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Description 

TECHNICAL  FIELD 

5  This  invention  relates  to  an  apparatus  for  controlling  the  output  of  an  internal  combustion  engine  by,  for 
example,  adjusting  the  opening  of  a  throttle  valve  in  the  internal  combustion  engine. 

BACKGROUND  ART 

10  In  an  internal  combustion  engine  mounted  on  an  automobile,  for  example,  a  throttle  valve  of  this  engine 
is  mechanically  connected  to  an  accelerator  pedal  so  that  the  valve  is  driven  in  accordance  with  the  depth  of 
pedaling  of  the  accelerator  pedal,  that  is,  the  pedaling  stroke  thereof.  With  the  engine  of  this  type,  therefore, 
an  operator  can  control  the  engine  output,  that  is,  the  torque  to  be  transmitted  to  a  driving  shaft  of  the  auto- 
mobile,  by  adjusting  the  opening  of  the  throttle  valve  by  means  of  the  accelerator  pedal. 

15  In  recently  offered  engines  for  automobiles,  the  accelerator  pedal  and  the  throttle  valve  are  electrically 
connected  without  being  mechanically  connected  to  each  other,  in  contrast  with  the  conventional  case,  where- 
by  the  opening  of  the  throttle  valve  is  adjusted  and  then  the  engine  output  is  controlled.  According  to  this  at- 
tempt,  when  the  accelerator  pedal  is  first  worked,  its  pedaling  stroke  is  detected  by  means  of  a  sensor,  and 
the  target  output  of  the  engine,  that  is,  the  target  torque  of  the  driving  shaft  of  the  automobile,  is  determined 

20  in  accordance  with  a  signal  from  the  sensor.  Meanwhile,  an  electric  motor  is  connected  to  the  valve  shaft  of 
the  throttle  valve,  and  this  electric  motor  drives  the  throttle  valve  so  that  the  opening  of  the  throttle  valve  cor- 
responds  to  the  aforesaid  target  torque. 

When  electrically  controlling  the  engine  output,  as  described  above,  the  target  torque  of  the  driving  shaft 
is  unconditionally  determined  in  accordance  with  the  pedaling  stroke  of  the  accelerator  pedal.  Therefore,  the 

25  actual  torque  of  the  driving  shaft  should  preferably  be  changed  following  up  the  target  torque  without  delay. 
After  the  pedaling  stroke  of  the  accelerator  pedal  is  actually  changed,  that  is,  after  the  target  torque  of  the 
driving  shaft  is  changed,  however,  a  delay,  until  the  actual  torque  of  the  driving  shaft  reaches  to  the  target 
torque  depending  on  this  change,  is  inevitably  caused.  As  for  this  delay,  it  includes  a  delay  corresponding  to 
a  time  interval  which  elapses  from  the  instant  that  air  passes  through  the  throttle  valve  until  a  suction  stroke 

30  in  which  the  air  is  sucked  into  a  cylinder  chamber  of  the  engine  through  a  surge  tank  and  compression  and 
explosion  strokes  for  a  fuel-air  mixture  in  the  cylinder  chamber  are  undergone.  If  the  automobile  is  furnished 
with  an  automatic  transmission,  moreover,  there  is  a  delay  in  transmission  of  power  attributable  to  the  torque 
ratio  of  a  torque  converter  in  a  power  transmission  path  which  extends  from  the  output  shaft  of  the  engine  to 
the  driving  shaft. 

35  After  the  opening  of  the  throttle  valve  is  changed,  as  mentioned  before,  if  a  delay  is  caused  until  this 
change  appears  as  a  change  of  the  actual  torque  of  the  driving  shaft  after  undergoing  the  processes  of  pro- 
duction  and  transmission  of  the  aforesaid  power,  the  drive  of  the  automobile  cannot  be  satisfactorily  controlled 
in  accordance  with  the  pedaling  stroke  of  the  accelerator  pedal,  that  is,  the  opening  of  the  throttle  valve. 

EP-A-0  185  552,  on  which  the  preamble  of  claim  1  is  based,  discloses  an  apparatus  for  controlling  the 
40  output  state  of  an  internal  combustion  engine  of  a  motor  vehicle,  which  apparatus  detects  the  position  of  an 

accelerator  pedal  and  derives  from  that  a  target  value  forengine  torque,  and  thence  target  values  for  the  throttle 
setting  and  other  controlling  variables;  detects  the  actual  values  of  engine  torque  and  other  variables  of  the 
operating  state  of  the  engine;  and  adjusts  the  actual  values  of  the  controlling  variables  to  agree  with  the  com- 
puted  target  values.  The  target  values  are  computed  from  theoretical  reference  values  of  the  controlling  vari- 

45  ables  using  a  feedback  loop. 
This  invention  has  been  contrived  in  consideration  of  these  circumstances,  and  its  object  is  to  provide  an 

output  control  apparatus  for  an  internal  combustion  engine,  capable  of  shortening  the  response  time  which 
elapses  from  the  instant  that  a  target  torque  of  a  driving  shaft  of  an  automobile  is  determined  until  an  actual 
torque  of  the  driving  shaft  attains  to  the  target  torque,  thereby  ensuring  a  satisfactory  drive  of  the  automobile. 

50  The  invention  provides  an  output  control  apparatus  for  an  internal  combustion  engine  mounted  on  a  vehicle 
having  a  driving  shaft  connecting  between  a  transmission  and  driving  wheels,  comprising  adjusting  means  for 
adjusting  the  output  of  said  engine,  detecting  means  for  detecting  operating  amount  of  an  accelerator  pedal, 
setting  means  for  setting  a  target  adjusting  variable  on  the  basis  of  the  operating  amount  of  the  accelerator 
pedal  detected  by  said  detecting  means,  and  controlling  means  for  controlling  said  adjusting  means  so  that  an 

55  actual  adjusting  variable  of  said  adjusting  means  is  equalized  to  the  target  adjusting  variable  set  by  said  setting 
means,  characterized  in  that  the  setting  means  includes  first  means  for  setting  a  target  driving  torque  to  act 
on  said  driving  shaft  on  the  basis  of  the  operating  amount  of  the  accelerator  pedal  detected  by  said  detecting 
means;  second  means  for  detecting  an  actual  driving  torque  actually  acting  on  said  driving  shaft;  third  means 
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for  calculating  a  deviation  between  the  target  driving  torque  set  by  said  first  means  and  the  actual  driving  torque 
(Twm)  detected  by  said  second  means;  fourth  means  for  setting  a  steady-state  output  torque  of  the  engine, 
required  to  produce  the  target  driving  torque  set  by  the  first  means  to  said  driving  shaft,  on  the  assumption 

5  that  the  whole  system  of  said  vehicle  including  the  engine  is  in  a  steady-state  operation  mode;  fifth  means 
for  setting  a  reference  adjusting  variable  of  said  adjusting  means  required  in  order  that  the  engine  outputs  said 
steady-state  output  torque  set  by  said  fourth  means;  and  sixth  means  for  correcting  said  reference  adjusting 
variable  set  by  said  fifth  means  on  the  basis  of  the  deviation  calculated  by  said  third  means,  and  foroutputting 
the  corrected  reference  adjusting  variable  as  said  target  adjusting  variable. 

10  According  to  the  output  control  apparatus  for  an  internal  combustion  engine  described  above,  the  steady- 
state  output  torque  of  the  engine  is  obtained  in  accordance  with  the  target  torque  of  the  driving  shaft,  and  the 
reference  adjusting  variable  of  the  adjusting  means,  required  forthe  engine  to  produce  the  steady-state  output 
torque,  is  obtained.  This  reference  adjusting  variable  is  corrected  by  means  of  the  feedback  amount  based  on 
the  deviation  between  the  target  torque  and  the  actual  torque,  wherein  the  target  adjusting  variable  of  the  ad- 

15  justing  means  is  obtained.  When  the  target  adjusting  variable  of  the  adjusting  means  is  thus  determined  in 
accordance  with  the  steady-state  output  torque  of  the  engine  and  the  aforesaid  deviation,  a  delay  in  the  proc- 
esses  of  production  and  transmission  of  power  can  be  eliminated,  and  also,  the  actual  torque  of  the  driving 
shaft  can  be  adjusted  to  the  target  torque  thereof  with  high  accuracy. 

Fig.  1  is  a  block  diagram  showing  an  output  control  apparatus  according  to  this  invention,  combined  with 
20  a  diagram  schematically  showing  part  of  an  automobile  to  which  this  output  control  apparatus  is  applied; 

Fig.  2  is  a  diagram  showing  the  conditions  of  determination  for  a  target  torque  of  a  driving  shaft; 
Fig.  3  shows  characteristic  curves  of  a  torque  converter  used  to  calculate  an  actual  torque  of  the  driving 
shaft; 
Fig.  4  is  a  diagram  showing  the  relationship  between  the  amount  of  suction  air  and  the  output  torque  of 

25  an  engine; 
Fig.  5  is  a  diagram  showing  details  of  a  suction  air  amount  control  section  shown  in  Fig.  1; 
Fig.  6  is  a  diagram  showing  the  relationships  between  the  suction  air  amount  and  the  throttle  opening; 
Fig.  7  is  a  flow  chart  for  illustrating  the  operation  of  an  output  control  apparatus  according  to  a  first  em- 
bodiment  of  this  invention; 

30  Fig.  8  is  a  diagram  showing  the  results  of  control  of  the  torque  of  the  driving  shaft  according  to  the  first 
embodiment; 
Fig.  9  is  a  diagram  showing  the  results  of  control  of  the  driving  shaft  in  an  automobile  whose  accelerator 
pedal  and  throttle  valve  are  connected  mechanically; 
Fig.  10  is  a  block  diagram  showing  a  mathematical  model  used  in  a  second  embodiment; 

35  Fig.  11  is  a  diagram  showing  the  relationships  between  a  normative  response  system  and  the  respective 
transfer  functions  of  a  feedback  control  system  and  the  automobile  according  to  the  second  embodiment; 
Fig.  12  is  a  diagram  showing  an  example  of  the  normative  response  system; 
Figs.  13  and  14  are  diagrams  for  illustrating  the  calculation  of  gains  according  to  the  second  embodiment; 
and 

40  Fig.  15  is  a  flow  chart  for  illustrating  the  operation  of  the  second  embodiment. 

BEST  MODE  OF  CARRYING  OUT  THE  INVENTION 

Referring  to  Fig.  1  ,  there  is  shown  a  blockdiagram  of  an  output  control  apparatus  foran  internal  combustion 
45  engine  applied  to  an  automobile.  Before  explaining  this  output  control  apparatus,  the  internal  combustion  en- 

gine  and  a  power  transmission  path  from  this  internal  combustion  engine  to  the  driving  shaft  of  the  automobile 
will  be  described  in  brief. 

The  internal  combustion  engine,  that  is,  gasoline  engine  1,  is  indicated  by  a  chain-line  block  in  Fig.  1.  A 
combustion  chamber  2  of  this  engine  1  is  connected  to  suction  passage  3  through  a  suction  valve  (not  shown). 

so  An  air  cleaner  4  is  located  at  that  end  portion  of  the  suction  passage  3  which  is  remote  from  the  engine  1,  and 
this  air  cleaner  4  comprises  a  filter  element  5  and  airflow  sensor  6  of  a  Karman-vortex  type.  The  airflow  sensor 
6  detects  the  amount  of  air  sucked  in  through  the  filter  element  5,  that  is,  the  amount  of  suction  air,  and  delivers 
a  signal  corresponding  to  the  suction  air  amount.  The  signal  from  the  airflow  sensor  6  is  supplied  to  an  elec- 
tronic  control  unit  17for  controlling  the  operation  of  afuel  injection  device  (notshown),  and  the  electronic  control 

55  unit  1  7  calculates  an  actual  suction  air  amount  A/Nr  for  each  cycle  when  the  engine  1  executes  one  cycle  in- 
cluding  a  suction  stroke,  a  compression  stroke,  an  explosion  stroke,  and  an  exhaust  stroke,  obtains  the  amount 
of  fuel  to  be  supplied  to  the  engine  1  on  the  basis  of  the  actual  suction  air  amount  A/Nr.  Then,  the  fuel  injection 
device  injects  the  fuel  of  the  amount  determined  in  the  electronic  control  unit  17  into  the  combustion  chamber 
2  of  the  engine  1  with  a  predetermined  timing. 
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That  part  of  the  suction  passage  3  which  is  situated  close  to  the  engine  1  is  formed  as  a  surge  tank  7, 
and  a  throttle  valve  8  is  located  in  that  portion  of  the  suction  passage  3  between  the  surge  tank  7  and  the  air 
cleaner  4.  The  throttle  valve  8  can  smoothly  rock  from  a  fully-closed  position,  where  the  suction  passage  3  is 

5  nearly  closed,  to  a  fully-open  position,  in  orderto  adjustthe  amount  of  airflowing  through  the  suction  passage 
3. 

The  valve  shaft  of  the  throttle  valve  8  projects  to  the  outside  of  the  suction  passage  3,  and  its  projecting 
end  is  connected  to  the  output  shaft  of  a  DC  motor  9.  Thus,  the  rocking  motion  of  the  throttle  valve  8,  that  is, 
the  opening  of  the  throttle  valve  8,  can  be  controlled  by  means  of  the  DC  motor  9. 

10  Further,  a  throttle  opening  sensor  10  is  attached  to  the  projecting  end  of  the  valve  shaft  of  the  throttle 
valve  8.  The  throttle  opening  sensor  10,  which  is  formed  of  a  potentiometer,  outputs  an  actual  opening  9rof 
the  throttle  valve  8  as  a  voltage  signal. 

Meanwhile,  a  pump  of  a  torque  converter  1  2  is  connected  to  a  crankshaft  or  an  output  shaft  1  1  of  the  engine 
1  ,  which  is  connected  to  the  piston  of  the  engine  1  by  means  of  a  connecting  rod,  and  a  turbine  of  the  torque 

15  converter  12  is  connected  to  a  transmission  14  by  means  of  a  connecting  shaft  13.  The  transmission  14  is  con- 
nected  to  a  driving  shaft  15,  and  a  driving  wheel  16  is  connected  to  the  driving  shaft  15.  Here  the  aforesaid 
torque  converter  12,  connecting  shaft  13,  and  transmission  14  constitute  an  automatic  transmission. 

The  following  is  a  description  of  an  output  control  apparatus  applied  to  the  aforesaid  engine  1  . 
As  shown  in  Fig.  1  ,  the  output  control  apparatus  comprises  an  accelerator  position  sensor  22  which  detects 

20  the  depth  of  pedaling  or  pedaling  stroke  of  an  accelerator  pedal  21  of  an  automobile.  The  accelerator  position 
sensor  22  supplies  a  signal  Ap  corresponding  to  the  pedaling  stroke  of  the  accelerator  pedal  21  to  a  target 
torque  determination  section  22.  The  determination  section  22  is  also  supplied  with  a  vehicle  speed  signal  y 
detected  by  means  of  a  vehicle  speed  sensor  18.  The  vehicle  speed  sensor  18  (not  shown  in  detail)  calculates 
a  vehicle  speed  V  in  accordance  with  the  rotating  speed  of  the  driving  shaft  15. 

25  Based  on  the  aforesaid  signal  Ap  and  the  vehicle  speed  signal  y  or  vehicle  speed  V,  the  section  22  deter- 
mines  a  target  torque  Twt  of  the  driving  shaft  15  with  reference  to  the  graph  of  Fig.  2.  The  percentages  for 
various  characteristic  curves  in  Fig.  2  indicate  the  ratios  of  pedaling  strokes  to  the  overall  stroke  of  the  accel- 
erator  pedal  20.  Thus,  when  the  vehicle  speed  V  is  within  a  low-speed  region,  the  target  torque  Twt  is  deter- 
mined  depending  only  on  the  value  of  the  signal  Ap,  without  regard  to  the  vehicle  speed  V.  This  indicates  that 

30  the  target  torque  Twt  of  the  driving  shaft  15  is  set  only  in  accordance  with  the  depth  of  pedaling  of  the  accel- 
erator  pedal  20  so  that  a  feeling  of  acceleration  of  the  automobile  can  be  obtained  when  the  accelerator  pedal 
20  is  further  worked  in  the  state  that  the  vehicle  speed  V  is  within  the  low-speed  region  at  the  time  of  starting 
the  automobile,  etc.  If  the  vehicle  speed  V  is  not  lower  than  a  predetermined  value,  on  the  other  hand,  the 
target  torque  Twt  takes  a  value  which  decreases  as  the  vehicle  speed  V  increases,  even  though  the  depth  of 

35  pedaling  of  the  accelerator  pedal  20  is  fixed.  This  indicates  that  the  target  torque  Twt  of  the  driving  shaft  15 
is  determined  so  that  the  vehicle  speed  V  can  be  maintained  even  when  the  accelerator  pedal  20  is  further 
worked,  if  the  vehicle  speed  V  is  not  lower  than  the  predetermined  value. 

The  target  torque  Twt  of  the  driving  shaft  15  determined  in  the  section  22  is  supplied  to  a  subtraction  point 
23,  and  is  also  supplied  to  a  calculation  section  30  for  calculating  a  target  suction  air  amount. 

40  Meanwhile,  an  actual  torque  Twm  of  the  driving  shaft  15  calculated  in  an  actual  torque  calculation  section 
24  is  supplied  to  the  aforesaid  subtraction  point  23.  In  the  case  of  this  embodiment,  the  actual  torque  Twm  is 
calculated  in  the  following  manner.  In  the  calculation  section  24,  which  is  supplied  with  a  rotating  speed  Ne  of 
the  engine  1  detected  by  means  of  a  rotating  speed  sensor  19,  the  actual  torque  Twm  of  the  driving  shaft  15 
is  calculated  in  accordance  with  the  following  equation,  based  on  the  rotating  speed  Ne,  and  a  torque  capacity 

45  factor  C  and  a  torque  ratio  x  of  the  torque  converter  12. 
Twm  =  x(e)  x  C(e)  x  Ne2, 

where  e  is  the  ratio  in  rotating  speed  between  the  output  shaft  11  of  the  engine  1  and  the  turbine  of  the  torque 
converter  1  2.  Based  on  the  value  of  this  ratio  e  the  aforesaid  factor  C  and  torque  ratio  x  can  be  obtained  with 
reference  to  Fig.  3.  As  a  result,  the  actual  torque  Twm  can  be  calculated  according  to  the  above  equation. 

so  The  actual  torque  Twm  of  the  driving  shaft  15  need  not  always  be  obtained  by  calculation,  and  a  torque 
meter  may  be  attached  to  the  driving  shaft  15  so  that  the  actual  torque  Twm  of  the  driving  shaft  15  can  be 
obtained  by  being  directly  detected  by  means  of  the  torque  meter. 

The  actual  torque  Twm  calculated  in  the  actual  torque  calculation  section  24  is  supplied  to  the  subtraction 
point  23,  as  mentioned  before.  At  this  subtraction  point  23,  the  actual  torque  Twm  is  subtracted  from  the  target 

55  torque  Twt,  whereby  a  deviation  ATw  between  these  torques  Twt  and  Twm  is  obtained. 
The  aforementioned  calculation  section  30  for  a  target  suction  air  amount  will  be  described  further  in  detail. 

The  calculation  section  30  can  be  further  divided  into  three  sections  31,  32  and  33.  First,  in  the  calculation 
section  31,  for  a  steady-state  output  torque  the  target  torque  Twt  of  the  driving  shaft  15  obtained  in  the  deter- 
mination  section  22  is  received,  and  a  steady-state  output  torque  Teo  of  the  engine  1  relative  to  the  target  torque 
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Twt  on  the  assumption  that  the  engine  1  is  in  a  steady-state  operation  mode,  is  calculated  according  to  the 
following  equation. 

Teo  =  Twt/(p  x  x  ), 
5  where  p  is  the  gear  ratio  of  the  transmission  14. 

The  steady-state  output  torque  Teo,  thus  calculated  in  the  calculation  section  31,  is  then  supplied  to  the 
calculation  section  32,  for  a  steady-state  suction  air  amount  and  a  steady-state  suction  air  amount  A/No  cor- 
responding  to  the  steady-state  output  torque  Teo  is  obtained  in  this  calculation  section  32.  Here  the  output 
torque  Te  of  the  engine  1  relative  to  a  suction  air  amount  A/N  when  the  engine  1  is  in  the  steady-state  operation 

10  mode  is  previously  obtained  as  shown  in  Fig.  4.  When  the  steady-state  output  torque  Teo  is  obtained  in  the 
calculation  section  31  ,  therefore,  the  steady-state  suction  air  amount  A/No  corresponding  to  the  steady-state 
output  torque  Teo  can  be  obtained  from  Fig.  4  in  the  next  calculation  section  32.  If  the  relationship  between 
the  suction  air  amount  A/N  and  the  output  torque  T  of  the  engine  1  shown  in  Fig.  4  is  previously  obtained  as 
a  function,  the  steady-state  suction  air  amount  A/No  can  be  calculated  also  according  to  this  function. 

15  In  the  adjustment  section  33,  moreover,  the  deviation  ATw  obtained  at  the  subtraction  point  23  is  received, 
and  a  adjusting  variable  AA/N  for  feedback  control  is  obtained  in  accordance  with  this  deviation  ATw.  In  ob- 
taining  the  adjusting  variable  AA/N  in  the  adjustment  section  33,  any  of  PID,  PI,  and  PD  operations  may  be 
utilized. 

The  steady-state  suction  air  amount  A/No  and  the  adjusting  variable  AA/N  obtained  in  the  calculation  sec- 
20  tion  32  and  the  adjustment  section  33  are  individually  supplied  to  an  addition  point  34  to  be  added  therein, 

whereupon  a  target  suction  air  amount  A/Nt  is  calculated.  As  is  evident  from  the  above  description,  the  target 
suction  air  amount  A/Nt  is  obtained  from  the  steady-state  suction  air  amount  a/No  determined  in  accordance 
with  the  target  torque  Twt  in  consideration  of  a  correction  based  on  the  deviation  ATw  between  the  target  torque 
Twt  and  the  actual  torque  Twm,  that  is,  the  adjusting  variable  AA/N. 

25  The  target  suction  air  amount  A/Nt  obtained  in  this  manner  is  then  supplied  to  a  control  section  40  for  a 
suction  air  amount,  that  is,  a  calculation  section  41  for  a  target  throttle  opening  in  the  control  section  40,  as 
shown  in  detail  in  Fig.  5.  Also,  the  calculation  section  41  is  supplied  with  the  aforesaid  engine  rotating  speed 
Ne  from  the  rotating  speed  sensor  19  for  the  engine  1.  In  the  calculation  section  41,  a  throttle  opening  9t  is 
obtained  from  Fig.  6  in  accordance  with  the  engine  rotating  speed  Ne  and  the  target  suction  air  amount  A/Nt. 

30  The  characteristic  curves  of  Fig.  6,  which  represent  the  relationships  between  the  target  suction  air  amount 
A/Nt  and  the  engine  rotating  speed  Ne,  shift  in  the  direction  of  the  arrow  of  Fig.  6  as  the  engine  rotating  speed 
Ne  increases. 

Meanwhile,  the  target  suction  air  amount  A/Nt  is  supplied  to  a  subtraction  point  42  as  well  as  to  the  cal- 
culation  section  41,  and  the  subtraction  point  42  is  supplied  with  the  actual  suction  air  amount  A/Nr  obtained 

35  in  the  aforesaid  electronic  control  unit  1  7.  At  the  subtraction  point  42,  a  deviation  obtained  by  subtracting  the 
actual  suction  air  amount  A/Nr  from  the  target  suction  air  amount  A/Nt,  that  is,  the  deviation  between  the  target 
suction  air  amount  A/Nt  and  the  actual  suction  air  amount  A/Nr,  is  obtained,  and  this  deviation  becomes  a  ad- 
justing  variable  A9  for  the  feedback  control  as  it  passes  through  the  adjustment  section  43  based  on  the  PI 
operation.  This  adjusting  variable  A9  and  the  throttle  opening  9t  obtained  in  the  calculation  section  41  are  added 

40  at  an  addition  point  44,  whereupon  a  final  target  throttle  opening  91  is  calculated.  The  target  throttle  opening 
91  thus  calculated  is  then  supplied  to  a  drive  section  25  for  the  DC  motor  9,  while  the  drive  section  25  is  also 
supplied  with  the  aforesaid  actual  opening  9rfrom  the  throttle  opening  sensor  10.  In  the  drive  section  25,  the 
target  throttle  opening  91  and  the  actual  opening  9rare  compared,  and  the  operation  of  the  DC  motor  9  is  con- 
trolled  so  that  the  difference  between  the  two  openings  is  zero. 

45  Referring  now  to  the  flow  chart  of  Fig.  7,  the  operation  of  the  output  control  apparatus  according  to  the 
aforementioned  first  embodiment  will  be  described  in  order. 

When  the  accelerator  pedal  20  is  worked,  the  pedaling  stroke  of  this  accelerator  pedal  20  is  detected  by 
the  accelerator  position  sensor  21.  In  Step  S1,  the  target  torque  Twt  of  the  driving  shaft  15  is  determined  in 
accordance  with  the  signal  from  the  accelerator  position  sensor  21  and  the  vehicle  speed  V  in  accordance 

so  with  Fig.  2. 
In  the  next  Step  S2,  the  steady-state  output  torque  Teo  is  calculated  from  the  target  torque  Twt,  and  in 

Step  S3,  the  steady-state  suction  air  amount  A/No  is  obtained  from  the  map  of  Fig.  4  in  accordance  with  the 
steady-state  output  torque  Teo. 

The  moment  the  aforesaid  Step  S1  is  executed,  on  the  other  hand,  Step  S4  is  also  executed.  In  Step  S4, 
55  the  engine  rotating  speed  Ne,  the  actual  suction  air  amount  A/Nr,  and  the  vehicle  speed  V  are  detected  indi- 

vidually,  and  in  Step  S5,  the  actual  torque  Twm  of  the  driving  shaft  15  is  calculated  on  the  basis  of  these  de- 
tected  data. 

In  the  next  Step  S6,  the  deviation  ATw  between  the  target  torque  Twt  previously  obtained  in  Step  S1  and 
the  actual  torque  Twm  is  obtained,  and  in  Step  S7,  the  adjusting  variable  AA/N  for  the  feedback  control  of  the 
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target  suction  air  amount  A/Nt  is  calculated  in  accordance  with  the  deviation  ATw.  Thus,  in  Step  S8  next  to 
Steps  S3  and  S7,  the  target  suction  air  amount  A/Nt  is  obtained  by  correcting  the  steady-state  suction  air 
amount  A/No,  that  is,  the  target  suction  air  amount  A/Nt  is  calculated  by  adding  the  adjusting  variable  AA/N  to 

5  the  steady-state  suction  air  amount  A/No. 
In  the  final  Step  S9,  the  opening  of  the  throttle  valve  8  is  controlled  so  that  the  actual  suction  air  amount 

A/Nr  is  equal  to  the  target  suction  air  amount  A/No.  Actually,  however,  the  operation  of  the  DC  motor  9  is  con- 
trolled  so  that  the  actual  opening  9rof  the  throttle  valve  8  is  equal  to  the  target  throttle  opening  91  correspond- 
ing  to  the  target  suction  air  amount  A/Nt,  as  mentioned  before. 

10  According  to  the  output  control  apparatus  of  the  first  embodiment  described  above,  the  steady-state  suc- 
tion  air  amount  A/No  corresponding  to  the  target  torque  Twt  of  the  driving  shaft  15  is  first  obtained,  and  this 
steady-state  suction  air  amount  A/No  is  corrected  by  means  of  the  correction  based  on  the  deviation  ATw  be- 
tween  the  target  torque  Twt  and  the  actual  torque  Twm,  that  is,  by  means  of  the  adjusting  variable  AA/N  for 
the  feedback  control,  whereby  the  target  suction  air  amount  A/No  is  calculated.  Thus,  the  aforementioned  delay 

15  in  response  in  the  processes  of  production  and  transmission  of  power  can  be  eliminated. 
Thus,  according  to  this  invention,  when  the  target  torque  Twt  is  determined,  the  steady-state  output  torque 

Teo  or  the  steady-state  suction  air  amount  A/No  is  calculated  from  this  target  torque  Twt,  in  consideration  of 
the  gear  ratio  p  of  the  transmission  14  and  the  torque  ratio  x  of  the  torque  converter  12.  Immediately  when 
the  actual  suction  air  amount  A/Nr  is  controlled  on  the  basis  of  the  steady-state  suction  air  amount  A/No,  there- 

20  fore,  the  output  torque  of  the  engine  1  itself  takes  a  value  in  the  vicinity  of  the  target  torque  Twt  of  the  driving 
shaft  15.  As  a  result,  in  view  of  the  processes  of  production  and  transmission  of  the  power,  the  time  interval 
which  elapses  from  the  instant  that  the  target  torque  Twt  is  determined  by  the  working  on  the  accelerator  pedal 
20  until  the  actual  torque  Twm  of  the  driving  shaft  15  reaches  to  the  target  torque  Twt  can  be  shortened  by  a 
large  margin,  so  that  the  responsiveness  of  the  output  torque  of  the  engine  1  can  be  improved. 

25  Meanwhile,  the  target  suction  air  amount  A/Nt  is  obtained  by  adding  the  adjusting  variable  AA/N,  deter- 
mined  according  to  the  deviation  ATw  between  the  target  torque  Twt  and  the  actual  torque  Twm,  to  the  afore- 
said  steady-state  suction  air  amount  A/No.  In  obtaining  this  target  suction  air  amount  A/Nt,  moreover,  the  afore- 
said  actual  torque  Twm  is  calculated  in  consideration  of  the  torque  capacity  factor  C  and  the  torque  ratio  x  of 
the  torque  converter  12.  Thus,  the  power  transmission  delay  in  the  path  from  the  engine  1  to  the  driving  shaft 

30  15  can  be  eliminated  by  controlling  the  actual  suction  air  amount  A/Nr  in  accordance  with  the  aforesaid  target 
suction  air  amount  A/Nt,  so  that  the  actual  torque  Twm  of  the  driving  shaft  15  can  be  highly  accurately  adjusted 
to  the  target  torque  Twt. 

Referring  now  to  Fig.  8,  there  are  shown  the  results  of  measurement  of  the  actual  torque  To  of  the  driving 
shaft  15  obtained  by  actually  driving  the  automobile.  As  seen  from  Fig.  8,  when  the  target  torque  Twt  is  deter- 

35  mined,  the  actual  torque  To  quickly  attains  to  the  target  torque  Twt  while  both  the  output  torque  Te  of  the  engine 
1  and  the  engine  rotating  speed  Ne  are  changing,  and  is  kept  at  the  level  of  the  target  torque  Twt. 

Referring  now  to  Fig.  9,  there  is  shown  for  reference  the  case  of  an  automobile  in  which  the  accelerator 
pedal  20  and  the  throttle  valve  8  are  mechanically  connected  to  each  other.  In  the  case  of  Fig.  9,  the  pedaling 
stroke  of  the  accelerator  pedal  20  is  kept  constant,  so  that  the  engine  rotating  speed  Ne  and  the  output  torque 

40  Te  of  the  engine  1  are  both  stable.  The  actual  torque  To  of  the  driving  shaft  15,  however,  is  reduced  with  the 
lapse  of  time.  This  is  attributable  to  the  fact  that  the  torque  ratio  of  the  torque  converter  12  and  the  like  change 
in  a  nonlinear  manner  in  the  power  transmission  path  from  the  engine  1  to  the  driving  shaft  15.  In  the  case  of 
the  output  control  apparatus  of  this  invention,  therefore,  it  can  be  believed  that  in  keeping  the  actual  torque 
To  of  the  driving  shaft  15  at  the  level  of  the  target  torque  Twt,  the  engine  rotating  speed  Ne  and  the  output 

45  torque  Te  of  the  engine  1  are  changed  so  as  to  cancel  the  bad  influences  of  the  nonlinear  elements  in  the 
power  transmission  path.  In  Figs.  8  and  9,  symbol  F  designates  the  vehicle  body  speed. 

This  invention  is  not  limited  to  the  first  embodiment  described  above,  and  the  following  is  a  description  of 
a  second  embodiment.  Since  an  output  control  apparatus  of  the  second  embodiment  has  the  same  basic  ar- 
rangement  as  the  output  control  apparatus  of  the  first  embodiment,  the  second  embodiment  will  be  described 

so  also  with  reference  to  Fig.  1  . 
In  the  case  of  the  second  embodiment,  as  seen  from  Fig.  1,  a  parameter  calculation  section  50  and  a  gain 

calculation  section  60  are  added. 
The  calculation  sections  50  and  60  will  now  be  described  in  brief.  The  calculation  section  50  is  stored  with 

a  mathematical  model  which  linearly  represents  the  operation  mode  of  the  engine  1,  considering  that  the  en- 
55  gine  1  is  in  an  operation  mode  deviated  from  the  steady-state  operation  mode,  in  the  processes  of  production 

and  transmission  of  the  power  of  the  automobile.  In  the  calculation  section  50,  therefore,  various  parameters 
in  this  mathematical  model  are  obtained  by  inverse  calculation  based  on  the  actual  suction  air  amount  A/Nr, 
engine  rotating  speed  Ne,  and  vehicle  speed  V  supplied  to  the  calculation  section  50.  The  parameters  of  the 
mathematical  model  obtained  in  the  calculation  section  50  are  supplied  to  the  gain  calculation  section  60.  If 
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the  whole  mechanism  of  the  automobile,  including  a  feedback  control  circuit  composed  mainly  of  the  adjust- 
ment  section  33,  is  regarded  as  one  system,  this  calculation  section  60  calculates  gains  for  the  feedback  control 
or  gains  for  the  PID  operation  in  the  case  of  this  embodiment,  i.e.,  proportional  gain,  differential  gain,  and  in- 

5  tegral  gain,  in  accordance  with  the  aforesaid  parameters  so  that  the  characteristics  obtained  before  the  torque 
is  actually  transmitted  to  the  driving  shaft  1  5  after  air  is  sucked  into  the  engine  1  in  this  system  closely  resemble 
the  transfer  characteristics  of  a  normative  response  system.  In  the  case  of  this  second  embodiment,  therefore, 
the  adjustment  section  33  calculates  the  adjusting  variable  AA/N  for  the  feedback  control  from  the  deviation 
ATw  between  the  target  torque  Twt  and  the  actual  torque  Twm  in  accordance  with  the  PID  operation  expressed 

10  as  follows: 
AA/N  =  cO  x  I  (ATw)  +  d  x  (ATw) 

+  c2  x  d(ATw)/dt, 
where  cO,  c1  and  c2  are  the  integral,  proportional,  and  differential  gains,  respectively. 

Alternatively,  the  individual  gains  may  be  obtained  from  a  map  on  the  basis  of  the  values  of  the  individual 
15  parameters  of  the  mathematical  model,  supplied  from  the  calculation  section  50,  the  map  being  previously  pre- 

pared  by  calculating  the  values  of  the  individual  gains  from  the  parameter  values  and  then  stored  in  the  cal- 
culation  section  60. 

Referring  to  Fig.  10,  there  is  shown  the  mathematical  model  stored  in  the  calculation  section  50.  This  math- 
ematical  model  indicates  the  way  the  air  sucked  in  through  the  throttle  valve  8  is  linearly  reflected  in  the  be- 

20  havior  of  the  automobile,  that  is,  the  torque  of  the  driving  shaft  15. 
In  Fig.  10,  reference  symbol  Ar  designates  the  amount  of  air  forthe  explosion  stroke  which  is  corresponds 

to  the  output  torque  of  the  engine  1  ,  while  a21  ,  a22,  a23,  a32  and  a33  designate  the  parameters  of  the  math- 
ematical  model. 

The  amount  of  air  passed  through  the  throttle  valve  8,  that  is,  actual  suction  air  amount  Ai  (A/Nr),  is  con- 
25  verted  into  the  air  amount  Ar  by  means  of  a  suction  delay  element  [1/(1  +  Ta  x  S)].  Also,  the  air  amount  Ar  is 

converted  into  the  output  torque  Te  of  the  engine  1  by  means  of  the  parameter  a21,  and  this  output  torque  Te 
is  converted  into  the  engine  rotating  speed  Ne  by  means  of  an  inertia  element  [1/(le  x  S)]  of  the  engine  1. 

The  engine  rotating  speed  Ne  is  returned  to  the  input  side  of  the  inertia  element  [1/(le  x  S)]  via  the  para- 
meter  a22,  and  is  converted  into  the  vehicle  speed  V  by  means  of  the  parameter  a32,  a  gear  ratio  element 

30  [1/p],  and  a  inertia  element  [1  /(It  x  S)]  of  the  vehicle  body.  Then,  the  vehicle  speed  V  is  converted  into  a  rota- 
tional  angular  speed  tot  of  the  turbine  of  the  torque  converter  12  by  means  of  the  gear  ratio  [p].  The  rotational 
angular  speed  tot,  like  the  engine  rotating  speed  Ne,  is  returned  to  the  input  side  of  the  inertia  element  [1/(le 
x  S)]  via  the  parameter  a23,  and  is  also  returned  to  the  input  side  of  the  element  [1/p]  via  the  parameter  a33. 

In  the  above  description,  Ta,  S,  le,  It  and  p  represent,  respectively,  the  following  values: 
35  Ta:  Time  constant  determined  by  the  capacity  of  the  suction  passage  3  and  the  cylinder  capacity  of  the 

engine  1, 
S:  Transfer  function, 
le:  Moment  of  inertia  of  the  engine  1  , 
It:  Moment  of  inertia  of  the  vehicle  body, 

40  p:  Gear  ratio  of  the  transmission  12. 
When  the  engine  rotating  speed  Ne  is  converted  into  the  vehicle  speed  V,  as  shown  in  Fig.  10,  this  con- 

version  is  made  in  consideration  of  the  load  relative  to  the  road  surface. 
The  aforesaid  parameter  a21  represents  a  conversion  factor  obtained  from  the  relationship  between  the 

suction  air  amount  A/N  and  the  output  torque  Te  of  the  engine  1  shown  in  Fig.  4,  while  the  parameters  a22, 
45  a23,  a32  and  a33  correspond  to  the  characteristics  of  the  torque  converter  12  of  Fig.  3  used  in  calculating  the 

actual  torque  Twm. 
Thus,  it  is  possible  to  calculate  the  air  amount  Ar  from  the  air  amount  Ai  and  to  obtain  the  individual  para- 

meters  by  inverse  calculation  from  the  engine  rotating  speed  Ne  and  the  vehicle  speed  V  measured  actually. 
The  following  is  a  description  of  processes  before  the  preparation  of  the  aforementioned  mathematical 

so  model. 
First,  a  change  of  mass  per  unit  time  of  air  in  the  suction  air  capacity  at  the  region  of  the  suction  passage 

3  on  the  lower-course  side  of  the  throttle  valve  8  is  expressed  by  the  difference  between  the  amount  of  air 
introduced  from  the  throttle  valve  8  and  the  amount  of  discharge  into  a  cylinder  chamber  of  the  engine  1  . 

Gm  =  Gin  -  Gex,  (1) 
55  where  Gm  is  the  mass  of  air  in  the  suction  air  capacity,  Gin  is  the  amount  of  air  passing  through  the  throttle 

valve  8  per  unit  time,  and  Gex  is  the  amount  of  air  introduced  into  the  cylinder  chamber  per  unit  time.  For  a 
better  understanding  of  Gm,  Gin  and  Gex,  these  values  are  illustrated  on  the  suction  passage  3  of  Fig.  1  . 

Since  Gex  is  proportional  toGmand  the  engine  rotating  speed  Ne,  it  can  be  given  by  the  following  equation. 
Gex  =  Gm  x  Ne/To,  (2) 
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To  =  (V1  +  V2)  x  120/(V1  x  r|), 
where  V1  is  the  suction  air  capacity,  V2  is  the  capacity  of  the  cylinder  chamber,  r|  is  the  volumetric  efficiency, 
and  To  is  the  time  constant  per  revolution  of  the  engine  1  . 

5  Substituting  equation  (2)  into  equation  (1),  we  obtain  equation  (3)  as  follows: 
Gm  =  Gin  -  (Gm  x  Ne)/To.  (3) 

Equation  (3)  indicates  that  the  air  amount  has  a  transfer  characteristic  of  primary  delay. 
Rewriting  equation  (3)  by  utilizing  the  relationship  between  Gex  and  Gm  in  equation  (2),  we  obtain  equation 

(4)  . 
w  Gex  =  (Ne/To)(Gin  -  Gex).  (4) 

Dividing  both  sides  of  equation  (4)  by  the  rotating  speed  per  unit  time  of  the  engine  1  ,  we  obtain  equation 
(5)  related  to  the  suction  air  amount  from  equation  (4). 

Ao  =  (Ne/To)(  -  Ao  +  Ai),  (5) 
where  Ao  is  the  amount  of  air  sucked  into  the  cylinder  chamber  per  unit  time,  and  Ai  is  the  amount  of  air  passed 

15  through  the  throttle  valve  8  per  unit  time. 
The  air  amount  Ai  is  reflected  in  the  output  torque  of  the  engine  1  only  after  air  of  the  amount  Ai  is  sucked 

into  the  cylinder  chamber  and  the  compression  and  explosion  strokes  are  performed.  The  time  required  for 
the  execution  of  the  processes  from  the  suction  stroke  to  the  explosion  stroke  is  represented  as  a  dead  time 
in  the  feedback  control,  and  this  dead  time  is  equivalent  to  1.5  revolutions  of  the  engine  1  as  reckoned  from 

20  the  start  of  the  suction  stroke.  Thus,  if  the  dead  time  is  (Lo/Ne),  this  dead  time  (Lo/Ne)  is  given  by  equation 
(6)  . 

(Lo/Ne)  =  (60  x  1.5)/Ne  =  90/Ne.  (6) 
Based  equation  (6),  equation  (7)  represents  the  relationship  between  the  air  amounts  Ao  and  Aras  a  func- 

tion  of  time  t. 
25  

'  
Ar  =  Ao  x  (t  -  (Lo/Ne)).  (7) 

Meanwhile,  it  is  assumed  that  the  air  amount  Ar,  the  rotational  angular  speed  toe  of  the  engine  1  ,  and  the 
rotational  angular  speed  tot  of  the  turbine  change  by  very  small  amounts  AAr,  Atoe  and  Atot, 
respectively,  from  the  values  forthe  steady-state  operation  mode,  in  response  to  a  change  AAi  of  the  air  amount 
Ai,  when  the  engine  1  and  the  vehicle  body  are  in  the  steady-state  operation  mode.  With  respect  to  the  air 

30  amount,  in  this  case,  the  following  relation  holds  true. 
Ar  +  AAr  =  ((toe  +  Atoe)/TL)  x  (  -  Ar  -  AAr) 

+  Ai  +  AAi.  (8) 
In  obtaining  equation  (8),  the  time  constant  of  the  transfer  characteristic  before  the  air  amount  Ai  is  con- 

verted  into  the  air  amount  Ar  is  approximated  as  a  primary  delay  of  (toe/TL). 
35  If  the  engine  1  is  in  the  steady-state  operation  mode,  we  have  Ar  =  Ai,  so  that  equation  (8)  can  be  expressed 

as  equation  (9). 
AAr  =  (toe/TL)  x  (  -  AAr  +  AAi).  (9) 

With  respect  to  the  rotational  angular  speed  toe  of  the  engine  1,  moreover,  the  following  equation  holds 
true. 

40  |(tbe  +  Atae) 
=  Te(toe  +  Atoe,  Ar  +  AAr) 

-  Tp(toe  +  Atoe,  toe  +  Atot),  (10) 
where  Tp  is  the  absorption  torque  of  the  torque  converter  12. 

If  the  output  torque  Te  of  the  engine  1  and  the  absorption  torque  Tp  change  by  ATe  and  ATp,  respectively, 
45  when  the  air  amount  Ar  changes  by  AAr,  we  obtain 

Te(toe  +  Atoe,  Ar  +  AAr) 
=  Te(toe,  Ar)  +  ATe,  (11) 
Te(toe  +  Atoe,  tot  +  Atot) 

=  Te(toe,  tot)  +  ATp.  (12) 
so  Since  the  engine  1  is  in  the  steady-state  operation  mode,  the  following  equation  is  obtained  with  respect 

to  the  angular  speeds  toe  and  tot  and  the  air  amount  Ar. 
toe  =  0,  (13) 

Te(toe,  Ar)  =  Tp(toe,  tot).  (14) 
An  equation  for  the  very  small  change  of  the  rotational  angular  speed  toe  of  the  engine  1  is  given  as  follows: 

55  le-Atbe  =  ATe  -  ATp.  (15) 
Using  Atoe,  Atot,  and  AAr,  ATe  and  ATp  are  given  by  the  following  linear  differential  equation. 

ATe  =  (dTeldme)  x  Atoe 
+  (dleldAr)  x  AAr,  (16) 
ATp  =  (dTp/dtoe)  x  Atoe 
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+  (dTp/dAr)  x  Atot.  (17) 
Likewise,  the  following  linear  differential  equation  is  obtained  with  respect  to  the  turbine  of  the  torque  con- 

verter  1  2. 
5  AAr  =  -Ta  x  AAr  +  Ta  x  AAi,  (18) 

Atoe  =  (3Te/3Ar)(1/le)  x  AAr 
+  ((dTeldme)  -  (dlpldme)) 
x  (1/le)Atoe  +  (3Tp/3tot) 
x  (1/le)  x  Atot,  (19) 

10  Atot  =  (3Tt/3toe)(1/lt)  x  Atoe 
+  ((dTt/dtot)  -  (dTMdmt)) 

x  (1/lt)  x  Atot.  (20) 
Here,  in  equation  (19),  (3Te/3Ar),  ((dTeldme)  -  (dTpldme)),  and  (dTpldmt)  x  (1/le)  constitute  the  parameters 

a21,  a22  and  a23,  respectively. 
15  In  equation  (20),  moreover,  (dTtldme)  and  ((dTtldmt)  -  (3T1/3tot))  constitute  the  parameters  a32  and  a33, 

respectively. 
Tt  is  the  output  torque  of  the  torque  converter  12,  and  T1  is  the  torque  equivalent  to  the  load  of  the  road 

surface,  as  mentioned  before. 
Accordingly,  the  aforesaid  system  is  given  by  the  following  state  space  representation  formats. 

20  to  =  Ato  -  Bu,  (21) 
y  =  C  x  to,  (22) 

where 
to  =  state  vector  of  [AAr,  Atoe,  Atot]', 
A  =  coefficient  of  AAr,  Atoe  and  Atot  in  the  system  matrixes  (1  8),  (1  9)  and  (20)  of  [aij], 

25  B=  input  factor  vector  of  [Ta,  0,  0]', 
C  =  output  factor  vector  (e.g.,  [0,  0,  1]  for  the  turbine  rotating  speed), 
u  =  input, 
y  =  output. 

The  above  description  is  a  description  of  the  processes  before  the  preparation  of  the  mathematical  model. 
30  The  following  is  a  description  of  transfer  functions  as  references  for  the  calculation  of  the  individual  gains 

in  the  gain  calculation  section  60. 
A  transfer  factor  G(s)  between  the  input  u  and  the  output  y  in  equations  (21)  and  (22)  can  be  expressed 

by  the  following  equation  based  on  the  definition  of  transfer  functions. 
G(s)  =  C  x  [si  -  A]-1  x  B,  (23) 

35  where  s  and  I  are  an  element  for  a  differential  effect  and  a  unit  matrix,  respectively. 
Based  on  equation  (23),  a  transfer  function  Ge(s)  between  the  suction  air  and  the  rotational  angular  speed 

toe  of  the  engine  1  and  a  transfer  function  Gt(s)  between  the  suction  air  and  the  rotational  angular  speed  tot 
of  the  turbine  of  the  torque  converter  12  are  given,  respectively,  by  the  following  equations. 

Ge(s)  =  (b1  x  a21  x  (s  -  a33))/H(s),  (24) 
40  Gt(s)  =  (b1  x  a21  x  a32)/H(s),  (25) 

where 
H(s)  =  (s  -  a11)  x  (s  -  a22)  x  (s  -  a33) 

-(s  -  a11)  x  a23  x  a32,  (26) 
and  further,  b1  =  Ta  and  a11  =  -Ta. 

45  In  obtaining  a  transferfunction  between  the  suction  air  and  the  torque  of  the  driving  shaft  15  by  rearranging 
it  into  a  transfer  function  between  the  suction  air  and  the  turbine  torque  of  the  torque  converter  12,  a  linear 
differential  equation  related  to  ATt  is  given  by  the  following  equation. 

ATt  =  (dTtldme)  x  Atoe 
+  (dTtldmt)  x  Atot,  (27) 

50  where 
(dTtldme)  =  a32  x  It,  (28) 

(dTtldmt)  =  (a33  +  k)  x  It.  (29) 
Substituting  equations  (24)  and  (25)  into  the  above  equations,  we  obtain  a  transferfunction  Gf(s)  between 

the  suction  air  and  the  turbine  torque  given  by  the  following  equation. 
55  Gf(s)  =  (It  x  b1  x  a21  x  a32  x  (s  +  k))/H(s),  (30) 

where  k  is  a  coefficient  based  on  the  load  and  calculated  as  follows: 
k  =  dTM(dmt  x  It).  (31) 

Since  the  value  of  k  is  substantially  zero,  however,  the  transfer  function  Gf(s)  is  given  by 
Gf(s)  =  (It  x  b1  x  a21  x  a32  x  s)/H(s).  (32) 
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Here  T1  is  the  torque  equivalent  to  the  load  of  the  road  surface. 
Dividing  the  numerator  and  denominator  of  equation  (32)  by  (It  x  b1  x  a21  x  a32)  so  that  the  numerator 

of  equation  (32)  is  s  only,  we  obtain 
5  Gf(s)  =  s/h(s).  (33) 

Here 

h ( s )   =  H ( s ) / ( I t   X  bl  X  a21  X  a 3 2 )  

10  =  hO  +  h i s   +  h2s2  +  ( 3 4 )  

Thus,  equation  (33)  represents  the  transfer  function  of  the  automobile  as  an  object  of  control. 
The  following  is  a  description  of  processes  for  obtaining  the  individual  gains  for  the  PID  operation. 
As  shown  in  Fig.  11,  a  feedback  control  system  and  the  automobile  as  the  object  of  control  are  regarded 

15  as  one  system,  and  the  transfer  characteristics  between  the  input  and  output  of  this  system  are  caused  to  cor- 
respond  to  the  transfer  characteristics  of  the  normative  response  system  as  a  target.  For  example,  a  step  re- 
sponse  waveform  is  used  as  this  normative  response  system,  as  shown  in  Fig.  12. 

The  transferfunction  of  the  feedback  control  system  can  be  expressed  as  follows: 
c(s)/s  =  (cO  +  d  x  s  +  c2  x  s2  +  -)/s.  (35) 

20  Meanwhile,  the  denominator  of  the  transfer  function  of  the  normative  response  system  can  be  expressed 
as  follows: 

r(s)  =  1  +  rO  +  r1  x  qs  +  r2  x  q2  x  s2  +  (36) 
where  q  is  an  element  for  normalizing  the  response  time. 

1  +  rO,  r1,  r2,  ■■■  are  parameters  for  determining  the  response  waveform,  and  these  values  can  be  se- 
25  lected  as  required. 

An  open-loop  transferfunction  of  the  system,  including  the  feedback  control  system  and  the  automobile, 
is  given  by 

Go(s)  =  c(s)/h(s),  (37) 
and  this  is  shown  in  Fig.  13. 

30  On  the  other  hand,  a  closed-loop  transfer  function  of  the  system  can  be  expressed  as  follows: 
Gc(s)  =  1/((h(s)/c(s))  +  1  ).  (38) 

This  is  shown  in  Fig.  14. 
If  the  closed-loop  transferfunction  Gc(c)  is  equal  to  a  transferfunction  1/r(s)  of  the  normative  response 

system,  the  following  equation  holds  true. 
35  c(s)  =  h(s)/(r(s)  -  1  ).  (39) 

If  the  right  side  of  equation  (39)  is  developed  into  a  denominator-based  polynomial  expression  and  if  the  re- 
spective  coefficients  of  the  individual  terms  are  cO,  c1  and  c2,  in  order  of  degree  in  an  ascending  scale,  these 
values  cO,  c1  and  c2  can  be  expressed  as  follows: 

cO  =  hO/rO,  (40) 
40  d  =  (hO/rO) 

x  ((h1/h0)  -  q  x  (r1/rO),  (41) 
c2  =  (hO/rO)  x  ((h2/h0) 

-  q(h1/h0)  x  (r1/r0) 
+  q2  x  ((r12/r02)  -  (r2/r0))),  (42) 

45  c3  =  (hO/rO)  x  ((h3/h0) 
-  q  x  (h2/h0)  x  (1/rO) 

+  q2  x  ((r12/R02)  -  (r2/r0)) 
x  (h1/h0)  +  q3  x  (-  r13/r03) 

+  (2r1  x  r2)r02  -  (r3/r0))).  (43) 
so  With  respect  to  the  aforementioned  PID  operation,  c(s)  can  be  given  by  the  following  quadratic  equations. 

c(s)  =  cO  +  ds  +c2s2.  (44) 
Accordingly,  equation  (43)  is  solved  with  c3  =  0. 
Supposing  the  minimum  positive  value  out  of  the  solutions  of  equation  (43)  to  be  £  and  substituting  £  into 

equations  (41  )  and  (42),  we  can  obtain  cO,  c1  and  c2.  As  mentioned  before,  these  values  cO,  c1  and  c2  represent 
55  the  integral,  proportional,  and  differential  gains,  respectively,  for  the  PID  operation. 

Referring  now  to  the  flow  chart  of  Fig.  1  5,  the  operation  of  the  output  control  apparatus  of  the  second  em- 
bodiment  will  be  described. 

Steps  S1  to  S6  and  Steps  S8  and  S9,  in  Fig.  15,  are  executed  in  the  same  manner  as  in  the  case  of  the 
first  embodiment  shown  in  Fig.  7,  so  that  a  description  of  these  steps  is  omitted.  In  the  case  of  the  second 
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embodiment,  the  adjusting  variable  AA/N  for  the  feedback  control  is  obtained  in  Steps  S1  0  to  S12.  More  spe- 
cifically,  the  parameters  a21,  a22,  a23,  a32  and  a33  of  the  mathematical  model  shown  in  Fig.  7  are  obtained 
in  Step  S10,  and  in  the  next  Step  S11,  the  integral,  proportional,  and  differential  gains  for  the  feedback  control 

5  are  obtained  individually  in  accordance  with  these  parameters  and  the  transferfunction  of  the  normative  re- 
sponse  system.  In  Step  S12,  moreover,  the  adjusting  variable  AA/N  is  calculated  on  the  basis  of  the  individual 
gains  obtained  in  Step  S1  1  ,  and  thereafter,  the  aforesaid  Steps  S8  and  S9  are  executed  in  succession  to  control 
the  opening  of  the  throttle  valve  8. 

In  the  case  of  the  second  embodiment  described  above,  the  values  of  the  individual  parameters  of  the 
10  linear  mathematical  model  change  as  the  behavior  of  the  automobile  changes,  that  is,  as  the  air  amount  Ar 

for  the  explosion  stroke,  engine  rotating  speed  Ne,  and  vehicle  speed  V  change.  In  individually  calculating  the 
integral,  proportional,  and  differential  gains  in  accordance  with  these  parameters,  the  integral,  proportional, 
and  differential  gains  are  calculated  so  that  the  characteristic  observed  before  the  torque  is  actually  transmitted 
to  the  driving  shaft  15  after  the  suction  in  the  supposed  system  including  the  automobile  and  the  feedback 

15  control  system  closely  resembles  the  transfer  characteristic  of  the  normative  response  system.  Accordingly, 
by  calculating  the  adjusting  variable  AA/N  in  accordance  with  these  gains  and  controlling  the  opening  of  the 
throttle  valve  8  in  consideration  of  this  adjusting  variable  AA/N,  the  actual  torque  of  the  driving  shaft  15  can 
be  controlled  in  an  optimum  state.  Thus,  in  the  case  of  this  second  embodiment,  the  torque  of  the  driving  shaft 
1  5  can  be  controlled  so  that  the  characteristics  for  the  processes  of  production  and  transmission  of  the  power 

20  of  the  automobile  are  always  linearly  grasped  without  regard  to  the  change  of  the  behavior  of  the  automobile, 
and  the  transfer  characteristic  of  the  aforesaid  system  closely  resembles  the  transfer  characteristic  of  the  nor- 
mative  response  system.  Accordingly,  the  responsiveness  obtained  before  the  torque  is  transmitted  to  the  driv- 
ing  shaft  15  after  the  suction  can  be  greatly  improved,  and  the  actual  torque  of  the  driving  shaft  15  can  be 
quickly  adjusted  to  the  target  torque  with  high  accuracy.  In  consequence,  with  use  of  the  output  control  appa- 

25  ratus  of  this  invention,  an  auto-cruise  control  system  and  a  traction  control  system  of  the  automobile  can  be 
unified  as  one  control  system. 

In  the  case  of  this  second  embodiment,  moreover,  the  individual  gains  for  the  PID  operation  are  obtained 
from  the  parameters  of  the  mathematical  model,  so  that  the  automobile  need  not  undergo  a  drive  test  to  obtain 
these  gains. 

30  If  the  calculation  section  50  is  previously  stored  with  the  mathematical  model,  furthermore,  troubleshoot- 
ing  for  the  automobile  can  be  also  effected  by  using  this  mathematical  model. 

In  the  first  and  second  embodiments,  any  of  the  P,  PI,  PD,  and  PID  operations  is  performed  in  the  adjust- 
ment  section  33,  as  described  before.  Besides  these  operations,  however,  state  feedback  control  may  be  ef- 
fected. 

35  In  this  case,  the  adjusting  variable  AA/N  can  be  calculated  on  the  basis  of  the  following  equation. 

where  k1  ,  k2  and  k3  are  gains. 
In  the  calculation  section  60,  the  parameters  of  the  mathematical  model  obtained  in  the  calculation  section 

50  are  used,  and  the  gains  k1,  k2  and  k3  are  calculated  so  that  a  change  of  the  torque  given  by  the  following 
40  equation  is  minimized. 

Although  the  throttle  valve  8  is  driven  by  means  of  the  DC  motor  9  in  the  foregoing  embodiments,  a  step- 
45  ping  motor  may  be  used  in  place  of  this  DC  motor  9.  In  this  case,  the  stepping  motor  is  supplied  with  pulses 

corresponding  to  the  target  throttle  opening.  Further,  the  drive  source  for  the  throttle  valve  8  is  not  limited  to 
an  electric  motor,  and  a  hydraulic  motor  or  a  pneumatic  motor  may  be  used  for  this  purpose. 

In  each  embodiment  of  this  invention,  furthermore,  the  engine  is  a  gasoline  engine,  and  the  output  of  this 
engine  is  controlled  by  means  of  the  suction  air  amount.  In  the  case  of  a  diesel  engine,  however,  a  fuel  injection 

so  quantity  is  controlled  in  place  of  the  suction  air  amount. 

INDUSTRIAL  AVAILABILITY 

An  output  control  apparatus  for  an  internal  combustion  engine  of  this  invention  is  intended  to  control  the 
55  output  of  the  internal  combustion  engine.  Therefore,  in  the  output  control  apparatus,  a  target  torque  of  a  driving 

shaft  of  an  automobile  is  determined  in  accordance  with  a  pedaling  stroke  when  an  accelerator  pedal  of  the 
automobile  is  worked,  and  then  an  actual  torque  of  the  driving  shaft  is  quickly  adjusted  to  the  target  torque 
with  high  accuracy.  Thus,  the  output  control  apparatus  of  this  invention  can  be  applied  to  an  auto-cruise  control 
system  or  traction  control  system  of  the  automobile,  or  a  control  system  uniting  these  systems. 

AA/N  =  k1A/Nr  +  k2Ne  +  k3V, 

E 
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aims 

An  output  control  apparatus  for  an  internal  combustion  engine  (1)  mounted  on  a  vehicle  having  a  driving 
shaft  (15)  connecting  between  a  transmission  (12-14)  and  driving  wheels  (16),  comprising  adjusting 
means  for  adjusting  the  output  of  said  engine,  detecting  means  for  detecting  operating  amount  of  an  ac- 
celerator  pedal,  setting  means  for  setting  a  target  adjusting  variable  (A/Nt,  91)  on  the  basis  of  the  operating 
amount  of  the  accelerator  pedal  detected  by  said  detecting  means,  and  controlling  means  for  controlling 
said  adjusting  means  so  that  an  actual  adjusting  variable  (A/Nr,  9t)  of  said  adjusting  means  is  equalized 
to  the  target  adjusting  variable  set  by  said  setting  means,  characterized  in  that  the  setting  means  includes 
first  means  (22)  for  setting  a  target  driving  torque  (Twt)  to  act  on  said  driving  shaft  (15)  on  the  basis  of 
the  operating  amount  (Ap)  of  the  accelerator  pedal  detected  by  said  detecting  means;  second  means  (24) 
for  detecting  an  actual  driving  torque  (Twm)  actually  acting  on  said  driving  shaft  (1  5);  third  means  (23)  for 
calculating  a  deviation  (ATw)  between  the  target  driving  torque  (Twt)  set  by  said  first  means  and  the  actual 
driving  torque  (Twm)  detected  by  said  second  means;  fourth  means  (31)  for  setting  a  steady-state  output 
torque  (Teo)  of  the  engine  (1),  required  to  produce  the  target  driving  torque  (Twt)  set  by  the  first  means 
to  said  driving  shaft  (15),  on  the  assumption  that  the  whole  system  of  said  vehicle  including  the  engine 
(1)  is  in  a  steady-state  operation  mode;  fifth  means  (32)  for  setting  a  reference  adjusting  variable  (A/No) 
of  said  adjusting  means  required  in  order  that  the  engine  (1)  outputs  said  steady-state  output  torque  set 
by  said  fourth  means  (31);  and  sixth  means  (33,  34)  for  correcting  said  reference  adjusting  variable  (A/No) 
set  by  said  fifth  means  (32)  on  the  basis  of  the  deviation  (ATw)  calculated  by  said  third  means  (23),  and 
for  outputting  the  corrected  reference  adjusting  variable  as  said  target  adjusting  variable  (A/Nt). 

An  output  control  apparatus  according  to  claim  1  ,  characterized  in  that  said  sixth  means  includes  a  linear 
mathematical  model  representing  a  deviation  from  said  steady-state  operation  mode  in  processes  of  gen- 
eration  and  transmission  of  power  between  said  engine  (1)  and  said  driving  shaft  (15),  by  means  of  a  plur- 
ality  of  parameters  (all,  a22,  a23,  a32,  a33),  on  the  basis  of  the  state  that  the  whole  system  of  said  vehicle 
including  said  engine  (1)  is  in  said  steady-state  operation  mode;  parameter  calculating  means  (50)  for  ob- 
taining  parameters  (all,  a22,  a23,  a32,  a33)  of  said  mathematical  model  by  inverse  calculation  on  the  basis 
of  variables  (A/Nr,  V,  Ne)  indicative  of  the  behaviour  of  said  vehicle;  gain  calculating  means  (60)  for  setting 
feedback  gains  (co,  c1  ,  c2)  on  the  basis  of  said  parameters  (a11  ,  a22,  a23,  a32,  a33)  calculated  by  said 
calculating  means  (50);  converting  means  (33)  for  converting  the  deviation  (ATw)  calculated  by  said  third 
means  (23)  into  a  feedback  adjusting  variable  (AA/N),  by  utilizing  the  feedback  gains  (cO,  cl,  c2)  set  by 
said  gain  calculating  means  (60);  and  addition  means  (34)  for  calculating  said  target  adjusting  variable 
(A/Nt)  by  adding  said  reference  adjusting  variable  (A/No)  set  by  said  fifth  means  (32)  and  said  feedback 
adjusting  variable  (AA/N)  converted  by  said  converting  means  (33). 

An  output  control  apparatus  according  to  claim  2,  characterized  in  that  when  the  whole  vehicle  including 
a  feedback  control  mechanism  is  regarded  as  one  system,  said  gain  calculating  means  (60)  includes  a 
tranfer  characteristic  representing  the  relationship  between  input  and  output  of  said  one  system,  said 
transfer  characteristic  determines  said  feedback  gains  (cO,  cl,  c2)  so  that  said  transfer  characteristic 
closely  resembles  a  transfer  characteristic  of  a  specified  normative  response  system. 

The  output  control  apparatus  according  to  claim  2  or  claim  3,  characterized  in  that  said  vehicle  is  provided 
with  an  automatic  transmission,  said  sixth  means  includes  said  linear  mathematical  model  for  said  vehicle, 
and  said  parameter  calculating  means  (50)  calculates  the  parameters  (a11,  a22,  a23,  a32,  a33)  of  said 
mathematical  model  by  inverse  calculation  on  the  basis  of  the  velocity  of  the  vehicle,  rotating  speed  (Ne) 
of  the  engine,  and  the  amount  of  air  (A/Nr)  used  in  an  explosion  process  of  the  engine  (1),  as  variables 
indicative  of  the  behaviour  of  said  vehicle. 

An  output  control  apparatus  according  to  any  one  of  claims  2  to  4,  characterized  in  that  said  converting 
means  (33)  converts  the  deviation  (ATw)  calculated  by  said  third  means  (23)  into  said  feedback  adjusting 
variable  (AA/N)  on  the  basis  of  a  PID  operation. 

An  output  control  apparatus  according  to  any  one  of  claims  1  to  5,  characterized  in  that  said  adjusting 
means  includes  a  throttle  valve  (8)  for  adjusting  the  amount  of  suction  air  of  said  engine  (1  ),  and  an  electric 
motor  (9)  for  adjusting  opening  of  the  throttle  valve. 

An  output  control  apparatus  according  to  claim  6,  characterized  in  that  said  fifth  means  (32)  sets  the 
amount  of  suction  air  as  said  reference  adjusting  variable. 
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8.  An  output  control  apparatus  according  to  any  one  of  claims  1  to  7,  characterized  in  that  said  output  control 
apparatus  includes  a  vehicle  speed  sensor  for  detecting  the  velocity  (V)  of  said  vehicle,  and  said  first 
means  (22)  sets  said  target  driving  torque  (Twt)  on  the  basis  of  the  velocity  (V)  detected  by  said  vehicle 

5  speed  sensor  and  the  operating  amount  (Ap)  of  the  accelerator  pedal  detected  by  said  detecting  means. 

Patentanspruche 

10  1.  Eine  Ausgangssteuervorrichtung  fur  eine  Brennkraftmaschine  (1),  montiertauf  einem  Fahrzeug  miteiner 
antreibenden  Welle  (15),  die  zwischen  ein  Getriebe  (12  bis  14)  und  angetriebene  Rader  (16)  geschaltet 
ist,  umfassend  Justiermittel  fur  das  Justieren  des  Ausgangs  der  Maschine,  Erfassungsmittel  fur  das  Er- 
fassen  der  Betriebsstellung  eines  Beschleunigerpedals,  Einstellmittel  fur  das  Einstellen  einer  SOLL- 
Justiervariablen  (A/Nt,  91)  auf  Basis  der  Betriebsstellung  des  Beschleunigerpedals,  erfalit  durch  die  Er- 

rs  fassungsmittel,  und  Steuermittel  fur  das  Steuern  der  Justiermittel  so,  dali  eine  IST-Justiervariable  (A/Nr, 
9t)  der  Justiermittel  gleichgemacht  wird  der  SOLL-Justiervariablen  durch  die  Einstellmittel,  dadurch  ge- 
kennzeichnet,  dali  die  Einstellmittel  erste  Mittel  (22)  umfassen  fur  das  Einstellen  eines  SOLL- 
Antriebsdrehmoments  (Twt),  urn  auf  die  antreibende  Welle  (15)  einzuwirken  auf  der  Basis  der  Betriebs- 
stellung  (Ap)  des  Beschleunigerpedals,  erfalit  durch  die  Erfassungsmittel;  zweite  Mittel  (24)  fur  das  Er- 

20  fassen  eines  IST-Antriebsdrehmoments  (Twm),  das  gerade  auf  die  antreibende  Welle  (1  5)  einwirkt;  dritte 
Mittel  (23)  fur  das  Berechnen  einer  Abweichung  (ATw)  zwischen  dem  SOLL-Antriebsdrehmoment  (Twt), 
eingestellt  durch  die  ersten  Mittel,  und  dem  IST-Antriebsdrehmoment  (Twm),  erfalit  durch  die  zweiten  Mit- 
tel;  vierte  Mittel  (31)  fur  das  Einstellen  eines  Dauerausgangsdrehmoments  (Teo)  der  Maschine  (1),  erfor- 
derlich  zum  Erzeugen  des  SOLL-Antriebsdrehmoments  (Twt),  eingestellt  durch  die  ersten  Mittel  an  der 

25  antreibenden  Welle  (15)  unterder  Annahme,  dali  das  gesamte  System  des  Fahrzeugs  einschlielilich  der 
Maschine  (1)  in  einem  Dauerbetriebsmodus  ist;  f  u  nf  te  Mittel  (32)  fur  das  Einstellen  einer  Referenzjustier- 
variablen  (A/No)  der  Justiermittel,  erforderlich  dafur,  dali  die  Maschine  (1)  das  Dauerausgangsdrehmo- 
ment  abgibt,  eingestellt  durch  die  vierten  Mittel  (31);  und  sechste  Mittel  (33,  34)  fur  das  Korrigieren  der 
Referenzjustiervariablen  (A/No),  eingestellt  durch  die  funften  Mittel  (32)  auf  der  Basis  der  Abweichung 

30  (ATw),  berechnet  durch  die  dritten  Mittel  (23)  und  fur  das  Ausgeben  der  korrigierten  Referenzjustierva- 
riablen  als  die  Zieljustiervariable  (A/Nt). 

2.  Eine  Ausgangssteuervorrichtung  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  die  sechsten  Mittel  ein 
lineares  mathematisches  Modell  umfassen,  das  eine  Abweichung  von  dem  Dauerbetriebsmodus  in  Pro- 

35  zessen  der  Erzeugung  und  ubertragung  von  Leistung  zwischen  der  Maschine  (1)  und  der  antreibenden 
Welle  (15)  mittels  einer  Mehrzahl  von  Parametern  (a11,  a22,  a23,  a32,  a33)  reprasentiert  auf  der  Basis 
des  Status,  dali  das  gesamte  System  des  Fahrzeugs  einschlielilich  der  Maschine  (1)  in  dem  Dauerbe- 
triebsmodus  ist;  Parameter-Berechnungsmittel  (50)  fur  die  Gewinnung  von  Parametern  (a11,  a22,  a23, 
a32,  a33)  des  mathematischen  Modells  durch  inverse  Berechnung  auf  der  Basis  von  Variablen  (A/Nr,  V, 

40  Ne),  die  indikativ  sind  fur  das  Verhalten  des  Fahrzeugs;  Verstarkungsfaktor-Berechnungsmittel  (60)  fur 
das  Einstellen  von  Ruckkopplungsverstarkungen  (cO,  c1,  c2)  auf  Basis  der  Parameter  (a  1  1,  a22,  a23,  a32, 
a33),  berechnet  durch  die  Berechnungsmittel  (50);  Umsetzmittel  (33)  fur  das  Umsetzen  der  Abweichung 
(ATw),  berechnet  durch  die  dritten  Mittel  (23),  in  eine  Ruckkopplungsjustiervariable  (AA/N)  durch  Verwer- 
tung  der  Ruckkopplungsverstarkungen  (cO,  c1,  c2),  eingestellt  durch  die  Verstarkungsfaktor-Berech- 

45  nungsmittel  (60);  und  Addiermittel  (34)  fur  die  Berechnung  der  SOLL-Justiervariablen  (A/Nt)  durch  Addie- 
ren  der  Referenzjustiervariablen  (A/No),  eingestellt  durch  die  funften  Mittel  (32),  und  die  Ruckkopplungs- 
justiervariable  (AA/N),  umgesetzt  durch  die  Umsetzmittel  (33). 

3.  Eine  Ausgangssteuervorrichtung  nach  Anspruch  2,  dadurch  gekennzeichnet,  dali  dann,  wenn  das  gesam- 
50  te  Fahrzeug  einschlielilich  eines  Ruckkopplungssteuermechanismus  als  ein  System  betrachtet  wird,  die 

Verstarkungsfaktor-Berechnungsmittel  (60)  eine  Transfercharakteristik  umfassen,  welche  die  Beziehung 
zwischen  Eingang  und  Ausgang  des  einen  Systems  reprasentiert,  welche  Transfercharakteristik  die  Ruck- 
kopplungsverstarkungen  (cO,  c1  ,  c2)  derart  bestimmt,  dali  die  Transfercharakteristik  weitgehend  einer 
Transfercharakteristik  eines  spezif  izierten  normativen  Reaktionssystems  ahnelt. 

55 4.  Die  Ausgangssteuervorrichtung  nach  Anspruch  2  oder  Anspruch  3,  dadurch  gekennzeichnet,  dali  das 
Fahrzeug  mit  einem  Automatikgetriebe  versehen  ist,  wobei  die  sechsten  Mittel  daslineare  mathematische 
Modell  fur  das  Fahrzeug  umfassen,  und  die  Parameter-Berechnungsmittel  (50)  die  Parameter  (a11,  a22, 
a23,  a32,  a33)  des  mathematischen  Modells  durch  inverse  Berechnung  auf  Basis  der  Geschwindigkeit 
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des  Fahrzeugs,  der  Drehzahl  (Ne)  der  Maschine  und  der  Luftmenge  (A/Nr)  berechnen,  verwendet  in  ei- 
nem  Explosionsprozeli  der  Maschine  (1)  als  Variable,  die  indikativ  sind  fur  das  Verhalten  des  Fahrzeugs. 

5.  Eine  Ausgangssteuervorrichtung  nach  einem  der  Anspruche  2  bis  4,  dadurch  gekennzeichnet,  dali  die 
Umsetzmittel  (33)  die  Abweichung  (ATw)  umsetzt,  berechnet  durch  die  dritten  Mittel  (23),  in  die  Ruckkopp- 
lungsjustiervariable  (AA/N)  auf  Basis  einer  PID-Regelung. 

6.  Eine  Ausgangssteuervorrichtung  nach  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  dali  die 
Justiermittel  ein  Drosselventil  (8)  umfassen  fur  das  Justieren  der  Ansaugluftmenge  der  Maschine  (1),  und 
einen  Elektromotor  (9)  fur  das  Justieren  der  Offnung  des  Drosselventils. 

7.  Eine  Ausgangssteuervorrichtung  nach  Anspruch  6,  dadurch  gekennzeichnet,  dali  die  funften  Mittel  (32) 
die  Ansaugluftmenge  als  Referenzjustiervariable  einstellen. 

8.  Eine  Ausgangssteuervorrichtung  nach  einem  der  Anspruche  1  bis  7,  dadurch  gekennzeichnet,  dali  die 
Ausgangssteuervorrichtung  einen  Fahrzeuggeschwindigkeitssensor  umfalit  fur  die  Erfasssung  der  Ge- 
schwindigkeit  (V)  des  Fahrzeugs,  und  die  ersten  Mittel  (22)  das  SOLL-Antriebsdrehmoment  (Twt)  auf  Ba- 
sis  der  Geschwindigkeit  (V)  einstellen,  erfalit  durch  den  Fahrzeuggeschwindigkeitssensor,  und  der  Be- 
triebsstellung  (Ap)  des  Beschleunigerpedals,  erfalit  durch  die  Erfassungsmittel. 

Revendications 

1.  Un  appareil  de  commande  de  sortie  de  moteur  a  combustion  interne  (1)  monte  sur  un  vehicule  pourvu 
d'un  arbre  d'entraTnement  (15)  reliant  entre  elles  une  transmission  (12,  14)  et  des  roues  motrices  (16), 
comprenant  un  moyen  d'ajustement  servant  a  ajuster  la  sortie  dudit  moteur,  un  moyen  detecteur  servant 
a  detecter  I'ampleur  de  I'actionnement  d'une  pedale  d'accelerateur,  des  moyens  de  reglage  servant  a  re- 
gler  une  variable  d'ajustement  de  cible  (A/Nt,  ©1)  sur  la  base  de  I'ampleur  d'actionnement  de  la  pedale 
d'accelerateur  detectee  par  ledit  moyen  detecteur,  et  un  moyen  de  commande  servant  a  commander  ledit 
moyen  d'ajustement  de  facon  qu'une  variable  reelle  d'ajustement  (A/Nr,  ©t)  dudit  moyen  d'ajustement  soit 
rendue  egale  a  la  variable  d'ajustement  cible  reglee  par  ledit  moyen  de  reglage,  les  moyens  de  reglages 
incluant  un  premier  moyen  (22)  servant  a  regler  un  couple  d'entraTnement  cible  (Twt)  pour  agir  sur  ledit 
arbre  d'entraTnement  (1  5)  sur  la  base  de  I'ampleur  de  I'actionnement  (Ap)  de  la  pedale  d'accelerateur  de- 
tectee  par  ledit  moyen  detecteur;  un  deuxieme  moyen  (24)  servant  a  detecter  un  couple  reel  d'entraTne- 
ment  (Twm)  agissant  reellement  sur  ledit  entraTnement  15;  un  troisieme  moyen  (23)  servant  a  calculer  un 
ecart  (ATw)  entre  le  couple  d'entraTnement  cible  (Twt)  regie  par  ledit  premier  moyen  et  le  couple  reel  d'en- 
traTnement  (Twm)  detecte  par  ledit  deuxieme  moyen;  un  quatrieme  moyen  (31)  servant  a  regler  un  couple 
de  sortie  d'etat  stable  (Teo)  du  moteur  (1),  necessaire  pour  produire  le  couple  d'entraTnement  cible  (Twt) 
regie  parle  premier  moyen  audit  arbre  d'entraTnement  (15),  en  supposant  que  tout  le  systeme  du  vehicule 
y  compris  le  moteur  (1)  est  dans  un  mode  de  fonctionnement  d'etat  stable;  un  cinquieme  moyen  (32)  ser- 
vant  a  regler  une  variable  d'ajustement  de  reference  (A/No)  dudit  moyen  d'ajustement  necessaire  pour 
que  le  moteur  (1)  produise  un  couple  de  sortie  d'etat  stable  regie  par  ledit  quatrieme  moyen  (31);  et  un 
sixieme  moyen  (33,  34)  servant  a  corriger  ladite  variable  d'ajustement  de  reference  (A/No)  reglee  par  ledit 
cinquieme  moyen  (32)  sur  la  base  de  I'ecart  (ATW)  calcule  par  ledit  troisieme  moyen  (23)  et  a  produire 
la  variable  corrigee  d'ajustement  de  reference  en  tant  que  dite  variable  d'ajustement  cible  (A/Nt). 

2.  Un  appareil  de  commande  de  sortie  selon  la  revendication  1,  caracterise  en  ce  que  ledit  sixieme  moyen 
inclut  un  modele  mathematique  lineaire  representant  un  ecart  par  rapport  audit  mode  d'operation  d'etat 
stable  dans  des  processus  de  generation  de  transmission  de  puissance  entre  ledit  moteur  (1  )  et  ledit  arbre 
d'entraTnement  (15),  au  moyen  d'une  serie  de  parametres  (a11,  a22,  a23,  a32,  a33),  sur  la  base  de  I'etat 
dans  lequel  tout  le  systeme  dudit  vehicule,  y  compris  ledit  moteur  (1)  est  dans  un  mode  de  fonctionnement 
d'etat  stable;  un  moyen  de  calcul  (50)  de  parametres  pour  obtenir  des  parametres  (a11,  a22,  a23,  a32, 
a33)  dudit  modele  mathematique  par  un  calcul  inverse  sur  la  base  de  variables  (ANr,  V,  Ne)  indicatives 
du  comportement  dudit  vehicule;  un  moyen  de  calcul  (60)  de  gain  pour  regler  des  gains  de  retroaction 
(cO,  c1,  c2)  sur  la  base  desdits  parametres  (a11  ,  a22,  a23,  a32,  a33)  calcules  par  ledit  moyen  de  calcul 
(50);  un  moyen  de  conversion  (33)  pour  convertir  I'ecart  (Atw)  calcule  par  ledit  troisieme  moyen  (23)  en 
une  variable  d'ajustement  de  retroaction  (AA/N)  en  utilisant  les  gains  de  retroaction  (cO,  c1  ,  c2)  regies  par 
ledit  moyen  de  calcul  (60)  de  gains;  et  un  moyen  d'addition  (34)  pour  calculer  ladite  variable  d'ajustement 
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de  cible  (A/Nt)  en  additionnant  ladite  variable  d'ajustement  de  reference  (A/No)  reglee  par  ledit  moyen 
(32)  et  ladite  variable  d'ajustement  de  retroaction  (AA/N)  convertie  par  ledit  moyen  de  conversion  (33). 

Un  appareil  de  commande  de  sortie  selon  la  revendication  2,  caracterise  en  ce  que  ledit  moyen  de  calcul 
(60)  de  gains  inclut,  lorsque  tout  le  vehicule  y  compris  un  mecanisme  de  commande  de  retroaction  est 
considere  comme  un  systeme  unique,  une  caracteristique  de  transfert  representant  la  relation  entre  I'en- 
tree  et  la  sortie  dudit  systeme  unique,  ladite  caracteristique  de  transfert  determine  lesdits  gains  de  re- 
troaction  (cO,  c1,  c2)  de  facon  que  ladite  caracteristique  de  transfert  ressemble  etroitement  a  une  carac- 
teristique  de  transfert  d'un  systeme  specif  ie  a  reponse  normative. 

L'appareil  de  commande  de  sortie  selon  la  revendication  2  ou  la  revendication  3,  caracterise  en  ce  que 
ledit  vehicule  est  equipe  d'une  transmission  automatique,  ledit  sixieme  moyen  inclut  ledit  modele  mathe- 
matique  lineaire  dudit  vehicule,  et  ledit  moyen  de  calcul  (50)  de  parametres  calcule  les  parametres  (a11  , 
a22,  a23,  a32,  a33)  dudit  modele  mathematique  par  un  calcul  inverse  sur  la  base  de  la  vitesse  du  vehicule, 
de  la  vitesse  de  rotation  (Ne)du  moteur  etde  la  quantite  d'air  (A/Nr)  utilisee  dansun  processus  d'explosion 
du  moteur,  en  tant  que  variables  indicatives  du  comportement  dudit  vehicule. 

Un  appareil  de  commande  de  sortie  selon  I'une  quelconque  des  revendications  2  a  4,  caracterise  en  ce 
que  ledit  moyen  de  conversion  33  convertit  I'ecart  (ATw)  calcule  par  ledit  troisieme  moyen  (23)  en  ladite 
variable  d'ajustement  de  retroaction  (AA/N)  sur  la  base  d'une  operation  de  controle  differentiel  et  integral 
proportionnel,  ou  operation  de  PID. 

Un  appareil  de  commande  de  sortie  selon  I'une  quelconque  des  revendications  1  a  5,  caracterise  en  ce 
que  ledit  moyen  d'ajustement  inclut  une  vanne  d'etranglement  (8)  servant  a  ajuster  la  quantite  d'air  d'as- 
piration  dudit  moteur  (1),  et  un  moteur  electrique  (9)  d'ajustement  de  I'ouverture  de  la  soupape  d'etran- 
glement. 

Un  appareil  de  commande  de  sortie  selon  la  revendication  6,  caracterise  en  ce  que  ledit  cinquieme  moyen 
(32)  regie  la  quantite  d'air  d'aspiration  en  tant  que  dite  variable  d'ajustement  de  reference. 

Un  appareil  de  commande  de  sortie  selon  I'une  quelconque  des  revendications  1  a  7,  caracterise  en  ce 
que  ledit  appareil  de  commande  de  sortie  inclut  un  capteur  de  vitesse  du  vehicule  servant  a  detecter  la 
vitesse  (V)  dudit  vehicule,  et  ledit  premier  moyen  (22)  regie  ledit  couple  d'entraTnement  cible  (Twt)  sur  la 
base  de  la  vitesse  (V)  detectee  par  ledit  capteur  de  vitesse  du  vehicule  et  de  I'ampleur  de  I'actionnement 
(Ap)  de  la  pedale  d'accelerateur  detectee  par  ledit  moyen  detecteur. 
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