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the  startability  and  drivability  of  the  engine  at 
start. 

The  present  invention  provides  a  method  for 
controlling  fuel  supply  to  an  internal  combustion 

5  engine  at  start,  the  engine  having  at  least  one  fuel 
injection  valve,  a  feed  pump  for  pressurizing  fuel 
and  supplying  pressurized  fuel  to  the  fuel  injec- 
tion  valve,  fuel  pressure  regulating  means  sup- 
plied  with  pressure  within  the  intake  passage  of 

w  said  engine  prevailing  in  the  vicinity  of  said  fuel 
injection  valve  for  supplying  said  fuel  injection 
valve  with  fuel  at  such  a  pressure  that  the  differ- 
ence  between  the  pressure  of  fuel  supplied  to  said 
fuel  injection  valve  and  said  pressure  within  said 

15  intake  passage  is  regulated  to  a  predetermined 
constant  value  irrespective  of  change  in  said 
pressure  within  said  intake  passage  when  the 
pressure  of  fuel  pressurized  by  said  feed  pump 
and  supplied  therefrom  to  said  fuel  pressure 

20  regulating  means  is  higher  than  a  predetermined 
value,  and  a  battery  for  driving  the  fuel  injection 
valve  and  the  feed  pump,  the  fuel  injection  valve 
being  adapted  to  be  opened  over  a  valve  opening 
period  of  time  set  at  least  based  upon  a  tempera- 

25  ture  of  the  engine  and  corrected  by  adding  a 
correction  variable  for  compensating  for  a  delay 
in  the  response  to  the  fuel  injection  valve  due  to 
low  supply  voltage  supplied  thereto  from  said 
battery  so  as  to  supply  a  required  quantity  of  fuel 

30  to  the  engine  at  start  thereof. 
The  method  according  to  the  invention  is 

characterized  by  comprising  the  following  steps: 
(1)  detecting  a  value  of  the  supply  voltage  from 
said  battery  is  a  parameter  indicative  of  the 

35  pressure  of  fuel  pressurized  by  the  feed  pump  to 
be  supplied  to  the  fuel  injection  valve;  (2)  deter- 
mining  a  correction  value  corresponding  only  to 
the  parameter  value  thus  detected,  the  correction 
value  being  set  to  increase  the  valve  opening 

40  period  with  decrease  in  the  pressure  of  fuel 
pressurized  by  the  feed  pump;  and  (3)  correcting 
the  valve  opening  period  of  time  by  multiplying 
by  the  correction  value  thus  determined. 

Preferably,  the  correct  value  is  set  to  increase 
45  the  valve  opening  period  with  decrease  in  the 

supply  voltage  insofar  as  the  supply  voltage  is 
lower  than  a  predetermined  value  corresponding 
to  the  predetermined  value  of  the  pressure  of  fuel 
pressurized  by  the  feed  pump. 

so  The  fuel  injection  quantity  Qf  per  injection  of 
the  fuel  injection  values  varies  as  a  function  of  the 
pressure  difference  AP  (hereinafter  referred  to  as 
"the  fuel  pressure  difference"  unless  otherwise 
specified)  between  the  fuel  pressure  supplied  to 

55  the  fuel  injection  valves  from  the  fuel  tank 
through  fuel  pressurizing  means  such  as  a  feed 
pump,  and  the  internal  pressure  within  the  intake 
passage  of  the  engine  prevailing  in  the  vicinity  of 
the  fuel  injection  valves,  and  also  as  a  function  of 

so  the  valve  opening  period  value  TOUT,  and  can  be 
expressed  as  follows: 

Description 

This  invention  relates  to  a  fuel  supply  control 
method  for  internal  combustion  engines  at  start. 

A  conventional  fuel  supply  control  method  has 
been  proposed,  e.g.  by  Japanese  Provisional 
Patent  Publication  (Kokai)  No.  57-137633,  wherein 
when  the  engine  is  in  a  starting  condition,  a  valve 
opening  period  TOUT  for  the  fuel  injection  valves 
is  set  to  a  value  obtained  by  adding  to  or  deduct- 
ing  from  a  basic  valve  opening  period  TiCR  set, 
e.g.,  based  upon  engine  temperature  in  a  manner 
decreasing  with  an  increase  in  the  engine 
temperature,  a  correction  value  TV  dependent  on 
supply  voltage  supplied  from  an  electric  power 
source  such  as  battery  and  a  generator  to  the  fuel 
injection  valves  to  drive  same,  and  the  fuel  injec- 
tion  values  are  controlled  to  open  over  a  period  of 
time  according  to  the  thus  set  valve  opening 
period  TOUT. 

The  correction  value  TV  according  to  the  pro- 
posed  method  is  employed  for  compensation  for 
a  delay  in  the  response  of  the  fuel  injection  valves 
due  to  low  supply  voltage  supplied  thereto  from 
the  electric  power  source,  e.g.  during  starting  of 
the  engine. 

US  —  A  —  4445483  describes  a  method  of  con- 
trolling  fuel  supply  to  an  internal  combustion 
engine  at  start,  said  engine  having  at  least  one 
fuel  injection  valve,  a  feed  pump  for  pressurizing 
fuel  and  supplying  pressurized  fuel  to  said  fuel 
injection  valve,  fuel  pressure  regulating  means 
supplied  with  pressure  within  the  intake  passage 
of  said  engine  prevailing  in  the  vicinity  of  said  fuel 
injection  valve  for  supplying  said  fuel  injection 
valve  with  fuel  at  such  a  pressure  that  the  differ- 
ence  between  the  pressure  of  fuel  supplied  to  said 
fuel  injection  valve  and  said  pressure  within  said 
intake  passage  is  regulated  to  a  predetermined 
constant  value  irrespective  of  change  in  said 
pressure  within  said  intake  passage  when  the 
pressure  of  fuel  pressurized  by  said  feed  pump 
and  supplied  therefrom  to  said  fuel  pressure 
regulating  means  is  higher  than  a  predetermined 
value,  and  a  battery  for  driving  said  fuel  injection 
valve,  said  fuel  injection  valve  being  adapted  to 
be  opened  over  a  valve  opening  period  of  time  set 
at  least  based  upon  a  temperature  of  said  engine 
and  corrected  by  adding  a  correction  variable  for 
compensating  for  a  delay  in  the  response  of  said 
fuel  injection  valve  due  to  detected  low  supply 
voltage  supplied  thereto  from  said  battery  so  as 
to  supply  a  required  quantity  of  fuel  to  said 
engine  at  start  thereof.  EP—  53464  discloses 
detecting  a  pressure  difference  valve  across  a  fuel 
injection  valve,  and  using  this  valve  to  correct  a 
fuel  injection  quantity. 

However,  we  have  found  that  even  with  such 
compensation  the  startability  and  drivability  of 
the  engine  may  not  be  as  good  as  desired. 

Summary  of  the  invention 
It  is  the  object  of  the  invention  to  provide  a  fuel 

supply  control  method  for  internal  combustion 
engines  at  start,  which  is  capable  of  improving 

QfocVAP  X  TOUT 

65  In  the  abovementioned  known  method,  the 
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valve  opening  period  value  TOUT  for  the  fuel 
injection  valves  is  set  on  the  presumption  that  the 
fuel  pressure  difference  AP  remains  constant  and 
assumes  a  certain  value,  and  accocdingly,  the  set 
value  TOUT  does  not  correspond  to  fluctuations  s 
in  the  fuel  pressure  difference  AP.  However, 
under  certain  operating  conditions  of  the  engine, 
the  fuel  pressure  difference  AP  does  not  assume 
the  certain  value.  For  instance,  when  the  starting 
motor  has  just  been  actuated  to  drive  the  engine,  10 
and  the  rotational  speed  of  the  engine  is  not  yet 
increased  to  a  value  high  enough  to  make  either 
the  battery  or  the  generator  supply  a  predeter- 
mined  supply  voltage  to  the  feed  pump,  the  fuel 
pressure  supplied  from  the  feed  pump  to  the  fuel  is 
injection  valves  is  low  and  accordingly  the  fuel 
pressure  difference  AP  is  small,  resulting  in  an 
insufficient  fuel  injection  quantity  Qf  per  injection 
of  the  fuel  injection  valves  even  if  they  are  opened 
over  a  period  of  time  according  to  the  set  valve  20 
opening  period  TOUT,  which  can  deteriorate  the 
startability  and  driveability  of  the  engine. 

The  invention  is  capable  of  supplying  a 
required  quantity  of  fuel  to  the  engine  at  start 
thereof  even  when  the  fuel  pressure  supplied  to  25 
fuel  injection  valves  of  the  engine  from  feed 
pump  is  so  low  due  to  low  supply  voltage  from  an 
electric  power  source  at  the  start  of  the  engine 
that  the  fuel  pressure  difference  between  the 
supplied  fuel  pressure  and  the  internal  pressure  30 
within  the  intake  passage  in  the  vicinity  of  the  fuel 
injection  valves  is  smaller  than  a  predetermined 
constant  value,  to  thereby  improve  the  startability 
and  driveability  of  the  engine  at  start. 

The  above  and  other  objects,  features  and  35 
advantages  of  the  invention  will  be  more 
apparent  from  the  ensuing  detailed  description  of 
an  example  of  the  invention  taken  in  conjunction 
with  the  accompanying  drawings. 

40 
Brief  description  of  the  drawings 

Fig.  1  is  a  view  schematically  illustrating  the 
whole  arrangement  of  a  fuel  supply  control 
system  for  an  internal  combustion  engine,  to 
which  the  method  according  to  the  invention  is  45 
applied; 

Fig.  2  is  a  graph  of  a  table  showing  an  example 
of  the  relationship  between  a  basic  valve  opening 
period  TiCR  for  fuel  injection  valves  applicable  at 
the  start  of  the  engine  and  engine  coolant  so 
temperature  TW; 

Fig.  3  is  a  graph  of  a  table  showing  an  example 
of  the  relationship  between  an  engine  rotational 
speed-dependent  correction  coefficient  KNe 
applicable  at  the  start  of  the  engine  and  the  ss 
engine  rotational  speed  Ne; 

Fig.  4  is  a  graph  of  a  table  showing  an  example 
of  the  relationship  between  a  supply  voltage- 
dependent  correction  variable  TV  and  power 
source  supply  voltage  VB;  and  60 

Fig.  5  is  a  graph  of  a  table  showing  an  example 
of  the  relationship  between  a  supply  voltage- 
dependent  correction  coefficient  KPV  according 
to  the  invention  and  the  power  source  supply 
voltage  VB.  65 

Referring  first  to  Fig.  1,  there  is  illustrated  the 
whole  arrangement  of  a  fuel  supply  control 
system  to  which  is  applied  the  method  according 
to  the  invention.  Reference  numeral  1  denotes  an 
internal  combustion  engine  of  a  four-cylinder 
type  for  instance,  only  one  cylinder  being  shown, 
to  which  is  connected  one  end  of  an  intake  pipe  3, 
the  other  end  of  which  communicates  with  the 
atmosphere  via  an  air  cleaner  4.  A  throttle  valve  5 
is  arranged  in  the  intake  pipe  3,  and  a  throttle 
valve  opening  (0th)  sensor  6  is  connected  to  the 
throttle  valve  5  for  detecting  its  opening  and 
supplying  an  electrical  signal  indicative  of  the 
detected  throttle  valve  opening  to  an  electronic 
control  unit  (hereinafter  called  "the  ECU")  7. 

An  absolute  pressure  (PBA)  sensor  9  com- 
municates  through  a  conduit  8  with  the  interior  of 
the  intake  pipe  3  at  a  location  downstream  of  the 
throttle  valve  5,  and  an  electrical  output  signal 
indicative  of  the  detected  absolute  pressure  is 
supplied  to  the  ECU  7.  Further,  an  intake  air 
temperature  (TA)  sensor  10  projects  into  the 
interior  of  the  intake  pipe  3  at  a  location  down- 
stream  of  the  conduit  8,  for  supplying  the  ECU  7 
with  an  electrical  signal  indicative  of  the  detected 
intake  air  temperature. 

An  engine  cooling  water  temperature  (TW) 
sensor  11  is  mounted  on  the  main  body  of  the 
engine  1  in  a  manner  embedded  in  the  peripheral 
wall  of  an  engine  cylinder,  for  applying  an  electri- 
cal  output  signal  indicative  of  the  detected  water 
temperature  TW  as  representative  of  the  engine 
temperature  to  the  ECU  7. 

A  starter  (starting  motor)  12  is  provided  for  the 
engine  1  for  driving  the  engine  during  cranking. 
The  input  side  of  the  starter  12  is  connected  to  a 
terminal  13a  of  a  key  switch  13.  The  key  switch  13 
has  a  further  terminal  13b  connected  to  a  feed 
pump  14  as  well  as  to  fuel  injection  valves  19, 
hereinafter  referred  to,  and  another  terminal  13c 
connected  to  an  electric  power  supply  source  15 
such  as  a  generator  and  a  battery.  The  terminal 
13a  of  the  key  switch  13  is  connected  to  the  ECU  7 
to  supply  same  with  an  electrical  signal  indicative 
of  on  and  off  states  of  the  starter  12.  On  the  other 
hand,  the  terminal  13b  is  connected  to  the  ECU  7 
to  supply  same  with  an  electrical  signal  indicative 
of  supply  voltage  VB  to  be  supplied  from  the 
power  supply  source  15  to  the  feed  pump  14  as 
well  as  to  the  fuel  injection  valves  19. 

Referrence  numeral  16  denotes  an  engine  rota- 
tional  speed  (Ne)  sensor  arranged  in  face-to-face 
relation  to,  e.g.,  a  camshaft,  not  shown,  of  the 
engine  for  supplying  the  ECU  7  with  an  electrical 
signal  indicative  of  predetermined  crank  angles 
detected  thereby. 

Further  electrically  connected  to  the  ECU  7  are 
other  sensors  17  such  as  an  atmospheric  pressure 
(PA)  sensor  and  an  exhaust  O2  sensor  to  supply 
the  ECU  with  respective  electrical  signals  indica- 
tive  of  detected  parameter  values. 

Fuel  injection  valves  19  are  arranged  in  the 
intake  pipe  3  each  at  a  location  slightly  upstream 
of  an  intake  valve  18  of  a  corresponding  one  of 
the  engine  cylinders,  and  connected  with  a  fuel 
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tank  22  through  a  conduit  20,  a  fuel  filter  21,  and 
the  feed  pump  14  to  be  supplied  with  fuel 
pressurized  by  the  feed  pump  14. 

Reference  numeral  23  denotes  a  pressure  reg- 
ulating  valve,  a  casing  of  which  has  its  interior  5 
divided  by  a  diaphragm  23b  into  a  vacuum 
chamber  23c  and  a  fuel  chamber  23d.  The 
vacuum  chamber  23c  communicates  through  a 
vacuum  passage  24  with  the  interior  of  the  intake 
pipe  3  at  a  location  downstream  of  the  throttle  10 
valve  5,  so  as  to  be  supplied  with  a  vacuum  or 
negative  pressure  developed  in  the  intake  pipe  3 
at  a  zone  downstream  of  the  throttle  valve  5,  i.e.  a 
negative  pressure  prevailing  in  the  vicinity  of  the 
fuel  injection  valves  19,  through  the  vacuum  m 
passage  24.  On  the  other  hand,  the  fuel  chamber 
23d  communicates  through  a  conduit  26  with  the 
interior  of  the  conduit  20  extending  between  the 
fuel  tank  22  and  the  fuel  injection  valves  19,  at  a 
location  between  the  fuel  filter  21  and  the  fuel  20 
injection  valves  19,  whereby  the  pressure  of  fuel 
being  supplied  to  the  fuel  injection  valves  19  is 
introduced  into  the  fuel  chamber  23d.  A  valve 
body  23a  of  the  pressure  regulating  valve  23  is 
secured  to  the  diaphragm  23b  at  its  substantially  25 
central  portion  and  urged  via  the  diaphragm  23b 
by  a  spring  23e  in  a  valve  closing  direction. 

At  the  start  of  the  engine  1,  so  long  as  the 
supply  voltage  VB  supplied  from  the  power 
supply  source  15  to  the  feed  pump  14  is  lower  30 
than  a  predetermined  value,  and  the  fuel  pressure 
within  the  fuel  chamber  23d  is  low  accordingly, 
the  valve  body  23a  is  seated  against  a  valve  seat 
23f  formed  at  an  open  end  of  a  conduit  25 
communicating  with  the  fuel  tank  22,  by  the  force  35 
of  the  spring  23e  urging  the  valve  body  23a  via 
the  diaphragm  23b,  to  close  the  open  end, 
thereby  rendering  the  pressure  regulating  valve 
23  inoperative.  Therefore,  so  long  as  the  supply 
voltage  VB  of  the  power  supply  source  15  is  lower  40 
than  the  predetermined  value,  the  fuel  pressure 
within  the  conduit  20,  i.e.  the  pressure  of  fuel 
being  supplied  to  the  fuel  injection  valves  19 
varies  with  changes  in  the  supply  voltage  VB 
supplied  from  the  power  supply  source  15  to  the  45 
feed  pump  14. 

After  the  start  of  the  engine  1,  when  the  supply 
voltage  VB  supplied  from  the  power  supply 
source  15  to  the  feed  pump  14  rises  above  the 
predetermined  value,  and  the  pressure  of  fuel  so 
being  supplied  from  the  feed  pump  14  to  the  fuel 
injection  valves  19  increases  accordingly  from  a 
value  corresponding  to  the  predetermined  value 
of  the  supply  voltage  VB,  the  resulting  increased 
fuel  supply  pressure  to  the  fuel  injection  valves  55 
19,  i.e.  increased  fuel  pressure  within  the  conduit 
20,  is  introduced  to  the  fuel  chamber  23d  through 
the  conduit  26,  to  displace  the  valve  body  23a 
away  from  the  valve  seat  23f  against  the  urging 
force  of  the  spring  23e.  As  the  fuel  supply  60 
pressure  to  the  fuel  injection  valves  19  further 
increases,  the  valve  seat  23f  has  its  opening  area 
increased  to  thereby  increase  the  amount  of  fuel 
returned  to  the  fuel  tank  22  through  the  valve  23. 
If  the  amount  of  fuel  returned  to  the  fuel  tank  22  is  65 

thus  increased,  a  corresponding  drop  occurs  in 
the  pressure  within  the  conduit  20.  On  the  other 
hand,  as  the  fuel  supply  pressure  to  the  fuel 
injection  valves  19  decreases,  the  valve  body  23a 
is  displaced  by  the  urging  force  of  the  spring  23e 
in  the  valve  closing  direction,  with  its  valve 
opening  area  decreased  to  thereby  decrease  the 
amount  of  fuel  returned  to  the  fuel  tank  22 
through  the  valve  23.  If  the  amount  of  fuel 
returned  to  the  fuel  tank  22  is  thus  decreased,  a 
corresponding  rise  occurs  in  the  pressure  within 
the  conduit  20.  The  negative  pressure  in  the 
intake  pipe  3  is  supplied  to  the  other  side  of  the 
diaphragm  23b.  Thus,  so  long  as  the  supply 
voltage  VB  supplied  from  the  power  supply 
source  15  to  the  feed  pump  14  is  higher  than  the 
predetermined  value,  the  pressure  regulating 
valve  23  operates  to  maintain  constant  the  fuel 
pressure  difference  between  the  fuel  pressure 
supplied  to  the  fuel  injection  valves  from  the  fuel 
tank  and  the  internal  pressure  within  the  intake 
passage  of  the  engine  prevailing  in  the  vicinity  of 
the  fuel  injection  valves. 

Each  of  the  fuel  injection  valves  19,  formed  of 
an  on-off  type  solenoid  valve,  has  its  solenoid,  not 
shown,  connected  to  the  ECU  7  so  that  when 
energized  by  a  driving  signal  from  the  ECU  7,  it 
opens  with  its  valve  body,  not  shown,  lifted 
through  a  constant  stroke  and  for  a  period  of  time 
corresponding  to  the  duration  of  the  driving 
signal,  as  hereinafter  referred  to.  Therefore,  so 
long  as  the  pressure  of  fuel  supplied  to  the  fuel 
injection  valves  19  remains  constant  and  at  the 
same  time  the  fuel  pressure  difference  AP 
between  the  fuel  supply  pressure  supplied  to  the 
fuel  injection  valves  19  and  the  intake  pipe  (nega- 
tive)  pressure  in  the  vicinity  of  the  fuel  injection 
valves  19  remains  constant,  the  engine  is  sup- 
plied  with  an  amount  of  fuel  corresponding  to  the 
time  period  for  which  the  driving  signal  is  applied 
to  the  fuel  injection  valves  19  from  the  ECU  7,  i.e. 
the  duration  of  the  driving  signals  (the  valve 
opening  period).  On  the  other  hand,  as  the  fuel 
supply  pressure  drops,  the  engine  is  supplied 
with  a  correspondingly  decreased  amount  of  fuel 
so  long  as  the  valve  opening  period  remains 
constant. 

The  ECU  7  comprises  an  input  circuit  7a  having 
functions  of  shaping  waveforms  of  pulses  of  input 
signals  from  the  aforementioned  sensors  indica- 
tive  of  various  operating  parameters  of  the  engine 
1,  shifting  voltage  levels  of  the  input  signals,  and 
converting  analog  values  of  the  input  signals  into 
digital  signals,  etc.,  a  central  processing  unit 
(hereinafter  called  "the  CPU")  7b,  memory  means 
7c  for  storing  various  calculation  programs  to  be 
executed  within  the  CPU  7b,  calculated  data  from 
the  CPU  7b,  and  calculation  data  such  as  a 
TiCR—  TW  table,  KNe—  Ne  table,  and  KPV—  VB 
table,  all  hereinafter  described,  and  an  output 
circuit  7d  for  supplying  driving  signals  to  the  fuel 
injection  valves  19. 

The  fuel  supply  control  system  constructed  as 
above  operates  as  follows: 

When  the  key  switch  13  is  turned  to  connect  the 
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predetermined  lower  limit  value  Ne1  ,  the  value  of 
the  coefficient  KNe  is  held  at  a  value  KNe1=1,  and 
when  the  detected  engine  speed  Ne  is  equal  to  or 
higher  than  a  predetermined  upper  limit  value 

5  Ne2,  the  value  of  the  coefficient  KNe  is  held  at 
KNe2=0.5.  When  the  detected  engine  speed  Ne 
falls  between  the  predetermined  lower  and  upper 
limit  values  Ne1  and  Ne2,  the  value  of  the  correc- 
tion  coefficient  KNe  is  calculated  by  an  interpola- 

10  tion  method. 
Furthermore,  TV  represents  a  supply  voltage- 

dependent  correction  variable  for  increasing  and 
decreasing  the  basic  valve  opening  period  value 
TiCR  in  response  to  changes  in  the  supply  voltage 

15  VB  supplied  from  the  power  source  15  to  the  fuel 
injection  valves  19  to  drive  same,  the  value  of 
which  is,  for  example,  read  from  a  TV  —  VB  table 
shown  in  Fig.  4,  in  response  to  the  supply  voltage 
VB.  As  shown  in  Fig.  4,  the  correction  variable  TV 

20  is  set  to  smaller  values  as  the  supply  voltage  VB 
increases.  For  example,  when  the  supply  voltage 
VB  is  8,  13,  and  16  volts,  the  correction  variable  TV 
is  set  to  1.75,  0.9,  and  0.3  ms,  respectively. 

The  supply  voltage-dependent  correction  vari- 
25  able  TV  is  employed  to  compensate  for  a  delay  in 

the  response  of  the  fuel  injection  valves  1  9  due  to 
low  supply  voltage  VB  supplied  from  the  power 
source  15  to  the  valves  19.  By  employing  the 
correction  variable  TV,  the  actual  valve  opening 

30  time  period  of  the  fuel  injection  valves  19  can  be 
made  equal  to  the  first  term  (TiCRxKNexKPV)  at 
the  right  side  of  the  equation  (1)  which  is  obtained 
when  the  supply  voltage  VB  has  a  normal  value. 
On  the  other  hand,  the  supply  voltage-dependent 

35  correction  coefficient  KPV  according  to  the  inven- 
tion  is  employed  to  compensate  for  a  shortage  of 
the  fuel  injection  quantity  Qf  due  to  a  small  fuel 
pressure  difference  AP  caused  by  a  change  in  the 
supply  voltage  VB  supplied  from  the  power 

40  supply  source  15  to  the  feed  pump  14  at  the  start 
of  the  engine,  by  increasing  the  valve  opening 
period  of  the  fuel  injection  valves  19.  Thus,  by 
virtue  of  the  supply  voltage-dependent  correction 
variable  TV  and  the  supply  voltage-dependent 

45  correction  coefficient  KPV,  the  fuel  injection  quan- 
tity  Qf  per  injection  of  the  fuel  injection  valves  19 
can  be  controlled  to  a  value  required  at  the  start  of 
the  engine. 

Next,  a  manner  of  calculation  of  the  supply 
so  voltage-dependent  correction  coefficient  KPV 

according  to  the  invention  is  described  with  ref- 
erence  to  Fig.  5.  Fig.  5  shows  a  KPV—  VB  table 
showing  an  example  of  the  relationship  between 
the  supply  voltage-dependent  correction 

55  coefficient  KPV  and  the  supply  voltage  VB.  As 
shown  in  Fig.  5,  predetermined  values  KPV1  (e.g. 
1.2),  KPV2  (e.g.  1.15),  KPV3  (e.g.  1.07),  and  KPV4 
(e.g.  1.0)  of  the  coefficient  KPV  are  stored  and 
correspond,  respectively,  to  predetermined 

60  values  VBP1  (e.g.  6v),  VBP2  (e.g.  7v),  VBP3  (e.g. 
8v),  and  VBP4  (e.g  9v)  of  the  supply  voltage  VB,  in 
a  manner  such  that  the  coefficient  KPV  is  set  to 
smaller  values  with  increase  in  the  supply  voltage 
VB  so  long  as  the  value  of  the  supply  voltage  VB  is 

65  lower  than  the  predetermined  value  VBP4.  When 

terminal  13c  with  the  terminal  13b,  supply  voltage 
VB  is  supplied  from  the  power  supply  source  1  5  to 
the  feed  pump  14  via  the  key  switch  13,  and  is  also 
supplied  to  the  ECU  7.  When  the  key  switch  13  is 
further  turned  so  that  the  terminal  13c  is  also 
connected  with  the  terminal  13a,  the  starter  12  is 
actuated  to  start  the  engine  1,  and  a  signal 
indicative  of  on  and  off  states  of  the  starter  12  is 
supplied  to  the  ECU  7. 

After  the  engine  1  is  thus  started  and  a  signal 
from  the  Ne  sensor  16  indicative  of  the  predeter- 
mined  crank  angles  is  inputted  to  the  ECU  7,  the 
ECU  7  determines  operating  conditions  of  the 
engine  such  as  a  starting  condition  on  the  basis  of 
output  signals  from  the  various  sensors  indicative 
of  engine  operating  parameters  such  as  engine 
coolant  temperature  TW,  supply  voltage  VB,  and 
on  and  off  states  of  the  starter  12,  and  calculates 
the  valve  opening  period  TOUT  for  the  fuel 
injection  valves  19  in  accordance  with  the  deter- 
mined  operating  conditions  of  the  engine  1. 

At  the  start  of  the  engine,  the  ECU  7  calculates 
the  valve  opening  period  TOUT  by  the  use  of  the 
following  equation  (1): 

(1) TOUT=TiCRxKNexKPV+TV 

wherein  TiCR  represents  a  basic  value  of  the 
valve  opening  period  TOUT  which  is  applied  at 
the  start  of  the  engine,  and  determined,  e.g. 
based  upon  the  engine  coolant  temperature  TW 
detected  by  the  TW  sensor  1  1  .  To  be  specific,  the 
basic  valve  opening  period  value  TiCR  is  read 
from  a  TiCR—  TW  table  shown  in  Fig.  2,  for 
example.  As  shown  in  Fig.  2,  predetermined 
values  TCR1  —  TCR5  as  the  basic  valve  opening 
period  value  are  stored  and  correspond,  respec- 
tively,  to  predetermined  values  TWCR1—  TWCR5 
of  the  engine  coolant  temperature  TW,  which  are 
set  to  larger  values  as  the  engine  coolant 
temperature  TW  decreases.  When  the  detected 
temperature  TW  value  falls  between  two  adjacent 
ones  of  the  predetermined  values 
TWCR1—  TWCR5,  the  basic  valve  opening  period 
value  TiCR  is  calculated  by  an  interpolation 
method. 

KPV  represents  a  supply  voltage-dependent 
correction  coefficient  according  to  the  invention 
which  is  determined  in  dependence  on  the  supply 
voltage  VB  to  be  supplied  from  the  power  source 
15  to  the  feed  pump  14,  e.g.,  by  reading  a  value  of 
the  coefficient  KPV  corresponding  to  the  supply 
voltage  VB  from  a  KPV—  VB  table  shown  in  Fig.  5, 
hereinafter  described. 

Further,  KNe  represents  an  engine  rotational 
speed-dependent  correction  coefficient  applic- 
able  at  the  start  of  the  engine,  which  is  deter- 
mined  in  dependence  on  the  engine  rotational 
speed  Ne  detected  by  the  Ne  sensor  16.  To  be 
specific,  the  coefficient  KNe  is  read  from  a 
KNe  —  Ne  table  shown  in  Fig.  3  showing  an 
example  of  the  relationship  between  the  correc- 
tion  coefficient  KNe  and  the  engine  rotational 
speed  Ne.  As  shown  in  Fig.  3,  when  the  detected 
engine  speed  Ne  is  equal  to  or  lower  than  a 
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pump  for  pressurizing  fuel  and  supplying 
pressurized  fuel  to  said  fuel  injection  valve,  fuel 
pressure  regulating  means  supplied  with 
pressure  within  the  intake  passage  of  said  engine 
prevailing  in  the  vicinity  of  said  fuel  injection 
valve  for  supplying  said  fuel  injection  valve  with 
fuel  at  such  a  pressure  that  the  difference 
between  the  pressure  of  fuel  supplied  to  said  fuel 
injection  valve  and  said  pressure  within  said 
intake  passage  is  regulated  to  a  predetermined 
constant  value  irrespective  of  change  in  said 
pressure  within  said  intake  passage  when  the 
pressure  of  fuel  pressurized  by  said  feed  pump 
and  supplied  therefrom  to  said  fuel  pressure 
regulating  means  is  higher  than  a  predetermined 
value,  and  a  battery  for  driving  said  fuel  injection 
valve  and  said  feed  pump,  said  fuel  injection 
valve  being  adapted  to  be  opened  over  a  valve 
opening  period  of  time  set  at  least  based  upon  a 
temperature  of  said  engine  and  corrected  by 
adding  a  correction  variable  for  compensating  for 
a  delay  in  the  response  of  said  fuel  injection  valve 
due  to  low  supply  voltage  supplied  thereto  from 
said  battery  so  as  to  supply  a  required  quantity  of 
fuel  to  said  engine  at  start  thereof,  the  method 
comprising  the  steps  of:  (1)  detecting  a  value  of 
the  supply  voltage  from  said  battery  as  a  para- 
meter  indicative  of  the  pressure  of  fuel 
pressurized  by  said  feed  pump  to  be  supplied  to 
said  fuel  injection  valve;  (2)  determining  a  correc- 
tion  value  corresponding  only  to  said  parameter 
value  thus  detected,  said  correction  value  being 
set  to  increase  the  valve  opening  period  with 
decrease  in  the  pressure  of  fuel  pressurized  by 
said  feed  pump;  and  (3)  correcting  said  valve 
opening  period  of  time  by  multiplying  by  said 
correction  value  thus  determined. 

2.  A  method  as  claimed  in  Claim  1  ,  wherein  said 
correction  value  is  set  to  increase  the  valve 
opening  period  with  decrease  in  said  supply 
voltage  insofar  as  said  supply  voltage  is  lower 
than  a  predetermined  value  corresponding  to  said 
predetermined  value  of  the  pressure  of  fuel 
pressurized  by  said  feed  pump. 

Patentanspriiche 

1.  Verfahren  zur  Steuerung  der  Zufuhr  von 
Kraftstoff  zu  einer  Brennkraftmaschine  beim 
Start,  wobei  die  Maschine  wenigstens  ein  Krafts- 
toffeinspritzventil,  eine  Zufiihrpumpe,  um  Krafts- 
toff  unter  Druck  zu  setzen  und  dem  Kraftstoffein- 
spritzventil  unter  Druck  gesetzten  Kraftstoff  zuzu- 
fiihren,  eine  Kraftstoffdruckreguliereinrichtung, 
die  mit  in  der  Ansaugleitung  der  Maschine  in  der 
Nahe  des  Kraftstoffeinspritzventils  herrschendem 
Druck  versorgt  wird,  um  das  Kraftstoffeinspritz- 
ventil  bei  einem  derartigen  Druck  mit  Kraftstoff  zu 
versorgen,  daB  die  Differenz  zwischen  dem  Druck 
von  dem  Kraftstoffeinspritzventil  zugefuhrtem 
Kraftstoff  und  dem  Druck  in  der  Ansaugleitung 
auf  einen  vorbestimmten  konstanten  Wert  unab- 
hangig  von  einer  Anderung  des  Drucks  in  der 
Ansaugleitung  reguliert  wird,  wenn  der  Druck  von 
Kraftstoff,  der  durch  die  Zufiihrpumpe  unter 

the  actual  supply  voltage  VB  falls  between  two 
adjacent  ones  of  the  predetermined  values 
VBP1  —  VBP4,  the  value  of  the  correction 
coefficient  KPV  is  calculated  by  interpolation. 
When  the  supply  voltage  VB  is  equal  to  or  higher  5 
than  the  predetermined  value  VBP4,  the  value  of 
the  correction  coefficient  KPV  is  held  at  1.0,  since 
the  fuel  pressure  difference  AP  can  be  maintained 
at  a  constant  value  by  the  operation  of  the 
pressure  regulating  valve  23  which  operates  to  10 
maintain  constant  the  fuel  supply  pressure  to  the 
fuel  injection  valves  19  through  the  conduit  20.  On 
the  other  hand,  when  the  supply  voltage  VB  is 
lower  than  the  predetermined  value  VBP4  below 
which  the  fuel  supply  pressure  to  the  fuel  injec-  75 
tion  valves  19,  and  accordingly  the  fuel  pressure 
difference  AP  can  decrease  substantially  in  pro- 
portion  to  decrease  in  the  supply  voltage  VB,  the 
set  value  of  the  correction  coefficient  KPV  is 
applied  to  the  equation  (1)  whereby  the  basic  20 
valve  opening  period  value  TiCR  is  multiplied  by 
the  correction  coefficient  KPV,  thus  making  it 
possible  to  obtain  a  valve  opening  period  TOUT 
value  appropriate  for  supplying  a  required  quan- 
tity  of  fuel  to  the  engine  at  start.  25 

The  ECU  7  supplies  the  fuel  injection  valves  19 
with  driving  signals  corresponding  to  the  thus 
calculated  valve  opening  period  TOUT,  to  open 
same  over  the  time  period  TOUT. 

Incidentally,  although  in  the  foregoing  embodi-  30 
ment,  the  basic  valve  opening  period  TiCR  is  set 
based  upon  the  engine  coolant  temperature  TW, 
this  is  not  limitative,  but  the  basic  valve  opening 
period  may  be  set  based  upon  the  engine  coolant 
temperature  TW,  and  one  or  more  operating  35 
parameters  of  the  engine  such  as  the  engine 
rotational  speed  Ne,  intake  air  quantity,  and 
intake  pipe  absolute  pressure  PBA,  to  be 
corrected  by  means  of  the  supply  voltage-depen- 
dent  correction  coefficient  KPV  of  the  invention.  40 

As  described  above  in  detail,  according  to  the 
fuel  supply  control  method  for  an  internal  com- 
bustion  engine  at  start,  the  parameter  value  VB 
indicative  of  the  pressure  of  fuel  supplied  to  the 
fuel  injection  valves  19  is  detected,  the  correction  45 
value  KPV  corresponding  to  the  detected  para- 
meter  value  VB  is  determined,  and  the  basic  valve 
opening  period  TiCR  set  at  least  based  upon  the 
engine  temperature  TW  is  corrected  by  means  of 
the  thus  determined  correction  value  KPV.  There-  50 
fore,  it  is  possible  to  supply  a  required  quantity  of 
fuel  to  the  engine  at  start  even  when  the  fuel 
pressure  difference  AP  is  small  between  the  fuel 
pressure  supplied  to  the  fuel  injection  valves  19 
and  the  intake  passage  pressure  in  the  vicinity  of  55 
the  fuel  injection  valves  19,  which  is  caused  by 
low  supply  voltage  VB  supplied  from  the  fuel 
supplying  means  14,  to  thereby  improve  the 
startability  and  driveability  of  the  engine. 

60 
Claims 

1.  A  method  of  controlling  fuel  supply  to  an 
internal  combustion  engine  at  start,  said  engine 
having  at  least  one  fuel  injection  valve,  a  feed  65 
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dispositif  de  regulation  de  pression  de  carburant 
recevant  la  pression  regnant  dans  le  passage 
d'admission  du  moteur,  au  voisinage  de  I'injec- 
teur,  et  destine  a  transmettre  a  I'injecteur  du 
carburant  a  une  pression  telle  que  la  difference 
entre  la  pression  du  carburant  transmis  a  I'injec- 
teur  et  la  pression  regnant  dans  le  passage 
d'admission  est  regulee  a  une  valeur  constante 
predeterminee  independamment  de  la  variation 
de  la  pression  dans  le  passage  d'admission  lors- 
que  la  pression  du  carburant  transmis  par  la 
pompe  d'alimentation  et  parvenant  de  celle-ci  au 
dispositif  de  regulation  de  pression  de  carburant 
est  superieure  a  une  valeur  predeterminee,  et  une 
batterie  d'accumulateurs  destinee  a  commander 
I'injecteur  et  la  pompe  d'alimentation,  I'injecteur 
etant  destine  a  s'ouvrir  pendant  une  periode 
d'ouverture  ayant  une  duree  reglee  au  moins 
d'apres  la  temperature  du  moteur  et  corrigee  par 
addition  d'une  variable  de  correction  destinee  a  la 
compensation  du  retard  de  la  reponse  de  I'injec- 
teur  du  a  la  faible  tension  d'aiimentation  qui  lui 
esttransmise  par  la  batterie  d'accumulateurs,  afin 
que  la  quantite  necessaire  de  carburant  soittrans- 
mise  au  moteur  lors  de  son  demarrage,  le  pro- 
cede  comprenant  les  etapes  suivantes:  (1)  la 
detection  d'une  valeur  de  la  tension  d'alimenta- 
tion  de  la  batterie  d'accumulateurs,  comme  para- 
metre  representatif  de  la  pression  du  carburant 
transmis  par  la  pompe  et  destine  a  I'injecteur,  (2) 
la  determination  d'une  valeur  de  correction  qui 
depend  uniquement  de  la  valeur  du  parametre 
ainsi  detecte,  la  valeur  de  correction  etant  reglee 
afin  qu'elle  augmente  la  periode  d'ouverture  de 
I'injecteur  pour  une  reduction  de  la  pression  du 
carburant  transmis  par  la  pompe  d'alimentation, 
et  (3)  la  correction  de  la  periode  d'ouverture  de 
I'injecteur  par  multiplication  par  la  valeur  de 
correction  ainsi  determinee. 

2.  Procede  selon  la  revendication  1,  dans  lequel 
la  valeur  de  correction  est  reglee  afin  qu'elle 
augmente  la  periode  d'ouverture  de  I'injecteur 
pour  une  reduction  de  la  tension  d'alimentation 
dans  la  mesure  ou  la  tension  d'alimentation  est 
inferieure  a  une  valeur  predeterminee  qui  corres- 
pond  a  la  valeur  predeterminee  de  la  pression  du 
carburant  appliquee  par  la  pompe  d'alimentation. 

Druck  gesetzt  wird  und  von  dieser  zu  der  Krafts- 
toffdruckreguliereinrichtung  zugefiihrt  wird, 
hoher  als  ein  vorbestimmter  Wert  ist,  und  eine 
Batterie  zum  Antreiben  des  Kraftstoff  einspritzven- 
tils  und  der  Zufuhrpumpe  aufweist,  wobei  das  5 
Kraftstoffeinspritzventil  uber  eine  Ventiloffnungs- 
zeitdauer  geoffnet  werden  kann,  die  wenigstens 
basierend  auf  einer  Temperatur  der  Maschine 
eingestellt  wird  und  durch  Addieren  einer  Korrek- 
turvariablen  korrigiert  wird,  urn  eine  Verzogerung  10 
im  Ansprechen  des  Kraftstoffeinspritzventils  auf- 
grund  einer  diesem  von  der  Batterie  zugefuhrten 
niedrigen  Versorgungsspannung  auszugleichen, 
um  der  Maschine  bei  ihrem  Start  eine  benotigte 
Kraftstoffmenge  zuzufiihren,  wobei  das  Verfahren  is 
die  Schritte  umfafct,  daS 

1)  ein  Wert  der  Vorsorgungsspannung  von  der 
Batterie  als  Parameter  detektiert  wird,  der  den 
Druck  von  durch  die  Zufuhrpumpe  unter  Druck 
gesetztem  Kraftstoff  anzeigt,  der  dem  Kraftstoff-  20 
einspritzventil  zugefiihrt  werden  soil; 

2)  ein  lediglich  dem  so  detektierten  Parameter- 
wert  entsprechender  Korrekturwert  bestimmt 
wird,  wobei  der  Korrekturwert  eingestellt  wird, 
um  die  Ventiloffnungsdauer  mit  Abnahme  des  25 
Drucks  von  durch  die  Zufuhrpumpe  unter  Druck 
gesetztem  Kraftstoff  zu  erhohen;  und 

3)  die  Ventiloffnungszeitdauer  durch  Multipli- 
zieren  mit  dem  so  bestimmten  Korrekturwert 
horrigiert  wird.  30 

2.  Verfahren  nach  Anspruch  1,  bei  dem  der 
Korrekturwert  eingestellt  wird,  um  die  Ventiloff- 
nungsdauer  mit  Abnahme  der  Versorgungsspan- 
nung  insoweit  zu  erhohen,  als  die  Versorgungs- 
spannung  niedriger  als  ein  vorbestimmter,  dem  35 
vorbestimmten  Wert  des  Drucks  von  druch  die 
Zufuhrpumpe  unter  Druck  gesetztem  Kraftstoff 
entsprechender  Wert  ist. 

Revendications  40 

1.  Procede  de  reglage  de  I'alimentation  en 
carburant  d'un  moteur  a  combustion  interne  au 
demarrage,  le  moteur  ayant  au  moins  un  injecteur 
de  carburant,  une  pompe  d'alimentation  destinee  45 
a  mettre  le  carburant  sous  pression  et  a  transmet- 
tre  le  carburant  sous  pression  a  I'injecteur,  un 
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