiple  throttle  valve  type  engine, 
the  linear  relation  between  intake  air  amount  and  intake 
manifold  vacuum  is  lost  in  a  high-load  condition,  and  it  is 

55  therefore  necessary  to  correct  a  fuel  injection  amount. 
According  to  the  present  invention,  two  kinds  of  atmos- 
pheric  pressure  correction  coefficients  different  in  char- 
acteristics  according  to  engine  load  condition  are 
provided,  and  these  coefficients  are  selectively  used 

2 
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according  to  the  load  condition  to  thereby  allow  accu- 
rate  atmospheric  pressure  correction. 

Further,  in  deciding  the  low-load  condition  or  the 
high-load  condition  according  to  intake  manifold  vac- 
uum,  the  criterion  of  decision  of  either  load  condition  is 
varied  with  variations  in  atmospheric  pressure  accord- 
ing  to  the  present  invention.  Accordingly,  even  in  run- 
ning  at  a  highland  where  atmospheric  pressure  is  low, 
the  load  condition  can  be  properly  decided  to  allow 
proper  atmospheric  pressure  correction. 

A  preferred  embodiment  of  the  present  invention 
will  be  described  with  reference  to  the  attached  draw- 
ings,  in  which 

FIG.  1  is  an  electric  system  diagram  of  an  electronic 
fuel  injection  control  device  according  to  the 
present  invention; 

FIG.  2  is  a  perspective  view  showing  the  arrange- 
ment  of  essential  components  in  a  motorcycle 
including  the  electronic  fuel  injection  control  device 
according  to  the  present  invention; 

FIG.  3  is  a  block  diagram  showing  the  general  con- 
figuration  of  an  electronic  fuel  injection  control  unit; 

FIG.  4  is  a  functional  block  diagram  showing  the 
basic  function  of  the  electronic  fuel  injection  control 
unit; 

FIG.  5  is  a  flowchart  showing  the  basic  operation  of 
the  electronic  fuel  injection  control  unit; 

FIG.  6  is  a  functional  block  diagram  of  atmospheric 
pressure  correction  coefficient  setting  means; 

FIG.  7  is  a  graph  showing  an  example  of  the  con- 
tents  of  an  atmospheric  pressure  correction  coeffi- 
cient  table; 

FIG.  8  is  a  flowchart  showing  the  operation  of  the 
atmospheric  pressure  correction  coefficient  setting 
means; 

FIG.  9  is  a  graph  showing  an  example  of  an  intake 
air  temperature  correction  coefficient; 

FIG.  10  is  a  graph  showing  an  example  of  a  cooling 
water  temperature  correction  coefficient; 

FIG.  1  1  is  a  block  diagram  showing  a  preferred 
embodiment  of  basic  injection  amount  computing 
means  and  acceleration  increase  coefficient  com- 
puting  means; 

FIG.  12  is  a  graph  showing  the  operation  of  map 
designating  means; 

FIG.  13  is  a  flowchart  showing  the  operation  of 
acceleration  correcting  means; 

FIG.  14  is  a  graph  showing  the  relation  between 
5  throttle  opening  and  acceleration  correction  coeffi- 

cient; 

FIG.  15  is  a  flowchart  showing  the  whole  operation 
of  the  electronic  fuel  injection  control  device; 

10 
FIG.  16  is  a  flowchart  showing  a  preferred  embodi- 
ment  of  atmospheric  pressure  correction; 

FIG.  1  7  is  a  graph  showing  an  example  of  a  starting 
15  atmospheric  pressure  correction  coefficient; 

FIG.  18  is  a  graph  showing  an  example  of  a  second 
atmospheric  pressure  correction  coefficient  and 

20  FIG.  19  is  an  illustration  showing  problems  in  the 
prior  art. 

FIG.  1  is  an  electric  system  diagram  of  an  electronic 
fuel  injection  control  device  1  according  to  the  present 

25  invention,  and  FIG.  2  is  a  perspective  view  showing  the 
arrangement  of  essential  parts  in  a  motorcycle  including 
the  electronic  fuel  injection  control  device  1  . 

The  electronic  fuel  injection  control  device  1 
includes  an  electronic  fuel  injection  control  unit  3  for 

30  controlling  a  timing  of  energization  of  each  of  four  injec- 
tors  (fuel  injection  valves)  2,  for  example,  to  control  a 
fuel  injection  amount,  and  various  sensors  for  detecting 
an  operational  condition  of  an  engine  4.  The  engine  4  is 
of  a  V-shaped,  four-cylinder,  multiple  throttle  valve  type. 

35  A  battery  power  source  BAT  is  connected  at  its  neg- 
ative  electrode  to  a  vehicle  body  ground.  When  a  com- 
bination  switch  (ignition  switch)  CSW  becomes  on,  the 
supply  voltage  of  the  battery  power  source  BAT  is  sup- 
plied  through  a  fuse  F1  ,  the  combination  switch  CSW, 

40  and  a  fuse  F2  to  a  kill  sensor  KS,  thereby  making  the  kill 
sensor  KS  operative.  The  kill  sensor  KS  has  a  tilt  angle 
sensor,  so  that  when  the  motorcycle  is  tilted  beyond  a 
predetermined  angle,  the  kill  sensor  KS  cuts  off  an 
exciting  current  flowing  through  a  kill  relay  KR. 

45  When  the  combination  switch  CSW  is  on,  a  kill 
switch  KSW  interposed  between  the  fuse  F2  and  the  kill 
relay  KR  is  on,  and  the  tilt  angle  of  the  motorcycle  is 
within  the  predetermined  angle,  an  exciting  current  is 
supplied  through  the  kill  sensor  KS  to  an  exciting  coil  of 

so  the  kill  relay  KR,  so  that  the  contacts  of  the  kill  relay  KR 
becomes  on  and  the  supply  voltage  of  the  battery  power 
source  BAT  is  supplied  to  a  power  input  terminal  B+  of 
the  electronic  fuel  injection  control  unit  3,  a  solenoid  of 
each  injector  2,  and  a  variable  intake  solenoid  valve  5. 

55  Accordingly,  when  the  kill  switch  KSW  is  off,  the  vehicle 
cannot  be  operated.  In  this  preferred  embodiment,  the 
supply  voltage  is  supplied  to  the  electronic  fuel  injection 
control  unit  3  through  two  kinds  of  fuses  F3  and  F4  hav- 
ing  different  breaking  characteristics. 

3 
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The  electronic  fuel  injection  control  unit  3  includes  a 
fuel  pump  driving  circuit  (not  shown),  so  that  an  exciting 
current  is  supplied  from  an  output  terminal  FPC  of  the 
fuel  pump  driving  circuit  to  an  exciting  coil  of  a  fuel  cut 
relay  FCR  to  close  the  contacts  of  the  fuel  cut  relay  FCR  5 
and  thereby  supply  the  supply  voltage  of  the  battery 
power  source  BAT  to  a  fuel  pump  FR  thus  operating  the 
fuel  pump  FR  Accordingly,  when  the  tilt  angle  of  the 
vehicle  exceeds  the  predetermined  angle,  the  supply  of 
power  to  the  electronic  fuel  injection  control  unit  3  is  w 
stopped  by  the  operation  of  the  kill  sensor  KS,  and 
simultaneously  the  supply  of  power  to  the  fuel  pump  FP 
is  also  stopped  by  the  operation  of  the  kill  sensor  KS. 

The  electronic  fuel  injection  control  unit  3  further 
includes  a  variable  intake  valve  driving  circuit  (not  15 
shown)  to  drive  the  variable  intake  solenoid  valve  5 
according  to  a  drive  signal  5a  from  an  output  terminal 
T5  of  the  variable  intake  valve  driving  circuit. 

The  electronic  fuel  injection  control  unit  3  further 
includes  injector  driving  means  (see  reference  numeral  20 
52  shown  in  FIG.  3)  to  control  fuel  injection  from  each 
injector  2  according  to  an  injector  drive  signal  output 
from  a  terminal  T2n  of  the  injector  driving  means. 

The  electronic  fuel  injection  control  unit  3  further 
includes  a  reference  power  supply  (not  shown)  with  a  25 
common  negative  potential  VR-,  for  supplying  two  refer- 
ence  voltages  VR1  and  VR2.  The  first  reference  voltage 
VR1  is  supplied  to  an  atmospheric  pressure  sensor  S1  , 
a  rear  intake  manifold  vacuum  sensor  S2,  and  a  front 
intake  manifold  vacuum  sensor  S3,  thereby  obtaining  30 
voltage  signals  VPA,  VPBR,  and  VPBF  respectively  cor- 
responding  to  an  atmospheric  pressure,  rear  intake 
manifold  vacuum,  and  front  intake  manifold  vacuum. 

The  first  reference  voltage  VR1  is  further  supplied 
through  an  intake  air  temperature  detection  reference  35 
resistor  (not  shown)  provided  in  the  electronic  fuel  injec- 
tion  control  unit  3  to  an  intake  air  temperature  sensor 
S4,  thereby  obtaining  a  voltage  signal  VTa  correspond- 
ing  to  an  intake  air  temperature  according  to  a  divided 
voltage  between  the  reference  resistor  and  a  heat-sen-  40 
sitive  resistor  element  in  the  intake  air  temperature  sen- 
sor  S4.  The  intake  air  temperature  sensor  S4  is  located 
in  an  air  cleaner  provided  in  the  vicinity  of  the  engine. 

The  first  reference  voltage  VR1  is  further  supplied 
through  a  water  temperature  detection  reference  resis-  45 
tor  provided  in  the  electronic  fuel  injection  control  unit  3 
to  a  water  temperature  sensor  S5,  thereby  obtaining  a 
voltage  signal  VTw  corresponding  to  an  engine  cooling 
water  temperature  according  to  a  divided  voltage 
between  the  reference  resistor  and  a  heat-sensitive  so 
resistor  element  in  the  water  temperature  sensor  S5. 

Inside  each  intake  passage  extending  from  the  air 
cleaner  to  the  corresponding  cylinder  of  the  engine  4,  a 
throttle  valve  SV  is  provided  and  each  injector  2  is 
located  in  the  vicinity  of  the  corresponding  throttle  valve  55 
SV.  A  throttle  opening  sensor  S6  for  detecting  a  throttle 
opening  6TH  is  connected  to  a  rotating  shaft  of  the 
throttle  valve  SV.  The  second  reference  voltage  VR2  is 
supplied  to  the  throttle  opening  sensor  S6  to  obtain  a 

voltage  signal  V6TH  corresponding  to  the  throttle  open- 
ing. 

The  second  reference  voltage  VR2  is  further  sup- 
plied  to  an  idle  mixture  adjuster  6,  so  that  divided  volt- 
ages  obtained  by  variable  resistors  6a  to  6d  in  the  idle 
mixture  adjuster  6  respectively  provided  for  the  four  cyl- 
inders  are  respectively  supplied  to  idle  injection  amount 
adjustment  input  terminals  ID1  to  ID4  of  the  electronic 
fuel  injection  control  unit  3.  The  electronic  fuel  injection 
control  unit  3  decides  a  fuel  injection  amount  at  idling  for 
each  cylinder  according  to  each  voltage  supplied  from 
the  idle  mixture  adjuster  6. 

The  electronic  fuel  injection  control  unit  3  has  a  ter- 
minal  T8  for  inputting  an  intake  valve  opening/closing 
timing  pulse  8a  output  from  a  cam  pulse  generator  8 
cooperating  with  a  cam  pulser  rotor  7,  thereby  detecting 
a  fuel  injection  timing.  The  electronic  fuel  injection  con- 
trol  unit  3  further  has  a  terminal  T1  0  for  inputting  a  crank 
rotation  pulse  signal  1  0a  output  from  a  crank  pulse  gen- 
erator  10  cooperating  with  a  crank  pulser  rotor  9, 
thereby  computing  an  engine  speed.  The  control  unit  3 
further  has  a  terminal  DG  which  is  a  ground  terminal  for 
a  digital  signal  system. 

The  electronic  fuel  injection  control  unit  3  computes 
an  engine  speed  according  to  the  crank  rotation  pulse 
signal  10a,  and  generates  a  tachometer  driving  signal 
1  1a  according  to  the  engine  speed  computed  above  to 
drive  a  tachometer  1  1  .  The  electronic  fuel  injection  con- 
trol  unit  3  generates  a  water  temperature  gauge  driving 
signal  12a  according  to  a  detection  output  from  the 
water  temperature  sensor  S5  to  drive  a  water  tempera- 
ture  gauge  12.  Further,  the  electronic  fuel  injection  con- 
trol  unit  3  generates  a  display  control  signal  13a  to 
control  the  display  of  an  indicator  13. 

In  this  preferred  embodiment,  when  the  combina- 
tion  switch  CSW  is  on,  the  supply  voltage  of  the  battery 
power  source  BAT  is  supplied  through  a  fuse  F5  to  a 
speed  sensor  14,  and  a  speedometer  16  provided  at  a 
meter  portion  1  5  is  directly  driven  by  a  speed  detection 
signal  1  4a  from  the  speed  sensor  1  4.  Accordingly,  as  far 
as  the  combination  switch  CSW  is  on,  the  indication  of 
vehicle  speeds  by  the  speedometer  16  can  be  made 
even  if  the  electronic  fuel  injection  control  unit  3  is  not 
powered. 

FIG.  3  is  a  block  diagram  showing  the  whole  config- 
uration  of  the  electronic  fuel  injection  control  unit  3. 

The  electronic  fuel  injection  control  unit  3  is  config- 
ured  by  using  a  microcomputer  system,  and  includes 
various  correction  coefficients  setting  means  20,  basic 
injection  amount  computing  means  30,  acceleration 
increase  coefficient  computing  means  40,  fuel  injection 
amount  setting  means  51,  injector  driving  means  52, 
A/D  converter  53,  average  vacuum  computing  means 
54,  engine  speed  computing  means  55,  and  map  desig- 
nating  means  56. 

The  A/D  converter  53  converts  the  voltage  signals 
VPA,  VPBR,  VPBF,  VTa,  VTw,  and  V6TH  respectively 
corresponding  to  an  atmospheric  pressure,  intake  man- 
ifold  vacuum  (rear),  intake  manifold  vacuum  (front), 

4 
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intake  air  temperature  cooling  water  temperature,  and 
throttle  opening  detected  by  the  sensors  S1  to  S6  into 
corresponding  digital  data  PA,  PBR,  PBF,  Ta,  Tw,  and 
6TH. 

The  average  vacuum  computing  means  54  com- 
putes  an  average  vacuum  PBH  of  the  rear  and  front 
intake  manifold  vacuums  PBR  and  PBF,  and  supplies 
the  average  vacuum  PBH  to  the  basic  injection  amount 
computing  means  30  and  the  acceleration  increase 
coefficient  computing  means  40. 

The  engine  speed  computing  means  55  computes 
an  engine  speed  according  to  a  pulse  period  of  the 
crank  rotation  pulse  signal  10a  to  output  engine  speed 
data  (which  will  be  hereinafter  referred  to  simply  as 
engine  speed). 

FIG.  4  is  a  functional  block  diagram  showing  the 
basic  function  of  the  electronic  fuel  injection  control  unit 
3. 

Also  shown  in  FIG.  3,  the  electronic  fuel  injection 
control  unit  3  includes  the  various  correction  coefficients 
setting  means  20  for  generating  various  correction  coef- 
ficients  Kpa,  Kta,  and  Ktw;  the  basic  injection  amount 
computing  means  30  for  computing  a  basic  injection 
amount  Ti;  the  acceleration  increase  coefficient  com- 
puting  means  40  for  computing  an  acceleration 
increase  coefficient  Kacc;  the  fuel  injection  amount  set- 
ting  means  51  for  generating  a  fuel  injection  amount 
Tout  obtained  by  multiplying  the  basic  injection  amount 
Ti  and  the  acceleration  increase  coefficient  Kacc;  and 
the  injector  driving  means  52  for  controlling  an  ener- 
gization  time  (or  energization  duty)  of  each  injector  2 
according  to  the  fuel  injection  amount  Tout. 

The  various  correction  coefficients  setting,  means 
20  includes  atmospheric  pressure  correction  coefficient 
setting  means  21  for  setting  the  atmospheric  pressure 
correction  coefficient  Kpa  according  to  the  atmospheric 
pressure  PA;  intake  air  temperature  correction  coeffi- 
cient  setting  means  22  for  setting  the  intake  air  temper- 
ature  correction  coefficient  Kta  according  to  the  intake 
air  temperature  Ta;  and  cooling  water  temperature  cor- 
rection  coefficient  setting  means  23  for  setting  the  cool- 
ing  water  temperature  correction  coefficient  Ktw 
according  to  the  cooling  water  temperature  Tw. 

The  basic  injection  amount  computing  means  30 
includes  basic  injection  amount  setting  means  31  hav- 
ing  a  preliminarily  registered  injection  amount  map  or 
injection  amount  operation  equation,  etc.,  for  generating 
a  basic  injection  amount  Tim  under  normal  operational 
conditions  (e.g.,  at  1  atmospheric  pressure,  a  predeter- 
mined  intake  air  temperature,  and  a  predetermined 
cooling  water  temperature);  basic  injection  amount  cor- 
recting  means  32  for  generating  the  basic  injection 
amount  Ti  fit  for  present  operational  conditions  by  multi- 
plying  the  basic  injection  amount  Tim  and  a  total  correc- 
tion  coefficient  Ktotal;  and  basic  injection  amount 
correction  coefficient  setting  means  33  for  generating 
the  total  correction  coefficient  Ktotal  obtained  by  multi- 
plying  the  atmospheric  pressure  correction  coefficient 
Kpa,  the  intake  air  temperature  correction  coefficient 

Kta,  and  the  cooling  water  temperature  correction  coef- 
ficient  Ktw  respectively  output  from  the  atmospheric 
pressure  correction  coefficient  setting  means  21,  the 
intake  air  temperature  correction  coefficient  setting 

5  means  22,  and  the  cooling  water  temperature  correction 
coefficient  setting  means  23. 

FIG.  5  is  a  flowchart  showing  the  basic  operation  of 
the  electronic  fuel  injection  control  unit  3.  The  process 
of  computing  the  fuel  injection  amount  Tout  is  started  by 

10  interruption  according  to  the  crank  rotation  pulse  signal 
10a.  In  step  P1,  the  atmospheric  pressure  correction 
coefficient  Kpa  is  calculated.  In  step  P2,  the  intake  air 
temperature  correction  coefficient  Kta  is  calculated.  In 
step  P3,  the  cooling  water  temperature  correction  coef- 

15  ficient  Ktw  is  calculated.  In  step  P4,  the  correction  coef- 
ficients  Kpa,  Kta,  and  Ktw  are  multiplied  together  to  give 
the  total  correction  coefficient  Ktotal.  In  step  P5,  the 
basic  injection  amount  Tim  is  set.  In  step  P6,  the  basic 
injection  amount  Tim  and  the  total  correction  coefficient 

20  Ktotal  are  multiplied  together  to  give  the  corrected  basic 
injection  amount  Ti.  In  step  P7,  the  acceleration 
increase  coefficient  Kacc  is  calculated.  In  step  P8,  the 
corrected  basic  injection  amount  Ti  and  the  acceleration 
increase  coefficient  Kacc  are  multiplied  together  to  give 

25  the  fuel  injection  amount  Tout. 
FIG.  6  is  a  functional  block  diagram  of  the  atmos- 

pheric  pressure  correction  coefficient  setting  means  21  . 
The  atmospheric  pressure  correction  coefficient 

setting  means  21  includes  two  kinds  of  atmospheric 
30  pressure  correction  coefficient  tables  2  1  a  and  2  1  b  for  a 

low-load  condition  and  a  high-load  condition;  applicable 
table  selecting  means  21c;  load  condition  deciding 
means  21d  for  deciding  whether  the  operational  condi- 
tion  of  the  engine  is  a  low-load  condition  or  a  high-load 

35  condition;  and  load  condition  decision  threshold  com- 
puting  means,  21  e  for  computing  a  decision  threshold 
for  the  load  condition. 

FIG.  7  is  a  graph  showing  an  example  of  the  con- 
tents  of  each  atmospheric  pressure  correction  coeffi- 

40  cient  table. 
An  atmospheric  pressure  correction  coefficient 

KpaL  for  a  low-load  condition  is  stored  in  the  low-load 
atmospheric  pressure  correction  coefficient  table  21a, 
and  an  atmospheric  pressure  correction  coefficient 

45  KpaH  for  a  high-load  condition  is  stored  in  the  high-load 
atmospheric  pressure  correction  coefficient  table  21b. 
The  horizontal  axis  in  the  graph  represents  atmospheric 
pressure  PA  with  a  unit  of  mmHg  (mercury  column 
height).  At  atmospheric  pressures  not  less  than  760 

so  mmHg,  both  the  correction  coefficients  KpaL  and  KpaH 
are  set  to  1  .0.  The  low-load  atmospheric  pressure  cor- 
rection  coefficient  KpaL  gently  increases  up  to  about  1  .2 
at  the  maximum  with  a  decrease  in  atmospheric  pres- 
sure.  The  high-load  atmospheric  pressure  correction 

55  coefficient  KpaH  increases  up  to  about  1  .8  at  the  maxi- 
mum  with  a  decrease  in  atmospheric  pressure. 

The  load  condition  deciding  means  21d  decides 
whether  the  engine  is  in  a  high-load  condition  or  a  low- 
load  condition  according  to  an  intake  manifold  vacuum, 

5 
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and  the  applicable  table  selecting  means  21c  generates 
an  applicable  one  of  the  atmospheric  pressure  correc- 
tion  coefficients  KpaL  and  KpaH  as  the  atmospheric 
pressure  correction  coefficient  Kpa  according  to  a  deci- 
sion  output  (low  load/high  load)  21f  generated  from  the  5 
load  condition  deciding  means  21d. 

Even  when  the  engine  load  condition  is  constant, 
the  intake  manifold  vacuum  varies  with  variations  in 
atmospheric  pressure.  To  cope  with  this  fact,  this  pre- 
ferred  embodiment  has  a  configuration  that  the  intake  10 
manifold  vacuum  (load  condition  decision  threshold) 
PBsud  as  a  criterion  of  decision  of  a  high-load  condition 
or  a  low-load  condition  is  made  variable  with  variations 
in  atmospheric  pressure.  To  this  end,  the  load  condition 
decision  threshold  computing  means  21  e  performs  the  is 
following  operation  according  to  the  atmospheric  pres- 
sure  PA,  and  supplies  the  load  condition  decision 
threshold  PBsud  obtained  by  this  operation  to  the  load 
condition  deciding  means  21d. 

20 
PBsud  =  (PA/760)  x  PBsudO 

PBsud:  Load  condition  decision  threshold 
PA:  Atmospheric  pressure 
PBsudO:  Load  condition  decision  threshold  (e.g.,  608  25 

mmHg)  at  an  atmospheric  pressure  of  760 
mmHg 

FIG.  8  is  a  flowchart  showing  the  operation  of  the 
atmospheric  pressure  correction  coefficient  setting  30 
means  21. 

In  step  P11,  the  atmospheric  pressure  -  low-load 
atmospheric  pressure  correction  coefficient  (PA  -  KpaL) 
table  is  referred  to,  and  a  correction  coefficient  KpaL 
corresponding  to  an  atmospheric  pressure  detected  by  35 
the  atmospheric  pressure  sensor  S1  is  calculated.  As 
shown  in  FIG.  7,  four  correction  coefficients  KpaL  corre- 
sponding  to  four  atmospheric  pressures  (e.g.,  480,  580, 
670,  and  760  mmHg)  are  preliminarily  stored  in  the 
table,  and  any  correction  coefficient  KpaL  correspond-  40 
ing  to  any  atmospheric  pressure  between  any  two  of  the 
above  four  points  is  calculated  by  interpolation.  Simi- 
larly,  the  high-load  atmospheric  pressure  correction 
coefficient  KpaH  is  calculated. 

In  step  P13,  the  load  condition  decision  threshold  45 
PBsud  corresponding  to  the  present  atmospheric  pres- 
sure  PA  is  calculated.  In  step  P14,  the  intake  manifold 
vacuum  PB  and  the  load  condition  decision  threshold 
PBsud  are  compared  with  each  other.  If  the  intake  man- 
ifold  vacuum  PB  is  not  less  than  the  load  condition  deci-  so 
sion  threshold  PBsud,  it  is  decided  that  the  engine  is  in 
a  high-load  condition,  and  in  step  P15,  the  high-load 
atmospheric  pressure  correction  coefficient  KpaH  is  set 
to  the  atmospheric  pressure  correction  coefficient  Kpa. 
If  the  intake  manifold  vacuum  PB  is  less  than  the  load  ss 
condition  decision  threshold  PBsud,  it  is  decided  that 
the  engine  is  in  a  low-load  condition,  and  in  step  P16, 
the  low-load  atmospheric  pressure  correction  coeffi- 
cient  KpaL  is  set  to  the  atmospheric  pressure  correction 

coefficient  Kpa.  Alternatively,  the  decision  of  the  load 
condition  may  be  made  in  advance,  and  the  calculation 
of  the  atmospheric  pressure  correction  coefficient  may 
be  made  according  to  the  load  condition  decided  above. 

FIG.  9  is  a  graph  showing  an  example  of  the  intake 
air  temperature  correction  coefficient  Kta.  The  intake  air 
temperature  correction  coefficient  Kta  also  has  charac- 
teristics  different  according  to  the  load  condition  of  the 
engine. 

FIG.  10  is  a  graph  showing  an  example  of  the  cool- 
ing  water  temperature  correction  coefficient  Ktw.  The 
cooling  water  temperature  correction  coefficient  Ktw 
also  has  characteristics  different  according  to  the  load 
condition  of  the  engine. 

FIG.  1  1  is  a  block  diagram  showing  the  configura- 
tion  of  the  basic  injection  amount  computing  means  30 
and  the  acceleration  increase  coefficient  computing 
means  40. 

The  basic  injection  amount  setting  means  31  for 
generating  the  basic  injection  amount  Tim  includes  two 
kinds  of  injection  amount  maps  (tables)  31a  and  31b, 
and  basic  injection  amount  map  selecting  means  31c 
for  selecting/switching  the  map  to  be  used  according  to 
a  usable  map  command  56a  supplied  from  the  map 
designating  means  56.  While  the  basic  injection  amount 
map  selecting  means  31c  is  so  configured  as  to  select 
an  output  from  either  the  injection  amount  map  31a  or 
the  injection  amount  map  31b  as  shown,  the  selecting 
means  31c  may  be  so  configured  as  to  switch  between 
the  maps  to  be  searched. 

The  relation  between  the  average  intake  manifold 
vacuum  PBH,  the  engine  speed  NE,  and  the  basic  injec- 
tion  amount  Tim  is  preliminarily  registered  in  the  intake 
manifold  vacuum  -  injection  amount  map  31a.  On  the 
other  hand,  the  relation  between  the  throttle  opening 
6TH,  the  engine  speed  NE,  and  the  basic  injection 
amount  Tim  is  preliminarily  registered  in  the  throttle 
opening  -  injection  amount  map  31b.  The  basic  injection 
amount  Tim  registered  in  each  of  the  injection  amount 
maps  31a  and  31b  is  an  injection  amount  at  a  predeter- 
mined  atmospheric  pressure,  a  predetermined  intake 
air  temperature,  and  a  predetermined  cooling  water 
temperature. 

FIG.  1  2  is  a  graph  showing  the  operation  of  the  map 
designating  means  56. 

When  the  throttle  opening  6TH  is  relatively  large, 
the  map  designating  means  56  generated  a  command 
56a  demanding  the  use  of  the  map  according  to  the 
throttle  opening,  whereas  when  the  throttle  opening 
6TH  is  relatively  small,  the  map  designating  means  56 
generates  a  command  56a  demanding  the  use  of  the 
map  according  to  the  intake  manifold  vacuum.  When 
the  throttle  opening  6TH  is  large,  the  intake  manifold 
vacuum  is  substantially  approximate  to  the  atmospheric 
pressure,  and  a  change  in  the  intake  manifold  vacuum 
is  small.  Therefore,  in  such  a  region,  the  injection 
amount  is  obtained  by  using  the  throttle  opening  6TH  as 
a  parameter.  In  another  region  where  a  change  in  the 
intake  manifold  vacuum  is  remarkable,  the  injection 
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amount  is  obtained  by  using  the  intake  manifold  vacuum 
as  a  parameter.  Thus,  a  suitable  injection  amount  can 
be  obtained  over  a  wide  range  of  operational  condition. 

As  shown  in  FIG.  11,  the  acceleration  increase 
coefficient  computing  means  40  includes  throttle 
change  amount  computing  means  41  ;  acceleration  con- 
dition  deciding  means  42;  two  kinds  of  increase  coeffi- 
cient  maps  (tables)  43a  and  43b;  increase  coefficient 
map  selecting  means  43c  for  selecting  either  the 
increase  coefficient  map  43a  or  43b  to  be  used  accord- 
ing  to  the  usable  map  command  56a  supplied  from  the 
map  designating  means  56;  acceleration  correcting 
means  44  for  correcting  an  acceleration  increase  coeffi- 
cient  KAM  obtained  by  searching  the  map  43a  or  43b, 
according  to  an  engine  operational  condition;  and 
stepped  correcting  means  45. 

The  throttle  change  amount  computing  means  41 
computes  a  change  amount  (change  rate)  of  throttle 
opening  per  given  unit  time  to  generate  a  throttle  open- 
ing  change  amount  (change  rate)  data  (which  will  be 
hereinafter  referred  to  simply  as  throttle  opening 
change  amount)  A6TH. 

The  acceleration  condition  deciding  means  42 
decides  whether  or  not  the  vehicle  is  in  an  accelerated 
condition  according  to  the  engine  speed  NE,  the  throttle 
opening  6TH,  and  the  throttle  opening  change  amount 
A6TH  to  generate  an  acceleration  increase  command 
42a  demanding  the  increase  of  fuel  injection  amount 
and  also  generate  acceleration  continuation/termination 
condition  decision  information  42b  indicating  whether 
acceleration  is  continued  or  acceleration  has  been  ter- 
minated. 

The  acceleration  condition  deciding  means  42 
stops  the  output  of  the  acceleration  increase  command 
42a  when  the  engine  is  inoperative,  when  the  engine 
speed  NE  is  greatly  high  (e.g.,  at  not  less  than  10000 
rpm),  or  when  the  throttle  opening  6TH  is  not  relatively 
large  (e.g.,  at  less  than  15  degrees). 

The  acceleration  condition  deciding  means  42 
decides  that  the  vehicle  is  in  an  accelerated  condition  to 
generate  the  decision  signal  42b  indicative  of  the  accel- 
erated  condition  when  the  engine  speed  is  in  a  prede- 
termined  range  (e.g.,  at  less  than  10000  rpm),  when  the 
throttle  opening  6TH  is  in  a  predetermined  range  (e.g., 
from  not  less  than  1  5  degrees  to  less  than  the  full  open- 
ing),  and  when  the  throttle  opening  change  amount 
A6TH  is  relatively  large  (e.g.,  several  degrees  per  10  to 
20  milliseconds). 

In  contrast,  the  acceleration  condition  deciding 
means  42  decides  that  the  acceleration  has  been  termi- 
nated  when  the  throttle  opening  6TH  becomes  near  to 
the  full  opening  (e.g.,  at  about  85  degrees)  after  the 
accelerated  condition,  or  when  the  throttle  opening 
change  amount  A6TH  becomes  relatively  small  (e.g., 
less  than  several  degrees  per  10  to  20  milliseconds) 
after  the  accelerated  condition. 

The  relation  between  the  engine  speed  NE,  the 
intake  manifold  vacuum  PB,  the  acceleration  increase 
coefficient,  and  the  number  of  injections  for  acceleration 

increase  correction  (which  number  will  be  hereinafter 
referred  to  as  acceleration  increase  injections  number) 
is  preliminarily  registered  in  the  intake  manifold  vacuum 
-  increase  coefficient  map  43a.  Further,  the  relation 

5  between  the  engine  speed  NE,  the  throttle  opening 
6TH,  the  acceleration  increase  coefficient,  and  the 
acceleration  increase  injections  number  is  preliminarily 
registered  in  the  throttle  opening  -  increase  coefficient 
map  43b.  Since  the  acceleration  increase  coefficient  is 

10  set  according  to  the  engine  speed  NE,  acceleration 
increase  correction  according  to  engine  speed  can  be 
performed  even  at  acceleration  from  a  low  engine 
speed  or  from  a  medium/high  engine  speed.  Accord- 
ingly,  as  compared  with  the  case  where  an  increase 

15  amount  of  fuel  to  be  injected  at  acceleration  is  set 
regardless  of  engine  speed,  a  more  proper  increase 
amount  can  be  set  according  to  the  present  invention. 

The  acceleration  correcting  means  44  computes  a 
corrected  acceleration  increase  coefficient  KAH  by  mul- 

20  tiplying  an  acceleration  correction  coefficient  KH  set 
according  to  the  throttle  opening  6TH  and  an  accelera- 
tion  increase  coefficient  KAH  obtained  by  the  search  of 
the  map  43a  or  43b,  and  then  supplies  the  corrected 
acceleration  increase  coefficient  KAH  to  the  stepped 

25  correcting  means  45  when  the  engine  speed  NE  is 
medium  and  the  throttle  opening  6TH  is  in  a  predeter- 
mined  range. 

FIG.  1  3  is  a  flowchart  showing  the  operation  of  the 
acceleration  correcting  means  44,  and  FIG.  14  is  a 

30  graph  showing  the  relation  between  the  throttle  opening 
6  TH  and  the  acceleration  correction  coefficient  KH. 

When  the  engine  speed  NE  is  in  a  predetermined 
medium  speed  range  (e.g.,  4800  to  10000  rpm)  (P21), 
and  when  the  throttle  opening  6TH  is  in  a  predeter- 

35  mined  angle  range  (e.g.,  greater  than  an  opening  angle 
at  idling  to  less  than  a  full  opening  angle)  (P22),  the 
acceleration  correcting  means  44  searches  the  map 
storing  the  relation  between  the  throttle  opening  6TH 
and  the  acceleration  correction  coefficient  KH  shown  in 

40  FIG.  14  (P23).  Further,  as  far  as  the  number  of  injec- 
tions  for  acceleration  increase  correction  is  not  zero 
(P24),  the  acceleration  correcting  means  44  generates 
the  corrected  acceleration  increase  coefficient  KAH 
obtained  by  multiplying  the  acceleration  correction  coef- 

45  ficient  KH  and  the  increase  coefficient  KAM  obtained  by 
the  map  search  (P25). 

When  the  engine  speed  NE  and  the  throttle  open- 
ing  6TH  do  not  satisfy  the  above-mentioned  correction 
conditions,  the  correction  coefficient  KAH  is  set  to  1  .0 

so  (P26),  so  that  the  acceleration  increase  coefficient  KAM 
obtained  by  the  map  search  is  output  without  any 
change  as  the  corrected  acceleration  increase  coeffi- 
cient  KAH  (P25). 

As  shown  in  FIG.  14,  the  correction  coefficient  KH 
55  is  set  by  multiplying  by  1.05  the  increase  coefficient 

KAM  obtained  by  the  map  search  over  10-90%  of  the 
entire  range  of  the  throttle  opening  6TH.  Therefore,  the 
fuel  injection  amount  at  acceleration  is  increased  in  this 
predetermined  throttle  opening  range  except  a  region 
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where  the  throttle  opening  6TH  is  greatly  small  and  a 
region  where  the  throttle  opening  6TH  is  almost  full, 
thereby  improving  acceleration  performance. 

The  stepped  correcting  means  45  corrects  the  cor- 
rected  acceleration  increase  coefficient  KAH,  so  as  to 
prevent  a  rapid  change  in  fuel  injection  amount  to  be 
actually  increased,  and  supplies  an  acceleration 
increase  coefficient  KACC  to  the  fuel  injection  amount 
setting  means  51  using  a  multiplier  or  the  like.  When 
acceleration  increase  is  not  necessary,  that  is,  when  the 
acceleration  increase  command  42a  is  not  supplied 
from  the  acceleration  condition  deciding  means  42,  the 
stepped  correcting  means  45  generates  1.0  as  the 
acceleration  increase  coefficient  KACC. 

When  the  acceleration  increase  command  42a  and 
the  acceleration  continuation/termination  condition 
decision  output  42b  indicative  of  a  condition  where 
acceleration  is  continued  are  supplied,  the  stepped  cor- 
recting  means  45  compares  a  value  (e.g.,  1.047) 
obtained  by  adding  a  preset  change  data  (e.g.,  0.047)  to 
a  previous  output  value  1  .0  with  the  corrected  accelera- 
tion  increase  coefficient  KAH  output  from  the  accelera- 
tion  correcting  means  44.  If  the  corrected  acceleration 
increase  coefficient  KAH  is  larger  than  the  sum  (e.g., 
1.047),  the  sum  (e.g.,  1.047)  is  output  as  the  accelera- 
tion  increase  coefficient  KACC. 

If  the  corrected  acceleration  increase  coefficient 
KAH  is  smaller  than  the  sum  (e.g.,  1  .047),  the  corrected 
acceleration  increase  coefficient  KAH  is  output  as  the 
acceleration  increase  coefficient  KACC.  This  operation 
is  repeated  while  the  acceleration  continuation/termina- 
tion  condition  decision  output  42b  indicative  of  the  con- 
tinuation  of  acceleration  is  being  supplied.  Accordingly, 
the  acceleration  increase  coefficient  KACC  is  stepwise 
increased  by  every  preset  change  data  (e.g.,  0.047)  up 
to  the  corrected  acceleration  increase  coefficient  KAH 
obtained  by  the  acceleration  correcting  means  44  as  a 
target  value,  thereby  preventing  a  rapid  increase  in  the 
acceleration  increase  coefficient  KACC. 

Alternatively,  a  present  value  of  the  acceleration 
increase  coefficient  KACC  may  be  increased  by  a  value 
obtained  by  multiplying  a  predetermined  coefficient 
(e.g.,  0.5)  and  a  difference  between  a  previous  value  of 
the  acceleration  increase  coefficient  KACC  and  the  cor- 
rected  acceleration  increase  coefficient  KAH  supplied 
from  the  acceleration  correcting  means  44.  With  this 
operation,  the  acceleration  increase  coefficient  KACC 
can  be  made  quickly  approach  the  corrected  accelera- 
tion  increase  coefficient  KAH. 

The  stepped  correcting  means  45  monitors  the 
number  of  increased  injections  according  to  an  injection 
signal  52b  supplied  from  the  injector  driving  means  52. 
At  the  time  the  number  of  increased  injections  reaches 
a  predetermined  increase  injections  number  KN,  the 
stepped  correcting  means  45  returns  the  acceleration 
increase  coefficient  KACC  to  1  .0. 

Further,  when  the  acceleration  continuation/termi- 
nation  condition  decision  output  42b  indicative  of  a  con- 
dition  where  the  acceleration  has  been  terminated  is 

supplied  prior  to  termination  of  the  increased  injection 
by  the  predetermined  increase  injections  number  KN, 
the  stepped  correcting  means  45  computes  a  value 
obtained  by  subtracting  a  preset  change  data  (e.g., 

5  0.047)  from  a  previous  value  of  the  acceleration 
increase  coefficient  KACC,  and  generates  the  differ- 
ence  as  a  present  value  of  the  acceleration  increase 
coefficient  KACC.  This  process  of  subtracting  the  preset 
change  data  (e.g.,  0.047)  is  repeated  until  the  difference 

10  becomes  not  greater  than  1.0.  When  the  difference 
becomes  not  greater  than  1  .0,  the  stepped  correcting 
means  45  generates  1.0  as  KACC. 

The  fuel  injection  amount  setting  means  51  multi- 
plies  the  basic  injection  amount  Ti  output  from  the  basic 

15  injection  amount  computing  means  30  and  the  acceler- 
ation  increase  coefficient  KACC  supplied  from  the 
stepped  correcting  means  45,  and  generates  the  result 
of  this  multiplication  as  the  fuel  injection  amount  Tout. 

The  injector  driving  means  52  generates  an  injector 
20  driving  signal  52a  having  an  injection  time  (or  duty) 

determined  according  to  the  fuel  injection  amount  Tout, 
in  synchronism  with  the  intake  valve  opening/closing 
timing  signal  8a,  and  sequentially  supplies  this  signal 
52a  to  each  injector  2.  Accordingly,  a  predetermined 

25  amount  of  fuel  is  sequentially  injected  from  each  injector 
2  in  synchronism  with  an  intake  valve  opening/closing 
timing. 

FIG.  15  is  a  flowchart  showing  the  whole  operation 
of  the  electronic  fuel  injection  control  device. 

30  In  step  P31  ,  the  basic  injection  amount  Ti  is  com- 
puted  by  the  basic  injection  amount  computing  means 
30.  Thereafter,  the  process  of  acceleration  increase  cor- 
rection  as  shown  by  step  P32  and  subsequent  steps  is 
executed. 

35  In  step  P32,  the  operational  condition  of  the  engine 
is  decided.  If  the  engine  is  inoperative  in  the  case  of 
engine  stall,  for  example,  initialization  shown  by  step 
P50  is  executed.  If  the  engine  is  operative,  it  is  decided 
in  step  P33  whether  or  not  the  engine  speed  NE  is  in  a 

40  high-speed  region.  If  the  engine  speed  NE  is  in  a  high- 
speed  region,  e.g.,  not  less  than  10000  rpm,  initializa- 
tion  shown  by  step  P50  is  executed.  If  the  engine  speed 
NE  is  less  than  10000  rpm,  for  example,  it  is  decided  in 
step  P34  whether  or  not  the  throttle  opening  6  TH  is  rel- 

45  atively  large.  If  the  throttle  opening  6TH  is  less  than  1  5 
degrees,  for  example,  initialization  shown  by  step  P50  is 
executed. 

If  the  throttle  opening  6TH  is  not  less  than  15 
degrees,  it  is  decided  that  the  vehicle  is  in  an  acceler- 

50  ated  condition  or  in  an  acceleration  terminated  condi- 
tion,  and  the  process  of  step  P35  and  subsequent  steps 
is  next  executed.  In  step  P35,  it  is  decided  whether  or 
not  the  throttle  opening  6TH  is  almost  full.  If  the  throttle 
opening  6TH  is  not  full  (e.g.,  less  than  85  degrees),  and 

55  the  throttle  opening  change  amount  A6TH  is  large  (e.g., 
8  degrees/1  00  milliseconds)  (step  P36)  it  is  decided  that 
the  vehicle  is  in  an  accelerated  condition  to  next  execute 
the  acceleration  increase  correction  process  shown  by 
step  P37  and  subsequent  steps. 

8 
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In  step  P37,  the  increase  coefficient  map  and  the 
correction  coefficient  map  are  searched,  and  the  accel- 
eration  increase  coefficient  KAM  obtained  by  the  map 
search  is  multiplied  by  the  correction  coefficient  KH 
obtained  by  the  map  search  to  calculate  the  corrected 
acceleration  increase  coefficient  KAH.  In  step  P38,  a 
preset  change  amount  is  added  to  a  previous  value  of 
the  acceleration  increase  coefficient  KACC  (which  value 
will  be  hereinafter  referred  to  simply  as  previous  value). 
In  step  P39,  the  sum  obtained  in  step  P38  and  the  cor- 
rected  acceleration  increase  coefficient  KAH  are  com- 
pared  with  each  other.  If  the  corrected  acceleration 
increase  coefficient  KAH  is  larger  than  the  sum,  the  sum 
is  set  as  a  present  value  of  the  acceleration  increase 
coefficient  KACC  (which  value  will  be  hereinafter 
referred  to  simply  as  present  value)  (P40),  whereas  if 
the  corrected  acceleration  increase  coefficient  KAH  is 
smaller  than  the  sum,  the  corrected  acceleration 
increase  coefficient  KAH  is  set  as  the  present  value 
(P41). 

In  step  P42,  an  increase  flag  is  set  to  1  .  In  step  P43, 
the  basic  injection  amount  (the  computed  value 
obtained  in  step  P31)  Ti  is  multiplied  by  the  present 
value.  In  step  P44,  fuel  in  an  amount  according  to  the 
product  obtained  in  step  P43  is  injected  from  each  injec- 
tor  2.  Then,  the  program  returns  to  step  P31  to  repeat 
the  above  series  of  processes. 

If  the  throttle  opening  6TH  is  almost  full,  e.g.,  not 
less  than  85  degrees  (P35),  or  if  the  throttle  opening 
change  amount  A6TH  is  small  (P36),  it  is  decided  that 
the  vehicle  is  in  an  acceleration  terminated  condition  to 
next  execute  the  process  of  step  P45  and  subsequent 
steps. 

In  step  P45,  the  state  of  the  increase  flag  is 
checked.  If  the  increase  flag  is  0,  it  is  decided  that  the 
vehicle  is  not  in  the  acceleration  terminated  condition 
after  acceleration,  so  that  initialization  of  step  P50  is 
executed.  If  the  increase  flag  is  1,  the  number  of 
increased  injections  is  checked  in  step  P46,  in  which  if 
the  number  of  increased  injections  has  already  reached 
the  number  of  increased  injections  obtained  by  the 
search  of  the  acceleration  increase  coefficient  map,  ini- 
tialization  of  step  P50  is  executed.  If  the  number  of 
increased  injections  is  1  or  more,  a  preset  change 
amount  is  subtracted  from  the  previous  value  in  step 
P47.  If  the  difference  obtained  in  step  P47  becomes  not 
greater  than  1  (P48),  the  program  proceeds  to  step  P50 
to  end  the  increase  correction  after  acceleration.  If  the 
difference  is  not  less  than  1  ,  the  difference  is  set  as  the 
present  value  in  step  P49  to  next  execute  the  process  of 
step  P42  and  subsequent  steps. 

In  this  manner,  when  a  rapid  increase  in  the  throttle 
opening  6TH  to  a  large  value  is  detected  in  steps  P35 
and  P36,  it  is  decided  that  the  vehicle  is  in  an  acceler- 
ated  condition,  and  the  process  of  increasing  the  fuel 
injection  amount  for  acceleration  is  then  started.  How- 
ever,  a  rapid  increase  in  the  fuel  injection  amount  is  pre- 
vented,  because  the  increase  coefficient  is  increased  by 

every  preset  change  amount  up  to  the  map  computed 
value  as  a  target  value  in  steps  P39  to  P41  . 

If  the  engine  speed  NE  becomes  very  high  (e.g., 
not  less  than  10000  rpm)  (P33),  or  if  the  throttle  opening 

5  6TH  is  returned  to  less  than  15  degrees,  for  example 
(P34),  the  program  proceeds  to  step  P50  to  execute  ini- 
tialization  such  that  the  previous  value  is  set  to  0,  the 
present  value  is  set  to  1.0,  the  number  of  increased 
injections  is  set  to  0,  and  the  increase  flag  is  set  to  0, 

10  thus  stopping  the  acceleration  increase  correction  for 
fuel  injection  amount. 

Further,  if  the  throttle  opening  6TH  becomes  almost 
full  (P35),  or  if  the  throttle  opening  change  amount 
A6TH  becomes  small  (i.e.,  the  change  becomes  slow) 

15  (P36),  it  is  decided  that  the  acceleration  has  been  termi- 
nated,  and  the  increase  fuel  injection  amount  set  in  the 
accelerated  condition  is  stepwise  decreased  by  every 
preset  change  amount  (P47  to  P49),  thereby  preventing 
a  rapid  decrease  in  fuel  injection  amount  just  after  ter- 

20  mination  of  acceleration  to  avoid  lack  of  fuel  injection 
amount. 

While  the  above  preferred  embodiment  has  the 
configuration  of  obtaining  an  injection  amount  by  the 
map  search  and  controlling  an  injection  time  according 

25  to  the  injection  amount  obtained  above,  the  injection 
time  may  be  obtained  by  map  search. 

FIG.  16  is  a  flowchart  showing  a  preferred  embodi- 
ment  of  atmospheric  pressure  correction. 

This  preferred  embodiment  shown  in  FIG.  16  is 
30  intended  to  ensure  performance  and  improve  startability 

when  atmospheric  pressure  varies.  In  steps  P51  and 
P52,  a  low-load  atmospheric  pressure  correction  coeffi- 
cient  KpaL  and  a  high-load  atmospheric  pressure  cor- 
rection  coefficient  KpaH  are  respectively  calculated  by 

35  referring  to  the  atmospheric  pressure  correction  coeffi- 
cient  (PA  -  Kpa)  table  shown  in  FIG.  7.  In  step  P53,  a 
starting  atmospheric  pressure  correction  coefficient 
Kpacr  is  calculated  by  referring  to  a  starting  atmos- 
pheric  pressure  correction  coefficient  (PA  -  Kpacr)  table. 

40  FIG.  1  7  is  a  graph  showing  an  example  of  the  start- 
ing  atmospheric  pressure  correction  coefficient  Kpacr. 

The  starting  atmospheric  pressure  correction  coef- 
ficient  Kpacr  is  set  to  1  .0  at  a  lowland,  and  is  decreased 
with  a  decrease  in  atmospheric  pressure.  At  a  highland 

45  where  atmospheric  pressure  is  low,  a  fuel  injection 
amount  is  decreased  with  a  decrease  in  fuel  amount 
required  by  the  engine,  thereby  improving  the  startabil- 
ity  of  the  engine. 

In  step  P54,  the  map  designating  command  56a  is 
so  checked.  If  the  intake  manifold  vacuum  (PB)  map  is  des- 

ignated,  the  load  condition  decision  threshold  PBsud 
according  to  a  present  amount  pressure  is  calculated  in 
step  P55,  and  a  load  condition  is  decided  according  to  a 
present  average  intake  manifold  vacuum  PBH  in  step 

55  P56.  If  the  engine  is  in  a  high-load  condition,  the  high- 
load  atmospheric  pressure  correction  coefficient  KpaH 
is  set  to  the  atmospheric  pressure  correction  coefficient 
Kpa  (step  P57),  whereas  if  the  engine  is  in  a  low-load 
condition,  the  low-load  atmospheric  pressure  correction 

9 
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coefficient  KpaL  is  set  to  the  atmospheric  pressure  cor- 
rection  Kpa  (step  P58). 

In  step  P59,  the  bank  condition  of  the  engine  is 
checked.  If  the  rear  bank  (e.g.,  #1  and  #3  cylinders  of  a 
V4-engine)  is  subjected  to  load,  the  rear  intake  manifold 
vacuum  PBR  is  used  to  search  a  second  atmospheric 
pressure  correction  coefficient  table  (PB  -  CPAB  table) 
and  calculate  a  second  atmospheric  pressure  correc- 
tion  coefficient  CPAB  in  step  P60.  If  the  front  bank  (e.g., 
#2  and  #4  cylinders  of  a  V4-engine)  is  subjected  to  load, 
the  front  intake  manifold  vacuum  PBF  is  used  to  search 
the  second  atmospheric  pressure  correction  coefficient 
table  (PB  -  CPAB  table)  and  calculate  the  second 
atmospheric  pressure  correction  coefficient  CPAB.  A 
back  pressure  applied  to  each  exhaust  port  changes 
with  load,  and  a  rate  of  this  change  at  a  highland  is  dif- 
ferent  from  that  at  a  lowland.  Accordingly,  the  fuel  injec- 
tion  amount  is  corrected  by  using  the  second 
atmospheric  pressure  correction  coefficient  CPAB. 

FIG.  18  is  a  graph  showing  an  example  of  the  sec- 
ond  atmospheric  pressure  correction  coefficient  CPAB. 

As  apparent  from  FIG.  18,  the  larger  the  intake 
manifold  vacuum  PB,  the  larger  the  second  atmospheric 
pressure  correction  coefficient  CPAB. 

In  step  P62,  the  atmospheric  pressure  correction 
coefficient  Kpa  obtained  according  to  the  load  condition 
of  the  engine  is  multiplied  by  the  second  atmospheric 
pressure  correction  coefficient  CPAB  to  obtain  a  total 
atmospheric  pressure  correction  coefficient  KPA. 

If  it  is  decided  in  step  P54  that  the  throttle  (TH)  map 
is  used,  the  starting  atmospheric  pressure  correction 
coefficient  Kpacr  is  set  to  the  total  atmospheric  pres- 
sure  correction  coefficient  KPA  in  step  P63,  thereby 
adjusting  the  fuel  injection  amount  in  using  the  throttle 
map  according  to  atmospheric  pressure.  Accordingly, 
the  performance  of  the,  engine  can  be  ensured  even  at 
a  highland  or  the  like  where  atmospheric  pressure  is 
low.  The  starting  atmospheric  pressure  correction  coef- 
ficient  Kpacr  is  used  both  at  starting  and  in  using  the 
throttle  map. 

Finally,  the  total  correction  coefficient  Ktotal  is  cal- 
culated  by  using  the  total  amount  pressure  correction 
coefficient  KPA  obtained  above.  Therefore,  fuel  can  be 
injected  in  an  amount  according  to  the  load  condition  of 
the  engine  even  when  atmospheric  pressure  varies,  so 
that  the  engine  performance  can  be  ensured  in  running 
even  at  a  highland  where  atmospheric  pressure  is  low. 
Furthermore,  also  at  starting  the  engine,  the  fuel  injec- 
tion  amount  is  controlled  according  to  atmospheric 
pressure,  so  that  a  good  startability  of  the  engine  can  be 
ensured  even  at  a  highland.  Further,  also  in  the  condi- 
tion  where  the  basic  injection  amount  is  obtained  by 
using  the  intake  manifold  vacuum  (PB)  map,  atmos- 
pheric  pressure  correction  or  injection  amount  is  per- 
formed  to  allow  injection  of  fuel  in  an  amount  according 
to  engine  load  condition.  Accordingly,  the  engine  per- 
formance  can  be  ensured  in  running  even  at  a  highland 
where  atmospheric  pressure  is  low. 

To  perform  correction  of  a  fuel  injection  amount 
according  to  atmospheric  pressure  with  a  high  precision 
over  the  whole  range  from  a  low-load  condition  to  a 
high-load  condition  of  an  engine  even  when  the  engine 

5  is  a  multiple  throttle  valve  type  engine. 
In  an  electronic  fuel  injection  control  device  for  per- 

forming  correction  of  a  basic  fuel  injection  amount  set 
according  to  intake  manifold  vacuum,  according  to 
atmospheric  pressure,  atmospheric  pressure  correction 

10  coefficient  setting  means  21  includes  atmospheric  pres- 
sure  correction  coefficient  tables  21a  and  21b  prelimi- 
narily  storing  atmospheric  pressure  correction 
coefficients  KpaL  and  KpaH  respectively  for  a  low-load 
condition  and  a  high-load  condition,  and  applicable 

15  table  selecting  means  21c.  Load  condition  deciding 
means  21d  decides  an  engine  load  condition  according 
to  intake  manifold  vacuum  PB,  and  the  applicable  table 
selecting  means  21c  selects  either  the  atmospheric 
pressure  correction  coefficient  KpaL  or  KpaH  according 

20  to  a  decision  output  2  1  f  from  the  load  condition  deciding 
means  21d.  Load  condition  decision  threshold  comput- 
ing  means  21  e  can  vary  a  load  condition  decision 
threshold  PBsud  according  to  atmospheric  pressure  PA. 

25  Claims 

1.  In  an  electronic  fuel  injection  control  device  (1)  for 
performing  correction  of  a  basic  fuel  injection 
amount  set  according  to  at  least  intake  manifold 

30  vacuum  (PBR,  PBF),  according  to  atmospheric 
pressure; 

the  improvement  wherein  atmospheric  pres- 
sure  correction  coefficients  (KpaH,  KpaL)  for  a 

35  low-load  condition  and  a  high-load  condition  of 
an  engine  (4)  are  provided  and  an  atmospheric 
pressure  correction  coefficient  (KpaH,  KpaL)  to 
be  used  is  changed  according  to  a  load  condi- 
tion  of  said  engine. 

40 
2.  An  electronic  fuel  injection  control  device  (1) 

according  to  claim  1,  wherein  whether  said  engine 
(4)  is  in  said  low-load  condition  or  said  high-load 
condition  is  decided  according  to  said  intake  mani- 

45  fold  vacuum,  (PBR,  PBF)  and  a  criterion  of  decision 
of  said  low-load  condition  or  said  high-load  condi- 
tion  varies  with  a  change  in  said  atmospheric  pres- 
sure  (PA). 

50 
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ATMOSPHERIC  PRESSURE  CORRECTION 
COEFFICIENT  SETTING  MEANS 

ATMOSPHERIC 
PRESSURE 

PA  -  

NTAKE  MANIFOLD 
VACUUM 

PB 

APPLICABLE  TABLE 
SELECTING  MEANS 

x 2 1 c  

LOW-LOAD  ATMOSPHERIC 
PRESSURE  CORRECTION 

COEFFICIENT  TABLE 

KpaL 

21b 

HIGH-LOAD  ATMOSPHERIC 
PRESSURE  CORRECTION 

COEFFICIENT  TABLE 

KpaH 

LOAD  CONDITION 
DECIDING  MEANS 

ATMOSPHERIC 
CORRECTION 
COEFFICIENT 
"**  Kpa 

-  —  21  f 

LOW  LOAD  /HIGH  LOAD 

LOAD  CONDITION 
DECISION  THRESHOLD 

COMPUTING  MEANS 

-  P B s u d  
LOAD  CONDITION 

DECISION  THRESHOLD 

21  e 
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C  START 

H Z  

)  

CALCULATION  OF  LOW  -LOAD  ATMOSPHERIC  PRESSURE 
CORRECTION  COEFFICIENT  KpaL  (PA  -  Kpal  TABLE  ) 

CALCULATION  OF  HIGH  -LOAD  ATMOSPHERIC  PRESSURE 
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