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©  A  control  device  for  an  internal  combustion  en- 
gine  capable  of  conducting  lean  burn  control,  such 
as  exhaust  gas  emission  control,  always  optimally 
regardless  of  a  timewise  change  of  the  internal  com- 
bustion  engine,  variations  in  engines,  and  an  envi- 
ronmental  change.  The  control  device  includes  a 
detector  for  detecting  a  burn  condition  of  the  internal 
combustion  engine,  a  lean  limit  air-fuel  ratio  factor 
map,  a  lean  burn  feedback  logic,  an  oxygen  con- 
centration  sensor,  and  a  feedback  control  logic  for 
controlling  an  air-fuel  ratio  to  a  theoretical  air-fuel 
ratio,  wherein  lean  burn  is  performed  at  the  middle 
point  between  the  lean  limit  air-fuel  ratio  and  the 
theoretical  air-fuel  ratio. 

FIG.  1 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  lean  burn 
control  method  and  device  for  an  internal  combus- 
tion  engine,  and  a  fuel  injection  quantity  control 
method  and  device  including  the  lean  burn  control 
method  and  device.  In  particular,  the  present  inven- 
tion  relates  to  a  lean  burn  control  method  and 
device  for  an  internal  combustion  engine  to  be 
controlled  so  that  lean  burn  is  performed  at  the 
middle  point  between  a  theoretical  air-fuel  ratio  and 
a  lean  burn  limit,  and  a  fuel  injection  quantity 
control  method  and  device  including  such  a  lean 
burn  control  method  and  device. 

As  a  control  method  for  lean  burn,  there  has 
conventionally  been  considered  two  methods.  One 
of  the  two  methods  is  a  method  using  a  sensor 
called  a  wide-range  O2  sensor,  which  can  generate 
a  detection  signal  proportional  to  an  oxygen  con- 
centration.  The  other  method  is  a  method  such  that 
it  is  decided  whether  or  not  an  air-fuel  ratio  has 
entered  a  roughness  (rotation  fluctuation)  Zone, 
and  that  a  fuel  quantity  is  increased  if  the  air-fuel 
ratio  has  entered  the  roughness  zone. 

The  method  using  the  wide-range  O2  sensor 
requires  an  expensive  O2  sensor  to  cause  an  un- 
avoidable  increase  in  cost. 

In  general,  it  is  known  that  an  air-fuel  ratio  zone 
where  a  NOx  catalyst  works  most  is  present  at  the 
middle  position  between  a  theoretical  air-fuel  ratio 
and  a  roughness  air-fuel  ratio  zone,  and  that  the 
rate  of  purification  of  the  NOx  catalyst  decreases  in 
the  vicinity  of  the  roughness  air-fuel  ratio  zone  (see 
Fig.  3).  That  is,  in  the  method  such  that  burning  is 
carried  out  until  the  air-fuel  ratio  has  just  entered 
the  roughness  zone,  and  that  a  fuel  quantity  is 
somewhat  increased  to  restore  the  air-fuel  ratio 
(reduce  the  air-fuel  ratio),  so  as  to  improve  the 
burning,  there  occurs  a  problem  that  an  emission 
quantity  of  an  exhaust  gas  such  as  NOx  increases. 

Further,  in  an  air-fuel  ratio  control  device  for  a 
multicylinder  engine  for  controlling  an  air-fuel  ratio 
of  an  air-fuel  mixture  to  be  supplied  to  each  cyl- 
inder  to  a  roughness  tolerance  limit  on  the  lean 
side  according  to  an  output  from  burn  condition 
detecting  means  for  detecting  a  burn  condition  in 
each  cylinder,  it  is  known  to  provide  acceleration 
detecting  means  for  detecting  acceleration  of  the 
engine  and  control  means  for  controlling  a  fuel 
supply  quantity  at  acceleration  of  the  engine  ac- 
cording  to  an  output  from  the  acceleration  detect- 
ing  means  in  such  a  manner  that  the  smaller  the 
roughness  tolerance  limit  on  the  lean  side  in  each 
cylinder,  the  more  the  fuel  supply  quantity  is  in- 
creased  (e.g.,  Japanese  Patent  Laid-open  Publica- 
tion  No.  61-229936). 

In  this  case,  however,  it  is  considered  that  an 
optimum  lean  burn  air-fuel  ratio  is  present  at  the 

middle  point  between  a  theoretical  air-fuel  ratio  and 
a  lean  burn  limit  (i.e.,  the  roughness  tolerance  limit 
mentioned  in  the  above  prior  art)  from  the  two 
viewpoints  of  emission  of  an  exhaust  gas  (espe- 

5  cially,  NOx)  from  the  internal  combustion  engine 
and  stable  lean  burn  of  the  internal  combustion 
engine.  Accordingly,  the  increase  in  the  fuel  quan- 
tity  from  the  roughness  tolerance  limit  to  the  fuel- 
rich  air-fuel  ratio  according  to  only  the  output  from 

10  the  burn  condition  detecting  means  cause  a  dete- 
rioration  in  emission. 

SUMMARY  OF  THE  INVENTION 

15  It  is  accordingly  an  object  of  the  present  inven- 
tion  to  provide  a  lean  burn  control  method  and 
device  for  an  internal  combustion  engine  which  can 
effect  lean  burn  at  the  middle  point  between  the 
theoretical  air-fuel  ratio  and  the  lean  burn  limit  to 

20  prevent  the  deterioration  in  emission,  obtain  a  sta- 
ble  output  torque  of  the  internal  combustion  en- 
gine,  and  improve  a  fuel  consumption. 

According  to  an  aspect  of  the  present  inven- 
tion,  there  is  provided  a  lean  burn  control  device 

25  for  an  internal  combustion  engine,  comprising 
means  for  detecting  a  burn  condition  of  said  inter- 
nal  combustion  engine;  means  for  computing  an 
internal  condition  variable  representing  a  burn  de- 
gree  from  an  output  from  said  means  for  detecting 

30  said  burn  condition;  an  oxygen  concentration  sen- 
sor  provided  in  an  exhaust  pipe  of  said  internal 
combustion  engine  for  detecting  an  oxygen  con- 
centration  in  an  exhaust  gas;  means  for  computing 
a  first  fuel  quantity  to  be  supplied  to  said  internal 

35  combustion  engine  according  to  an  output  from 
said  oxygen  concentration  sensor  to  control  an  air- 
fuel  ratio  to  a  theoretical  air-fuel  ratio;  means  for 
computing  a  second  fuel  quantity  to  be  supplied  to 
said  internal  combustion  engine  according  to  said 

40  internal  condition  variable  representing  said  burn 
degree  and  an  internal  condition  variable  represent- 
ing  said  theoretical  air-fuel  ratio;  means  for  detect- 
ing  one  of  a  transition  state  and  a  steady  state  of 
said  internal  combustion  engine;  means  for  select- 

45  ing  one  of  said  first  fuel  quantity  and  said  second 
fuel  quantity  according  to  an  output  from  said 
means  for  detecting  one  of  said  transition  state  and 
said  steady  state;  means  for  detecting  a  rotational 
speed  of  said  internal  combustion  engine;  and 

50  means  for  detecting  an  air  quantity  to  be  sucked 
into  said  internal  combustion  engine. 

According  to  another  aspect  of  the  present 
invention,  there  is  provided  a  lean  burn  control 
device  for  an  internal  combustion  engine,  compris- 

55  ing  a  lean  burn  limit  map  preliminarily  stored;  an 
oxygen  concentration  sensor  provided  in  an  ex- 
haust  pipe  of  said  internal  combustion  engine  for 
detecting  an  oxygen  concentration  in  an  exhaust 
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gas;  means  for  computing  a  first  fuel  quantity  to  be 
supplied  to  said  internal  combustion  engine  ac- 
cording  to  an  output  from  said  oxygen  concentra- 
tion  sensor  to  control  an  air-fuel  ratio  to  a  theoreti- 
cal  air-fuel  ratio;  means  for  computing  a  second 
fuel  quantity  to  be  supplied  to  said  internal  com- 
bustion  engine  according  to  a  constant  retrieved 
from  said  lean  burn  limit  map  according  to  a  con- 
dition  of  said  internal  combustion  engine  and  an 
internal  condition  variable  representing  said  theo- 
retical  air-fuel  ratio;  means  for  detecting  one  of  a 
transition  state  and  a  steady  state  of  said  internal 
combustion  engine;  means  for  selecting  one  of  said 
first  fuel  quantity  and  said  second  fuel  quantity 
according  to  an  output  from  said  means  for  detect- 
ing  one  of  said  transition  state  and  said  steady 
state;  means  for  detecting  a  rotational  speed  of 
said  internal  combustion  engine;  and  means  for 
detecting  an  air  quantity  to  be  sucked  into  said 
internal  combustion  engine. 

According  to  a  further  aspect  of  the  present 
invention,  there  is  provided  a  fuel  injection  quantity 
control  device  for  an  internal  combustion  engine, 
comprising  means  for  detecting  a  burn  condition  of 
said  internal  combustion  engine;  means  for  com- 
puting  an  internal  condition  variable  representing  a 
burn  degree  from  an  output  from  said  means  for 
detecting  said  burn  condition;  an  oxygen  concen- 
tration  sensor  provided  in  an  exhaust  pipe  of  said 
internal  combustion  engine  for  detecting  an  oxygen 
concentration  in  an  exhaust  gas;  means  for  com- 
puting  a  first  fuel  quantity  to  be  supplied  to  said 
internal  combustion  engine  according  to  an  output 
from  said  oxygen  concentration  sensor  to  control 
an  air-fuel  ratio  to  a  theoretical  air-fuel  ratio;  means 
for  computing  a  second  fuel  quantity  to  be  supplied 
to  said  internal  combustion  engine  according  to 
said  internal  condition  variable  representing  said 
burn  degree  and  an  internal  condition  variable  re- 
presenting  said  theoretical  air-fuel  ratio;  means  for 
detecting  one  of  a  transition  state  and  a  steady 
state  of  said  internal  combustion  engine;  means  for 
selecting  one  of  said  first  fuel  quantity  and  said 
second  fuel  quantity  according  to  an  output  from 
said  means  for  detecting  one  of  said  transition 
state  and  said  steady  state;  means  for  detecting  a 
rotational  speed  of  said  internal  combustion  engine; 
means  for  detecting  an  air  quantity  to  be  sucked 
into  said  internal  combustion  engine;  a  fuel  injector; 
and  means  for  computing  a  fuel  injection  quantity 
to  be  injected  from  said  fuel  injector  into  said 
internal  combustion  engine  according  to  an  output 
from  said  means  for  detecting  said  rotational  speed 
of  said  internal  combustion  engine  and  an  output 
from  said  means  for  detecting  said  air  quantity  to 
be  sucked  into  said  internal  combustion  engine. 

The  first  fuel  quantity  to  be  supplied  to  the 
internal  combustion  engine  is  computed  according 

to  an  output  from  the  oxygen  concentration  sensor 
to  thereby  control  an  air-fuel  ratio  to  a  theoretical 
air-fuel  ratio.  On  the  other  hand,  a  lean  burn  limit  of 
the  internal  combustion  engine  is  detected  by  the 

5  burn  condition  detecting  means,  and  the  second 
fuel  quantity  to  be  supplied  to  the  internal  combus- 
tion  engine  is  computed  according  to  the  lean  burn 
limit  detected.  Further,  one  of  the  first  fuel  quantity 
and  the  second  fuel  quantity  is  selected  according 

io  to  a  result  of  decision  whether  the  internal  combus- 
tion  engine  is  in  a  transition  state  or  a  steady  state. 
Thus,  lean  burn  control  is  performed  at  the  middle 
point  between  the  theoretical  air-fuel  ratio  and  the 
lean  burn  limit. 

is  Other  objects  and  features  of  the  invention  will 
be  more  fully  understood  from  the  following  de- 
tailed  description  and  appended  claims  when  taken 
with  the  accompanying  drawings. 

20  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  diagram  showing  a  general 
construction  of  a  lean  burn  control  device  for  an 
internal  combustion  engine  according  to  the 

25  present  invention; 
Fig.  2  is  a  functional  block  diagram  of  the  lean 
burn  control  device  according  to  the  present 
invention; 
Fig.  3  is  a  graph  showing  the  relation  between 

30  an  air-fuel  ratio,  an  output  shaft  fluctuation 
torque,  an  emission,  and  a  lean  limit  zone  in  the 
internal  combustion  engine; 
Fig.  4  is  a  control  block  diagram  of  a  preferred 
embodiment  of  the  present  invention; 

35  Fig.  5  is  a  flowchart  of  a  fuel  control  logic  to  be 
performed  by  the  preferred  embodiment  shown 
in  Fig.  4; 
Fig.  6  is  a  flowchart  of  a  lean  limit  air-fuel  ratio 
factor  learn  timing  in  the  preferred  embodiment 

40  shown  in  Fig.  4; 
Fig.  7  is  a  flowchart  of  lean  burn  control  accord- 
ing  to  the  present  invention; 
Fig.  8  is  a  control  block  diagram  similar  to  Fig. 
4,  showing  another  preferred  embodiment  of  the 

45  present  invention; 
Fig.  9  is  a  control  block  diagram  of  another 
preferred  embodiment  in  which  the  lean  limit 
detection  is  applied  to  another  control; 
Fig.  10  is  a  control  block  diagram  of  another 

50  preferred  embodiment  using  an  output  from  a 
burning  pressure  sensor  for  the  detection  of  a 
burn  condition; 
Fig.  11  is  a  control  block  diagram  of  another 
preferred  embodiment  using  an  engine  speed 

55  for  the  detection  of  a  burn  condition; 
Fig.  12  is  a  flowchart  of  lean  limit  detection 
according  to  the  preferred  embodiment  shown  in 
Fig.  11; 

3 
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Fig.  13  is  a  control  block  diagram  similar  to  Fig. 
11,  showing  another  preferred  embodiment  us- 
ing  an  engine  rotation  angular  velocity  for  the 
detection  of  a  burn  condition; 
Fig.  14  is  a  timing  chart  showing  the  operation 
of  the  preferred  embodiment  shown  in  Fig.  13; 
Fig.  15  is  a  flowchart  of  lean  limit  detection 
according  to  the  preferred  embodiment  shown  in 
Fig.  13; 
Fig.  16  is  a  control  block  diagram  similar  to  Fig. 
13,  showing  another  preferred  embodiment  us- 
ing  an  output  from  an  engine  oscillation  sensor 
for  the  detection  of  a  burn  condition;  and 
Fig.  17  is  a  timing  chart  showing  the  operation 
of  the  preferred  embodiment  shown  in  Fig.  16. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

There  will  now  be  described  some  preferred 
embodiments  of  the  present  invention  with  refer- 
ence  to  the  accompanying  drawings. 

Fig.  1  shows  a  general  construction  of  a  sys- 
tem  including  a  preferred  embodiment  of  the 
present  invention.  Referring  to  Fig.  1,  reference 
numeral  101  designates  an  internal  combustion  en- 
gine.  A  suction  system  of  the  internal  combustion 
engine  101  is  provided  with  a  throttle  valve  110  for 
controlling  an  air  quantity  to  be  sucked  by  the 
internal  combustion  engine  101.  An  opening  angle 
of  the  throttle  valve  110  is  detected  by  a  throttle 
opening  sensor  103.  A  thermal  air  flow  meter  102 
for  measuring  a  mass  flow  of  the  suction  air  is 
provided  upstream  of  the  throttle  valve  110.  Fur- 
ther,  the  suction  system  is  provided  with  an  idle 
speed  control  (ISC)  valve  104  for  controlling  an  air 
flow  bypassing  the  throttle  valve  110  to  thereby 
control  an  idling  speed  of  the  internal  combustion 
engine  101  . 

A  fuel  injection  valve  105  for  supplying  fuel  to 
the  internal  combustion  engine  101  is  provided  at  a 
suction  port  connected  with  each  cylinder  of  the 
internal  combustion  engine  101.  A  crank  angle  sen- 
sor  108  for  detecting  a  rotational  speed  of  the 
internal  combustion  engine  101  is  provided  near  a 
crankshaft. 

An  exhaust  system  of  the  internal  combustion 
engine  101  is  provided  with  a  nitrogen  oxides  re- 
duction  catalyst  112  for  purifying  an  exhaust  gas 
by  nitrogen  oxides  reduction.  An  oxygen  concen- 
tration  sensor  106  for  detecting  an  oxygen  con- 
centration  in  the  exhaust  gas  is  provided  upstream 
of  the  nitrogen  oxides  reduction  catalyst  112. 

The  internal  combustion  engine  101  is  gen- 
erally  controlled  by  an  internal  combustion  engine 
control  unit  111  for  detecting  an  operational  con- 
dition  of  the  internal  combustion  engine  101  ac- 
cording  to  output  signals  from  the  various  sensors 

mentioned  above,  calculating  a  fuel  quantity  re- 
quired  by  the  internal  combustion  engine  101  from 
the  sensor  signals  in  a  predetermined  procedure, 
and  driving  actuators  for  the  fuel  injection  valves 

5  105,  etc.  In  this  preferred  embodiment,  the  oxygen 
concentration  sensor  106  is  a  sensor  adapted  to 
output  a  binary  signal  with  reference  to  a  threshold 
of  an  air-fuel  ratio. 

Fig.  2  shows  an  internal  circuit  block  of  the 
io  internal  combustion  engine  control  unit  111.  The 

internal  circuit  block  includes  a  driver  circuit  201 
for  inputting  the  output  signals  from  the  various 
sensors  and  converting  low-intensity  signals  into 
high-intensity  signals  for  driving  the  actuators,  an 

is  input/output  circuit  (interface  circuit)  202  for  con- 
verting  input/output  signals  into  analog/digital  sig- 
nals  for  digital  computing,  a  computing  circuit  203 
having  a  microcomputer  or  an  equivalent  comput- 
ing  circuit,  a  nonvolatile  ROM  204  and  a  volatile 

20  RAM  205  for  storing  constants,  variables,  and  pro- 
grams  to  be  used  for  the  operation  of  the  comput- 
ing  circuit  203,  and  a  backup  circuit  206  for  holding 
the  contents  in  the  volatile  RAM  205.  In  this  pre- 
ferred  embodiment,  the  output  signals  from  the 

25  oxygen  concentration  sensor  106,  the  throttle  open- 
ing  sensor  104,  the  crank  angle  sensor  108  and  the 
thermal  air  flow  meter  102  are  input  into  the  inter- 
nal  combustion  engine  control  unit  111,  and  an 
ignition  signal,  an  ISC  valve  control  signal  and  a 

30  fuel  injection  valve  driving  signal  are  output  from 
the  internal  combustion  engine  control  unit  111. 

Fig.  3  shows  the  relation  between  an  air-fuel 
ratio  of  the  internal  combustion  engine  101,  a  hy- 
drocarbon  (HC)  concentration  in  the  exhaust  gas,  a 

35  nitrogen  oxides  (NOx)  concentration,  and  an  output 
shaft  fluctuation  torque.  A  zone  shown  by  Xs  is  a 
theoretical  air-fuel  ratio  zone  to  be  controlled  in  a 
general  internal  combustion  engine.  Further,  a 
hatched  zone  is  a  zone  where  misfire  occurs  or  a 

40  surge  torque  increases  to  cause  no  fit  for  practical 
use  when  an  internal  combustion  engine  is  in  a 
lean  burn  condition,  and  a  lower  limit  (lean  limit)  of 
an  air-fuel  ratio  in  this  zone  is  shown  by  XL. 

When  lean  burn  is  effected  in  the  internal  com- 
45  bustion  engine  with  use  of  the  nitrogen  oxides 

reduction  catalyst,  it  is  ideal  to  perform  fuel  control 
at  the  middle  point  between  the  theoretical  air-fuel 
ratio  Xs  and  the  lean  limit  XL  from  the  two 
viewpoints  of  an  output  shaft  fluctuation  torque  and 

50  a  nitrogen  oxides  reduction  efficiency.  A  lean  burn 
zone  is  the  weighted  mean  of  the  theoretical  air- 
fuel  ratio  Xs  and  the  lean  limit  XL.  The  lean  limit  XL 
and  a  weighted  mean  constant  K  are  expressed  as 
the  following  functions. 

55 
XL  =  f(dN,  Pi)  (1-1) 

K  =  g(dN,  Pi)  (1-2) 

4 
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Fig.  4  shows  a  preferred  embodiment  of  a 
control  logic  according  to  the  present  invention. 
Referring  to  Fig.  4,  a  basic  fuel  injection  quantity 
Tp  per  unit  rotational  speed  of  the  internal  combus- 
tion  engine  is  calculated  from  a  suction  air  quantity 
Qa  and  a  rotational  speed  N  of  the  internal  com- 
bustion  engine  in  block  401,  wherein  K  represents 
a  fuel  injection  valve  constant,  and  Ts  represents 
an  invalid  injection  quantity  of  the  fuel  injection 
valve.  Block  402  is  an  air-fuel  ratio  correcting 
block,  in  which  KVR  represents  an  air-fuel  ratio 
correction  factor.  The  air-fuel  correction  factor  KVR 
is  retrieved  from  a  map  of  block  403  according  to 
the  suction  air  quantity  Qa  and  the  engine  speed  N. 

Block  405  is  a  lean  limit  air-fuel  ratio  factor 
map,  and  block  404  is  a  lean  limit  air-fuel  ratio 
learn  factor  map.  Both  blocks  404  and  405  show  an 
air-fuel  ratio  in  a  roughness  (rotation  fluctuation) 
zone.  In  block  405,  a  calculated  value  of  an  air-fuel 
ratio  in  the  condition  where  rotation  fluctuation  in- 
creases  up  to  a  tolerance  limit  is  preliminarily 
mapped.  In  block  406,  a  lean  limit  is  detected  from 
the  engine  speed  N,  and  a  lean  limit  air-fuel  ratio 
correction  factor  is  calculated.  In  block  407,  the  air- 
fuel  ratio  learn  factor  is  corrected  with  use  of  the 
calculated  correction  factor,  and  is  then  reflected  to 
the  learn  map  of  block  404.  While  the  learn  map  is 
usually  employed,  an  OR  circuit  is  preferably  pro- 
vided  to  select  either  map  always  having  the  factor, 
so  as  to  avoid  that  the  learn  value  may  not  be 
output. 

In  block  402,  a  middle  point  is  obtained  from  a 
calculated  lean  limit  air-fuel  ratio  factor  aL  and  a 
calculated  theoretical  air-fuel  ratio  factor  as  by  us- 
ing  a  certain  function  h.  In  block  403,  a  feedback 
factor  a  is  calculated  to  perform  lean  burn  control. 

Blocks  408,  409,  and  410  constitute  a  theoreti- 
cal  air-fuel  ratio  feedback  logic  to  perform  PI  (pro- 
portional  +  integral)  control  so  that  an  air-fuel  ratio 
becomes  14.7  according  to  an  output  from  the 
oxygen  concentration  sensor.  That  is,  block  408  as 
a  comparator  compares  the  output  from  the  oxygen 
concentration  sensor  with  a  threshold  from  block 
409,  and  block  410  as  a  PI  feedback  logic  cal- 
culates  a  theoretical  air-fuel  ratio  correction  factor 
as  from  an  output  from  the  comparator  408.  The 
calculated  factor  as  is  reflected  to  a  theoretical  air- 
fuel  ratio  learn  map  of  block  411.  In  this  preferred 
embodiment,  the  theoretical  air-fuel  ratio  learn  map 
411  and  the  lean  limit  air-fuel  ratio  learn  map  404 
have  the  axes  of  a  basic  fuel  injection  quantity  and 
an  engine  speed.  As  a  basic  fuel  injection  quantity 
indicates  an  engine  load  in  general,  it  may  be 
considered  that  the  factor  as  is  obtained  from  the 
engine  load  and  the  engine  speed. 

Fig.  5  is  a  general  flowchart  of  the  operation  of 
the  internal  combustion  engine  control  unit  accord- 

ing  to  the  present  invention.  Referring  to  Fig.  5,  in 
step  501,  an  output  Qa  from  the  thermal  air  flow 
meter  is  read  by  an  analog-digital  converter  or  the 
like  in  the  control  unit.  In  step  502,  an  engine 

5  speed  N  from  the  crank  angle  sensor  is  similarly 
read.  In  step  503,  an  output  O2  from  the  oxygen 
concentration  sensor  is  similarly  read.  Then,  in  step 
504,  a  basic  fuel  injection  quantity  Tp  is  calculated 
from  the  engine  speed  N  and  the  suction  air  quan- 

10  tity  Qa.  In  step  505,  a  lean  limit  is  detected  as 
shown  by  block  406  in  Fig.  4.  In  block  406,  a  lean 
limit  air-furl  ratio  correction  factor  is  also  calculated 
and  learned.  In  step  506,  air-fuel  ratio  feedback  is 
performed  according  to  the  output  O2  from  the 

15  oxygen  concentration  sensor  so  as  to  keep  a  theo- 
retical  air-fuel  ratio  (see  blocks  408,  409,  and  410 
in  Fig.  4).  In  step  507,  it  is  decided  whether  the 
internal  combustion  engine  is  in  a  transition  state  or 
a  steady  state  according  to  an  output  from  the 

20  throttle  opening  sensor  provided  in  the  suction  pipe 
of  the  internal  combustion  engine.  In  step  508,  a 
fuel  injection  quantity  required  by  the  internal  com- 
bustion  engine  is  calculated  from  the  air-fuel  ratio 
factor  as,  the  lean  limit  air-fuel  ratio  factor  KLEAN, 

25  etc.  Finally,  in  step  509,  fuel  injection  is  performed. 
Fig.  6  is  flowchart  showing  a  learn  timing  of  a 

lean  limit  air-fuel  ratio  factor.  Referring  to  Fig.  6,  in 
step  601  ,  a  lean  limit  air-fuel  ratio  factor  learn  value 
LKLEAN  is  retrieved  from  its  map  according  to  the 

30  engine  speed  N  and  the  suction  air  quantity  Qa  (or 
the  basic  fuel  injection  quantity  Tp)  (see  block  404 
in  Fig.  4).  In  step  602,  it  is  decided  whether  or  not 
the  learn  value  LKLEAN  is  present  in  the  learn 
map.  If  the  learn  value  LKLEAN  is  not  present,  a 

35  lean  limit  air-fuel  ratio  factor  KLEAN  at  this  time  is 
written  as  a  learn  value  into  the  learn  map  (step 
603).  If  the  learn  value  LKLEAN  is  present,  it  is 
decided  whether  or  not  the  learn  value  LKLEAN  is 
equal  to  the  factor  KLEAN  at  this  time  (step  604).  If 

40  the  learn  value  LKLEAN  is  not  equal  to  the  factor 
KLEAN,  the  factor  KLEAN  is  written  as  a  learn 
value  into  the  learn  map  (step  605). 

Fig.  7  is  a  flowchart  of  fuel  control  in  the  lean 
burn  zone  by  the  internal  combustion  engine  con- 

45  trol  unit  according  to  the  present  invention.  Refer- 
ring  to  Fig.  7,  in  step  701,  a  lean  limit  air-fuel  ratio 
factor  KLEAN  is  retrieved  from  its  map  according 
to  the  engine  speed  N  and  the  suction  air  quantity 
Qa  (or  the  basic  fuel  injection  quantity  Tp).  In  step 

50  702,  the  lean  limit  air-fuel  ratio  correction  factor 
calculated  in  the  above-mentioned  logic  is  read.  In 
step  703,  a  theoretical  air-fuel  ratio  factor  as  is 
retrieved  from  its  map  according  to  the  engine 
speed  N  and  the  suction  air  quantity  Qa  (or  the 

55  basic  fuel  injection  quantity  Tp).  In  step  704,  the 
product  of  the  lean  limit  air-fuel  ratio  correction 
factor  and  the  lean  limit  air-fuel  ratio  factor  KLEAN 
is  compared  with  a  lean  limit  air-fuel  ratio  factor 

5 



9 EP  0  597  232  A2 10 

learn  value  LKLEAN.  If  the  product  of  the  correc- 
tion  factor  and  the  factor  KLEAN  is  less  than  the 
learn  value  LKLEAN,  the  factor  aL  is  set  to  the 
product  of  the  correction  factor  and  the  factor 
KLEAN  (step  705).  On  the  other  hand,  if  the  learn 
value  LKLEAN  is  less  than  the  product,  the  factor 
aL  is  set  to  the  learn  value  LKLEAN  (step  706).  In 
step  707,  a  weighted  mean  constant  G  is  read.  In 
step  708,  it  is  decided  whether  the  internal  com- 
bustion  engine  is  in  a  transition  state  or  a  steady 
state.  If  the  internal  combustion  engine  is  in  the 
transition  state,  the  theoretical  air-fuel  ratio  factor  as 
is  used  for  the  calculation  of  a  fuel  injection  quan- 
tity  (steps  711  and  710).  On  the  other  hand,  if  the 
internal  combustion  engine  is  in  the  steady  state, 
the  weighted  mean  a  of  the  lean  limit  air-fuel  ratio 
factor  aL  and  the  theoretical  air-fuel  ratio  factor  as 
is  used  for  the  calculation  of  a  fuel  injection  quan- 
tity  (steps  709  and  710). 

Fig.  8  shows  a  control  block  diagram  according 
to  another  preferred  embodiment  employing  an  in- 
telligence  sensor  Sr  mounted  on  the  internal  com- 
bustion  engine  for  generating  a  lean  limit  detection 
signal.  The  basic  construction  of  the  control  block 
in  this  preferred  embodiment  is  the  same  as  that  in 
the  previous  preferred  embodiment  shown  in  Fig. 
4,  and  the  explanation  thereof  will  be  omitted  here- 
in.  Referring  to  Fig.  8,  an  output  from  the  intel- 
ligence  sensor  Sr  is  input  into  block  806,  in  which  a 
lean  limit  air-fuel  ratio  correction  factor  is  calcu- 
lated.  When  rotation  fluctuation  in  the  internal  com- 
bustion  engine  becomes  large,  the  intelligence  sen- 
sor  Sr  outputs  a  command  for  somewhat  shifting 
the  lean  burn  zone  to  the  fuel-rich  side. 

Fig.  9  shows  another  preferred  embodiment 
wherein  the  lean  limit  detecting  block  as  mentioned 
above  is  applied  to  an  electronically  controlled  ex- 
haust  gas  recirculation  control  device  (EGR).  Refer- 
ring  to  Fig.  9,  block  902  shows  a  map  of  a  target 
exhaust  gas  recirculation  rate  KEGR.  The  map  has 
the  axes  of  an  engine  speed  N  and  a  suction  air 
quantity  Qa.  Block  901  is  a  map  of  a  target  exhaust 
gas  recirculation  rate  learn  value  LKEGR.  Block 
903  functions  to  detect  a  deterioration  in  burn  con- 
dition  of  the  internal  combustion  engine,  calculate  a 
target  exhaust  gas  recirculation  rate  correction  fac- 
tor,  correct  the  target  exhaust  gas  recirculation  rate 
KEGR  with  use  of  the  correction  factor,  and  write 
the  corrected  KEGR  as  a  learn  value  into  the  learn 
map  901. 

Fig.  10  shows  another  preferred  embodiment 
employing  a  burning  pressure  sensor  for  the  lean 
limit  detection.  Referring  to  Fig.  10,  an  output  sig- 
nal  from  the  burning  pressure  sensor  (i.e.,  a  pres- 
sure  P  in  the  cylinder)  is  input  into  the  internal 
combustion  engine  control  unit,  and  is  subjected  to 
filtering  in  block  1001.  The  maximum  value  and  the 
minimum  value  of  filtered  values  over  a  given  inter- 

val  are  detected  in  blocks  1002  and  1003,  respec- 
tively.  This  given  interval  is  determined  in  synchro- 
nism  with  engine  speed  or  time,  and  a  period  fit  for 
the  internal  combustion  engine  is  selected.  In  block 

5  1003A,  the  difference  between  the  maximum  value 
and  the  minimum  value  is  calculated.  A  basic  value 
of  such  a  difference  is  retrieved  from  a  map  of 
block  1004  according  to  the  engine  speed  N  and 
the  suction  air  quantity  Qa  (or  the  basic  fuel  injec- 

io  tion  quantity  Tp).  In  block  1003B,  the  difference 
between  the  difference  obtained  in  block  1003A 
and  the  basic  value  retrieved  from  block  1004  is 
calculated.  The  map  of  block  1004  shows  a  stan- 
dard  value  of  the  difference  between  the  maximum 

is  value  and  the  minimum  value  of  pressures  in  the 
cylinder  of  a  general  internal  combustion  engine, 
which  standard  value  is  initially  stored  as  data.  This 
map  indicates  that  when  the  difference  between  the 
maximum  value  and  the  minimum  value  becomes  a 

20  certain  value  or  more,  the  air-fuel  ratio  enters  a 
roughness  zone.  A  gain  G  is  retrieved  from  a  map 
of  block  1005  according  to  the  engine  speed  N  and 
the  suction  air  quantity  Qa  (or  the  basic  fuel  injec- 
tion  quantity  TP).  In  block  1006,  the  gain  G  re- 

25  trieved  from  the  map  1005  is  multiplied  by  the 
difference  obtained  from  block  1003B  to  correct  the 
lean  limit  air-fuel  ratio  factor  KLEAN.  An  output 
value  ALKLEAN  thus  obtained  is  reflected  to  the 
map  of  the  lean  limit  air-fuel  ratio  learn  factor 

30  LKLEAN. 
Fig.  11  shows  another  preferred  embodiment  in 

which  the  lean  limit  detection  is  performed  from  a 
rotational  speed  of  the  internal  combustion  engine. 
Referring  to  Fig.  11,  the  engine  speeds  N  output 

35  from  the  crank  angle  sensor  are  subjected  to  filter- 
ing  in  block  1101.  A  time  constant  T  is  retrieved 
from  a  map  of  block  1103  according  to  the  engine 
speed  N  and  the  suction  air  quantity  Qa  (or  the 
basic  fuel  injection  quantity  Tp),  and  the  time  con- 

40  stant  T  thus  retrieved  is  used  in  block  1101.  In 
block  1101  A,  the  differences  dN  between  filtered 
values  and  unfiltered  values  are  calculated.  Then, 
in  block  1102,  the  average  and  the  variance  S  of 
the  differences  dN  over  a  given  interval  are  cal- 

45  culated.  A  gain  G  is  retrieved  from  a  map  of  block 
1104  according  to  the  engine  speed  N  and  the 
suction  air  quantity  Qa  (or  the  basic  fuel  injection 
quantity  TP).  Then,  in  block  1105,  the  gain  G  thus 
retrieved  from  the  map  1104  is  multiplied  by  the 

50  variance  S  calculated  in  block  1102  to  correct  the 
lean  limit  air-fuel  ratio  factor  KLEAN.  An  output 
value  ALKLEAN  thus  obtained  is  reflected  to  the 
map  of  the  lean  limit  air-fuel  ratio  learn  factor 
LKLEAN. 

55  In  this  manner,  the  average  and  the  variance  of 
rotation  fluctuations  over  a  given  interval  are  cal- 
culated,  and  it  is  decided  that  the  larger  the  vari- 
ance,  the  larger  the  rotation  fluctuations.  In  accor- 
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dance  with  the  increase  in  the  variance,  the  air-fuel 
ratio  in  the  roughness  zone  is  corrected. 

Fig.  12  is  a  flowchart  illustrating  the  lean  limit 
detection,  the  calculation  and  the  learning  of  the 
lean  limit  air-fuel  ratio  correction  factor  according  to 
the  preferred  embodiment  shown  in  Fig.  11.  Refer- 
ring  to  Fig.  12,  in  step  1201,  the  time  constant  T  of 
the  filter  is  retrieved  from  the  map  (see  block  1104 
in  Fig.  11)  having  the  axes  of  an  engine  speed  N 
and  a  suction  air  quantity  Qa  (or  a  basic  fuel 
injection  quantity  Tp).  In  step  1202,  the  engine 
speeds  N  are  filtered  by  using  the  time  constant  T 
retrieved  above.  In  step  1203,  the  absolute  values 
dN  of  the  differences  between  filtered  values  and 
unfiltered  values  are  calculated.  In  step  1204,  the 
average  of  the  absolute  values  dN  over  a  given 
interval  is  calculated.  In  step  1205,  the  variance  S 
of  the  differences  dN  is  calculated  by  using  the 
average  calculated  in  step  1204.  In  step  1206,  the 
correction  gain  G  is  retrieved  from  the  map  (see 
block  1104  in  Fig.  11)  having  the  axes  of  an  engine 
speed  N  and  a  suction  air  quantity  Qa  (or  a  basic 
fuel  injection  quantity  Tp).  In  step  1207,  the  lean 
limit  air-fuel  ratio  factor  KLEAN  is  corrected  by 
using  the  gain  G,  and  in  step  1208,  the  corrected 
value  of  the  factor  KLEAN  is  written  as  a  learn 
value  into  the  map  of  the  lean  limit  air-fuel  ratio 
learn  factor  LKLEAN. 

Fig.  13  shows  another  preferred  embodiment 
similar  to  the  preferred  embodiment  shown  in  Fig. 
11,  in  which  the  lean  limit  detection  is  performed 
from  a  rotational  speed  of  the  internal  combustion 
engine,  and  more  particularly,  a  change  in  rotation 
angular  velocity  is  detected.  Referring  to  Fig.  13, 
block  1301  shows  a  sampler  for  sampling  the  en- 
gine  speeds  N.  The  sampling  is  performed  in  syn- 
chronism  with  engine  speed  or  time.  In  block  1302, 
the  average  of  the  engine  speeds  N  over  a  given 
interval  is  calculated.  In  block  1302A,  the  differ- 
ences  dN  between  the  sampled  engine  speeds  N 
and  the  average  is  calculated.  In  block  1303,  the 
differences  A  dN  between  the  differences  dN  and 
similar  differences  before  the  given  interval  are 
calculated.  A  threshold  (SLICE)  is  retrieved  from  a 
map  of  block  1304  according  to  the  engine  speed 
N  and  the  suction  air  quantity  Qa  (or  the  basic  fuel 
injection  quantity  Tp).  In  block  1305  as  a  compara- 
tor  having  a  hysteresis,  the  differences  AdN  cal- 
culated  above  are  compared  with  the  threshold 
retrieved  from  the  map  1304  to  detect  a  lean  limit. 

In  this  manner,  the  differences  between  the 
sampled  engine  speeds  and  the  average  thereof 
over  a  given  interval  are  calculated.  That  is,  vari- 
ations  from  a  central  value  are  calculated.  Then, 
the  differences  between  the  differences  over  the 
present  given  interval  and  the  differences  over  the 
previous  given  interval  are  calculated.  That  is,  dif- 
ferential  values  are  calculated.  Then,  the  roughness 

zone  can  be  decided  by  determining  a  degree  of 
change  in  the  differential  values. 

Fig.  14  shows  a  timing  chart  of  the  lean  limit 
detection  according  to  the  preferred  embodiment 

5  shown  in  Fig.  13.  Referring  to  Fig.  14,  chart  1401 
shows  rotation  fluctuations  of  the  internal  combus- 
tion  engine.  The  left-hand  portion  of  the  chart  1401 
shows  the  rotation  fluctuations  during  normal  rota- 
tion  of  the  internal  combustion  engine  (near  the 

io  theoretical  air-fuel  ratio),  and  the  right-hand  portion 
of  the  chart  1401  shows  the  rotation  fluctuations  at 
the  lean  limit  (the  roughness  zone).  Chart  1402 
shows  the  differences  dN,  or  the  variations  from 
the  central  value,  and  chart  1403  shows  the  differ- 

15  ences  AdN  between  the  differences  dN  over  the 
present  given  interval  and  the  differences  dN  over 
the  previous  given  interval. 

As  understood  from  Fig.  14,  when  the  air-fuel 
ratio  enters  the  roughness  zone,  a  change  in  the 

20  variations  dN  from  the  central  value  becomes  large. 
Further,  when  any  of  the  differential  values  AdN 
exceed  the  threshold  (SLICE),  a  lean  limit  detection 
signal  J  indicating  that  the  air-fuel  ratio  has  entered 
the  roughness  zone  is  output  as  shown  in  chart 

25  1404. 
Fig.  15  is  a  flowchart  illustrating  the  lean  limit 

detection  according  to  the  preferred  embodiment 
shown  in  Fig.  13.  Referring  to  Fig.  15,  in  step  1501, 
it  is  decided  whether  or  not  a  starting  period  TRIG 

30  generating  a  given  interval  has  been  input.  This 
given  interval  is  input  in  synchronism  with  time, 
engine  speed,  external  interruption,  etc.  If  the  start- 
ing  period  TRIG  has  just  input,  a  lean  limit  detec- 
tion  signal  is  initialized  in  step  1512,  and  a  lean 

35  limit  decision  counter  is  initialized  in  step  1513.  If 
the  starting  period  TRIG  has  not  just  been  input, 
the  engine  speeds  N  are  sampled  during  every 
given  time  in  step  1502,  and  the  engine  speeds  N 
thus  sampled  are  averaged  in  step  1503.  In  step 

40  1504,  the  average  obtained  in  step  1503  is  sub- 
tracted  from  the  sampled  engine  speeds  to  cal- 
culate  the  differences  dN.  In  step  1505,  the  differ- 
ences  dNn_!  during  the  previous  given  time  are 
subtracted  from  the  differences  dNn  during  the 

45  present  given  time  to  calculate  the  changes  AdN 
per  unit  time.  In  step  1506,  the  threshold  is  re- 
trieved  from  the  map  (see  block  1304  in  Fig.  13) 
according  to  the  engine  speed  N  and  the  suction 
air  quantity  Qa  (or  the  basic  fuel  injection  quantity 

50  Tp).  Then,  in  step  1507,  it  is  decided  whether  or 
not  any  of  the  changes  AdN  exceed  the  threshold. 
If  the  answer  in  step  1507  is  YES,  the  lean  limit 
detection  signal  (J  =  1)  is  output  (step  1508),  and 
the  count  value  of  the  lean  limit  decision  counter  is 

55  incremented  (step  1509).  In  step  1510,  it  is  decided 
whether  or  not  the  count  value  exceeds  a  thresh- 
old.  If  the  answer  in  step  1510  is  YES,  the  lean 
limit  air-fuel  ratio  factor  KLEAN  is  learned  in  step 
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1511.  If  the  answer  in  step  1507  is  NO,  the  lean 
limit  detection  signal  and  the  lean  limit  decision 
counter  are  initialized  in  steps  1512  and  1513, 
respectively. 

Fig.  16  shows  another  preferred  embodiment 
wherein  the  lean  limit  detection  is  performed  from 
a  natural  frequency  of  the  internal  combustion  en- 
gine.  Referring  to  Fig.  16,  a  signal  Kf  denotes  an 
output  from  an  oscillation  sensor  mounted  on  the 
internal  combustion  engine.  A  natural  frequency 
Kfs  is  extracted  from  this  output  Kf  by  a  band  pass 
filter  in  block  1601.  The  natural  frequency  Kfs  is 
integrated  over  a  given  interval  in  block  1602.  A 
threshold  (SLICE)  is  retrieved  from  a  map  of  block 
1603  according  to  the  engine  speed  N  and  the 
suction  air  quantity  Qa  (or  the  basic  fuel  injection 
quantity  Tp).  Then,  in  block  1604  as  a  comparator, 
an  integral  value  output  from  block  1602  is  com- 
pared  with  the  threshold  retrieved  from  the  map 
1603.  If  the  integral  value  exceeds  the  threshold,  a 
lean  limit  detection  signal  J  is  output  from  the 
comparator  1604. 

In  this  manner,  the  roughness  zone  is  decided 
by  determining  whether  or  not  the  integral  value  of 
oscillation  over  a  given  interval  has  exceeded  the 
threshold. 

Fig.  17  shows  a  timing  chart  of  the  lean  limit 
detection  according  to  the  preferred  embodiment 
shown  in  Fig.  16.  Referring  to  Fig.  17,  chart  1701 
shows  the  output  signal  Kf  from  the  oscillation 
sensor;  chart  1702  shows  the  filtered  value  Kfs  of 
the  output  signal  Kf;  and  chart  1703  shows  the  lean 
limit  detection  signal. 

While  the  invention  has  been  described  with 
reference  to  specific  embodiments,  the  description 
is  illustrative  and  is  not  to  be  construed  as  limiting 
the  scope  of  the  invention.  Various  modifications 
and  changes  may  occur  to  those  skilled  in  the  art 
without  departing  from  the  spirit  and  scope  of  the 
invention  as  defined  by  the  appended  claims. 

For  example,  while  the  internal  combustion  en- 
gine  control  unit  of  the  preferred  embodiment 
shown  in  Fig.  2  is  constructed  of  a  digital  comput- 
ing  device,  it  may  be  constructed  of  an  analog 
computing  device. 

Further,  while  the  filter  for  processing  the  sig- 
nal  from  the  burning  pressure  sensor  according  to 
the  preferred  embodiments  shown  in  Figs.  10  and 
11  is  a  first-order  lag  filter  in  a  continuous  region,  it 
may  be  a  digital  filter  in  a  discrete  region. 

As  understood  from  the  above  description,  a 
burning  condition  of  the  internal  combustion  engine 
is  detected  according  to  the  present  invention,  so 
that  a  deterioration  in  lean  burn  condition  due  to  a 
timewise  change  of  the  internal  combustion  engine 
can  be  avoided.  Further,  since  lean  burn  control  is 
performed  at  the  middle  point  between  an  air-fuel 
ratio  factor  from  the  burn  condition  detecting 

means  and  a  theoretical  air-fuel  ratio  factor,  a  dete- 
rioration  in  exhaust  gas  emission  can  be  avoided, 
and  a  stable  output  torque  of  the  internal  combus- 
tion  engine  can  be  expected.  Further,  since  either  a 

5  lean  burn  condition  or  a  theoretical  air-fuel  ratio 
condition  of  the  internal  combustion  engine  can  be 
selected,  a  fuel  consumption  can  be  improved  with- 
out  damaging  a  vehicle  running  condition. 

w  Claims 

1.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine,  comprising: 

means  for  detecting  a  burn  condition  of 
is  said  internal  combustion  engine; 

means  for  computing  an  internal  condition 
variable  representing  a  burn  degree  from  an 
output  from  said  means  for  detecting  said  burn 
condition; 

20  an  oxygen  concentration  sensor  provided 
in  an  exhaust  pipe  of  said  internal  combustion 
engine  for  detecting  an  oxygen  concentration 
in  an  exhaust  gas; 

means  for  computing  a  first  fuel  quantity  to 
25  be  supplied  to  said  internal  combustion  engine 

according  to  an  output  from  said  oxygen  con- 
centration  sensor  to  control  an  air-fuel  ratio  to 
a  theoretical  air-fuel  ratio; 

means  for  computing  a  second  fuel  quan- 
30  tity  to  be  supplied  to  said  internal  combustion 

engine  according  to  said  internal  condition 
variable  representing  said  burn  degree  and  an 
internal  condition  variable  representing  said 
theoretical  air-fuel  ratio; 

35  means  for  detecting  one  of  a  transition 
state  and  a  steady  state  of  said  internal  com- 
bustion  engine; 

means  for  selecting  one  of  said  first  fuel 
quantity  and  said  second  fuel  quantity  accord- 

40  ing  to  an  output  from  said  means  for  detecting 
one  of  said  transition  state  and  said  steady 
state; 

means  for  detecting  a  rotational  speed  of 
said  internal  combustion  engine;  and 

45  means  for  detecting  an  air  quantity  to  be 
sucked  into  said  internal  combustion  engine. 

2.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine,  comprising: 

50  a  lean  burn  limit  map  preliminarily  stored; 
an  oxygen  concentration  sensor  provided 

in  an  exhaust  pipe  of  said  internal  combustion 
engine  for  detecting  an  oxygen  concentration 
in  an  exhaust  gas; 

55  means  for  computing  a  first  fuel  quantity  to 
be  supplied  to  said  internal  combustion  engine 
according  to  an  output  from  said  oxygen  con- 
centration  sensor  to  control  an  air-fuel  ratio  to 

8 
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a  theoretical  air-fuel  ratio; 
means  for  computing  a  second  fuel  quan- 

tity  to  be  supplied  to  said  internal  combustion 
engine  according  to  a  constant  retrieved  from 
said  lean  burn  limit  map  according  to  a  con- 
dition  of  said  internal  combustion  engine  and 
an  internal  condition  variable  representing  said 
theoretical  air-fuel  ratio; 

means  for  detecting  one  of  a  transition 
state  and  a  steady  state  of  said  internal  com- 
bustion  engine; 

means  for  selecting  one  of  said  first  fuel 
quantity  and  said  second  fuel  quantity  accord- 
ing  to  an  output  from  said  means  for  detecting 
one  of  said  transition  state  and  said  steady 
state; 

means  for  detecting  a  rotational  speed  of 
said  internal  combustion  engine;  and 

means  for  detecting  an  air  quantity  to  be 
sucked  into  said  internal  combustion  engine. 

3.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine  according  to  claim  1,  wherein 
said  means  for  detecting  said  burn  condition  of 
said  internal  combustion  engine  comprises  a 
burning  pressure  sensor  mounted  in  a  com- 
bustion  chamber  of  said  internal  combustion 
engine. 

4.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine  according  to  claim  1,  wherein 
said  means  for  detecting  said  burn  condition  of 
said  internal  combustion  engine  comprises 
means  for  detecting  a  rotation  fluctuation  of 
said  internal  combustion  engine. 

5.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine  according  to  claim  1,  wherein 
said  means  for  detecting  said  burn  condition  of 
said  internal  combustion  engine  comprises 
means  for  detecting  a  natural  frequency  of  said 
internal  combustion  engine  in  burning. 

6.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine  according  to  claim  1,  wherein 
said  means  for  detecting  said  burn  condition  of 
said  internal  combustion  engine  comprises 
means  for  detecting  a  frequency  of  light  gen- 
erating  in  said  internal  combustion  engine  in 
burning. 

7.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine  according  to  claim  1  or  2, 
wherein  said  oxygen  concentration  sensor  for 
detecting  said  oxygen  concentration  in  said 
exhaust  gas  comprises  a  sensor  adapted  to 
output  a  binary  signal  with  respect  to  a  thresh- 
old  of  said  air-fuel  ratio. 

8.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine  according  to  claim  1  or  2, 
wherein  said  oxygen  concentration  sensor  for 
detecting  said  oxygen  concentration  in  said 

5  exhaust  gas  comprises  a  sensor  adapted  to 
output  a  linear  signal  with  respect  to  said  air- 
fuel  ratio. 

9.  A  lean  burn  control  device  for  an  internal  com- 
io  bustion  engine  according  to  claim  1  or  2, 

wherein  said  means  for  detecting  one  of  said 
transition  state  and  said  steady  state  of  said 
internal  combustion  engine  comprises  means 
for  detecting  a  change  in  output  from  a  throttle 

is  opening  sensor  provided  in  a  suction  pipe  of 
said  internal  combustion  engine. 

10.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine  according  to  claim  1  or  2, 

20  wherein  said  means  for  detecting  one  of  said 
transition  state  and  said  steady  state  of  said 
internal  combustion  engine  comprises  means 
for  detecting  a  change  in  said  rotational  speed 
of  said  internal  combustion  engine. 

25 
11.  A  lean  burn  control  device  for  an  internal  com- 

bustion  engine  according  to  claim  1  or  2, 
wherein  said  means  for  detecting  one  of  said 
transition  state  and  said  steady  state  of  said 

30  internal  combustion  engine  comprises  means 
for  detecting  a  change  in  said  air  quantity  to 
be  sucked  into  said  internal  combustion  en- 
gine. 

35  12.  A  lean  burn  control  device  for  an  internal  com- 
bustion  engine  according  to  claim  1,  wherein 
said  means  for  detecting  said  air  quantity  to  be 
sucked  into  said  internal  combustion  engine 
comprises  a  thermal  air  flow  meter. 

40 
13.  A  lean  burn  control  device  for  an  internal  com- 

bustion  engine  according  to  claim  2,  wherein 
said  lean  burn  limit  map  comprises  a  function 
of  an  output  from  said  means  for  detecting 

45  said  rotational  speed  of  said  internal  combus- 
tion  engine  and  an  output  from  said  means  for 
detecting  said  air  quantity  to  be  sucked  into 
said  internal  combustion  engine. 

50  14.  A  fuel  injection  quantity  control  device  for  an 
internal  combustion  engine,  comprising: 

said  lean  burn  control  device  as  defined  in 
any  one  of  claims  1  to  13; 

a  fuel  injector;  and 
55  means  for  computing  a  fuel  injection  quan- 

tity  to  be  injected  from  said  fuel  injector  into 
said  internal  combustion  engine  according  to 
said  rotational  speed  and  said  air  quantity  de- 
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tected  in  said  lean  burn  control  device. 

15.  A  lean  burn  control  method  for  an  internal 
combustion  engine,  comprising  the  steps  of: 

detecting  a  burn  condition  of  said  internal 
combustion  engine; 

computing  an  internal  condition  variable 
representing  a  burn  degree  from  a  result  of 
detection  in  said  step  of  detecting  said  burn 
condition; 

detecting  an  oxygen  concentration  in  an 
exhaust  gas; 

computing  a  first  fuel  quantity  to  be  sup- 
plied  to  said  internal  combustion  engine  ac- 
cording  to  a  result  of  detection  in  said  step  of 
detecting  said  oxygen  concentration  to  control 
an  air-fuel  ratio  to  a  theoretical  air-fuel  ratio; 

computing  a  second  fuel  quantity  to  be 
supplied  to  said  internal  combustion  engine 
according  to  said  internal  condition  variable 
representing  said  burn  degree  and  an  internal 
condition  variable  representing  said  theoretical 
air-fuel  ratio; 

detecting  one  of  a  transition  state  and  a 
steady  state  of  said  internal  combustion  en- 
gine; 

selecting  one  of  said  first  fuel  quantity  and 
said  second  fuel  quantity  according  to  a  result 
of  detection  in  said  step  of  detecting  one  of 
said  transition  state  and  said  steady  state; 

detecting  a  rotational  speed  of  said  internal 
combustion  engine;  and 

detecting  an  air  quantity  to  be  sucked  into 
said  internal  combustion  engine. 

16.  A  lean  burn  control  method  for  an  internal 
combustion  engine,  comprising  the  steps  of: 

detecting  an  oxygen  concentration  in  an 
exhaust  gas; 

computing  a  first  fuel  quantity  to  be  sup- 
plied  to  said  internal  combustion  engine  ac- 
cording  to  a  result  of  detection  in  said  step  of 
detecting  said  oxygen  concentration  to  control 
an  air-fuel  ratio  to  a  theoretical  air-fuel  ratio; 

computing  a  second  fuel  quantity  to  be 
supplied  to  said  internal  combustion  engine 
according  to  a  constant  retrieved  from  a  lean 
burn  limit  map  preliminarily  stored  according 
to  a  condition  of  said  internal  combustion  en- 
gine  and  an  internal  condition  variable  repre- 
senting  said  theoretical  air-fuel  ratio; 

detecting  one  of  a  transition  state  and  a 
steady  state  of  said  internal  combustion  en- 
gine; 

selecting  one  of  said  first  fuel  quantity  and 
said  second  fuel  quantity  according  to  a  result 
of  detection  in  said  step  of  detecting  one  of 
said  transition  state  and  said  steady  state; 

detecting  a  rotational  speed  of  said  internal 
combustion  engine;  and 

detecting  an  air  quantity  to  be  sucked  into 
said  internal  combustion  engine. 

5 
17.  A  lean  burn  control  method  for  an  internal 

combustion  engine  according  to  claim  15, 
wherein  said  step  of  detecting  said  burn  con- 
dition  of  said  internal  combustion  engine  com- 

io  prises  a  step  of  detecting  a  rotation  fluctuation 
of  said  internal  combustion  engine. 

18.  A  lean  burn  control  method  for  an  internal 
combustion  engine  according  to  claim  15, 

is  wherein  said  step  of  detecting  said  burn  con- 
dition  of  said  internal  combustion  engine  com- 
prises  a  step  of  detecting  a  natural  frequency 
of  said  internal  combustion  engine  in  burning. 

20  19.  A  lean  burn  control  method  for  an  internal 
combustion  engine  according  to  claim  15, 
wherein  said  step  of  detecting  said  burn  con- 
dition  of  said  internal  combustion  engine  com- 
prises  a  step  of  detecting  a  frequency  of  light 

25  generating  in  said  internal  combustion  engine 
in  burning. 

20.  A  fuel  injection  quantity  control  method  for  an 
internal  combustion  engine,  comprising: 

30  said  lean  burn  control  method  as  defined 
in  any  one  of  claims  15  to  19;  and 

the  step  of  computing  a  fuel  injection 
quantity  to  be  injected  from  a  fuel  injector  into 
said  internal  combustion  engine  according  to 

35  said  rotational  speed  and  said  air  quantity  de- 
tected  in  said  lean  burn  control  method. 

40 
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