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(54)  Fuel  injection  control  apparatus  for  accumulator  type  engine 

(57)  A  fuel  injection  control  apparatus  for  an  accu- 
mulator  type  engine  (1)  prevents  occurrence  of  loud 
combustion  noises  due  to  excessively  high  fuel  pres- 
sure  in  an  accumulator  pipe  (4)  at  the  time  of  start  of  the 
engine  (1).  Injectors  (2)  of  a  diesel  engine  (1)  are  con- 
nected  to  a  common  rail  (4)  provided  commonly  for  all 
the  cylinders  (#1-#4).  The  common  rail  (4)  is  connected 
to  a  supply  pump  (6)  by  a  supply  pipe  (5).  A  pressure 
control  valve  (10)  for  controlling  the  pressure  of  fuel 
ejected  from  the  supply  pump  (6)  is  provided  near  an 
ejection  portion  (6a)  of  the  supply  pump  (6).  At  the  time 

of  start  of  the  engine  (1)  before  the  cylinders  are  dis- 
criminated,  an  electronic  control  unit  (ECU)  (51)  nor- 
mally  executes  the  starting-time  control  of  the  pressure 
control  valve  (10).  Even  before  the  cylinder  discrimina- 
tion,  the  ECU  (51)  calculates  a  target  fuel  pressure  and 
detects  actual  fuel  pressure  in  the  main  routine.  If  the 
actual  fuel  pressure  exceeds  the  target  fuel  pressure, 
the  ECU  51  switches  off  the  pressure  control  valve  (10) 
even  before  the  cylinder  discrimination.  Therefore,  an 
excessively  high  fuel  pressure  is  prevented. 
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Description 

INCORPORATION  BY  REFERENCE 

[0001  ]  The  disclosure  of  Japanese  Patent  Application 
No.  HEI  9-209180  filed  on  August  4,  1997  including  the 
description,  drawings  and  abstract  are  incorporated 
herein  by  reference  in  its  entirety. 

BACKGROUND  OF  THE  INVENTION 

1  .Field  of  the  invention 

[0002]  The  present  invention  relates  to  a  fuel  injection 
control  apparatus  for  an  accumulator  type  engine,  such 
as  a  diesel  engine. 

2.  Description  of  the  related  art 

[0003]  An  accumulator  type  fuel  injection  apparatus, 
known  as  a  fuel  injection  apparatus  for  diesel  engines, 
accumulates  high-pressure  fuel  from  a  supply  pump  in 
an  accumulator  pipe  normally  termed  a  common  rail, 
and  injects  fuel  from  the  accumulator  pipe  into  each  cyl- 
inder  of  the  engine  by  opening  an  injector  nozzle. 
[0004]  In  a  technology  of  this  type  disclosed  in  JP-A- 
6-207548,  for  example,  a  pressure  control  valve  is  pro- 
vided  in  a  supply  pump.  The  pressure  control  valve  is 
feedback-controlled  by  using  a  cylinder  discrimination 
signal,  an  engine  speed  pulse  signal  and  the  like,  so 
that  the  fuel  pressure  in  the  common  rail  becomes  equal 
to  a  target  pressure. 
[0005]  Normally,  the  fuel  pressure  in  the  common  rail 
is  low  at  the  time  of  start  of  a  diesel  engine.  Therefore, 
it  is  necessary  to  control  the  pressure  control  valve  so 
as  to  increase  the  common  rail  pressure.  However, 
when  the  revolution  speed  is  very  low,  for  example,  at 
the  time  of  start  of  the  engine,  discrimination  of  cylin- 
ders  is  not  possible.  To  quickly  increase  the  fuel  pres- 
sure  in  the  common  rail  at  the  time  of  start  of  the  engine, 
the  aforementioned  technology  performs  on-off  control 
of  the  pressure  control  valve  on  the  basis  of  estimation, 
so  as  to  secure  a  high  fuel  pressure  (full  pressure  sup- 
ply  control)  before  the  discrimination  of  the  cylinders 
becomes  possible.  This  technology  can  achieve  a 
quicker  fuel  pressure  increase  in  the  common  rail  at  the 
time  of  start  of  the  engine. 
[0006]  However,  the  aforementioned  technology  has 
the  following  problems.  Although  the  technology 
achieves  an  advantage  of  considerably  quickly  increas- 
ing  the  fuel  pressure  in  the  common  rail,  the  technology 
is  focused  solely  on  the  on-off  control  of  the  control 
valve  based  on  estimation.  That  is,  a  case  where  the 
fuel  pressure  in  the  common  rail  exceeds  a  target  fuel 
pressure  is  not  considered.  Therefore,  if  the  actual  fuel 
pressure  exceeds  the  target  fuel  pressure  in  the  related 
technology,  the  sprayed  degree  of  fuel  immediately  after 
start  of  the  engine  becomes  excessive  so  that  very  loud 

combustion  noises  may  occur. 
[0007]  Moreover,  in  the  related  technology,  the  pres- 
sure  in  the  common  rail  remains  high  for  some  time 
after  the  engine  operation  ends.  If  the  engine  is 

5  restarted  in  such  a  condition,  the  full  pressure  supply 
control  is  performed  as  described  above  before  the  cyl- 
inder  discrimination,  so  that  the  noise  problem  becomes 
more  likely  to  occur. 
[0008]  Furthermore,  there  is  a  case  where  the  starter 

10  for  starting  the  engine  by  cranking  is  switched  from  the 
on-state  to  the  off-state  after  the  engine  has  failed  to 
start.  In  such  a  case,  the  driving  person  repeatedly 
switches  the  starter  on.  Since  in  the  related  technology, 
the  full  pressure  supply  control  is  performed  during  a 

15  period  after  the  switching-on  of  the  starter  until  the  cyl- 
inder  discrimination  is  completed,  the  actual  fuel  pres- 
sure  very  likely  exceeds  a  target  fuel  pressure  in  the 
aforementioned  case  and,  therefore,  the  noise  problem 
becomes  more  likely  to  occur. 

20 
SUMMARY  OF  THE  INVENTION 

The  invention  has  been  accomplished  in  view  of  the 
problems  of  the  related  art.  It  is  an  object  of  the  inven- 

25  tion  to  provide  a  fuel  injection  control  apparatus  for  an 
accumulator  type  engine  capable  of  substantially  pre- 
venting  occurrence  of  load  combustion  noises  due  to 
excessively  high  fuel  pressures  in  an  accumulator  pipe 
at  the  time  of  start  of  the  engine. 

30  [0009]  The  above  object  is  achieved  by  combination  of 
features  of  the  independent  claim.  In  addition,  the 
dependent  claims  describe  further  advantageous 
embodiments  of  the  invention. 
[0010]  According  to  the  invention,  there  is  provided  a 

35  fuel  injection  control  apparatus  for  an  accumulator  type 
engine,  comprising:  an  accumulator  piping  for  receiving 
high-pressure  fuel  supplied  from  a  supply  pump  and 
accumulating  a  high  fuel  pressure;  a  fuel  injection 
means  connected  to  the  accumulator  piping  for  injecting 

40  fuel  into  a  cylinder  of  the  engine;  a  state  detection 
means  for  detecting  a  state  of  the  engine;  an  injection 
control  means  for  discriminating  the  cylinders  of  the 
engine  and  controlling  the  fuel  injection  means  on  the 
basis  of  the  result  of  a  detection  by  the  state  detection 

45  means  so  as  to  inject  fuel  from  the  accumulator  piping 
into  the  discriminated  cylinder;  a  pressure  adjusting 
means  for  adjusting  fuel  pressure  supplied  to  the  accu- 
mulator  piping  from  the  supply  pump;  and  a  pressure 
supply  control  means  for  controlling  supply  of  pressu- 

50  rized  fuel  to  the  accumulator  piping  by  controlling  the 
pressure  adjusting  means  so  as  to  increase  the  fuel 
pressure  supplied  into  the  accumulator  piping  at  least  at 
the  time  of  start  of  the  engine  before  the  cylinder  is  dis- 
criminated,  the  fuel  injection  control  apparatus  further 

55  comprising:  a  fuel  pressure  detection  means  for  detect- 
ing  a  fuel  pressure  in  the  accumulator  piping;  and  a  tar- 
get  fuel  pressure  calculation  means  for  calculating  a 
target  fuel  pressure  based  on  a  result  of  detection  by 
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the  state  detection  means;  wherein  the  fuel  pressure  is 
controlled  during  starting  of  the  engine  to  not  further 
increase  if  the  actual  fuel  pressure  detected  by  the  fuel 
pressure  detection  means  becomes  equal  to  or  greater 
than  the  target  fuel  pressure  calculated  by  the  target 
fuel  pressure  calculation  means. 
[001  1  ]  Advantageously,  the  fuel  pressure  is  controlled 
during  starting  of  the  engine  to  be  reduced  if  the  actual 
fuel  pressure  detected  by  the  fuel  pressure  detection 
means  becomes  equal  to  or  greater  than  the  target  fuel 
pressure  calculated  by  the  target  fuel  pressure  calcula- 
tion  means. 
[0012]  According  to  a  first  aspect  of  the  invention, 
there  is  provided  a  pressure  supply  control  stop  means 
for  stopping  pressure  supply  control  by  the  pressure 
supply  control  means  if  the  actual  fuel  pressure 
detected  by  the  fuel  pressure  detection  means 
becomes  equal  to  or  greater  than  the  target  fuel  pres- 
sure  calculated  by  the  target  fuel  pressure  calculation 
means,  at  least  at  the  time  of  start  of  the  engine  before 
the  cylinder  is  discriminated. 
[001  3]  According  to  a  second  aspect  of  the  invention, 
there  is  provided  a  fuel  release  means  for  releasing  fuel 
through  an  opening  operation  of  the  fuel  release  means 
so  as  to  reduce  the  fuel  pressure  in  the  accumulator  pip- 
ing;  and  a  fuel  release  control  means  for  causing  the 
fuel  release  means  to  perform  the  opening  operation  so 
as  to  reduce  the  fuel  pressure  in  the  accumulator  piping, 
if  the  actual  fuel  pressure  detected  by  the  fuel  pressure 
detection  means  becomes  equal  to  or  greater  than  the 
target  fuel  pressure  calculated  by  the  target  fuel  pres- 
sure  calculation  means,  at  least  at  the  time  of  start  of 
the  engine  before  the  cylinder  is  discriminated. 
[0014]  According  to  a  third  aspect  of  the  invention, 
there  is  provided  a  restart  determining  means  for,  at 
least  at  the  time  of  start  of  the  engine  before  the  starting 
of  the  engine  has  been  completed,  determining  whether 
the  present  starting  of  the  engine  is  a  restart  that  is  per- 
formed  relatively  shortly  after  end  of  the  previous  oper- 
ation  of  the  engine;  and  pressure  supply  control  stop 
means  for  stopping  pressure  supply  control  by  the  pres- 
sure  supply  control  means  when  the  actual  fuel  pres- 
sure  detected  by  the  fuel  pressure  detection  means 
becomes  equal  to  or  greater  than  the  target  fuel  pres- 
sure  calculated  by  the  target  fuel  pressure  calculation 
means,  if  it  has  been  determined  by  the  restart  deter- 
mining  means  that  the  present  starting  of  the  engine  is 
the  restart  performed  relatively  shortly  after  end  of  the 
previous  operation  of  the  engine. 
[0015]  According  to  a  fourth  aspect  of  the  invention, 
there  is  provided  a  fuel  release  means  for  releasing  fuel 
through  an  opening  operation  of  the  fuel  release  means 
so  as  to  reduce  the  fuel  pressure  in  the  accumulator  pip- 
ing;  a  restart  determining  means  for,  at  least  at  the  time 
of  start  of  the  engine  before  the  starting  of  the  engine 
has  been  completed,  determining  whether  the  present 
starting  of  the  engine  is  a  restart  that  is  performed  rela- 
tively  shortly  after  end  of  the  previous  operation  of  the 

engine;  and  a  fuel  release  control  means  for  causing  the 
fuel  release  means  to  perform  the  opening  operation  so 
as  to  reduce  the  fuel  pressure  in  the  accumulator  piping 
when  the  actual  fuel  pressure  detected  by  the  fuel  pres- 

5  sure  detection  means  becomes  equal  to  or  greater  than 
the  target  fuel  pressure  calculated  by  the  target  fuel 
pressure  calculation  means,  if  it  has  been  determined 
by  the  restart  determining  means  that  the  present  start- 
ing  of  the  engine  is  the  restart  performed  relatively 

10  shortly  after  end  of  the  previous  operation  of  the  engine. 
[0016]  According  to  a  fifth  aspect  of  the  invention, 
there  is  provided  a  restart  determining  means  for,  at 
least  at  the  time  of  start  of  the  engine  before  the  starting 
of  the  engine  has  been  completed,  determining  whether 

15  the  present  starting  of  the  engine  is  a  restart  that  is  per- 
formed  immediately  after  a  starter  for  starting  the 
engine  has  been  changed  from  an  operating  state  to  a 
non-operating  state  following  a  failure  in  starting  the 
engine;  and  a  pressure  supply  control  stop  means  for 

20  stopping  pressure  supply  control  by  the  pressure  supply 
control  means  when  the  actual  fuel  pressure  detected 
by  the  fuel  pressure  detection  means  becomes  equal  to 
or  greater  than  the  target  fuel  pressure  calculated  by  the 
target  fuel  pressure  calculation  means,  if  it  has  been 

25  determined  by  the  restart  determining  means  that  the 
present  starting  of  the  engine  is  the  restart  performed 
immediately  after  the  starter  for  starting  the  engine  has 
been  changed  from  the  operating  state  to  the  non-oper- 
ating  state  following  a  failure  in  starting  the  engine. 

30  [0017]  According  to  a  sixth  aspect  of  the  invention, 
there  is  provided  a  fuel  release  means  for  releasing  fuel 
through  an  opening  operation  of  the  fuel  release  means 
so  as  to  reduce  the  fuel  pressure  in  the  accumulator  pip- 
ing;  a  restart  determining  means  for,  at  least  at  the  time 

35  of  start  of  the  engine  before  the  starting  of  the  engine 
has  been  completed,  determining  whether  the  present 
starting  of  the  engine  is  a  restart  that  is  performed 
immediately  after  a  starter  for  starting  the  engine  has 
been  changed  from  an  operating  state  to  a  non-operat- 

40  ing  state  following  a  failure  in  starting  the  engine;  and  a 
fuel  release  control  means  for  causing  the  fuel  release 
means  to  perform  the  opening  operation  so  as  to  reduce 
the  fuel  pressure  in  the  accumulator  piping  when  the 
actual  fuel  pressure  detected  by  the  fuel  pressure 

45  detection  means  becomes  equal  to  or  greater  than  the 
target  fuel  pressure  calculated  by  the  target  fuel  pres- 
sure  calculation  means,  if  it  has  been  determined  by  the 
restart  determining  means  that  the  present  starting  of 
the  engine  is  the  restart  performed  immediately  after 

so  the  starter  for  starting  the  engine  has  been  changed 
from  the  operating  state  to  the  non-operating  state  fol- 
lowing  a  failure  in  starting  the  engine. 
[0018]  In  the  second,  fourth  or  sixth  aspect  of  the 
invention,  the  fuel  release  means  may  include  at  least 

55  one  of  a  relief  valve  provided  between  the  accumulator 
piping  and  the  fuel  injection  means  and  a  valve  mecha- 
nism  provided  in  the  fuel  injection  means,  the  valve 
mechanism  being  capable  of  releasing  fuel  for  an  early 
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ineffective  injection  time  when  driven. 
[001  9]  In  any  one  of  the  first  through  sixth  aspects  of 
the  invention,  the  pressure  supply  control  by  the  pres- 
sure  supply  control  means  may  be  full  pressure  supply 
control  such  that  the  supply  of  fuel  into  the  accumulator  s 
piping  is  performed  to  a  maximum  degree. 
[0020]  In  the  fuel  injection  control  apparatus  for  an 
accumulator  type  engine  of  the  first  aspect  of  the  inven- 
tion,  high  pressure  fuel  is  supplied  from  the  supply 
pump  to  the  accumulator  piping,  and  accumulated  10 
therein.  Fuel  is  injected  into  the  cylinder  of  the  engine  by 
the  fuel  injection  means  connected  to  the  accumulator 
piping.  A  state  of  the  engine  is  detected  by  the  state 
detection  means.  On  the  basis  of  the  result  of  detection 
by  the  state  detection  means,  the  fuel  injection  means  is  is 
controlled  by  the  injection  control  means  so  that  fuel 
from  the  accumulator  piping  is  injected  into  the  discrim- 
inated  cylinder. 
[0021]  The  pressure  of  fuel  supplied  from  the  supply 
pump  into  the  accumulator  piping  is  adjusted  by  the  20 
pressure  adjusting  means.  At  least  at  the  time  of  start  of 
the  engine  before  the  cylinder  discrimination,  the  pres- 
sure  adjusting  means  is  controlled  by  the  pressure  sup- 
ply  control  means  so  as  to  control  the  supply  of 
pressurized  fuel  to  the  accumulator  piping.  Through  this  25 
pressure  supply  control,  the  pressure  of  fuel  supplied 
into  the  accumulator  piping  is  increased  at  least  at  the 
time  of  start  of  the  engine  before  the  cylinder  discrimi- 
nation. 
[0022]  In  this  invention,  the  fuel  pressure  in  the  accu-  30 
mulator  piping  is  detected  by  the  fuel  pressure  detection 
means,  and  the  target  fuel  pressure  is  calculated  by  the 
target  fuel  pressure  calculation  means  on  the  basis  of 
the  result  of  detection  by  the  state  detection  means.  At 
least  at  the  time  of  start  of  the  engine  before  the  cylinder  35 
discrimination,  the  pressure  supply  control  by  the  pres- 
sure  supply  control  means  is  stopped  by  the  pressure 
supply  control  stop  means  if  the  actual  fuel  pressure 
becomes  equal  to  or  greater  than  the  target  fuel  pres- 
sure.  Therefore,  the  fuel  injection  control  apparatus  of  40 
the  invention  prevents  an  event  that  after  the  cylinder 
discrimination,  the  fuel  pressure  in  the  accumulator  pip- 
ing  is  excessively  high. 
[0023]  In  the  fuel  injection  control  apparatus  for  an 
accumulator  type  engine  of  the  second  aspect  of  the  45 
invention,  the  fuel  release  means  is  provided  for  releas- 
ing  fuel  through  the  opening  operation  thereof  so  as  to 
reduce  the  fuel  pressure  in  the  accumulator  piping.  At 
least  at  the  time  of  start  of  the  engine  before  the  cylinder 
discrimination,  the  fuel  release  means  is  caused  to  per-  so 
form  the  opening  operation  by  the  fuel  release  control 
means  so  as  to  reduce  the  fuel  pressure  in  the  accumu- 
lator  piping,  if  the  actual  fuel  pressure  detected  by  the 
fuel  pressure  detection  means  becomes  equal  to  or 
greater  than  the  target  fuel  pressure  calculated  by  the  55 
target  fuel  pressure  calculation  means.  Therefore,  as  in 
the  first  aspect,  the  fuel  injection  control  apparatus  of 
the  second  aspect  prevents  an  event  that  after  the  cylin- 

der  discrimination,  the  fuel  pressure  in  the  accumulator 
piping  is  excessively  high.  Furthermore,  if  the  actual  fuel 
exceeds  the  target  fuel  pressure,  the  actual  fuel  pres- 
sure  is  quickly  reduced  by  the  release  control. 
[0024]  In  the  fuel  injection  control  apparatus  for  an 
accumulator  type  engine  of  the  third  aspect  of  the  inven- 
tion,  the  pressure  adjusting  means  is  controlled  by  the 
pressure  supply  control  means  so  as  to  control  the  sup- 
ply  of  pressurized  fuel  to  the  accumulator  piping,  at 
least  at  the  time  of  start  of  the  engine  before  the  starting 
of  the  engine  has  been  completed.  The  "time  of  start  of 
the  engine"  herein  means  a  time  after  the  ignition  switch 
has  been  turned  on.  Therefore,  after  the  ignition  switch 
has  been  turned  on,  the  pressure  of  fuel  supplied  to  the 
accumulator  piping  is  increased. 
[0025]  In  the  third  aspect  of  the  invention,  at  least  at 
the  time  of  start  of  the  engine  before  the  starting  of  the 
engine  has  been  completed,  it  is  determined  by  the 
restart  determining  means  whether  the  present  starting 
of  the  engine  is  the  restart  performed  relatively  shortly 
after  the  end  of  the  previous  operation  of  the  engine.  If  it 
is  determined  by  the  restart  determining  means  that  the 
present  starting  of  the  engine  is  the  restart  performed 
relatively  shortly  after  the  end  of  the  previous  operation 
of  the  engine,  the  pressure  supply  control  by  the  pres- 
sure  supply  control  means  is  stopped  by  the  pressure 
supply  control  stop  means  when  the  actual  fuel  pres- 
sure  detected  by  the  fuel  pressure  detection  means 
becomes  equal  to  or  greater  than  the  target  fuel  pres- 
sure  calculated  by  the  target  fuel  pressure  calculation 
means. 
[0026]  At  the  time  of  the  restart,  the  fuel  pressure  in 
the  accumulator  piping  is  relatively  high  since  it  is  not 
long  after  the  previous  operation  of  the  engine.  Since 
the  pressure  supply  control  by  the  pressure  supply  con- 
trol  means  is  performed  under  such  a  relatively  high  fuel 
pressure  condition,  the  actual  fuel  pressure  likely 
becomes  equal  to  or  greater  than  the  target  fuel  pres- 
sure.  However,  in  the  invention,  the  control  as  described 
above  is  performed  under  such  a  condition  that  the  fuel 
pressure  is  likely  to  be  high.  Therefore,  the  prevention  of 
excessively  high  fuel  pressure  in  the  accumulator  piping 
can  be  more  reliably  ensured. 
[0027]  In  the  fuel  injection  control  apparatus  for  an 
accumulator  type  engine  of  the  fourth  aspect  of  the 
invention,  if  it  has  been  determined  by  the  restart  deter- 
mining  means  that  the  present  starting  of  the  engine  is 
the  restart  performed  relatively  shortly  after  end  of  the 
previous  operation  of  the  engine,  the  fuel  release 
means  is  caused  to  perform  the  opening  operation  by 
the  fuel  release  control  means  so  as  to  reduce  the  fuel 
pressure  in  the  accumulator  piping  when  the  actual  fuel 
pressure  detected  by  the  fuel  pressure  detection  means 
becomes  equal  to  or  greater  than  the  target  fuel  pres- 
sure  calculated  by  the  target  fuel  pressure  calculation 
means.  Therefore,  the  fourth  aspect  of  the  invention 
achieves  substantially  the  same  advantages  as 
achieved  by  the  third  aspect  of  the  invention.  Further- 
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more,  if  the  actual  fuel  pressure  becomes  equal  to  or 
greater  than  the  target  fuel  pressure,  the  actual  fuel 
pressure  is  quickly  reduced  by  the  release  control 
described  above. 
[0028]  In  the  fuel  injection  control  apparatus  for  an  s 
accumulator  type  engine  of  the  fifth  aspect  of  the  inven- 
tion,  at  least  at  the  time  of  start  of  the  engine  before  the 
starting  of  the  engine  has  been  completed,  it  is  deter- 
mined  by  the  restart  determining  means  whether  the 
present  starting  of  the  engine  is  the  restart  performed  10 
immediately  after  the  starter  for  starting  the  engine  has 
been  changed  from  the  operating  state  to  the  non-oper- 
ating  state  following  a  failure  in  starting  the  engine.  If  the 
determination  by  the  restart  determining  means  is 
affirmative,  the  pressure  supply  control  by  the  pressure  15 
supply  control  means  is  stopped  by  the  pressure  supply 
control  stop  means  when  the  actual  fuel  pressure 
becomes  equal  to  or  greater  than  the  target  fuel  pres- 
sure. 
[0029]  At  least  at  the  time  of  start  of  the  engine  before  20 
the  starting  of  the  engine  has  been  completed,  if  the 
present  starting  of  the  engine  is  the  restart  performed 
immediately  after  the  starter  for  starting  the  engine  has 
been  changed  from  the  operating  state  to  the  non-oper- 
ating  state  following  a  failure  in  starting  the  engine,  a  25 
driving  person  performs  an  operation  to  operate  the 
starter.  After  the  operation  to  operate  the  starter  has 
been  performed,  the  pressure  supply  control  to  increase 
the  pressure  in  the  accumulator  piping  is  performed  by 
the  pressure  supply  control  means,  so  that  the  fuel  30 
pressure  in  the  accumulator  pressure  likely  becomes 
high,  that  is,  the  actual  fuel  pressure  likely  becomes 
equal  to  or  greater  than  the  target  fuel  pressure.  How- 
ever,  in  the  invention,  the  control  as  described  above  is 
performed  under  such  a  condition  that  the  fuel  pressure  35 
becomes  likely  high.  Therefore,  the  prevention  of  exces- 
sively  high  fuel  pressure  in  the  accumulator  piping  can 
be  more  reliably  ensured. 
[0030]  In  the  fuel  injection  control  apparatus  for  an 
accumulator  type  engine  of  the  sixth  aspect  of  the  40 
invention,  at  least  at  the  time  of  start  of  the  engine 
before  the  starting  of  the  engine  has  been  completed,  it 
is  determined  by  the  restart  determining  means 
whether  the  present  starting  of  the  engine  is  the  restart 
performed  immediately  after  the  starter  for  starting  the  45 
engine  has  been  changed  from  the  operating  state  to 
the  non-operating  state  following  a  failure  in  starting  the 
engine.  If  the  determination  by  the  restart  determining 
means  is  affirmative,  the  fuel  release  means  is  caused 
to  perform  the  opening  operation  by  the  fuel  release  so 
control  means  so  as  to  reduce  the  fuel  pressure  in  the 
accumulator  piping  when  the  actual  fuel  pressure 
becomes  equal  to  or  greater  than  the  target  fuel  pres- 
sure.  Therefore,  the  sixth  aspect  of  the  invention 
achieves  substantially  the  same  advantages  as  55 
achieved  by  the  fifth  aspect  of  the  invention.  Further- 
more,  if  the  actual  fuel  pressure  becomes  equal  to  or 
greater  than  the  target  fuel  pressure,  the  actual  fuel 

pressure  is  quickly  reduced  by  the  release  control 
described  above. 
[0031]  In  the  second,  fourth  or  sixth  aspect  of  the 
invention,  if  the  fuel  release  means  includes  at  least  one 
of  a  relief  valve  provided  between  the  accumulator  pip- 
ing  and  the  fuel  injection  means  and  a  valve  mechanism 
provided  in  the  fuel  injection  means,  the  valve  mecha- 
nism  being  capable  of  releasing  fuel  for  an  early  ineffec- 
tive  injection  time  when  driven,  at  least  one  of  the  relief 
valve  and  the  valve  mechanism  is  caused  to  open  when 
the  actual  fuel  pressure  becomes  equal  to  or  greater 
than  to  the  target  fuel  pressure.  Therefore,  the  afore- 
mentioned  advantages  can  be  more  reliably  achieved. 
[0032]  In  any  one  of  the  first  through  sixth  aspects  of 
the  invention,  if  the  pressure  supply  control  by  the  pres- 
sure  supply  control  means  is  full  pressure  supply  control 
such  that  the  supply  of  fuel  into  the  accumulator  piping 
is  performed  to  a  maximum  degree,  the  performance  of 
the  pressure  supply  control  to  increase  the  fuel  pres- 
sure  in  the  accumulator  piping  by  the  pressure  supply 
control  means  will  likely  increase  the  fuel  pressure  in 
the  accumulator  piping  likely  to  a  maximum  level,  that  is, 
equal  to  or  greater  than  the  target  fuel  pressure.  Even 
under  such  a  condition,  the  aforementioned  advantages 
can  still  be  reliably  achieved. 
[0033]  In  any  one  of  the  first  through  sixth  aspects  of 
the  invention,  the  fuel  pressure  may  be  adjusted  to  a  tar- 
get  fuel  pressure  that  varies  in  accordance  with  a  crank 
angle  of  the  engine,  substantially  only  after  the  cylinder 
discrimination  at  the  time  of  start  of  the  engine. 
[0034]  The  invention  does  not  necessarily  require  all 
the  features  described  above.  That  is,  the  invention  may 
also  reside  in  a  sub-combination  of  the  described  fea- 
tures. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0035]  The  foregoing  object  as  well  as  further  features 
and  advantages  of  the  present  invention  will  become 
apparent  from  the  following  description  of  preferred 
embodiments  with  reference  to  the  accompanying 
drawings,  wherein  like  numerals  are  used  to  represent 
like  elements  and  wherein: 

Fig.  1  is  a  schematic  illustration  of  the  construction 
of  a  first  preferred  embodiment  of  the  fuel  injection 
control  apparatus  for  an  accumulator  type  engine  of 
the  invention; 
Fig.  2A  is  a  sectional  view  of  the  injector  shown  in 
Fig.  1  ,  illustrating  a  state  wherein  the  solenoid  of  an 
electromagnetic  valve  is  not  excited; 
Fig.  2B  is  a  sectional  view  of  the  injector  shown  in 
Fig.  1  ,  illustrating  an  ineffective  injection  state  of  the 
injector; 
Fig.  2C  is  a  sectional  view  of  the  injector  shown  in 
Fig.  1,  illustrating  an  actual  injection  state  of  the 
injector; 
Fig.  3  is  a  block  diagram  of  the  electrical  construc- 
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tion  of  an  ECU; 
Fig.  4  is  a  flowchart  of  a  main  routine  executed  by 
the  ECU; 
Fig.  5  is  a  flowchart  of  an  engine  speed  interruption 
routine  executed  by  the  ECU;  s 
Fig.  6  is  a  flowchart  of  a  pressure  control  valve  con- 
trol  routine  executed  by  the  ECU; 
Fig.  7  is  a  flowchart  of  a  relief  valve  control  routine 
executed  by  the  ECU  according  to  a  second 
embodiment;  n 
Fig.  8  is  a  flowchart  of  an  electromagnetic  valve 
control  routine  executed  by  the  ECU  according  to  a 
third  embodiment; 
Fig.  9  is  a  flowchart  of  a  restart  determining  routine 
executed  by  the  ECU  according  to  a  fourth  embod-  n 
iment; 
Fig.  10  is  a  flowchart  of  the  restart  determining  rou- 
tine  continuing  from  the  flowchart  in  Fig.  9; 
Fig.  1  1  indicates  a  map  of  the  relationship  between 
a  reference  value  and  an  IG-off-time  learned  water  2t 
temperature  value  or  the  value  obtained  by  sub- 
tracting  a  learned  water  temperature  value  from  the 
IG-off-time  learned  water  temperature  value; 
Fig.  12  is  a  timing  chart  illustrating  example  behav- 
iors  over  time  of  the  state  of  an  ignition  switch,  the  21 
conduction  state  of  a  main  relay,  a  starter  signal,  a 
restart  determination  flag,  a  try-again  restart  deter- 
mination  flag,  the  engine  revolution  speed,  the 
water  temperature  and  the  like,  in  order  to  facilitate 
the  understanding  of  the  content  of  the  restart  3< 
determining  routine  in  Figs.  9  and  10; 
Fig.  1  3  is  a  flowchart  of  a  relief  valve  control  routine 
executed  by  the  ECU; 
Fig.  14  is  a  flowchart  of  a  restart  determining  rou- 
tine  executed  by  the  ECU  according  to  a  fifth  3; 
embodiment; 
Fig.  15  is  a  flowchart  of  the  restart  determining  rou- 
tine  continuing  from  the  flowchart  in  Fig.  14; 
Fig.  16  is  a  timing  chart  illustrating  example  behav- 
iors  over  time  of  the  state  of  an  ignition  switch,  the  4t 
conduction  state  of  the  main  relay,  the  starter  sig- 
nal,  the  restart  determination  flag,  the  try-again 
restart  determination  flag,  the  engine  revolution 
speed,  the  water  temperature  and  the  like,  in  order 
to  facilitate  the  understanding  of  the  content  of  the  « 
restart  determining  routine  in  Fig.  14  and  15;  and 
Fig.  1  7  is  a  flowchart  of  a  try-again  restart  determin- 
ing  routine  executed  by  the  ECU  according  to  a  fur- 
ther  embodiment. 

5( 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

FIRST  EMBODIMENT 
5t 

[0036]  A  first  preferred  embodiment  wherein  the  fuel 
injection  control  apparatus  for  an  accumulator  type 
engine  of  the  invention  is  embodied  in  a  diesel  engine 

will  be  described  in  detail  with  reference  to  Figs.  1 
through  6. 
[0037]  Fig.  1  is  a  schematic  illustration  of  the  construc- 
tion  of  a  fuel  injection  control  apparatus  for  an  accumu- 
lator  type  diesel  engine  according  to  the  first 
embodiment  wherein  the  apparatus  is  installed  in  a 
vehicle.  A  diesel  engine  1  has  a  plurality  of  cylinders 
(four  cylinders  #1  -#4  in  this  embodiment).  A  combustion 
chamber  of  each  cylinder  #1-#4  is  provided  with  an 
injector  2  that  constitutes  a  fuel  injection  device.  The 
fuel  injection  from  each  injector  2  into  the  corresponding 
one  of  the  cylinders  #1-#4  of  the  diesel  engine  1  is  con- 
trolled  by  turning  on  and  off  an  injection  control  electro- 
magnetic  valve  3. 
[0038]  The  injectors  2  are  connected  to  a  common  rail 
4,  that  is,  an  accumulator  pipe  provided  commonly  for 
all  the  cylinders  #1-#4.  Basically,  fuel  from  the  common 
rail  4  is  injected  into  the  cylinders  #1  -#4  by  the  injectors 
2  when  the  respective  electromagnetic  valves  3  are 
open.  The  common  rail  4  needs  to  successively  accu- 
mulate  relatively  high  fuel  pressures  corresponding  to 
the  fuel  injection  pressure,  particularly  at  the  time  of 
start  of  the  engine.  To  this  end,  the  common  rail  4  is 
connected  to  an  ejection  port  6a  of  a  supply  pump  6  by 
a  supply  pipe  5.  A  check  valve  7  is  disposed  in  part  way 
of  the  supply  pipe  5.  The  check  valve  7  allows  fuel  to  be 
supplied  from  the  supply  pump  6  to  the  common  rail  4 
and  restricts  reverse  flow  of  fuel  from  the  common  rail  4 
to  the  supply  pump  6. 
[0039]  The  supply  pump  6  is  connected  to  a  fuel  tank 
8,  via  an  intake  port  6b.  A  filter  9  is  provided  in  part  way 
of  the  pipe  between  the  intake  port  6b  and  the  fuel  tank 
8.  The  supply  pump  6  draws  fuel  from  the  fuel  tank  8 
through  the  filter  9.  In  addition,  the  supply  pump  6  recip- 
rocates  a  plunger  by  using  a  cam  (not  shown)  that  is 
synchronized  with  revolution  of  the  diesel  engine  1  ,  in 
order  to  increase  the  fuel  pressure  to  a  predetermined 
required  pressure.  Then,  the  supply  pump  6  supplies 
high-pressure  fuel  to  the  common  rail  4. 
[0040]  A  pressure  control  valve  1  0,  that  is,  a  pressure 
adjusting  device,  is  provided  near  the  ejection  port  6a  of 
the  supply  pump  6.  The  pressure  control  valve  10  con- 
trols  the  pressure  of  fuel  ejected  (therefore,  the  amount 
of  fuel  ejected)  from  the  ejection  port  6a  toward  the 
common  rail  4.  Upon  receiving  an  on-signal,  the  pres- 
sure  control  valve  1  0  closes  its  valve  body  to  allow  fuel 
to  be  supplied  from  the  ejection  port  6a  toward  the  com- 
mon  rail  4.  Upon  receiving  an  off-signal,  the  pressure 
control  valve  1  0  opens  its  valve  body  to  return  surplus 
fuel  that  is  not  ejected  from  the  ejection  port  6a,  from 
the  supply  pump  6  to  the  fuel  tank  8,  via  a  return  port  6c 
of  the  supply  pump  6  and  a  return  pipe  1  1  . 
[0041  ]  In  this  embodiment,  the  common  rail  4  has  a 
relief  valve  12.  If  a  predetermined  condition  is  met,  the 
relief  valve  12  is  opened,  so  that  high-pressure  fuel  in 
the  common  rail  4  is  returned  to  the  fuel  tank  8  through 
the  return  pipe  1  1  to  reduce  the  pressure  in  the  com- 
mon  rail  4. 
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[0042]  The  injectors  2  in  this  embodiment  inject  fuel 
into  the  cylinders  #1-#4  when  the  electromagnetic 
valves  3  are  driven.  Furthermore,  each  injector  2  has  a 
mechanism  for  releasing  fuel  therefrom  so  as  to  reduce 
the  fuel  pressure  in  the  common  rail  4  during  an  initial 
period  (hereinafter,  referred  to  as  "ineffective  injection 
time")  after  the  driving  of  the  corresponding  electromag- 
netic  valve  3  is  started.  This  mechanism  will  be 
described  below. 
[0043]  As  shown  in  Fig.  2A,  a  casing  61  of  each  injec- 
tor  2  is  provided  with  a  supply  port  62  that  is  connected 
to  the  common  rail  4  by  a  supply  pipe  63.  Therefore,  fuel 
from  the  common  rail  4  is  introduced  through  the  supply 
port  62  into  a  lower  fuel  reservoir  chamber  64  formed  in 
a  lower  portion  of  the  casing  61  .  Nozzle  pores  65  that 
can  communicate  with  the  lower  fuel  reservoir  chamber 
64  are  formed  in  a  lowest  portion  of  the  casing  61.  The 
supply  port  62  is  also  connected  to  an  upper  fuel  reser- 
voir  chamber  67,  via  an  orifice  66.  A  nozzle  needle  68  is 
slidably  disposed  extending  in  the  lower  fuel  reservoir 
chamber  64  and  the  upper  fuel  reservoir  chamber  67. 
[0044]  The  nozzle  needle  68  has  a  distal  end  portion 
69,  a  large-diameter  portion  70,  a  small-diameter  por- 
tion  71  and  a  piston  portion  72  that  are  formed  in  that 
order  from  the  bottom.  The  nozzle  needle  68  is  dis- 
posed  so  that  the  large-diameter  portion  70  is  movable 
up  and  down  within  an  upper  portion  of  the  lower  fuel 
reservoir  chamber  64  and  so  that  the  piston  portion  72 
is  movable  up  and  down  within  a  lower  portion  of  the 
upper  fuel  reservoir  chamber  67.  A  nozzle  needle 
spring  73  is  disposed  surrounding  the  outer  peripheral 
surface  of  the  small-diameter  portion  71  .  The  spring  73 
normally  urges  the  nozzle  needle  68  downwardly  in  Fig. 
2A.  Therefore,  the  distal  end  portion  69  of  the  nozzle 
needle  68  is  normally  in  contact  with  a  seat  portion  74 
of  the  casing  61  that  is  formed  near  the  nozzle  pores  65. 
[0045]  The  upper  fuel  reservoir  chamber  67  is  con- 
nected  to  an  electromagnetic  valve  housing  chamber 
76,  via  an  orifice  75.  The  electromagnetic  valve  3  is 
formed  by  a  valve  body  77,  a  solenoid  78,  a  valve  body 
spring  79  and  the  like,  which  are  disposed  in  the  electro- 
magnetic  valve  housing  chamber  76.  More  specifically, 
the  valve  body  77  is  disposed  in  a  lower  portion  of  the 
electromagnetic  valve  housing  chamber  76.  The  valve 
body  spring  79  is  disposed  in  contact  with  the  valve 
body  77  and  a  ceiling  of  the  electromagnetic  valve  hous- 
ing  chamber  76.  The  spring  79  normally  urges  the  valve 
body  77  downward  so  as  to  close  the  orifice  75,  thereby 
shutting  down  the  communication  between  the  upper 
fuel  reservoir  chamber  67  and  the  electromagnetic 
valve  housing  chamber  76.  The  solenoid  78,  when 
excited,  draws  the  valve  body  77  upward  in  Fig.  2A, 
against  the  urging  force  of  the  valve  body  spring  79.  The 
valve  body  77  has  a  flanged  upper  portion  in  which 
through-holes  77a  are  formed.  The  casing  61  has  a 
return  port  80  for  releasing  fuel  from  the  electromag- 
netic  valve  housing  chamber  76.  Under  a  predeter- 
mined  condition,  surplus  fuel  is  returned  from  the  return 

port  80  to  the  fuel  tank  8  through  the  return  pipe  1  1  .  A 
space  in  which  the  nozzle  needle  spring  73  is  disposed 
and  the  electromagnetic  valve  housing  chamber  76  are 
connected  in  communication  with  each  other  by  a  com- 

5  munication  channel  81.  Therefore,  fuel  flowing  in  small 
amounts  into  the  space  containing  the  spring  73  gradu- 
ally  flows  out  therefrom,  in  small  amounts,  through  the 
communication  channel  81  into  the  electromagnetic 
valve  housing  chamber  76,  and  then  flows  through  the 

10  through-holes  77a  and  the  return  port  80,  toward  the 
return  pipe  1  1  . 
[0046]  The  operation  of  each  injector  2  will  be 
described.  When  the  solenoid  78  is  not  excited,  the 
valve  body  77  is  urged  downward  by  the  valve  body 

15  spring  79,  thereby  shutting  down  the  communication 
between  the  upper  fuel  reservoir  chamber  67  and  the 
electromagnetic  valve  housing  chamber  76,  as  shown  in 
Fig.  2A.  In  this  condition,  therefore,  fuel  from  the  supply 
port  62  is  supplied  equally  to  the  lower  fuel  reservoir 

20  chamber  64  and  the  upper  fuel  reservoir  chamber  67  so 
that  pressure  balance  is  maintained.  Consequently,  the 
nozzle  needle  68  is  urged  downward  by  the  nozzle  nee- 
dle  spring  73  so  that  the  distal  end  portion  69  of  the  noz- 
zle  needle  68  is  held  in  contact  with  the  seat  portion  74 

25  formed  near  the  nozzle  pores  65.  In  this  case,  therefore, 
fuel  is  not  injected  from  the  nozzle  pores  65,  and  fuel 
does  not  quickly  flow  out  of  the  upper  fuel  reservoir 
chamber  67  into  the  return  port  80. 
[0047]  When  the  solenoid  78  is  excited,  the  solenoid 

30  78  draws  the  valve  body  spring  79  upwardly  against  the 
urging  force  of  the  valve  body  spring  79,  so  that  the 
electromagnetic  valve  housing  chamber  76  comes  into 
communication  with  the  upper  fuel  reservoir  chamber 
67.  For  a  while,  the  injector  2  undergoes  a  transient 

35  process  or  state  as  indicated  in  Fig.  2B.  That  is,  since 
the  valve  body  77  moves  upward,  fuel  flows  from  the 
upper  fuel  reservoir  chamber  67  into  the  return  pipe  1  1 
through  the  through-holes  77a  and  the  return  port  80. 
For  a  certain  period  after  the  start  of  excitation  of  the 

40  solenoid  78,  the  difference  between  the  fuel  pressure  in 
the  lower  fuel  reservoir  chamber  64  and  the  fuel  pres- 
sure  in  the  upper  fuel  reservoir  chamber  67  remains 
smaller  than  the  urging  force  of  the  nozzle  needle  spring 
73.  Therefore,  the  nozzle  needle  68  remains  still,  so  that 

45  the  distal  end  portion  69  remains  in  contact  with  the 
seat  portion  74.  Consequently,  in  this  condition,  fuel  is 
not  injected  from  the  nozzle  pores  65,  but  fuel  quickly 
flows  out  of  the  upper  fuel  reservoir  chamber  67  into  the 
return  pipe  1  1  through  the  return  port  80.  This  period  is 

so  the  ineffective  injection  time. 
[0048]  When  a  considerable  amount  of  fuel  has 
quickly  flown  out  of  the  upper  fuel  reservoir  chamber  67 
so  that  the  difference  between  the  fuel  pressure  in  the 
lower  fuel  reservoir  chamber  64  and  the  fuel  pressure  in 

55  the  upper  fuel  reservoir  chamber  67  exceeds  the  urging 
force  of  the  nozzle  needle  spring  73,  the  nozzle  needle 
68  is  moved  upward  as  indicated  in  Fig.  2C,  as  the  fuel 
pressure  in  the  lower  fuel  reservoir  chamber  64  is  now 
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sufficiently  greater.  Therefore,  the  distal  end  portion  69 
separates  from  the  seat  portion  74,  so  that  the  lower 
fuel  reservoir  chamber  64  comes  into  communication 
with  the  nozzle  pores  65.  Thus,  high-pressure  fuel  is 
injected  from  the  nozzle  pores  65.  5 
[0049]  Subsequently,  the  excitation  of  the  solenoid  78 
is  discontinued,  so  that  the  injector  2  resumes  the  state 
as  indicated  in  Fig.  2A,  thereby  completing  fuel  injec- 
tion.  If  the  excitation  time  of  the  solenoid  78  is  less  than 
the  ineffective  injection  time,  the  transition  from  the  to 
state  as  indicated  in  Fig.  2B  to  the  state  as  indicated  in 
Fig.  2C  does  not  occur.  In  such  a  case,  fuel  injection 
does  not  occur,  but  mere  quick  outflow  of  fuel  from  the 
upper  fuel  reservoir  chamber  67  into  the  return  pipe  1  1 
through  the  return  port  80  occurs.  15 
[0050]  As  shown  in  Fig.  1,  an  intake  air  channel  13 
and  an  exhaust  gas  channel  14  are  connected  to  the 
combustion  chambers  of  the  diesel  engine  1  .  The  intake 
air  channel  13  is  provided  with  a  throttle  valve  (not 
shown).  By  operating  the  throttle  valve,  the  flow  of  20 
intake  air  to  be  introduced  into  each  combustion  cham- 
ber  is  adjusted. 
[0051  ]  A  glow  plug  1  6  is  provided  for  each  combustion 
chamber  of  the  diesel  engine  1  .  Each  glow  plug  16  is  an 
engine  starting  assistant  device  that  is  heated  to  glow  25 
by  supplying  current  through  a  glow  relay  16a  immedi- 
ately  before  the  diesel  engine  1  is  started.  By  contacting 
a  portion  of  a  spray  of  injected  fuel,  the  heated  glow 
plug  16  in  each  chamber  promotes  ignition  and  com- 
bustion  of  fuel.  30 
[0052]  The  diesel  engine  1  is  equipped  with  various 
sensors  for  detecting  conditions  of  the  diesel  engine  1  . 
These  sensors  form  a  state  detection  device.  An  accel- 
erator  sensor  21  is  provided  near  an  accelerator  pedal 
15,  for  detecting  depression  ACCP  of  the  accelerator  35 
pedal  15.  Provided  near  the  accelerator  sensor  21  is  a 
complete  closure  switch  22  that  outputs  a  complete  clo- 
sure  signal  when  the  depression  of  the  accelerator 
pedal  1  5  is  zero. 
[0053]  An  intake  air  pressure  sensor  23  is  connected  40 
to  the  intake  air  channel  13,  with  a  filter  17  and  a  vac- 
uum  switching  valve  (VSV)  18  disposed  therebetween. 
The  intake  air  pressure  23  detects  pressure  of  intake  air 
(intake  air  pressure  PM)  within  the  intake  air  channel 
13.  45 
[0054]  A  coolant  temperature  sensor  24  is  provided  in 
a  cylinder  block  of  the  diesel  engine  1  ,  for  detecting  tem- 
perature  of  cooling  water  (coolant  temperature  THW) 
therein. 
[0055]  The  diesel  engine  1  also  has  a  starter  1  9  for  so 
starting  the  engine  1  .  The  starter  1  9  has  a  starter  switch 
25  that  detects  an  operating  state  thereof.  The  starter 
switch  25  outputs  an  starter  signal  STA  at  an  on-status 
when  the  ignition  switch  (not  shown)  is  operated  from  an 
OFF  position  to  a  START  position  so  that  the  starter  1  9  55 
operates  (that  is,  a  cranking  state  is  assumed)  to  start 
the  diesel  engine  1.  When  the  starting  of  the  diesel 
engine  1  is  completed  (a  complete  combustion  state  is 
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assumed)  or  it  has  failed  and  the  ignition  switch  is 
returned  from  the  START  position  to  an  ON  position,  the 
starter  switch  25  outputs  the  starter  signal  STA  at  an  off- 
status. 
[0056]  In  the  following  description,  the  starting  state  of 
the  engine  is  defined  as  the  period  from  the  time  when 
the  starter  signal  STA  becomes  on-status  to  the  time 
before  when  the  engine  is  under  the  complete  combus- 
tion  state.  The  complete  combustion  state  is  defined  as 
the  state  that  an  ordinary  combustion  can  be  occurred 
in  all  cylinders  of  the  engine. 
[0057]  A  fuel  temperature  sensor  26  is  provided  in  the 
return  pipe  1  1  ,  for  detecting  a  fuel  temperature  THF  A 
fuel  pressure  sensor  27  is  provided  in  the  common  rail 
4,  as  a  fuel  pressure  detection  device  for  detecting  pres- 
sure  of  fuel  (fuel  pressure  PC)  in  the  common  rail  4. 
[0058]  Furthermore,  in  the  embodiment,  an  engine 
speed  sensor  28  for  detecting  engine  revolution  speed 
is  provided  near  a  pulser  that  is  provided  at  a  crank 
shaft  (not  shown)  of  the  diesel  engine  1  .  Revolution  of 
the  crank  shaft  is  transmitted  to  a  cam  shaft  (not  shown) 
for  opening  and  closing  an  intake  air  valve  31  and  an 
exhaust  gas  valve  32,  by  a  timing  belt  and  the  like.  The 
transmission  mechanism  is  designed  so  that  the  cam 
shaft  revolves  at  a  revolution  rate  of  1/2  of  that  of  the 
crank  shaft.  A  G-sensor  29  is  provided  near  a  pulser 
that  is  provided  at  the  cam  shaft.  In  this  embodiment,  an 
engine  revolution  speed  NE,  a  crank  angle  CA  and  a  top 
dead  center  (TDC)  of  each  cylinder  #1-#4  are  calcu- 
lated  on  the  basis  of  pulse  signals  from  the  sensors  28, 
29. 
[0059]  An  intake  air  temperature  sensor  30  for  detect- 
ing  intake  air  temperature  THA  is  provided  near  an  air 
cleaner  (not  shown)  provided  at  an  inlet  opening  of  the 
intake  air  channel  13. 
[0060]  In  the  embodiment,  an  electronic  control  unit 
(ECU)  51  for  performing  various  controls  on  the  diesel 
engine  1  is  provided.  The  ECU  51  functions  as  a  fuel 
injection  device,  a  target  fuel  pressure  calculating 
device,  a  pressure  supply  stop  device,  and  the  like. 
[0061]  The  electric  construction  of  the  ECU  51  will  be 
described  with  reference  to  the  block  diagram  of  Fig.  3. 
The  ECU  51  has  a  central  processing  unit  (CPU)  52,  a 
read-only  memory  (ROM)  53  in  which  predetermined 
programs,  maps  and  the  like  are  pre-stored,  a  random 
access  memory  (RAM)  54  for  temporarily  storing  the 
results  of  calculations  and  operations  executed  by  the 
CPU  52,  a  backup  RAM  55  for  storing  pre-stored  data 
and  the  like,  a  timer  counter  56,  and  the  like.  The  ECU 
51  further  has  an  input  interface  57,  an  output  interface 
58  and  the  like.  The  aforementioned  components  52-56 
are  connected  to  the  input  interface  57  and  the  output 
interface  58  by  busses  59. 
[0062]  Each  of  the  accelerator  sensor  21  ,  the  intake 
air  pressure  23,  the  coolant  temperature  sensor  24,  the 
fuel  temperature  sensor  26,  the  fuel  pressure  sensor 
27,  the  intake  air  temperature  sensor  30  and  the  like  is 
connected  to  the  input  interface  57,  via  a  buffer,  a  multi- 
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plexer  and  an  A/D  converter  (which  are  not  shown). 
Each  of  the  engine  speed  sensor  28  and  the  G-sensor 
29  is  connected  to  the  input  interface  57,  via  a  waveform 
shaping  circuit.  The  complete  closure  switch  22  and  the 
starter  switch  25  are  directly  connected  to  the  input  5 
interface  57. 
[0063]  The  CPU  52  reads  in  the  signals  from  the  sen- 
sors  and  the  like  21-30,  via  the  input  interface  57. 
[0064]  Each  of  the  electromagnetic  valve  3,  the  pres- 
sure  control  valve  1  0,  the  relief  valve  1  2  and  the  vacuum  10 
switching  valve  (VSV)  18  is  connected  to  the  output 
interface  58,  via  a  driving  circuit  (not  shown).  The  CPU 
52  suitably  controls  the  electromagnetic  valve  3,  the 
pressure  control  valve  10,  the  relief  valve  12,  the  vac- 
uum  switching  valve  18  and  the  like,  based  on  the  input  is 
values  read  via  the  input  interface  57. 
[0065]  Among  the  controls  executed  by  the  ECU  51  in 
this  embodiment,  a  fuel  injection  control  will  be 
described.  Fig.  4  is  a  flowchart  illustrating  a  main  rou- 
tine  executed  by  the  ECU  51  .  This  routine  is  started  20 
when  a  driving  person  switches  the  ignition  switch  from 
an  OFF  position  to  an  ON  position.  That  is,  the  main 
routine  is  started  before  the  cylinder  discrimination  is 
performed. 
[0066]  When  the  main  routine  is  started,  the  ECU  51  25 
determines  in  step  101  whether  the  present  starter  sig- 
nal  STA  is  at  an  on-status.  If  the  starter  signal  STA  is  at 
an  off-status,  the  ECU  51  temporarily  ends  the  routine. 
Conversely,  if  the  starter  signal  STA  is  at  the  on-status, 
the  ECU  51  determines  in  step  1  02  whether  the  discrim-  30 
ination  of  the  cylinders  has  been  completed.  More  spe- 
cifically,  it  is  determined  in  step  102  whether  the 
calculation  of  an  engine  resolution  speed  NE,  a  crank 
angle  CA  and  the  top  dead  center  of  each  cylinder  #1  - 
#4  has  been  completed  so  that  fuel  injection  is  possible.  35 
If  the  cylinder  discrimination  has  not  been  completed, 
the  ECU  51  proceeds  to  step  103. 
[0067]  In  step  103,  the  ECU  51  calculates  a  provi- 
sional  target  injection  amount  QFINC  (not  actually 
injected).  Subsequently  in  step  104,  the  ECU  51  calcu-  40 
lates  a  target  fuel  pressure  PFIN. 
[0068]  In  step  1  05,  the  ECU  51  reads  in  a  present  fuel 
pressure  PC  based  on  the  signal  from  the  fuel  pressure 
sensor  27.  In  step  106,  the  ECU  51  sets  the  control 
mode  to  a  starting-time  mode.  That  is,  the  control  of  the  45 
pressure  control  valve  1  0  is  performed  without  perform- 
ing  fuel  injection  or  the  like,  basically  in  order  to 
increase  the  fuel  pressure  PC  in  the  common  rail  4.  In 
the  process  of  steps  103  through  106,  the  calculation  of 
the  target  fuel  pressure  PFIN  and  the  reading  of  the  so 
actual  fuel  pressure  PC  are  performed  even  though  the 
cylinder  discrimination  has  not  been  completed.  The 
calculated  target  fuel  pressure  PFIN  and  the  read  actual 
fuel  pressure  PC  are  temporarily  stored  into  the  RAM 
54.  55 
[0069]  Conversely,  if  it  is  determined  in  step  102  that 
the  cylinder  discrimination  has  been  completed,  the 
operation  proceeds  to  step  107,  where  the  ECU  51 
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determines  whether  there  is  an  engine  speed  pulse 
interrupt  signal  from  the  engine  speed  sensor  28.  If 
there  is  not  the  engine  speed  pulse  interrupt  signal,  the 
ECU  51  temporarily  ends  this  routine.  If  there  is  the 
engine  speed  pulse  interrupt  signal,  the  ECU  51  exe- 
cutes  an  engine  speed  interruption  routine. 
[0070]  Fig.  5  is  a  flowchart  illustrating  the  engine 
speed  interruption  routine  executed  by  the  ECU  51  .  This 
routine  is  executed  every  time  when  the  engine  speed 
pulse  interrupt  signal  as  described  above  is  present. 
[0071]  When  the  operation  proceeds  to  this  routine, 
the  ECU  51  determines  in  step  201  whether  it  is  pres- 
ently  a  calculation  timing  for  the  target  injection  amount 
QFINC.  If  it  is  not  the  calculation  timing  for  the  target 
injection  amount  QFINC,  the  ECU  51  temporarily  ends 
this  routine.  If  it  is  the  calculation  timing  for  the  target 
injection  amount  QFINC,  the  ECU  51  calculates  the  tar- 
get  injection  amount  QFINC  based  on  the  various  sig- 
nals  indicating  the  present  state  of  the  diesel  engine  1  in 
step  202.  Subsequently,  the  ECU  51  calculates  the  tar- 
get  fuel  pressure  PFIN  in  step  203,  and  reads  in  the 
present  fuel  pressure  PC  based  on  the  signal  from  the 
fuel  pressure  sensor  27  in  step  204.  The  calculated  tar- 
get  fuel  pressure  PFIN  and  the  read  fuel  pressure  PC 
are  temporarily  stored  into  the  RAM  54.  Then,  the  ECU 
51  temporarily  ends  this  routine. 
[0072]  In  short,  before  the  cylinder  discrimination  is 
performed  at  the  time  of  start  of  the  diesel  engine  1  ,  the 
embodiment  calculates  the  target  injection  amount 
QFINC  and  reads  in  the  actual  fuel  pressure  PC  in  the 
main  routine.  After  the  cylinder  discrimination  has  been 
completed,  the  embodiment  calculates  the  target  fuel 
pressure  PFIN  and  reads  in  the  actual  fuel  pressure  PC 
in  the  engine  speed  interruption  routine. 
[0073]  Among  the  controls  performed  in  the  ECU  51 
in  the  embodiment,  the  content  of  the  control  of  the  fuel 
pressure  PC  in  the  common  rail  4  will  be  described.  Fig. 
6  is  a  flowchart  illustrating  a  pressure  control  valve  con- 
trol  routine  executed  by  the  ECU  51.  This  routine  is 
started  when  the  ignition  switch  is  switched  from  the 
OFF  position  to  the  ON  position. 
[0074]  When  this  routine  is  started,  the  ECU  51  deter- 
mines  in  step  301  whether  the  present  engine  revolution 
speed  NE  is  "0".  If  the  engine  revolution  speed  NE  is 
"0",  the  operation  jumps  to  step  305,  which  is  described 
later.  If  the  engine  revolution  speed  NE  is  not  "0",  the 
operation  proceeds  to  step  302. 
[0075]  In  step  302,  the  ECU  51  determines  whether 
the  present  starter  signal  STA  is  at  the  on-status.  If  the 
starter  signal  STA  is  at  the  off-status,  it  is  indicated  that 
the  diesel  engine  1  has  been  started.  The  operation 
therefore  proceeds  to  step  303. 
[0076]  In  step  303,  the  ECU  51  executes  feedback- 
control  of  the  pressure  control  valve  10.  After  that,  the 
pressure  control  valve  control  routine  is  temporarily 
ended.  More  specifically,  in  step  303,  the  pressure  con- 
trol  valve  10  is  feedback-controlled  so  that  the  actual 
fuel  pressure  PC  becomes  equal  to  the  target  fuel  pres- 
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sure  PFIN. 
[0077]  If  it  is  determined  in  step  302  that  the  starter 
signal  STA  is  at  the  on-status,  the  operation  proceeds  to 
step  304.  In  step  304,  the  ECU  51  determines  whether 
the  cylinder  discrimination  has  been  completed.  If  the 
cylinder  discrimination  has  been  completed,  the  opera- 
tion  proceeds  to  step  303,  where  the  feedback  control  of 
the  pressure  control  valve  1  0  is  performed  as  described 
above.  After  that,  the  ECU  51  temporarily  ends  this  rou- 
tine. 
[0078]  Conversely,  if  the  cylinder  discrimination  has 
not  been  completed,  or  if  the  engine  revolution  speed 
NE  is  "0",  the  operation  proceeds  to  step  305.  In  step 
305,  the  ECU  51  reads  from  the  RAM  54  the  target  fuel 
pressure  PFIN  calculated  in  the  main  routine.  Subse- 
quently  in  step  306,  the  ECU  51  reads  from  the  RAM  54 
the  actual  fuel  pressure  PC  detected  in  the  main  rou- 
tine. 
[0079]  Subsequently  in  step  307,  the  ECU  51  deter- 
mines  whether  the  actual  fuel  pressure  PC  is  greater 
than  the  target  fuel  pressure  PFIN.  If  the  actual  fuel 
pressure  PC  is  not  greater  than  the  target  fuel  pressure 
PFIN,  the  ECU  51  executes  in  step  308  the  starting-time 
control  of  the  pressure  control  valve  10  (generally 
termed  "full  pressure  supply  control")  in  order  to 
increase  the  fuel  pressure  PC  in  the  common  rail  4. 
Therefore,  a  maximum  fuel  pressure  is  supplied  from 
the  supply  pump  6  to  the  common  rail  4,  so  that  the  fuel 
pressure  PC  in  the  common  rail  4  is  quickly  increased. 
[0080]  Conversely,  if  the  actual  fuel  pressure  PC  is 
greater  than  the  target  fuel  pressure  PFIN,  the  ECU  51 
executes  in  step  309  the  control  of  switching  the  pres- 
sure  control  valve  1  0  off.  Therefore,  the  pressure  control 
valve  1  0  is  caused  to  open  its  valve  body  so  as  to  return 
surplus  fuel  that  is  not  ejected  from  the  ejection  port  6a, 
to  the  fuel  tank  8  through  the  return  port  7c  and  the 
return  pipe  1  1  .  Consequently,  further  increase  of  the 
fuel  pressure  PC  in  the  common  rail  4  is  curbed,  and  the 
fuel  pressure  PC  is  gradually  decreased. 
[0081]  The  advantages  of  this  embodiment  will  be 
explained. 
[0082]  Before  the  cylinder  discrimination  at  the  time  of 
start  of  the  diesel  engine  1  ,  the  embodiment  performs 
the  starting-time  control  of  the  pressure  control  valve 
10,  that  is,  the  control  of  supplying  full  fuel  pressure  to 
the  common  rail  4.  By  this  pressure  supply  control,  the 
fuel  pressure  supplied  to  the  common  rail  4  (fuel  pres- 
sure  PC)  is  actively  increased  prior  to  the  cylinder  dis- 
crimination. 
[0083]  This  embodiment  calculates  the  target  fuel 
pressure  PFIN  and  detects  the  actual  fuel  pressure  PC 
even  before  the  cylinder  discrimination.  If  the  actual  fuel 
pressure  PC  is  greater  than  the  target  fuel  pressure 
PFIN,  the  pressure  control  valve  10  is  switched  off  even 
before  the  cylinder  discrimination.  This  switching-off 
control  curbs  further  increase  of  the  fuel  pressure  PC  in 
the  common  rail  4  and  gradually  reduces  the  fuel  pres- 
sure  PC.  Therefore,  this  embodiment  prevents  an  event 

that  after  the  cylinder  discrimination  is  completed,  the 
fuel  pressure  PC  in  the  common  rail  4  is  excessively 
high.  Consequently,  this  embodiment  substantially  pre- 
vents  occurrence  of  loud  combustion  noises  due  to 

5  excessive  degree  of  the  spraying  of  fuel  after  the  diesel 
engine  1  is  started. 
[0084]  Furthermore,  the  engine  speed  interruption 
routine  is  not  performed  before  the  cylinder  discrimina- 
tion  is  completed.  During  such  a  pre-stage,  however, 

10  this  embodiment  calculates  the  target  fuel  pressure 
PFIN  and  detects  the  actual  fuel  pressure  PC  in  the 
main  routine.  Therefore,  the  target  fuel  pressure  PFIN 
and  the  fuel  pressure  PC  can  be  reliably  acquired  and 
monitored  continually  and  substantially  immediately 

is  after  the  ignition  switch  has  been  operated  to  the  ON 
position.  Therefore,  the  prevention  of  loud  combustion 
noises  can  be  ensured. 

SECOND  EMBODIMENT 
20 

[0085]  A  second  embodiment  of  the  invention  will  be 
described  with  reference  to  Fig.  7.  The  construction, 
components  and  the  like  of  this  embodiment  are  sub- 
stantially  the  same  as  those  of  the  first  embodiment. 

25  Therefore,  like  components,  portions  and  so  on  are  rep- 
resented  by  like  reference  characters  in  the  drawings, 
and  will  not  be  described  again.  The  following  descrip- 
tion  of  the  second  embodiment  is  mainly  focused  on  the 
features  different  from  those  of  the  first  embodiment. 

30  [0086]  Whereas  in  the  first  embodiment,  the  fuel  pres- 
sure  PC  in  the  common  rail  4  is  controlled  by  controlling 
the  pressure  control  valve  10,  the  second  embodiment 
has  a  feature  that  the  fuel  pressure  PC  is  controlled  by 
the  on-off  control  of  the  relief  valve  12  provided  in  the 

35  common  rail  4. 
[0087]  Fig.  7  is  a  flowchart  illustrating  a  relief  valve 
control  routine  executed  by  the  ECU  51  .  This  routine  is 
started  when  the  ignition  switch  is  operated  from  the 
OFF  position  to  the  ON  position. 

40  [0088]  When  the  operation  proceeds  to  this  routine, 
the  ECU  51  determines  in  step  401  whether  the  present 
engine  revolution  speed  NE  is  "0".  If  the  present  engine 
revolution  speed  NE  is  "0",  the  operation  jumps  to  step 
404,  which  is  described  later.  If  the  engine  revolution 

45  speed  NE  is  not  "0",  the  operation  proceeds  to  step  402. 
[0089]  In  step  402,  the  ECU  51  determines  whether 
the  present  starter  signal  STA  is  at  the  on-status.  If  the 
starter  signal  STA  is  at  the  off-status,  it  is  indicated  that 
the  diesel  engine  1  has  been  started.  The  operation 

so  therefore  proceeds  to  step  409.  In  step  409,  no  control 
is  performed  on  the  relief  valve  12,  but  feedback  control 
is  performed  on  the  pressure  control  valve  10.  Subse- 
quently,  this  routine  is  temporarily  ended. 
[0090]  If  it  is  determined  in  step  402  that  the  starter 

55  signal  STA  is  at  the  on-status,  the  operation  proceeds  to 
step  403.  In  step  403,  the  ECU  51  determines  whether 
the  cylinder  discrimination  has  been  completed.  If  the 
cylinder  discrimination  has  been  completed,  the  opera- 
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tion  proceeds  to  step  409,  where  the  feedback  control  of 
the  pressure  control  valve  1  0  is  performed  as  described 
above.  After  that,  the  ECU  51  temporarily  ends  this  rou- 
tine. 
[0091]  Conversely,  if  the  cylinder  discrimination  has  s 
not  been  completed,  or  if  the  engine  revolution  speed 
NE  is  "0",  the  operation  proceeds  to  step  404.  In  step 
404,  the  ECU  51  reads  from  the  RAM  54  the  target  fuel 
pressure  PFIN  calculated  in  the  main  routine.  Subse- 
quently  in  step  405,  the  ECU  51  reads  from  the  RAM  54  10 
the  actual  fuel  pressure  PC  detected  in  the  main  rou- 
tine. 
[0092]  Subsequently  in  step  406,  the  ECU  51  deter- 
mines  whether  the  actual  fuel  pressure  PC  is  greater 
than  the  target  fuel  pressure  PFIN.  If  the  actual  fuel  15 
pressure  PC  is  not  greater  than  the  target  fuel  pressure 
PFIN,  the  operation  proceeds  to  step  407.  In  step  407, 
the  ECU  51  keeps  the  relief  valve  12  in  an  off-state,  and 
executes  the  starting-time  control  of  the  pressure  con- 
trol  valve  1  0,  in  order  to  prevent  escape  of  the  fuel  pres-  20 
sure  PC  from  the  common  rail  4.  Therefore,  escape  of 
the  fuel  pressure  PC  from  the  common  rail  4  is  pre- 
vented,  and  the  fuel  pressure  PC  in  the  common  rail  4  is 
increased  by  execution  of  the  starting-time  control  of  the 
pressure  control  valve  10.  25 
[0093]  Conversely,  if  the  actual  fuel  pressure  PC  is 
greater  than  the  target  fuel  pressure  PFIN,  the  ECU  51 
executes  in  step  408  the  control  of  switching  on  the 
relief  valve  12.  Therefore,  the  relief  valve  12  is  opened 
so  as  to  return  high-pressure  fuel  from  the  common  rail  30 
4  to  the  fuel  tank  8  through  the  relief  valve  12  and  the 
return  pipe  11.  Consequently,  the  fuel  pressure  PC 
quickly  decreases. 
[0094]  Thus,  the  second  embodiment  achieves  basi- 
cally  the  same  advantages  as  achieved  by  the  first  35 
embodiment.  Furthermore,  the  second  embodiment 
rapidly  releases  high-pressure  fuel  from  the  common 
rail  4  by  the  switching-on  control  of  the  relief  valve  12. 
This  release  control  more  quickly  reduces  the  fuel  pres- 
sure  PC.  Therefore,  the  second  embodiment  quickly  40 
reduces  the  fuel  pressure  PC  even  in  a  case  where  the 
cylinder  discrimination  is  completed  immediately  after 
the  actual  fuel  pressure  PC  exceeds  the  target  fuel 
pressure  PFIN.  Consequently,  the  prevention  of  occur- 
rence  of  loud  combustion  noises  can  be  further  45 
ensured. 

THIRD  EMBODIMENT 

[0095]  A  third  embodiment  of  the  invention  will  be  so 
described  with  reference  to  Fig.  8.  The  construction, 
components  and  the  like  of  this  embodiment  are  sub- 
stantially  the  same  as  those  of  the  first  and  second 
embodiments.  Therefore,  like  components,  portions  and 
so  on  are  represented  by  like  reference  characters  in  55 
the  drawings,  and  will  not  be  described  again.  The  fol- 
lowing  description  of  the  third  embodiment  is  mainly 
focused  on  the  features  different  from  those  of  the  sec- 

ond  embodiment. 
[0096]  Whereas  in  the  second  embodiment,  the  fuel 
pressure  PC  in  the  common  rail  4  is  controlled  by  con- 
trolling  the  relief  valve  12,  the  third  embodiment  has  a 
feature  that  the  fuel  pressure  PC  is  controlled  by  con- 
trolling  the  electromagnetic  valve  3  provided  in  each 
injector  2. 
[0097]  Fig.  8  is  a  flowchart  illustrating  an  electromag- 
netic  valve  control  routine  executed  by  the  ECU  51  .  This 
routine  is  started  when  the  ignition  switch  is  operated 
from  the  OFF  position  to  the  ON  position,  as  in  the  rou- 
tine  in  the  second  embodiment. 
[0098]  When  the  operation  proceeds  to  this  routine, 
the  ECU  51  executes  a  process  of  steps  501  through 
505  and  step  508  substantially  the  same  as  the  process 
of  steps  401  through  405  and  step  409  in  the  second 
embodiment  (step  409  corresponding  to  step  508). 
[0099]  Subsequently  in  step  506,  the  ECU  51  deter- 
mines  whether  the  actual  fuel  pressure  PC  is  greater 
than  the  target  fuel  pressure  PFIN.  If  the  actual  fuel 
pressure  PC  is  not  greater  than  the  target  fuel  pressure 
PFIN,  which  means  that  it  is  in  a  stage  before  fuel  injec- 
tion,  then  the  operation  proceeds  to  step  509.  In  step 
509,  the  ECU  51  does  not  execute  any  particular  control 
of  the  electromagnetic  valve  3,  but  executes  the  start- 
ing-time  control  of  the  pressure  control  valve  10.  Subse- 
quently,  this  routine  is  temporarily  ended. 
[01  00]  Conversely,  if  the  actual  fuel  pressure  PC  is 
greater  than  the  target  fuel  pressure  PFIN,  the  ECU  51 
executes  in  step  507  executes  the  ineffective  injection 
control  (see  Fig.  2B).  By  the  ineffective  injection  control, 
the  solenoid  78  of  the  electromagnetic  valve  3  is  excited 
for  a  time  that  is  less  than  the  ineffective  injection  time. 
This  control  does  not  allow  fuel  to  be  injected  from  the 
nozzle  pores  65,  but  allows  fuel  to  quickly  flow  out  of  the 
upper  fuel  reservoir  chamber  67  into  the  return  port  80. 
Therefore,  the  fuel  pressure  PC  in  the  common  rail  4 
decreases. 
[01  01  ]  Thus,  the  third  embodiment  also  achieves  sub- 
stantially  the  same  advantages  as  achieved  by  the  first 
embodiment. 

FOURTH  EMBODIMENT 

[0102]  A  fourth  embodiment  of  the  invention  will  be 
described  with  reference  to  Figs.  9  through  13.  The  con- 
struction,  components  and  the  like  of  this  embodiment 
are  substantially  the  same  as  those  of  the  first,  second 
and  third  embodiments.  Therefore,  like  components, 
portions  and  so  on  are  represented  by  like  reference 
characters  in  the  drawings,  and  will  not  be  described 
again.  The  following  description  of  the  fourth  embodi- 
ment  is  mainly  focused  on  the  features  different  from 
those  of  the  foregoing  embodiments. 
[01  03]  In  the  foregoing  embodiments,  it  is  determined 
whether  the  actual  fuel  pressure  PC  is  greater  than  the 
target  fuel  pressure  PFIN,  before  the  cylinder  discrimi- 
nation.  In  the  fourth  embodiment,  at  the  time  of  start  of 
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the  diesel  engine  1  before  the  starting  of  the  engine  1 
has  not  been  completed,  it  is  determined  whether  this 
starting  operation  is  a  restart  operation  that  is  per- 
formed  shortly  after  end  of  the  previous  operation  of  the 
diesel  engine  1  (hereinafter,  referred  to  simply  as 
"restart").  Also,  at  least  at  the  time  of  start  of  the  diesel 
engine  1  before  the  starting  of  the  diesel  engine  1  has 
not  been  completed,  it  is  determined  whether  this  start- 
ing  operation  is  a  restart  operation  that  is  performed 
immediately  after  the  starter  19  has  been  switched  from 
the  operating  state  to  the  non-operating  state  following 
a  failure  in  starting  the  diesel  engine  1  (hereinafter, 
referred  to  simply  as  "try-again  restart").  If  either  deter- 
mining  process  makes  affirmative  determination,  it  is 
then  determined  whether  the  actual  fuel  pressure  PC  is 
greater  than  the  target  fuel  pressure  PFIN. 
[0104]  The  operation  for  determining  whether  the 
present  engine  starting  operation  is  the  restart  or  the 
try-again  restart  will  be  described.  Figs.  9  and  10  show 
a  flowchart  illustrating  a  restart  determining  routine  exe- 
cuted  by  the  ECU  51  to  determine  whether  the  present 
engine  starting  operation  is  the  restart  or  the  try-again 
restart.  This  routine  is  started  when  the  ignition  switch  is 
operated  from  the  OFF  position  to  the  ON  position.  To 
facilitate  the  understanding  of  the  content  of  this  opera- 
tion,  Fig.  12  shows  a  timing  chart  illustrating  example 
behaviors  over  time  of  the  state  of  the  ignition  switch 
(IG),  the  conduction  state  of  the  main  relay  (MR)  (that  is, 
the  power  source  for  starting  the  ECU  51),  the  starter 
signal  STA,  the  water  temperature  THW  and  the  like.  In 
the  following  description  of  the  fourth  embodiment, 
engine  starting  operations  other  than  the  restart  and  the 
try-again  restart  will  be  referred  to  as  "cold  start". 
[0105]  When  the  operation  proceeds  to  the  restart 
determining  routine,  the  ECU  51  determines  in  step  601 
in  Fig.  9  whether  the  present  engine  revolution  speed 
NE  is  "0".  If  the  engine  revolution  speed  NE  is  not  "0", 
the  operation  proceeds  to  step  612.  In  step  612,  it  is 
determined  whether  the  starter  signal  STA  is  presently 
at  the  on-status.  If  the  starter  signal  STA  is  at  the  on-sta- 
tus,  the  ECU  51  sets  a  try-again  restart  determination 
flag  XGSTO  to  "1"  in  step  613.  Subsequently  in  step 
614,  the  present  water  temperature  THW  is  set  and 
stored  as  a  starting-time  water  temperature  THWON. 
[0106]  Conversely,  if  it  is  determined  in  step  601  that 
the  engine  revolution  speed  NE  is  "0",  the  operation  pro- 
ceeds  to  step  602,  where  it  is  determined  whether  the 
engine  1  is  presently  in  an  engine-stalled  state.  The 
conditions  for  determining  that  it  is  in  the  engine-stalled 
state  are,  for  example,  that  the  main  relay  MR  is  on,  and 
that  the  engine  revolution  speed  NE  is  "0",  and  the  like. 
If  it  is  determined  in  step  602  that  the  engine  1  is  pres- 
ently  in  the  engine-stalled  state,  the  operation  proceeds 
to  step  61  1  ,  where  a  restart  determination  flag  XSTO  is 
set  to  "1". 
[0107]  If  it  is  determined  in  step  602  that  the  engine  1 
is  not  presently  in  the  stalled  state,  the  ECU  51  deter- 
mines  in  step  603  whether  the  starter  signal  STA  is  at 

the  off-status.  If  the  starter  signal  STA  is  at  the  on-sta- 
tus,  the  operation  proceeds  to  step  613,  where  the  ECU 
51  sets  the  try-again  restart  determination  flag  XGSTO 
to  "1".  Subsequently  in  step  612,  the  ECU  51  sets  and 

5  stores  the  present  water  temperature  THW  as  the  start- 
ing-time  water  temperature  THWON.  Thus,  if  at  least 
the  starter  signal  STA  is  switched  to  the  on-status,  the 
try-again  restart  determination  flag  XGSTO  is  set  to  "1  ". 
[0108]  If  it  is  determined  in  step  603  that  the  starter 

10  signal  STA  is  at  the  off-status,  the  ECU  51  determines  in 
step  604  whether  the  try-again  restart  determination 
flag  XGSTO  is  presently  "1".  If  the  try-again  restart 
determination  flag  XGSTO  is  not  presently  "1  ",  the  oper- 
ation  jumps  to  step  606.  Conversely,  if  the  try-again 

is  restart  determination  flag  XGSTO  is  presently  "1",  the 
operation  proceeds  to  step  605. 
[0109]  In  step  605,  the  ECU  51  determines  whether 
the  try-again  restart  is  actually  being  performed.  More 
specifically,  it  is  determined  whether  the  value  obtained 

20  by  subtracting  the  presently  stored  starting-time  water 
temperature  THWON  from  a  IG-off-time  learned  water 
temperature  value  GTHWIOF  learned  at  the  time  of  the 
switching-off  of  the  ignition  switch  is  greater  than  a  pre- 
set  value  a.  If  the  determination  in  step  605  is  negative, 

25  it  means  that  there  is  no  substantial  water  temperature 
decrease  from  the  IG-off-time  learned  water  tempera- 
ture  value  GTHWIOF  to  the  water  temperature  at  the 
time  of  the  switching-on  of  the  starter  1  9  (starting-time 
water  temperature  THWON).  Therefore,  it  is  determined 

30  that  the  present  engine  starting  operation  is  the  try- 
again  start.  In  this  case,  the  ECU  51  proceeds  to  step 
617  in  Fig.  10.  Conversely,  if  the  determination  in  step 
605  is  affirmative,  it  means  that  there  is  a  water  temper- 
ature  decrease  from  the  IG-off-time  learned  water  tem- 

35  perature  value  GTHWIOF  to  the  water  temperature  at 
the  time  of  the  switching-on  of  the  starter  19  (starting- 
time  water  temperature  THWON).  Therefore,  it  is  deter- 
mined  that  the  present  engine  starting  operation  is  not 
the  try-again  start.  In  this  case,  the  ECU  51  proceeds  to 

40  step  606. 
[0110]  In  steps  606-611,  step  615  and  step  616,  it  is 
determined  whether  the  present  engine  starting  opera- 
tion  is  the  restart.  More  specifically,  in  step  606,  the 
ECU  51  determines  whether  the  fuel  temperature  THF 

45  detected  by  the  fuel  temperature  sensor  26  is  substan- 
tially  equal  to  the  intake  air  temperature  THA  detected 
by  the  intake  air  temperature  sensor  30.  If  the  fuel  tem- 
perature  THF  and  the  intake  air  temperature  THA  are 
considerably  different,  the  operation  jumps  to  step  609. 

so  [01  1  1  ]  Conversely,  if  the  fuel  temperature  THF  and  the 
intake  air  temperature  THA  are  substantially  equal,  the 
ECU  51  determines  in  step  607  whether  the  present 
fuel  temperature  THF  is  higher  than  a  lowest  learned 
water  temperature  value  GTHWMN.  The  lowest  learned 

55  water  temperature  value  GTHWMN  is  the  lowest  value 
of  the  water  temperature  THW  that  has  been  obtained. 
The  lowest  learned  water  temperature  value  GTHWMN 
is  learned  and  updated  every  time  a  new  lowest  value  is 
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obtained.  If  the  present  fuel  temperature  THF  is  not 
higher  than  the  lowest  learned  water  temperature  value 
GTHWMN,  the  operation  jumps  to  step  609. 
[0112]  Conversely,  if  it  is  determined  in  step  607  that 
the  present  fuel  temperature  THF  is  higher  than  the  low- 
est  learned  water  temperature  value  GTHWMN,  the 
ECU  51  sets  the  present  fuel  temperature  THF  as  the 
lowest  learned  water  temperature  value  GTHWMN. 
That  is,  for  example,  if  the  lowest  learned  water  temper- 
ature  value  GTHWMN  obtained  the  previous  day  is 
"0°C"  and  the  present  fuel  temperature  THF  is  "5°C", 
the  present  fuel  temperature  THF  is  set  as  a  new  lowest 
learned  water  temperature  value  GTHWMN. 
[01  1  3]  Subsequently  to  the  negative  determination  in 
step  606  or  607  or  subsequently  to  step  608,  the  ECU 
51  determines  in  step  609  whether  the  presently  set 
lowest  learned  water  temperature  value  GTHWMN  is 
lower  than  the  present  water  temperature  THW.  If  the 
presently  set  lowest  learned  water  temperature  value 
GTHWMN  is  not  lower  than  the  present  water  tempera- 
ture  THW,  the  ECU  51  sets  the  present  water  tempera- 
ture  THW  as  the  lowest  learned  water  temperature 
value  GTHWMN  in  step  61  5.  The  present  water  temper- 
ature  THW  being  lower  than  the  presently  set  lowest 
learned  water  temperature  value  GTHWMN  indicates 
that  the  engine  is  presently  in  a  cold  start  state.  Subse- 
quently  in  step  616,  the  ECU  51  sets  the  restart  deter- 
mination  flag  XSTO  to  "0".  The  operation  then  proceeds 
to  step  61  7. 
[0114]  Conversely,  if  it  is  determined  in  step  609  that 
the  presently  set  lowest  learned  water  temperature 
value  GTHWMN  is  lower  than  the  present  water  temper- 
ature  THW,  the  operation  proceeds  to  step  610.  In  step 
610,  the  ECU  51  determines  whether  the  value 
obtained  by  subtracting  the  presently  set  lowest  learned 
water  temperature  value  GTHWMN  from  the  present 
water  temperature  THW  is  greater  than  a  reference 
value  MTHW  The  reference  value  MTHW  is  determined 
corresponding  to  the  value  obtained  by  subtracting  the 
presently  set  lowest  learned  water  temperature  value 
GTHWMN  from  the  IG-off-time  learned  water  tempera- 
ture  value  GTHWIOF,  by  referring  to  a  map  as  indicated 
in  Fig.  11.  As  can  be  seen  from  Fig.  11,  the  reference 
value  MTHW  increases  with  increases  in  the  value 
obtained  by  subtracting  the  presently  set  lowest  learned 
water  temperature  value  GTHWMN  from  the  IG-off-time 
learned  water  temperature  value  GTHWIOF.  This  map 
is  adopted  on  consideration  that  the  water  temperature 
decreasing  manner  differs  between  a  case  where  the 
water  temperature  is  relatively  low  at  the  time  of  turning- 
off  of  the  ignition  switch,  and  a  case  where  the  water 
temperature  is  relatively  high  at  the  time  of  turning-off  of 
the  ignition  switch.  If  the  value  obtained  by  subtracting 
the  presently  set  lowest  learned  water  temperature 
value  GTHWMN  from  the  present  water  temperature 
THW  is  not  greater  than  the  reference  value  MTHW,  it  is 
determined  that  the  engine  is  in  the  cold  start  state. 
Therefore,  the  ECU  51  sets  the  restart  determination 

flag  XSTO  to  "0"  in  step  616,  and  then  proceeds  to  step 
617. 
[01  1  5]  Conversely,  if  the  value  obtained  by  subtracting 
the  presently  set  lowest  learned  water  temperature 

5  value  GTHWMN  from  the  present  water  temperature 
THW  is  greater  than  the  reference  value  MTHW,  it  is 
determined  that  the  engine  1  is  presently  in  the  restart 
condition.  The  operation  then  proceeds  to  step  611.  In 
step  61  1  ,  the  ECU  51  sets  the  restart  determination  flag 

w  XSTO  to  "1".  The  operation  subsequently  proceeds  to 
step  61  7. 
[01  1  6]  Thus,  in  the  process  of  steps  601  through  61  6, 
it  is  determined  whether  the  engine  1  is  presently  in  the 
try-again  restart  state  and,  if  the  determination  is  nega- 

15  tive,  it  is  then  determined  whether  the  engine  1  is  pres- 
ently  in  the  cold  start  state  or  the  restart  state. 
[01  1  7]  Subsequently  to  the  negative  determination  in 
step  605  or  612,  or  subsequently  to  step  611,  614  or 
616,  the  ECU  51  determines  in  step  617  in  Fig.  10 

20  whether  the  ignition  switch  is  presently  in  an  on-state.  If 
the  ignition  switch  is  presently  in  the  on-state,  the  ECU 
51  temporarily  ends  this  routine.  Conversely,  if  the  igni- 
tion  switch  is  presently  in  an  off  -state,  the  operation  pro- 
ceeds  to  step  618. 

25  [0118]  In  step  618,  the  ECU  51  determines  whether 
the  main  relay  MR  is  presently  in  the  on-state.  If  the 
main  relay  MR  is  presently  in  the  off  -state,  it  is  deter- 
mined  that  a  considerably  long  time  has  elapsed  follow- 
ing  the  previous  stop  of  the  diesel  engine  1  .  Therefore, 

30  the  ECU  51  temporarily  ends  this  routine.  If  the  main 
relay  MR  is  in  the  on-state,  it  means  that  the  elapsed 
time  following  the  switching  of  the  ignition  switch  from 
the  on-state  to  the  off-state  is  not  considerably  long. 
Therefore,  the  ECU  51  proceeds  to  step  618,  in  order  to 

35  execute  an  operation  to  be  performed  after  the  ignition 
switch  has  been  turned  off. 
[0119]  In  step  619,  the  ECU  51  sets  and  stores  the 
present  water  temperature  THW  as  the  IG-off-time 
learned  water  temperature  value  GTHWIOF. 

40  [0120]  Subsequently  in  step  620,  the  ECU  51  deter- 
mines  whether  the  try-again  restart  determination  flag 
XGSTO  is  presently  "1".  If  the  try-again  restart  determi- 
nation  flag  XGSTO  is  "0",  the  ECU  51  temporarily  ends 
this  routine  without  executing  any  further  processing. 

45  Conversely,  if  the  try-again  restart  determination  flag 
XGSTO  is  "1",  the  ECU  51  proceeds  to  step  621,  in 
order  to  determine  whether  it  is  appropriate  to  hold  the 
flag  at  "1". 
[0121]  In  step  621,  the  ECU  51  determines  whether 

so  the  value  obtained  by  subtracting  the  presently  set  IG- 
off-time  learned  water  temperature  value  GTHWIOF 
from  the  starting-time  cooling  water  temperature 
THWON  is  less  than  a  pre-set  value  p.  If  the  value 
obtained  by  subtracting  the  presently  set  IG-off-time 

55  learned  water  temperature  value  GTHWIOF  from  the 
starting-time  water  temperature  THWON  is  less  than 
the  pre-set  value  p,  it  is  determined  that  it  is  appropriate 
to  hold  the  try-again  restart  determination  flag  XGSTO 
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at  "1".  Therefore,  the  ECU  51  temporarily  ends  this  rou- 
tine  without  executing  any  further  processing.  Con- 
versely,  if  the  value  obtained  by  subtracting  the 
presently  set  IG-off-time  learned  water  temperature 
value  GTHWIOF  from  the  starting-time  water  tempera- 
ture  THWON  is  not  less  than  the  pre-set  value  p,  it  is 
determined  that  it  is  not  appropriate  to  hold  the  try- 
again  restart  determination  flag  XGSTO  at  "1".  Then, 
the  operation  proceeds  to  step  622. 
[0122]  In  step  622,  the  ECU  51  sets  the  try-again 
restart  determination  flag  XGSTO  to  "0".  The  ECU  51 
then  temporarily  ends  this  routine.  Thus,  in  steps  617 
through  622,  the  ECU  51  performs  the  operation  that  is 
to  be  performed  after  the  ignition  switch  has  been 
turned  off. 
[0123]  This  embodiment  performs  the  control  of  the 
fuel  pressure  PC  in  the  common  rail  4  based  on  the  try- 
again  restart  determination  flag  XGSTO  and  the  restart 
determination  flag  XSTO  set  as  described  above.  The 
content  of  this  control  will  be  described  below. 
[0124]  Fig.  13  is  a  flowchart  illustrating  a  relief  valve 
control  routine  executed  by  the  ECU  51  according  to  the 
fourth  embodiment.  This  routine  is  started  when  the 
ignition  switch  is  operated  from  the  OFF  position  to  the 
ON  position. 
[0125]  When  the  operation  proceeds  to  this  routine, 
the  ECU  51  determines  in  step  701  whether  the  restart 
determination  flag  XSTO  is  presently  "1".  If  the  restart 
determination  flag  XSTO  is  "1  ",  the  ECU  51  proceeds  to 
step  703,  in  order  to  execute  the  control  of  the  fuel  pres- 
sure  PC  in  the  common  rail  4  according  to  this  embodi- 
ment.  Conversely,  if  the  restart  determination  flag  XSTO 
is  "0",  the  operation  proceeds  to  step  702. 
[0126]  In  step  702,  the  ECU  51  determines  whether 
the  try-again  restart  determination  flag  XGSTO  is  pres- 
ently  "1".  If  the  try-again  restart  determination  flag 
XGSTO  is  "1",  the  ECU  51  proceeds  to  step  703,  in 
order  to  execute  the  control  of  the  fuel  pressure  PC  in 
the  common  rail  4  according  to  this  embodiment.  Con- 
versely,  if  try-again  restart  determination  flag  XGSTO  is 
"0",  the  ECU  51  executes  the  feedback  control  of  the 
pressure  control  valve  10  in  step  710,  and  then  tempo- 
rarily  ends  this  routine. 
[0127]  Subsequently  to  the  affirmative  determination 
in  step  701  or  702,  the  ECU  51  determines  in  step  703 
whether  the  present  engine  revolution  speed  NE  is  "0". 
If  the  engine  revolution  speed  NE  is  "0",  the  operation 
jumps  to  step  705,  which  is  described  later.  Conversely, 
if  the  engine  revolution  speed  NE  is  not  "0",  the  opera- 
tion  proceeds  to  step  704. 
[0128]  In  step  704,  the  ECU  51  determines  whether 
the  present  starter  signal  STA  is  at  the  on-status.  If  the 
starter  signal  STA  is  at  the  off-status,  it  is  determined 
that  the  diesel  engine  1  has  been  started.  Therefore,  the 
ECU  51  temporarily  ends  this  routine  without  perform- 
ing  any  processing  regarding  the  relief  valve  12. 
[0129]  Conversely,  if  it  is  determined  in  step  704  that 
the  starter  signal  STA  is  at  the  on-status,  the  operation 

proceeds  to  step  700.  In  step  700,  the  ECU  51  deter- 
mines  whether  the  cylinder  discrimination  has  been 
completed.  If  the  cylinder  discrimination  has  been  com- 
pleted,  the  ECU  51  executes  the  feedback  control  of  the 

5  pressure  control  valve  10  in  step  710,  and  then  tempo- 
rarily  ends  this  routine.  If  it  is  determined  in  step  700 
that  the  cylinder  discrimination  has  not  been  completed, 
the  operation  proceeds  to  step  705. 
[0130]  In  step  705,  the  ECU  51  reads  out  the  target 

10  fuel  pressure  PFIN  stored  in  the  main  routine  described 
above  in  conjunction  with  the  first  embodiment.  Subse- 
quently  in  step  706,  the  ECU  51  reads  out  the  actual 
fuel  pressure  PC  stored  in  the  main  routine. 
[0131]  Subsequently  in  step  707,  the  ECU  51  deter- 

15  mines  whether  the  actual  fuel  pressure  PC  is  greater 
than  the  target  fuel  pressure  PFIN.  If  the  actual  fuel 
pressure  PC  is  not  greater  than  the  target  fuel  pressure 
PFIN,  the  ECU  51  keeps  the  relief  valve  12  in  the  off- 
state  and  executes  the  starting-time  control  of  the  pres- 

20  sure  control  valve  10  in  step  708,  in  order  to  prevent 
escape  of  the  fuel  pressure  PC  from  the  common  rail  4. 
Therefore,  escape  of  the  fuel  pressure  PC  from  the 
common  rail  4  is  prevented,  and  the  fuel  pressure  PC  in 
the  common  rail  4  is  increased  by  execution  of  the  start- 

25  ing-time  control  of  the  pressure  control  valve  1  0. 
[01  32]  Conversely,  if  the  actual  fuel  pressure  PC  is 
greater  than  the  target  fuel  pressure  PFIN,  the  ECU  51 
executes  in  step  709  the  control  of  switching  on  the 
relief  valve  12.  Therefore,  the  relief  valve  12  is  opened 

30  so  as  to  return  high-pressure  fuel  from  the  common  rail 
4  to  the  fuel  tank  8  through  the  relief  valve  12  and  the 
return  pipe  11.  Consequently,  the  fuel  pressure  PC 
quickly  decreases. 
[0133]  Thus,  this  embodiment  rapidly  releases  high- 

35  pressure  fuel  from  the  common  rail  4  by  the  switching- 
on  control  of  the  relief  valve  12.  This  release  control 
more  quickly  reduces  the  fuel  pressure  PC.  Therefore, 
the  fourth  embodiment  quickly  reduces  the  fuel  pres- 
sure  PC  even  in  a  case  where  the  cylinder  discrimina- 

te  tion  is  completed  immediately  after  the  actual  fuel 
pressure  PC  exceeds  the  target  fuel  pressure  PFIN. 
Consequently,  the  prevention  of  occurrence  of  loud 
combustion  noises  can  be  further  ensured. 
[0134]  Distinguished  from  the  first  to  third  embodi- 

45  ments,  where  it  is  determined  whether  the  cylinder  dis- 
crimination  has  been  completed,  the  fourth  embodiment 
compares  the  actual  fuel  pressure  PC  and  the  target 
fuel  pressure  PFIN  if  it  is  determined  that  the  engine  1 
is  in  the  restart  state  or  the  try-again  restart  state. 

so  [0135]  During  the  restart,  the  fuel  pressure  PC  in  the 
common  rail  4  is  relatively  high  since  it  has  not  been 
long  after  the  stop  of  the  previous  operation  of  the  diesel 
engine  1  .  Since  the  fuel  supply  control  using  the  supply 
pump  6  is  performed  in  such  a  relatively  high  fuel  pres- 

55  sure  condition,  the  actual  fuel  pressure  PC  is  likely  to 
exceed  the  target  fuel  pressure  PFIN. 
[01  36]  During  the  try-again  restart,  the  driving  person 
operates  the  ignition  switch  to  operate  the  starter  19 
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again.  After  the  starter  19  is  thus  operated  again,  the 
pressure  supply  control  using  the  supply  pump  6  is  per- 
formed  to  increase  the  fuel  pressure  PC  in  the  common 
rail  4,  so  that  fuel  pressure  PC  will  more  likely  exceed 
the  target  fuel  pressure  PFIN. 
[0137]  However,  the  fourth  embodiment  performs  the 
control  described  above  under  a  condition  that  the  fuel 
pressure  PC  is  likely  to  become  high,  so  that  exces- 
sively  high  fuel  pressure  PC  in  the  common  rail  4  can  be 
more  effectively  prevented. 
[0138]  Furthermore,  for  the  determination  as  to 
whether  the  engine  is  in  the  restart  state,  the  fourth 
embodiment  takes  into  consideration  the  intake  air  tem- 
perature  THA  and  the  fuel  temperature  THF  as  well  as 
the  cooling  water  temperature  THW  (steps  606-610, 
615).  Therefore,  even  if  one  of  the  sensors  24,  26,  30 
fails,  this  embodiment  can  reliably  determine  whether 
the  engine  is  in  the  restart  state. 

FIFTH  EMBODIMENT 

[0139]  A  fifth  embodiment  of  the  invention  will  be 
described  with  reference  to  Fig.  1  4  through  1  6.  The  con- 
struction,  components  and  the  like  of  this  embodiment 
are  substantially  the  same  as  those  of  the  first  to  fourth 
embodiments.  Therefore,  like  components,  portions  and 
so  on  are  represented  by  like  reference  characters  in 
the  drawings,  and  will  not  be  described  again.  The  fol- 
lowing  description  of  the  fifth  embodiment  is  mainly 
focused  on  the  features  different  from  those  of  the  fore- 
going  embodiments. 
[0140]  At  the  time  of  start  of  the  diesel  engine  1  before 
the  engine  starting  operation  has  not  been  completed, 
the  fourth  embodiment  determines  whether  the  preset 
engine  starting  operation  is  the  restart  or  whether  the 
present  starting  operation  is  the  try-again  restart.  If 
either  determining  process  makes  affirmative  determi- 
nation,  the  fourth  embodiment  then  proceeds  to  deter- 
mine  whether  the  actual  fuel  pressure  PC  is  greater 
than  the  target  fuel  pressure  PFIN.  The  fifth  embodi- 
ment  is  substantially  the  same  as  the  fourth  embodi- 
ment  in  that  the  aforementioned  determining  processes 
are  performed.  However,  the  fifth  embodiment  is  distin- 
guished  from  the  fourth  embodiment  in  the  methods  of 
determining  whether  the  present  engine  starting  opera- 
tion  is  the  restart  or  the  try-again  restart. 
[0141]  The  operation  for  determining  whether  the 
engine  1  is  in  the  restart  state  or  the  try-again  restart 
state  will  be  described  in  detail.  Figs.  14  and  15  show  a 
flowchart  illustrating  a  restart  determining  routine  exe- 
cuted  by  the  ECU  51  to  determine  whether  the  diesel 
engine  1  is  in  the  restart  state  or  the  try-again  restart 
state.  This  routine  is  started  when  the  ignition  switch  is 
operated  from  the  OFF  position  to  the  ON  position.  To 
facilitate  the  understanding  of  the  content  of  this  opera- 
tion,  Fig.  16  shows  a  timing  chart  illustrating  example 
behaviors  over  time  of  the  state  of  the  ignition  switch 
(IG),  the  conduction  state  of  the  main  relay  (MR)  (that  is, 

the  power  source  for  starting  the  ECU  51),  the  starter 
signal  STA,  the  water  temperature  THW  and  the  like.  In 
the  following  description  of  the  fifth  embodiment,  engine 
restarting  operations  other  than  the  restart  and  the  try- 

5  again  restart  will  be  referred  to  as  "cold  start". 
[0142]  When  the  operation  proceeds  to  the  restart 
determining  routine  according  to  the  fifth  embodiment, 
the  ECU  51  determines  in  step  801  in  Fig.  14  whether 
the  present  engine  revolution  speed  NE  is  "0".  If  the 

10  engine  revolution  speed  NE  is  not  "0",  the  operation  pro- 
ceeds  to  step  809.  In  step  809,  it  is  determined  whether 
the  starter  signal  STA  is  presently  at  the  on-status.  If  the 
starter  signal  STA  is  at  the  on-status,  the  ECU  51  sets 
the  try-again  restart  determination  flag  XGSTO  to  "1  "  in 

15  step  810.  Subsequently  in  step  81  1  ,  the  present  water 
temperature  THW  is  set  and  stored  as  a  starter-on-time 
learned  water  temperature  value  GTHWSON. 
[0143]  Conversely,  if  it  is  determined  in  step  801  that 
the  engine  revolution  speed  NE  is  "0",  the  operation  pro- 

20  ceeds  to  step  802,  where  it  is  determined  whether  the 
engine  1  is  presently  in  the  engine-stalled  state.  If  the 
engine  1  is  presently  in  the  stalled  state,  the  operation 
proceeds  to  step  808,  where  the  restart  determination 
flag  XSTO  is  set  to  "1". 

25  [0144]  If  it  is  determined  in  step  802  that  the  engine  1 
is  not  presently  in  the  stalled  state,  the  ECU  51  deter- 
mines  in  step  803  whether  the  starter  signal  STA  is  at 
the  off-status.  If  the  starter  signal  STA  is  at  the  on-sta- 
tus,  the  operation  proceeds  to  step  810,  where  the  ECU 

30  51  sets  the  try-again  restart  determination  flag  XGSTO 
to  "1".  Subsequently  in  step  811,  the  ECU  51  sets  and 
stores  the  present  water  temperature  THW  as  the 
starter-on-time  learned  water  temperature  value  GTH- 
WSON.  Thus,  if  at  least  the  starter  signal  STA  is 

35  switched  to  the  on-status,  the  try-again  restart  determi- 
nation  flag  XGSTO  is  set  to  "1  ". 
[0145]  If  it  is  determined  in  step  803  that  the  starter 
signal  STA  is  at  the  off-status,  the  ECU  51  determines  in 
step  804  whether  the  try-again  restart  determination 

40  flag  XGSTO  is  presently  "1".  If  the  try-again  restart 
determination  flag  XGSTO  is  not  presently  "1  ",  the  oper- 
ation  jumps  to  step  806.  Conversely,  if  the  try-again 
restart  determination  flag  XGSTO  is  presently  "1",  the 
operation  proceeds  to  step  805. 

45  [0146]  In  step  805,  the  ECU  51  determines  whether 
the  try-again  restart  is  actually  being  performed.  More 
specifically,  it  is  determined  whether  the  value  obtained 
by  subtracting  the  present  water  temperature  THW  from 
the  starter-on-time  learned  water  temperature  value 

so  GTHWSON  is  greater  than  a  pre-set  value  a  (which 
may  be  different  from  the  value  a  in  the  fourth  embodi- 
ment).  If  the  determination  in  step  805  is  negative,  it 
means  that  there  is  no  substantial  water  temperature 
decrease  from  the  starter-on-time  learned  water  tem- 

55  perature  value  GTHWSON  to  the  present  water  temper- 
ature  THW.  Therefore,  it  is  determined  that  the  present 
engine  starting  operation  is  the  try-again  start.  In  this 
case,  the  ECU  51  proceeds  to  step  813  in  Fig.  15.  Con- 

15 



29 EP  0  896  145  A2 30 

versely,  if  the  determination  in  step  805  is  affirmative,  it 
is  determined  that  the  present  engine  starting  operation 
is  not  the  try-again  start.  In  this  case,  the  ECU  51  pro- 
ceeds  to  step  806. 
[0147]  In  steps  806-808  and  step  812,  it  is  determined 
whether  the  present  engine  starting  operation  is  the 
restart.  More  specifically,  in  step  806,  the  ECU  51  deter- 
mines  whether  the  IG-off-time  learned  water  tempera- 
ture  value  GTHWIOF  is  lower  than  the  present  water 
temperature  THW.  If  the  IG-off-time  learned  water  tem- 
perature  value  GTHWIOF  is  not  lower  than  the  present 
water  temperature  THW,  it  is  determined  that  the  engine 
1  is  in  the  cold  start  condition.  Therefore,  the  ECU  51 
sets  the  restart  determination  flag  XSTO  to  "0"  in  step 
812,  and  then  proceeds  to  step  813. 
[0148]  Conversely,  if  it  is  determined  in  step  806  that 
the  IG-off-time  learned  water  temperature  value  GTH- 
WIOF  is  lower  than  the  present  water  temperature 
THW,  the  operation  proceeds  to  step  807.  In  step  807, 
the  ECU  51  determines  whether  the  value  obtained  by 
subtracting  the  present  water  temperature  THW  from 
the  IG-off-time  learned  water  temperature  value  GTH- 
WIOF  is  less  than  a  reference  value  MTHW.  The  refer- 
ence  value  MTHW  is  determined  corresponding  to  the 
IG-off-time  learned  water  temperature  value  GTHWIOF, 
by  referring  to  a  map  as  indicated  in  Fig.  1  1  (see  the 
parentheses  in  Fig.  11).  As  can  be  seen  from  Fig.  11, 
the  reference  value  MTHW  increases  with  increases  in 
the  IG-off-time  learned  water  temperature  value  GTH- 
WIOF.  This  map  is  adopted  on  consideration  that  the 
water  temperature  decreasing  manner  differs  between 
a  case  where  the  water  temperature  is  relatively  low  at 
the  time  of  turning-off  of  the  ignition  switch  and  a  case 
where  the  water  temperature  is  relatively  high  at  the 
time  of  turning-off  of  the  ignition  switch.  If  the  value 
obtained  by  subtracting  the  present  water  temperature 
THW  from  the  IG-off-time  learned  water  temperature 
value  GTHWIOF  is  not  less  than  the  reference  value 
MTHW,  it  is  determined  that  the  engine  1  is  in  the  cold 
start  state.  Therefore,  the  ECU  51  sets  the  restart  deter- 
mination  flag  XSTO  to  "0"  in  step  812,  and  then  pro- 
ceeds  to  step  813. 
[0149]  Conversely,  if  value  obtained  by  subtracting  the 
present  water  temperature  THW  from  the  IG-off-time 
learned  water  temperature  value  GTHWIOF  is  less  than 
the  reference  value  MTHW,  it  is  determined  that  the 
engine  1  is  presently  in  the  restart  condition.  The  oper- 
ation  then  proceeds  to  step  808.  In  step  808,  the  ECU 
51  sets  the  restart  determination  flag  XSTO  to  "1".  The 
operation  subsequently  proceeds  to  step  813. 
[0150]  Thus,  in  the  process  of  steps  801  through  812, 
it  is  determined  whether  the  engine  1  is  presently  in  the 
try-again  restart  state  and,  if  the  determination  is  nega- 
tive,  it  is  then  determined  whether  the  engine  1  is  pres- 
ently  in  the  cold  start  state  or  the  restart  state. 
[0151]  Subsequently  to  the  negative  determination  in 
step  805  or  809,  or  subsequently  to  step  808,  81  1  or 
812,  the  ECU  51  determines  in  step  813  in  Fig.  15 

whether  the  ignition  switch  is  presently  in  the  on-state.  If 
the  ignition  switch  is  presently  in  the  on-state,  the  ECU 
51  temporarily  ends  this  routine.  Conversely,  if  the  igni- 
tion  switch  is  presently  in  the  off-state,  the  operation 

5  proceeds  to  step  81  4. 
[0152]  In  step  813,  the  ECU  51  determines  whether 
the  main  relay  MR  is  presently  in  the  on-state.  If  the 
main  relay  MR  is  presently  in  the  off  -state,  it  is  deter- 
mined  that  a  considerably  long  time  has  elapsed  follow- 

10  ing  the  previous  stop  of  the  diesel  engine  1  .  Therefore, 
the  ECU  51  temporarily  ends  this  routine.  If  the  main 
relay  MR  is  in  the  on-state,  it  means  that  the  elapsed 
time  following  the  switching  of  the  ignition  switch  from 
the  on-state  to  the  off-state  is  not  considerably  long. 

15  Therefore,  the  ECU  51  proceeds  to  step  81  5,  in  order  to 
execute  an  operation  to  be  performed  after  the  ignition 
switch  has  been  turned  off. 
[0153]  In  step  815,  the  ECU  51  sets  and  stores  the 
present  water  temperature  THW  as  the  IG-off-time 

20  water  temperature  value  THWIOF. 
[0154]  Subsequently  in  step  816,  the  ECU  51  deter- 
mines  whether  the  try-again  restart  determination  flag 
XGSTO  is  presently  "1".  If  the  try-again  restart  determi- 
nation  flag  XGSTO  is  "0",  the  ECU  51  temporarily  ends 

25  this  routine  without  executing  any  further  processing. 
Conversely,  if  the  try-again  restart  determination  flag 
XGSTO  is  "1",  the  ECU  51  proceeds  to  step  817,  in 
order  to  determine  whether  it  is  appropriate  to  hold  the 
flag  at  "1". 

30  [0155]  In  step  817,  the  ECU  51  determines  whether 
the  value  obtained  by  subtracting  the  presently  set  IG- 
off-time  water  temperature  value  THWIOF  from  the 
starter-on-time  learned  water  temperature  value  GTH- 
WSON  is  less  than  a  pre-set  value  p  (which  may  be  dif- 

35  ferent  from  the  value  p  in  the  fourth  embodiment).  If  the 
value  obtained  by  subtracting  the  IG-off-time  water  tem- 
perature  value  THWIOF  from  the  starter-on-time 
learned  water  temperature  value  GTHWSON  is  less 
than  the  pre-set  value  p,  it  is  determined  that  it  is  appro- 

40  priate  to  hold  the  try-again  restart  determination  flag 
XGSTO  at  "1".  Therefore,  the  ECU  51  temporarily  ends 
this  routine  without  executing  any  further  processing. 
Conversely,  if  the  value  obtained  by  subtracting  the  IG- 
off-time  water  temperature  value  THWIOF  from  the 

45  starter-on-time  learned  water  temperature  value  GTH- 
WSON  is  not  less  than  the  pre-set  value  p,  it  is  deter- 
mined  that  it  is  not  appropriate  to  hold  the  try-again 
restart  determination  flag  XGSTO  at  "1".  Then,  the 
operation  proceeds  to  step  818. 

so  [01  56]  In  step  81  8,  the  ECU  51  sets  the  present  water 
temperature  THW  as  the  IG-off-time  learned  water  tem- 
perature  value  GTHWIOF.  Subsequently  in  step  819, 
the  ECU  51  sets  the  try-again  restart  determination  flag 
XGSTO  to  "0".  Then,  the  ECU  51  temporarily  ends  this 

55  routine.  Thus,  in  steps  813  through  819,  the  ECU  51 
performs  the  operation  that  is  to  be  performed  after  the 
ignition  switch  has  been  turned  off. 
[0157]  The  fifth  embodiment,  adopting  the  determin- 
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ing  methods  as  described  above,  achieves  substantially 
the  same  advantages  as  achieved  by  the  fourth  embod- 
iment. 
[0158]  The  invention  is  not  limited  to  the  foregoing 
embodiments.  On  the  contrary,  the  invention  may  be 
carried  out  in  forms  with  various  modifications,  for 
example,  as  described  below,  without  departing  from 
the  scope  of  the  invention  defined  in  the  appended 
claims. 
[0159]  In  stead  of  the  try-again  restart  determining 
methods  according  to  the  fourth  and  fifth  embodiments, 
the  following  determining  method  as  illustrated  in  Fig. 
1  7  may  also  be  employed.  Fig.  1  7  is  a  flowchart  illustrat- 
ing  the  try-again  restart  determining  method  executed 
by  the  ECU  51  .  This  routine  is  started  when  the  ignition 
switch  is  operated  from  the  OFF  position  to  the  ON  posi- 
tion. 
[0160]  When  the  operation  proceeds  to  this  routine, 
the  ECU  51  determines  in  step  901  whether  the  engine 
revolution  speed  NE  is  "0".  If  the  engine  revolution 
speed  NE  is  not  "0",  the  operation  proceeds  to  step  906 
.  In  step  906,  it  is  determined  whether  the  starter  signal 
STA  is  presently  at  the  on-status.  If  the  starter  signal 
STA  is  at  the  on-status,  the  ECU  51  sets  the  try-again 
restart  determination  flag  XGSTO  to  "1"  in  step  907, 
and  proceeds  step  908. 
[0161]  Conversely,  if  it  is  determined  in  step  901  that 
the  engine  revolution  speed  NE  is  "0",  the  operation  pro- 
ceeds  to  step  902,  where  it  is  determined  whether  the 
engine  1  is  presently  in  the  engine-stalled  state.  If  the 
engine  1  is  presently  in  the  stalled  state,  the  operation 
proceeds  to  step  908. 
[0162]  If  it  is  determined  in  step  902  that  the  engine  1 
is  not  presently  in  the  stalled  state,  the  ECU  51  deter- 
mines  in  step  903  whether  the  present  water  tempera- 
ture  THW  is  substantially  equal  to  the  present  fuel 
temperature  THF.  If  the  water  temperature  THW  is  not 
substantially  equal  to  the  fuel  temperature  THF,  the 
operation  proceeds  to  step  908.  Conversely,  if  the  water 
temperature  THW  and  the  fuel  temperature  THF  are 
substantially  equal,  the  operation  proceeds  to  step  904. 
[0163]  In  step  904,  the  ECU  51  determines  whether 
the  present  water  temperature  THW  is  substantially 
equal  to  the  present  intake  air  temperature  THA.  If  the 
water  temperature  THW  is  not  substantially  equal  to  the 
intake  air  temperature  THA,  the  operation  proceeds  to 
step  908.  Conversely,  if  the  water  temperature  THW  and 
the  intake  air  temperature  THA  are  substantially  equal, 
the  operation  proceeds  to  step  905. 
[0164]  In  step  905,  the  ECU  51  determines  whether 
the  starter  signal  STA  is  at  the  off-status.  If  the  starter 
signal  STA  is  at  the  on-status,  the  operation  proceeds  to 
step  907,  where  the  try-again  restart  determination  flag 
XGSTO  is  set  to  "1".  The  operation  then  proceeds  to 
step  908. 
[0165]  Conversely,  if  it  is  determined  in  step  905  that 
the  starter  signal  STA  is  at  the  off-state,  the  ECU  51 
determines  in  step  908  whether  the  ignition  switch  is 

presently  in  the  on-state.  If  the  ignition  switch  is  in  the 
on-state,  the  ECU  51  temporarily  ends  this  routine. 
Conversely,  if  the  ignition  switch  is  in  the  off-state,  the 
operation  proceeds  to  step  909. 

5  [0166]  In  step  909,  the  ECU  51  determines  whether 
the  main  relay  MR  is  presently  in  the  on-state.  If  the 
main  relay  MR  is  in  the  off-state,  it  is  determined  that  a 
considerably  long  time  has  elapsed  following  the  previ- 
ous  stop  of  the  diesel  engine  1  .  Therefore,  the  ECU  51 

10  temporarily  ends  this  routine.  If  the  main  relay  MR  is  in 
the  on-state,  it  means  that  the  elapsed  time  following 
the  switching  of  the  ignition  switch  from  the  on-state  to 
the  off-state  is  not  considerably  long.  Therefore,  the 
ECU  51  proceeds  to  step  910,  in  order  to  execute  an 

15  operation  to  be  performed  after  the  ignition  switch  has 
been  turned  off. 
[0167]  In  step  910,  the  ECU  51  determines  whether 
the  present  water  temperature  THW  is  substantially 
equal  to  the  present  fuel  temperature  THF.  If  they  are 

20  not  substantially  equal,  the  ECU  51  temporarily  ends 
this  routine.  Conversely,  if  the  water  temperature  THW 
and  the  fuel  temperature  THF  are  substantially  equal, 
the  operation  proceeds  to  step  91  1  . 
[0168]  In  step  91  1  ,  the  ECU  51  determines  whether 

25  the  present  water  temperature  THW  is  substantially 
equal  to  the  present  intake  air  temperature  THA.  If  they 
are  not  substantially  equal,  the  ECU  51  temporarily 
ends  this  routine.  Conversely,  if  the  water  temperature 
THW  and  the  intake  air  temperature  THA  are  substan- 

30  tially  equal,  the  operation  proceeds  to  step  912. 
[0169]  In  step  912,  the  ECU  51  sets  the  try-again 
restart  determination  flag  XGSTO  to  "0".  Subsequently, 
the  ECU  51  temporarily  ends  this  routine. 
[0170]  By  this  method,  it  can  also  be  determined 

35  whether  the  engine  1  is  in  the  try-again  restart  state. 
[01  71  ]  The  first  embodiment  detects  the  fuel  pressure 
PC  and  calculates  the  target  fuel  pressure  PFIN  in  the 
main  routine  before  the  cylinder  discrimination.  After  the 
cylinder  discrimination,  the  first  embodiment  detects  the 

40  fuel  pressure  PC  and  calculates  the  target  fuel  pressure 
PFIN  in  the  engine  speed  interruption  routine.  However, 
it  is  also  possible  to  determine  in  the  main  routine 
whether  there  is  a  time  interruption  or  an  engine  speed 
interruption.  In  this  modification,  therefore,  before  the 

45  cylinder  discrimination,  the  ECU  51  detects  the  fuel 
pressure  PC  and  calculates  the  target  fuel  pressure 
PFIN  in  the  time  interruption  routine.  After  the  cylinder 
discrimination,  the  ECU  51  detects  the  fuel  pressure  PC 
and  calculates  the  target  fuel  pressure  PFIN  in  the 

so  engine  speed  interruption  routine.  It  is  also  possible  to 
perform  the  detection  of  the  fuel  pressure  PC  and  the 
calculation  of  the  target  fuel  pressure  PFIN  solely  in  the 
main  routine,  regardless  of  whether  the  cylinder  dis- 
crimination  has  been  completed. 

55  [0172]  Although  in  the  fourth  embodiment,  the  control 
of  the  fuel  pressure  PC  is  performed  by  controlling  the 
relief  valve  1  2,  it  is  also  possible  to  control  the  fuel  pres- 
sure  PC  by  controlling  the  pressure  control  valve  10  or 
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the  electromagnetic  valve  3  as  in  the  first  or  third 
embodiment. 
[0173]  It  is  also  possible  to  omit  the  relief  valve  12  in 
the  first  and  third  embodiments.  This  modification  will 
reduce  the  costs. 
[0174]  In  the  first  and  second  embodiments,  it  is  also 
possible  to  employ  normal  injectors  that  are  not 
equipped  with  the  electromagnetic  valves  3. 
[0175]  Although  in  the  foregoing  embodiments,  the 
invention  is  embodied  in  the  diesel  engine  1,  the  inven- 
tion  is  not  limited  to  diesel  engines,  but  may  also  be 
embodied  in  a  gasoline  engine. 
[01  76]  As  can  be  understood  from  the  above  descrip- 
tion,  in  a  fuel  injection  apparatus  for  an  accumulator 
type  engine,  the  invention  achieves  an  excellent  advan- 
tage  of  substantially  preventing  occurrence  of  loud  com- 
bustion  noises  due  to  an  excessively  high  fuel  pressure 
in  an  accumulator  pipe  at  the  time  of  start  of  the  engine. 
[0177]  It  should  be  understood  that  the  embodiments 
and  constructions  disclosed  above  do  not  limit  the 
claimed  invention  and  that  the  discussed  combination  of 
features  might  not  be  absolutely  necessary  for  the 
inventive  solution. 
A  fuel  injection  control  apparatus  for  an  accumulator 
type  engine  1  prevents  occurrence  of  loud  combustion 
noises  due  to  excessively  high  fuel  pressure  in  an  accu- 
mulator  pipe  4  at  the  time  of  start  of  the  engine  1  .  Injec- 
tors  2  of  a  diesel  engine  1  are  connected  to  a  common 
rail  4  provided  commonly  for  all  the  cylinders  #1-#4.  The 
common  rail  4  is  connected  to  a  supply  pump  6  by  a 
supply  pipe  5.  A  pressure  control  valve  1  0  for  controlling 
the  pressure  of  fuel  ejected  from  the  supply  pump  6  is 
provided  near  an  ejection  portion  6a  of  the  supply  pump 
6.  At  the  time  of  start  of  the  engine  1  before  the  cylin- 
ders  are  discriminated,  an  electronic  control  unit  (ECU) 
51  normally  executes  the  starting-time  control  of  the 
pressure  control  valve  10.  Even  before  the  cylinder  dis- 
crimination,  the  ECU  51  calculates  a  target  fuel  pres- 
sure  and  detects  actual  fuel  pressure  in  the  main 
routine.  If  the  actual  fuel  pressure  exceeds  the  target 
fuel  pressure,  the  ECU  51  switches  off  the  pressure 
control  valve  10  even  before  the  cylinder  discrimination. 
Therefore,  an  excessively  high  fuel  pressure  is  pre- 
vented. 

Claims 

1  .  A  fuel  injection  control  apparatus  for  an  accumula- 
tor  type  engine,  comprising: 

an  accumulator  piping  (4)  for  receiving  high- 
pressure  fuel  supplied  from  a  supply  pump  (6) 
and  accumulating  a  high  fuel  pressure; 
a  fuel  injection  means  (2)  connected  to  the 
accumulator  piping  (4)  for  injecting  fuel  into  a 
cylinder  (#1-#4)  of  the  engine  (1); 
a  state  detection  means  for  detecting  a  state  of 
the  engine  (1); 

an  injection  control  means  (51)  for  discriminat- 
ing  the  cylinders  (#1  -#4)  of  the  engine  and  con- 
trolling  the  fuel  injection  means  (2)  on  the  basis 
of  the  result  of  a  detection  by  the  state  detec- 

5  tion  means  so  as  to  inject  fuel  from  the  accu- 
mulator  piping  (4)  into  the  discriminated 
cylinder; 
a  pressure  adjusting  means  for  adjusting  fuel 
pressure  supplied  to  the  accumulator  piping  (4) 

10  from  the  supply  pump  (6);  and 
a  pressure  supply  control  means  for  controlling 
supply  of  pressurized  fuel  to  the  accumulator 
piping  (4)  by  controlling  the  pressure  adjusting 
means  so  as  to  increase  the  fuel  pressure  sup- 

15  plied  into  the  accumulator  piping  (4)  at  least  at 
the  time  of  start  of  the  engine  before  the  cylin- 
der  (#1-#4)  is  discriminated, 
the  fuel  injection  control  apparatus  further  com- 
prising: 

20  a  fuel  pressure  detection  means  (27)  for 
detecting  a  fuel  pressure  in  the  accumulator 
piping  (4);  and 
a  target  fuel  pressure  calculation  means  for 
calculating  a  target  fuel  pressure  based  on  a 

25  result  of  detection  by  the  state  detection 
means; 
wherein  the  fuel  pressure  is  controlled  during 
starting  of  the  engine  to  not  further  increase  if 
the  actual  fuel  pressure  detected  by  the  fuel 

30  pressure  detection  means  (27)  becomes  equal 
to  or  greater  than  the  target  fuel  pressure  cal- 
culated  by  the  target  fuel  pressure  calculation 
means. 

35  2.  A  fuel  injection  control  apparatus  according  to  claim 
1,  wherein  the  fuel  pressure  is  controlled  during 
starting  of  the  engine  to  be  reduced  if  the  actual  fuel 
pressure  detected  by  the  fuel  pressure  detection 
means  (27)  becomes  equal  to  or  greater  than  the 

40  target  fuel  pressure  calculated  by  the  target  fuel 
pressure  calculation  means. 

3.  A  fuel  injection  control  apparatus  according  to  claim 
1  or  2,  further  comprising:  a  pressure  supply  control 

45  stop  means  for  stopping  a  pressure  supply  control 
by  the  pressure  supply  control  means  if  the  actual 
fuel  pressure  detected  by  the  fuel  pressure  detec- 
tion  means  (27)  becomes  equal  to  or  greater  than 
the  target  fuel  pressure  calculated  by  the  target  fuel 

so  pressure  calculation  means,  at  least  at  the  time  of 
start  of  the  engine  before  the  cylinder  discrimina- 
tion. 

4.  A  fuel  injection  control  apparatus  according  to  any 
55  of  claims  1  to  3,  further  comprising:  a  fuel  release 

means  for  releasing  fuel  through  an  opening  opera- 
tion  of  the  fuel  release  means  so  as  to  reduce  the 
fuel  pressure  in  the  accumulator  piping  (4);  and  a 
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fuel  release  control  means  for  causing  the  fuel 
release  means  to  perform  the  opening  operation  for 
reducing  the  fuel  pressure  in  the  accumulator  pip- 
ing  (4)  if  the  actual  fuel  pressure  detected  by  the 
fuel  pressure  detection  means  (27)  becomes  equal  5 
to  or  greater  than  the  target  fuel  pressure  calcu- 
lated  by  the  target  fuel  pressure  calculation  means, 
at  least  at  the  time  of  start  of  the  engine  before  the 
cylinder  discrimination. 

10 
5.  A  fuel  injection  control  apparatus  according  to  any 

of  claims  1  or  2,  further  comprising:  a  restart  deter- 
mining  means  for  determining  at  least  at  the  time  of 
start  of  the  engine  (1)  before  the  starting  of  the 
engine  has  been  completed  whether  the  present  15 
starting  of  the  engine  is  a  restart  that  is  performed 
relatively  short  after  end  of  the  previous  operation 
of  the  engine  (1);  and  a  pressure  control  stop 
means  for  stopping  a  pressure  supply  control  by  the 
pressure  supply  control  means  if  the  actual  fuel  20 
pressure  detected  by  the  fuel  pressure  detection 
means  (27)  becomes  equal  to  or  greater  than  the 
target  fuel  pressure  calculated  by  the  target  fuel 
pressure  calculation  means,  if  it  has  been  deter- 
mined  by  the  restart  determining  means  that  the  25 
present  starting  of  the  engine  is  the  restart  per- 
formed  relatively  short  after  end  of  the  previous 
operation  of  the  engine  (1). 

6.  A  fuel  injection  control  apparatus  according  to  any  30 
of  claims  1  or  2,  further  comprising:  a  fuel  release 
means  for  releasing  fuel  through  an  opening  opera- 
tion  of  the  fuel  release  means  so  as  to  reduce  the 
fuel  pressure  in  the  accumulator  piping  (4);  a  restart 
determining  means  for  determining  at  least  at  the  35 
time  of  start  of  the  engine  (1)  before  the  starting  of 
the  engine  has  been  completed  whether  the 
present  starting  of  the  engine  is  a  restart  that  is  per- 
formed  relatively  short  after  end  of  the  previous 
operation  of  the  engine  (1);  and  a  fuel  release  con-  40 
trol  means  for  causing  the  fuel  release  means  to 
perform  the  opening  operation  if  the  actual  fuel 
pressure  detected  by  the  fuel  pressure  detection 
means  (27)  becomes  equal  to  or  greater  than  the 
target  fuel  pressure  calculated  by  the  target  fuel  45 
pressure  calculation  means,  if  it  has  been  deter- 
mined  by  the  restart  determining  means  that  the 
present  starting  of  the  engine  is  the  restart  per- 
formed  relatively  short  after  end  of  the  previous 
operation  of  the  engine  (1).  so 

7.  A  fuel  injection  control  apparatus  according  to  any 
of  claims  1  or  2,  further  comprising:  a  restart  deter- 
mining  means  for  determining  at  least  at  the  time  of 
start  of  the  engine  (1)  before  the  starting  of  the  55 
engine  has  been  completed  whether  the  present 
starting  of  the  engine  is  a  restart  that  is  performed 
immediately  after  a  starter  for  starting  the  engine 

(1)  has  been  changed  from  an  operating  state  to  a 
non-operating  state  following  a  failure  in  starting  the 
engine;  and  a  pressure  control  stop  means  for  stop- 
ping  a  pressure  supply  control  by  the  pressure  sup- 
ply  control  means  if  the  actual  fuel  pressure 
detected  by  the  fuel  pressure  detection  means  (27) 
becomes  equal  to  or  greater  than  the  target  fuel 
pressure  calculated  by  the  target  fuel  pressure  cal- 
culation  means,  if  it  has  been  determined  by  the 
restart  determining  means  that  the  present  starting 
of  the  engine  is  the  restart  performed  immediately 
after  a  starter  for  starting  the  engine  (1)  has  been 
changed  from  an  operating  state  to  a  non-operating 
state  following  a  failure  in  starting  the  engine. 

8.  A  fuel  injection  control  apparatus  according  to  any 
of  claims  1  or  2,  further  comprising:  a  fuel  release 
means  for  releasing  fuel  through  an  opening  opera- 
tion  of  the  fuel  release  means  so  as  to  reduce  the 
fuel  pressure  in  the  accumulator  piping  (4);  and  a 
restart  determining  means  for  determining  at  least 
at  the  time  of  start  of  the  engine  (1)  before  the  start- 
ing  of  the  engine  has  been  completed  whether  the 
present  starting  of  the  engine  is  a  restart  that  is  per- 
formed  immediately  after  a  starter  for  starting  the 
engine  (1)  has  been  changed  from  an  operating 
state  to  a  non-operating  state  following  a  failure  in 
starting  the  engine  and  wherein  a  fuel  release  con- 
trol  means  causes  the  fuel  release  means  to  per- 
form  the  opening  operation  if  the  actual  fuel 
pressure  detected  by  the  fuel  pressure  detection 
means  (27)  becomes  equal  to  or  greater  than  the 
target  fuel  pressure  calculated  by  the  target  fuel 
pressure  calculation  means,  if  it  has  been  deter- 
mined  by  the  restart  determining  means  that  the 
present  starting  of  the  engine  is  the  restart  per- 
formed  immediately  after  a  starter  for  starting  the 
engine  (1)  has  been  changed  from  an  operating 
state  to  a  non-operating  state  following  a  failure  in 
starting  the  engine. 

9.  A  fuel  injection  control  apparatus  for  an  accumula- 
tor  type  engine,  according  to  any  one  of  claims  4,  6 
or  8,  wherein  the  fuel  release  means  includes  at 
least  one  of  a  relief  valve  (1  2)  provided  between  the 
accumulator  piping  and  the  fuel  injection  means 
and  a  valve  mechanism  (3)  provided  in  the  fuel 
injection  means,  the  valve  mechanism  (3)  being 
capable  of  releasing  fuel  for  an  early  ineffective 
injection  time  when  driven. 

10.  A  fuel  injection  control  apparatus  for  an  accumula- 
tor  type  engine,  according  to  any  one  of  claims  1 
through  9,  wherein  the  pressure  supply  control  by 
the  pressure  supply  control  means  is  full  pressure 
supply  control  such  that  the  supply  of  fuel  into  the 
accumulator  piping  is  performed  to  a  maximum 
degree. 

19 



37 EP  0  896  145  A2 

1  1  .  A  fuel  injection  control  apparatus  for  an  accumula- 
tor  type  engine,  according  to  any  one  of  claims  1 
through  10,  wherein  the  fuel  pressure  is  adjusted  to 
a  target  fuel  pressure  that  varies  in  accordance  with 
a  crank  angle  of  the  engine  (1)  substantially  only 
after  the  cylinder  discrimination  at  the  time  of  start 
of  the  engine. 
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