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Electronic-type  engine  control  method. 

©  A  novel  engine  control  method  is  disclosed  in 
which  in  order  to  dampen  the  longitudinal  oscillation 
of  a  vehicle  such  as  an  automobile  and  to  prevent 
the  deterioration  of  the  exhaust  gas  purification  per- 
formance  thereof,  the  longitudinal  acceleration  (a)  or 
the  engine  speed  (N)  of  the  vehicle  is  detected,  and 
the  detected  vehicle  acceleration  or  engine  speed, 
as  the  case  may  be,  is  differentiated.  A  signal  with 
the  phase  of  the  differentiated  value  advanced  by  a 
specific  value  is  produced  and  used  to  compensate 
for  the  fuel  injection  time  (Ti)  or  a  target  value  (  ?th) 
\  of  throttle  opening  degree. 

F  I  G.  I 
C  START  ) 

.  I  I/-IOI 
READ  AND  STORE  ACCELERATION  all] 

,__  1  1  --IO2 
CALCULATE  DIFFERENTIATION  OF ACCELERATION  Ao(l) 

r—  L  1  -!O3 READ  OPERATING  CONDITION  TARGET  , REFERENCE  Kp 
I  i  \Ci& REAO  ENGINE  SPEED  N  AND  ^VJH AIR  AMOUNT  Qa 
1  1  ,-IO5 CALCULATE  GAIN  K  f 
I  1  ,-106 

RETRIEVE  TIME  CONSTANT  Tl  ANO  T2 
I  ,IO7 

CALCULATE  THROTTLE  COMPENSATION 
FACTOR  f3(i) 

CALCULATE  EFFECTIVE  THROTTLE  , OPENING  ffth<  i! 
! 

STORE  &a(K),(3(K) 

a t  

CM 
n  
CO 

a .  
LU 

Xerox  Copy  Centre 



EP0  332  119  A2 

ELECTRONIC-TYPE  ENGINE  CONTROL  METHOD 

tie  opening  degree  from  various  detection  amounts 
indicating  the  engine  operating  conditions  thereby 
to  control  the  throttle  in  such  a  manner  that  the 
detected  throttle  opening  degree  coincides  with  the 

5  target  value,  wherein  the  method  further  includes 
steps  of  determining  a  differentiated  value  of  the 
acceleration  of  the  vehicle  detected  by  means  for 
detecting  the  longitudinal  acceleration  of  the  ve- 
hicle  (acceleration  sensor)  or  the  value  of  engine 

70  speed  detected  by  an  engine  speed  detector,  pro- 
ducing  a  signal  associated  with  the  differentiated 
value  advanced  by  a  specific  amount,  and  com- 
pensating  for  the  target  value  of  the  throttle  open- 
ing  degree  or  the  fuel  injection  time  thereby  to 

75  calculate  an  effective  value  (a  value  to  be  ex- 
ecuted). 

The  phase  of  a  signal  having  a  frequency 
hereinafter  called  the  "surge  frequency")  equal  to 
the  longitudinal  vibrations  of  the  vehicle  which  is 

20  caused  upon  rapid  opening  or  closing  of  the  throt- 
tle  valve  is  advanced  by  a  specific  value  in  accor- 
dance  with  the  operating  conditions  of  the  engine 
at  that  particular  time. 

The  specific  value  referred  to  above  is,  for 
25  example,  the  phase  difference  between  the  fuel 

injection  time  and  the  engine-generated  torque  with 
the  fuel  injection  time  changed  by  the  surge  fre- 
quency  under  an  engine  operating  condition  similar 
to  the  one  for  correction  of  the  fuel  injection  time. 

30  Also,  the  above-mentioned  specific  value  may 
be  the  phase  difference  between  a  target  value  of 
throttle  opening  degree  and  an  engine-generated 
torque  with  the  target  of  engine  throttle  opening 
degree  changed  in  accordance  with  the  surge  fre- 

35  quency  under  a  similar  engine  operating  condition 
to  the  one  at  the  time  of  compensation. 

In  advancing  the  phase  mentioned  above,  the 
input/output  gain  against  the  surge  frequency  is  set 
to  any  one  of  the  following.  (1)  When  the  throttle 

40  opening  target  is  compensated,  the  gain  is  set  to  a 
variable  proportional  to  the  reciprocal  of  the  am- 
plitude  ratio  between  the  target  value  of  throttle 
opening  and  the  engine-generated  torque 
(amplitude  of  outpt  signal/amplitude  of  input  signal) 

45  with  the  target  of  throttle  opening  changed  by  the 
surge  frequency  under  an  engine  operating  con- 
dition  similar  to  that  for  compensation. 

(2)  When  the  fuel  injection  time  is  compen- 
sated,  on  the  other  hand,  the  gain  is  set  to  a 

so  variable  proportional  to  the  reciprocal  of  the  am- 
plitude  ratio  between  the  fuel  injection  time  and  the 
engine-generated  torque  (output  signal 
amplitude/input  signal  amplitude)  with  the  fuel  in- 
jection  time  changed  by  the  surge  frequency  under 
an  engine  operating  conditions  similar  to  that  for 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  engine  con- 
trol  method  for  an  electronic-type  engine  control 
system,  or  more  in  particular  to  an  engine  control 
method  capable  of  dampening  the  longitudinal  os- 
cillation  of  a  vehicle  such  as  an  automobile  under 
acceleration. 

The  driver  and  passengers  feel  uncomfortable 
when  the  vehicle  pitches  or  oscillates  in  the  lon- 
gitudinal  directions  (running  directions)  of  the  ve- 
hicle  under  acceleration. 

Methods  of  preventing  such  a  longitudinal  os- 
ciilation  of  the  vehicle  by  an  electronic-type  control 
system  have  been  suggested. 

In  a  method  disclosed  in  JP-A-59-231144  or 
JP-A-60-30446,  for  example,  compensation  is 
made  by  the  fuel  injection  during  deceleration.  Ac- 
cording  to  a  method  disclosed  in  JP-A-59-93945, 
on  the  other  hand,  compensation  is  secured  by 
ignition  advance  or  fuel  supply  amount  to  minimize 
the  torque  variations  during  the  drive  at  a  very  low 
speed. 

The  conventional  methods  described  above, 
though  capable  of  dampening  the  longitudinal  os- 
cillation  of  the  vehicle  during  steady  run  or  decel- 
eration,  pose  the  problem  that  effective  dampening 
of  oscillation  is  difficult  during  acceleration.  This  is 
due  to  the  fact  that  means  has  not  yet  been  intro- 
duced  for  detecting  the  longitudinal  oscillation  of 
the  vehicle  during  acceleration. 

Another  problem  of  the  prior  art  is  that  the 
ignition  advance  or  the  amount  of  fuel  supplied  is 
set  in  such  a  manner  as  to  dampen  gas  discharge 
or  to  shift  from  the  original  value  of  control,  and 
therefore  the  exhaust  gas  purification  performance 
is  deteriorated. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  improve 
the  above-mentioned  problems  and  to  provide  an 
engine  control  method  by  which  the  longitudinal 
oscillation  of  a  vehicle  can  be  dampened  even 
during  acceleration  without  adversely  affecting  the 
exhaust  gas  purification  performance. 

In  order  to  achieve  the  aforementioned  object, 
according  to  the  present  invention,  there  is  pro- 
vided  an  engine  control  method  comprising  steps 
of  calculating  the  fuel  injection  time  from  various 
detection  amounts  representing  the  engine  operat- 
ing  conditions,  and  controlling  the  amount  of  fuel 
supplied  to  a  cylinder  on  the  basis  of  the  result  of 
the  calculation  or  calculating  a  target  value  of  throt- 
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Fig.  3  is  a  diagram  showing  a  configuration 
of  an  electronic  engine  control  system  according  to 
the  first  embodiment  of  the  present  invention. 

Fig.  4  is  a  block  diagram  of  an  electronic 
5  engine  control  system  according  to  the  first  em- 

bodiment  of  the  present  invention. 
Figs.  5A  and  5B  are  diagrams  for  explaining 

the  phase  difference  in  the  first  embodiment  of  the 
present  invention. 

w  Fig.  6  is  a  diagram  for  explaining  a  two- 
dimensional  map  for  storing  a  time  constant  and  a 
gain  according  to  the  first  embodiment  of  the 
present  invention. 

Figs.  7A,  7B  and  7C  are  diagrams  for  ex- 
75  plaining  the  longitudinal  oscillation  of  the  vehicle 

being  deampened  according  to  the  first  embodi- 
ment  of  the  present  invention. 

Fig.  8  is  a  block  diagram  showing  an  elec- 
tronic  engine  control  system  according  to  a  second 

20  embodiment  of  the  present  invention. 
Fig.  9  is  a  flowchart  showing  an  operation 

procedure  of  a  control  unit  according  to  the  second 
embodiment  of  the  present  invention. 

25 
DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

An  embodiment  of  the  present  invention  will  be 
30  explained  below  with  reference  to  the  accompany- 

ing  drawings. 
First,  explanation  will  be  made  about  an  engine 

control  method  for  compensating  for  a  target  value 
of  throttle  opening  degree  by  use  of  the  accelera- 

35  tion  as  a  data  related  to  the  longitudinal  vibrations 
of  a  vehicle. 

Fig.  3  is  a  diagram  showing  a  configuration  of 
an  electronic  engine  control  system  according  to  a 
first  embodiment  of  the  present  invention. 

40  An  electronic  engine  control  system  according 
to  this  embodiment  comprises  an  acceleration  sen- 
sor  24,  an  operating  condition  target  reference  set- 
ting  unit  28,  a  control  unit  31,  an  air  amount  sensor 
38,  a  throttle  control  unit  39,  a  throttle  angle  sensor 

45  40,  a  throttle  actuator  41  ,  an  injector  42,  an  oxygen 
sensor  43,  a  water  temperature  sensor  44  and  a 
crank  angle  sensor  45. 

The  control  unit  31  is  a  digital  control  unit 
including  a  CPU  32,  a  ROM  33,  a  RAM  34,  a  timer 

so  35  and  an  I/O  LSI  36  which  are  connected  elec- 
trically  by  a  bus  37. 

The  I/O  LSI  36  is  supplied  with  signals  from  an 
acceleration  sensor  24,  unit  28  for  setting  a  target 
reference  of  engine  operating  conditions,  the  air 

55  amount  sensor  38  for  measuring  an  amount  of 
suction  air  per  unit  time,  the  oxygen  sensor  43,  the 
water  temperature  sensor  44  and  the  crank  angle 
sensor  45  and  applies  a  signal  to  a  throttle  control 

compensation. 
In  (1)  and  (2)  above,  there  are  a  plurality  of 

proportionally  constants  between  the  input/output 
gain  and  the  reciprocal  of  the  amplitude  ratio,  and 
an  appropriate  proportionality  constant  is  changed 
as  selected  by  the  driver. 

In  the  above-mentioned  compensation  process, 
if  the  output  of  the  phase-advancing  unit  is  positive, 
the  target  value  of  the  fuel  junction  time  or  the 
throttle  opening  degree  is  reduced  to  a  level  small- 
er  than  the  original  value.  If  the  output  of  the  phase 
advancing  unit  is  negative,  on  the  other  hand,  the 
fuel  injection  time  or  the  target  value  of  the  throttle 
opening  degree  is  increased  to  a  level  higher  than 
the  original  value. 

According  to  the  present  invention,  when  the 
vehicle  develops  a  longitudinal  oscillation,  assume 
that  the  target  value  of  fuel  injection  time  or  throttle 
opening  degree  is  compensated  on  the  basis  of  the 
output  signal  (c)  of  the  phase  advancing  unit.  The 
increment  of  these  values  (compensation  amount) 
is  indicated  as  (d)  in  reverse  phase  to  (c)  by  the 
compensation  unit. 

Also,  if  the  effect  of  compensation  is  exhibited 
in  the  engine-generated  torque,  the  torque  incre- 
ment  is  indicated  as  (e). 

This  signal  (e)  is  opposite  in  phase  to  the 
output  signal  (b)  of  the  differentiation  means  under 
the  effect  of  differentiation  at  the  phase  advancing 
process. 

Further,  when  a  signal  (e)  representing  the 
increment  of  the  engine-generated  torque  is  trans- 
mitted  to  a  tire,  the  torque  increment  of  the  drive 
shaft  involved  is  indicated  as  a  signal  (f)  retarded 
by  90°  from  the  signal  (e). 

On  the  other  hand,  the  signal  (f)  is  opposite  in 
phase  to  the  signal  (a),  so  that  the  torque  of  the 
drive  shaft  is  decreased  during  the  increase  in 
acceleration,  while  the  drive  shaft  torque  is  in- 
creased  during  acceleration  decrease,  thus  damp- 
ening  the  vibrations  of  acceleration  (longitudinal 
oscillation  of  vehicle). 

Also  in  the  case  where  an  engine  speed  detec- 
tion  means  is  provided,  the  engine-generated 
torque  is  decreased  during  the  increase  in  engine 
speed,  and  vice  versa,  thus  dampening  the  longitu- 
dinal  oscillation  of  the  vehicle. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  flowchart  showing  an  operating 
procedure  of  a  control  unit  according  to  a  first 
embodiment  of  the  present  invention. 

Figs.  2A  and  2B  are  timing  charts  of  output 
signals  of  respective  means  with  longitudinal  os- 
cillation  of  the  vehicle  generated  in  the  first  em- 
bodiment  of  the  present  invention. 
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the  surge  frequency  fo  and  the  phase  difference  4>. 
Ti  =  1/(2tt  fo)V(1-sin  <j>)/(1+sin  <j>)  (2) 
T2  =  1/(2-rfo)V(1  +sin  <o)/(1-sin  <t>)  (3) 
k  =  kp/ko  log  {(1  +sin  4>)/(1-sin  <t>)}  (4) 

5  where  kp  is  a  variable  settable  by  the  driver  using 
the  operating  condition  target  reference  setting  unit 
28  including  a  switch  having  a  variable  resistor  or 
the  like.  As  a  result,  by  changing  this  variable 
through  the  operation  of  the  switch,  the  correction 

w  level  of  the  target  value  of  the  throttle  opening 
degree  may  be  changed  against  the  same  pattern 
of  detected  acceleration,  thus  producing  the  op- 
erating  condition  desired  by  the  driver. 

The  surge  frequency  fo,  on  the  other  hand,  is  a 
75  value  specific  to  the  vehicle  and  is  obtained  by 

measuring  the  longitudinal  oscillation  of  the  vehicle 
caused  during  rapid  opening  of  the  throttle  and 
determining  the  frequency  of  the  particular  oscilla- 
tion. 

20  The  phase  difference  <s>  changes  with  the  en- 
gine  operating  conditions,  especially,  the  engine 
speed  or  air  amount.  As  shown  in  Fig.  5A,  there- 
fore,  the  engine  is  kept  in  steady  running  state,  and 
the  engine-generated  torque  is  measured  with  the 

25  throttle  opening  degree  target  value  changed  in 
sinusoidal  waveform  in  various  operating  regions, 
so  that  as  shown  in  Fig.  5B,  the  phase  difference 
between  the  input  and  output  signals  is  calculated 
and  prepared  into  a  two-dimensional  map  with  the 

30  engine  speed  N  and  the  air  amount  Qa.  Specifi- 
cally,  the  phase  difference  *  is  calculated  from  the 
equation  (5)  below  on  the  basis  of  the  engine 
speed  N  and  the  air  amount  (an  amount  of  suction 
air  per  unit  time)  Qa. 

35  *  =  f(N,  QJ  (5) 
In  similar  manner,  the  amplitude  ratio  k0  is 

obtained  by  calculating  the  amplitude  ratio  between 
the  input  and  output  signals  mentioned  above  and 
preparing  a  two-dimensional  map  of  the  engine 

40  speed  N  and  the  air  amount  Qa  therefrom.  In  other 
words,  the  amplitude  ratio  k0  is  calculated  from  the 
equation  (5)'  below, 
ko  =  g(N,  Qa)  (5)' 

The  throttle  opening  degree  calculation  unit  23 
45  is  generally  known  for  calculating  a  target  value  of 

the  throttle  opening.  For  example,  it  is  an  unit  for 
calculating  a  target  value  of  the  throttle  opening 
degree  in  such  a  manner  that  the  detected  torque 
coincides  with  a  target  thereof. 

so  The  effective  value  6th  of  the  target  of  the 
throttle  opening  degree,  on  the  other  hand,  is  de- 
termined  from  the  equation  (6)  below  on  the  basis 
of  an  output  fi  of  the  phase  advancing  unit  26  and 
the  output  eth. 

55  0th  =  9th  (1-/3)  (6) 
The  equation  (7)  may  replace  the  equation  (6). 
9th  =  8th  -  0  (7) 
The  signal  thus  obtained  is  applied  to  throttle  con- 

unit  39,  the  injector  42,  etc.  The  I/O  LSI  36  includes 
an  A'D  converter  and  a  D/A  converter. 

The  timer  35  generates  a  interrupt  request  at 
regular  time  intervals  against  the  CPU  32,  and  in 
response  to  this  interrupt  request,  the  CPU  32 
executes  the  control  program  stored  in  the  ROM 
33. 

Fig.  4  is  a  control  block  diagram  of  an  elec- 
tronic  engine  control  system  according  to  a  first 
embodiment  of  the  present  invention,  and  Fig.  5  a 
diagram  for  explaining  the  phase  difference  in  the 
first  embodiment  of  the  invention. 

The  control  section  of  the  control  unit  31  ac- 
cording  to  this  embodiment  includes,  as  shown  in 
Fig.  4,  throttle  opening  degree  calculation  unit  23, 
differentiation  unit  25,  phase  advancing  unit  26, 
time  constant/gain  calculation  unit  27  and  the  unit 
28  for  setting  a  target  reference  of  operating  con- 
ditions. 

The  differentiation  unit  25,  in  response  to  an 
acceleration  a  fetched  through  the  acceleration 
sensor  24,  calculates  da/dt  thereby  to  produce  a 
differentiation  value  da  of  acceleration. 

According  to  the  present  embodiment,  the  ac- 
celeration  sensor  24  receives  a  data  on  the  longitu- 
dinal  oscillation  (acceleration  a)  of  the  vehicle  from 
the  drive  system  22  and  feeds  it  back  to  the 
differentiation  unit  25. 

The  phase  advancing  unit  26  is  supplied  with 
the  acceleration  differentiation  value  da  and  pro- 
duces  a  throttle  opening  degree  compensation  fac- 
tor  &. 

The  input  and  ouput  characteristics  are  as- 
sumed  to  be  given  by  the  equation  (1)  below  in 
accordance  with  the  transfer  function  in  the  Laplace 
region.  Also,  the  transfer  function  is  such  an  ele- 
ment  that  the  input  phase  may  be  advanced  by  the 
desired  value. 
k(1  +  T2*S)/(1  +  Ti*S)  (1) 
where  the  parameters  k,  Ti  and  T2  are  calculated 
and  corrected  from  time  to  time  as  required  by  the 
time  constant-gain  calculation  unit  27.  Also,  the 
time  constants  Ti  and  T2  are  set  in  such  a  manner 
that  the  phase  of  a  signal  having  a  frequency  equal 
to  the  longitudinal  oscillation  of  the  vehicle,  that  is, 
the  surge  frequency  fo  is  advanced  by  a  phase 
delay  <t>  (phase  difference)  before  the  effect  of  a 
throttle  opening  change  is  reflected  in  a  torque 
change. 

Further,  the  gain  k  is  set  in  such  a  way  that  the 
input/ouput  gain  in  equation  (1)  against  the  signal 
of  the  surge  frequency  fo  is  proportional  to  the 
reciprocal  of  the  amplitude  ratio  ko  of  the  two 
variables  of  the  engine-generated  torque  and  the 
throttle  opening  target  changed  by  the  frequency 
fo. 

Specifically,  the  parameters  k,  Ti  and  T2  are 
calculated  by  the  equations  (2)  to  (4)  below  from 
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by  kp  thereby  to  produce  the  gain  k  in  equation  (1) 
(block  105).  The  procedure  is  taken  because  it  is 
difficult  to  obtain  the  gain  k  by  retrieval  of  the  two- 
dimensional  map  by  the  calculation  of  the  loga- 

s  rithm  and  trigonometric  function  in  a  microcom- 
puter. 

The  time  constants  Ti  and  T2  are  then  deter- 
mined  by  retrieving  the  two-dimensional  map 
shown  in  Fig.  6  from  the  engine  speed  and  the  air 

io  amount  read  at  block  104  (block  106).  In  this  case, 
the  data  in  the  two-dimensional  map  is  calculated 
by  use  of  equations  (2),  (3)  and  (5)  in  various 
operating  regions  of  engine  speed  and  air  amount. 
The  two-dimensional  map  is  used  for  retrieval  be- 

75  cause  it  is  difficult  to  conduct  calculations  of 
square  roots  and  trigonometric  functions  in  a 
microcomputer. 

Assuming  that  the  input  is  a  differentiated  value 
da  of  acceleration  and  the  output  a  throttle  opening 

20  compensation  factor  /3  with  the  transfer  characteris- 
tic  thereof  given  from  equation  (1),  the  throttle 
opening  compensation  jS(i)  is  determined  from  the 
difference  equation  of  the  differential  equation  of  he 
variables  da,  0  (block  107). 

25  The  difference  equation  is  given  from  the  equa- 
tion  (9)  below. 
jS(i)  +  Ti{j8(i)  -  jS(i-1)}/At  =  k[Aa(i)  +  T2{Aa(i)  - 
Ao(i-1)}/At]  (9) 
where  At  is  an  interruption  period. 

30  On  the  other  hand,  the  compensation  factor  fi(\) 
is  calculated  from  the  equation  (8)  on  the  basis  of 
the  differentiated  value  Aa(i)  of  acceleration  deter- 
mined  at  block  102,  the  differentiated  value  Aa(i  - 
1)  of  acceleration  determined  and  stored  at  the 

35  previous  time  of  interruption,  k,  Ti  and  T2  deter- 
mined  at  blocks  105  and  106  and  the  compensa- 
tion  factor  00  -  1)  calculated  and  stored  at  the 
previous  time  of  interruption. 

As  the  next  step,  the  effective  target  value  0th 
40  of  throttle  opening  degree  is  calculated  from  the 

original  target  value  9th(i)  and  the  compensation 
factor  #(i)  determined  at  block  107  by  the  equation 
(10)  below  (block  108). 
9th(i)  =  (1  -  /8(i))  fl,h(i)  (10) 

45  Finally,  Aa(i)  and  j8(i)  are  written  in  the  memory 
addresses  of  Aa(i  -  1)  and  0(\  -  1)  and  appro- 
priately  processed  to  stand  by  for  the  next  interrupt 
request  (block  109). 

The  features  of  the  present  embodiment  will  be 
50  described  below  in  comparison  with  those  of  the 

conventional  methods. 
Fig.  7  is  a  diagram  for  explaining  the  manner  in 

which  the  longitudinal  oscillation  of  the  vehicle  is 
dampened  according  to  the  first  embodiment  of  the 

55  present  invention. 
In  the  case  where  the  accelerator  depression 

angle  is  increased  rapidly  as  shown  in  Fig.  7A,  the 
acceleration  and  engine  speed  undergo  a  change 

trol  unit  39  to  control  the  throttle  in  such  a  manner 
that  the  detected  throttle  opening  degree  may  co- 
incide  with  the  target  thereof. 

The  engine  speed  N  is  obtained  by  the  crank 
angle  sensor  45  from  the  engine  21,  and  the  lon- 
gitudinal  oscillation  of  the  vehicle  is  produced  by 
the  acceleration  sensor  24  from  the  kinetic  system 
of  the  vehicle  including  the  drive  system  22. 

The  engine  intake  air  amount  is  obtained,  on 
the  other  hand,  from  the  air  amount  sensor  38. 

The  engine  speed  N,  the  acceleration  a,  the  air 
amount  Qa  thus  determined  are  applied  to  the 
control  unit  31  through  the  I/O  LSI  36,  and  used  to 
calculate  the  effective  value  of  the  target  of  the 
throttle  opening  at  regular  intervals  of  time. 

The  operation  of  the  system  configured  as 
above  will  be  explained  in  dampening  the  longitudi- 
nal  oscillation  of  the  vehicle  by  the  control  unit  3 
with  the  throttle  opening  corrected.  This  operation 
is  executed  by  the  control  program  in  the  ROM  33. 

Fig.  1  is  a  flowchart  showing  the  operating 
procedure  of  the  control  unit  according  to  a  first 
embodiment  of  the  present  invention,  and  Fig.  6  a 
diagram  for  explaining  the  two-dimensional  map 
storing  the  time  constant  and  gain  for  the  first 
embodiment  of  the  invention. 

According  to  this  embodiment,  the  control  pro- 
gram  is  started  when  the  longitudinal  oscillation  of 
the  vehicle  is  generated  or  forecast  to  be  gen- 
erated.  This  decision  is  made  from  whether  the 
absolute  value  of  the  differentiation  of  the  throttle 
opening  degree  or  acceleration  has  exceeded  a 
predetermined  value. 

Upon  starting  of  this  control  program,  the  ac- 
celeration  sensor  24  reads  the  acceleration  a(i), 
which  is  stored  in  the  RAM  34  (block  101). 

The  differentiation  value  of  acceleration  Aa(i)  is 
then  calculated  from  the  equation  (8)  below  on  the 
basis  of  the  acceleration  a(i-1)  read  and  stored  in 
the  RAM  34  at  the  time  of  previous  interruption  and 
the  acceleration  a(i)  read  at  step  101  (block  102). 
Aa(i)  =  (a(i)-a(i-1))/At  (8) 
where  At  is  an  interruption  period. 

Then,  the  driver  reads  a  target  reference  of 
operating  conditions  kp  settable  by  the  operating 
condition  target  reference  setting  means  28  such 
as  a  switch  (block  1  03). 

The  engine  speed  N  and  the  air  amount  Qa  are 
then  read  (block  104). 

The  formula  1/kolog((1  +  sin  <f>)/(1  -  sin  <#>)) 
in  equation  (4)  is  then  calculated  by  use  of  equa- 
tions  (5)  and  (5)'  in  various  operating  regions  of  the 
engine  speed  N  and  the  air  amount  Qa,  and  written 
in  a  two-dimensional  map  as  shown  in  Fig.  6.  The 
figures  are  then  read  from  the  two-dimensional 
map  at  step  104,  and  the  value  determined  by 
retrieval  of  the  two-dimensional  map  from  the  en- 
gine  speed  N  and  the  air  amount  Qa  is  multiplied 
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of  the  acceleration  a  in  the  first  embodiment.  Fur- 
ther,  the  differentiation  means  25  differentiates  the 
engine  speed  and  applies  the  differentiated  value 
to  the  phase  advancing  unit  26. 

5  According  to  the  present  embodiment,  the 
throttle  opening  degree  calculation  unit  23  in  the 
first  embodiment  is  replaced  by  the  fuel  injection 
time  calculation  unit  83,  the  output  of  which  is 
compensated  to  produce  an  effective  value.  The 

10  calculation  of  a  differentiated  value  of  engine 
speed,  retrieval  of  a  time  constant,  gain  calculation, 
calculation  of  the  compensation  factor  of  the  fuel 
injection  time  and  the  effective  fuel  injection  time 
are  effected  in  similar  manner  to  those  effected 

75  using  the  various  equations  in  Figs.  5A  to  7C  (first 
embodiment). 

In  this  configuration,  the  control  program  shown 
in  Fig.  9  is  used  for  dampening  the  longitudinal 
oscillation  of  the  vehicle  under  acceleration  by 

20  compensating  for  the  fuel  injection  time  with  the 
engine  speed  in  the  control  unit.  This  control  pro- 
gram  is  started  when  the  longitudinal  oscillation  of 
the  vehicle  is  forecast  by  a  method  of  deciding 
whether  the  absolute  value  of  the  change  rate  of 

25  the  throttle  opening  degree  of  fuel  injection  time 
has  exceeded  a  predetermined  value  or  not. 

First,  the  engine  speed  retrieved  from  the  en- 
gine  21  and  stored  in  the  RAM  is  read  (block  901  ). 

The  engine  speed  read  and  stored  in  the  RAM 
30  at  the  time  of  the  previous  interruption  is  used 

together  with  the  present  engine  speed  to  calculate 
the  differentiated  value  of  the  engine  speed  from 
the  equation  (8)  (block  902). 

Then,  the  target  reference  kp  set  by  the  driver 
35  with  the  operating  condition  target  reference  setting 

means  28  is  read  (block  903). 
The  engine  speed  and  the  air  amount  are  read 

(block  904),  the  two-dimensional  map  obtained 
from  the  equations  (4),  (5)  and  (5)'  (See  Fig.  6)  is 

40  searched,  and  the  value  obtained  is  multiplied  by 
kp  thereby  to  determine  the  gain  k  in  equation  (1) 
(block  905). 

The  two-dimensional  map  is  searched  in  a 
similar  manner  by  the  engine  speed  and  the  air 

45  amount  read  thereby  to  determine  the  time  con- 
stants  Ti  and  T2  (block  906). 

In  the  case  where  an  input  is  provided  in  the 
form  of  a  differentiation  of  the  engine  speed  and  an 
output  in  the  form  of  a  compensation  factor  for  the 

so  fuel  injection  time  with  the  transfer  characteristic 
thereof  given  by  equation  (1),  the  compensation 
factor  for  the  fuel  injection  time  is  obtained  from 
the  difference  equation  of  the  differential  equation 
of  these  variables  (block  907).  The  difference  equa- 

55  tion  is  obtained  by  use  of  equation  (9). 
The  effective  value  of  the  fuel  injection  time  is 

calculated  by  use  of  the  equation  (10)  from  the 
original  fuel  injection  time  and  a  compensation 

as  shown  by  dotted  lines  in  Figs.  7B  and  7C.  As 
compared  with  the  response  in  the  conventional, 
systems  shown  by  solid  line,  the  response  accord- 
ing  to  the  present  embodiment  shown  by  dotted 
line  follows  a  smooth  curve  of  change  for  both  the 
acceleration  in  Fig.  7B  and  engine  speed  in  Fig. 
7c,  indicating  that  the  lingitudinal  oscillation  of  the 
vehicle  is  dampened  very  effectively. 

The  acceleration  shown  in  Fig.  7b  is  repre- 
sented  by  two  types  of  dotted  lines  resulting  from 
the  fact  that  the  magnitude  of  the  control  gain  kp  is 
controlled  in  two  types  by  the  operating  condition 
target  reference  setting  unit  28.  In  this  way,  by 
setting  two  or  more  types  of  the  magnitude  of  the 
control  gain  kp,  the  driver  is  capable  of  selecting 
the  desired  response  by  a  switch  or  the  like. 

According  to  the  present  embodiment,  the 
throttle  opening  degree  is  connected  and  controlled 
in  such  a  manner  as  to  compensate  for  the  delay 
of  torque  generation  and  dampen  the  oscillation  of 
acceleration,  thereby  making  it  possible  to  dampen 
the  longitudinal  oscillation  of  the  vehicle  effectively 
in  all  operating  regions. 

Now,  explanation  will  be  made  about  an  engine 
control  method  for  correcting  the  fuel  injection  time 
by  using  the  engine  speed  as  a  data  related  to  the 
longitudinal  oscillation  of  the  vehicle. 

Fig.  8  is  a  block  diagram  for  control  of  an 
electronic-type  engine  control  system  according  to 
the  second  embodiment  of  the  present  invention, 
and  Fig.  9  a  flowchart  showing  the  operation  of  the 
control  unit  according  to  the  second  embodiment. 

The  engine  control  system  according  to  this 
embodiment,  like  the  first  embodiment  shown  in 
Fig.  3,  includes  a  control  unit  having  a  CPU,  a 

'  RAM,  a  timer  and  an  I/O  LSI,  operating  condition 
target  reference  setting  unit,  throttle  control  unit, 
throttle  angle  sensor,  a  throttle  actuator,  an  air 
amount  sensor,  an  injector,  an  oxygen  sensor,  a 
water  temperature  sensor  and  a  crank  angle  sen- 
sor.  No  acceleration  sensor  is  included  because  in 
place  of  the  method  according  to  the  first  embodi- 
ment  in  which  the  oscillation  is  dampened  by  cor- 
recting  the  target  value  of  the  throttle  opening 
degree,  the  present  embodiment  employs  a  meth- 
od  of  correcting  the  fuel  injection  time  (period)  and 
also  feeding  back  the  engine  speed  instead  of 
acceleration. 

The  present  embodiment  is  so  configured  that 
as  shown  in  Fig.  8  the  control  section  of  the  control 
unit  includes  differentiation  unit  25,  phase  advan- 
cing  unit  26,  time  constant/gain  calculation  unit  27, 
operating  condition  target  reference  setting  unit  28 
and  fuel  injection  time  calculation  unit  83,  which 
are  connected  to  an  engine  21  and  a  drive  system 
22. 

The  differentiation  unit  25  is  fed  back  with  the 
engine  speed  data  N  from  the  engine  21  in  place 
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time  (Ti)  and  a  target  value  of  the  throttle  valve 
opening  degree  (  ?th)  in  accordance  with  said  out- 
put  signal. 

2.  An  engine  control  method  according  to 
5  Claim  1,  wherein  the  phase-advancing  process  is 

performed  in  a  manner  that  the  phase  of  the  signal 
having  a  frequency  equal  to  the  longitudinal  oscilla- 
tion  of  the  vehicle  caused  by  one  of  rapid  closing 
and  rapid  opening  of  the  throttle  valve  is  advanced 

70  by  a  specific  value  in  accordance  with  the  prevail- 
ing  engine  operating  conditions. 

3.  An  engine  control  method  according  to 
Claim  2,  wherein  said  specific  value  is  a  phase 
difference  between  an  engine-generated  torque 

75  and  a  fuel  injection  time  (Ti)  changed  by  a  fre- 
quency  equal  to  the  longitudinal  oscillation  of  the 
vehicle  caused  upon  one  of  rapid  opening  and 
rapid  closing  of  the  throttle  valve  under  the  same 
engine  operating  conditions  as  when  the  fuel  injec- 

20  tion  time  (Ti)  is  compensated  for. 
4.  An  engine  control  method  according  to 

Claim  2,  wherein  said  specific  value  is  a  phase 
difference  between  an  engine-generated  torque 
and  a  target  value  of  throttle  valve  opening  degree 

25  changed  by  a  frequency  equal  to  the  longitudinal 
oscillation  of  the  vehicle  caused  upon  one  of  rapid 
opening  and  rapid  closing  of  the  throttle  valve 
under  the  same  engine  operating  conditions  as 
when  the  target  value  of  the  throttle  valve  opening 

30  degree  (  ?th)  is  compensated  for. 
5.  An  engine  control  method  according  to 

Claim  1,  wherein  the  phase-advancing  process  is 
performed  in  a  manner  that  an  input/output  gain 
against  a  frequency  equal  to  the  longitudinal  os- 

35  dilation  of  the  vehicle  caused  upon  one  of  rapid 
opening  and  rapid  closing  of  the  throttle  valve  is 
set  to  a  variable  proportional  to  reciprocal  of  an 
amplitude  ratio  between  the  engine-generated 
torque  and  the  throttle  valve  opening  target  value  ( 

40  9th)  changed  by  said  frequency  under  the  same 
engine  operating  conditions  as  when  the  throttle 
valve  opening  target  value  is  compensated  for. 

6.  An  engine  control  method  according  to 
Claim  1,  wherein  the  phase-advancing  process  is 

45  performed  in  a  manner  that  the  input/ouput  gain 
against  a  frequency  equal  to  the  longitudinal  os- 
cillation  of  the  vehicle  caused  upon  one  of  rapid 
opening  and  rapid  closing  of  the  throttle  valve  is 
set  to  a  variable  proportional  to  the  reciprocal  of  an 

so  amplitude  ratio  between  the  engine-generated 
torque  and  the  fuel  injection  time  changed  by  said 
frequency  under  the  same  engine  operating  con- 
ditions  as  when  the  fuel  injection  time  is  com- 
pensated  for. 

55  7.  An  engine  control  method  according  to 
Claim  5  or  6,  wherein  the  phase-advancing  process 
is  performed  in  a  manner  that  a  plurality  of  propor- 
tionality  constants  between  the  input/output  gain 

factor  thereof  (block  908). 
Further,  the  differentiated  value  of  the  present 

engine  speed  and  the  compensation  factor  are 
written  in  the  addresses  of  the  previous  differen- 
tiated  value  of  the  engine  speed  and  the  com- 
pensation  factor  (block  909). 

It  will  thus  be  understood  from  the  foregoing 
description  that  according  to  the  present  invention, 
the  throttle  opening  is  controlled  in  such  a  manner 
as  to  compensate  for  the  delay  of  engine  torque 
generation  and  to  assure  the  opposite  phase  rela- 
tions  between  the  differentiated  value  of  the  lon- 
gitudinal  oscillation  of  the  vehicle  and  the  incre- 
ment  of  engine-generated  torque  thereby  to  effec- 
tively  control  the  longitudinal  oscillation  of  the  ve- 
hicle. 

Further,  the  desired  acceleration  response  is 
capable  of  being  selected  by  the  driver  for  an 
improved  drivability. 

Furthermore,  the  control  effected  by  the  air 
amount  prevents  the  deterioration  of  the  exhaust 
gas  purification  performance  as  compared  with  the 
control  using  fuel  and  ignition  advance. 

The  present  invention  may  be  arranged  so  as 
to  control  the  fuel  injection  time  and  the  throttle 
valve  opening  degree  target  value  in  accordance 
with  signals  prepared  on  the  basis  of  the  differenti- 
ations  of  the  detected  longitudinal  acceleration  and 
the  engine  speed,  respectively. 

Claims 

1.  An  engine  control  method  comprising  se- 
lected  one  of  two  steps,  one  for  calculating  the  fuel 
injection  time  (Ti)  from  various  detection  values 
representing  the  engine  operating  conditions  so 
that  the  amount  of  fuel  supplied  to  a  cylinder  is 
controlled  in  accordance  with  the  result  of  calcula- 
tion  and  the  other  for  calculating  a  target  value  of 
throttle  valve  opening  degree  (eth)  from  various 
detection  values  representing  the  engine  operating 
conditions  so  that  the  throttle  valve  opening  degree 
is  controlled  in  such  a  manner  that  a  detected 
throttle  valve  opening  degree  coincides  with  the 
target  value, 
said  engine  control  method  further  comprising 
steps  of: 
differentiating  selected  one  of  longitudinal  accelera- 
tion  (a)  detected  by  means  for  detecting  the  lon- 
gitudinal  acceleration  of  the  vehicle  and  an  engine 
speed  (N)  detected  by  means  for  detecting  the 
engine  speed; 
producing  a  signal  whose  phase  is  advanced  by  a 
specific  value  relative  to  the  differentiated  value; 
and 
compensating  for  selected  one  of  fuel  injection 
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and  the  reciprocal  of  the  amplitude  ratio  are  pro- 
vided  and  the  proportionality  constants  are 
changed  at  the  option  of  the  driver. 

8.  An  engine  method  according  to  Claim  1, 
wherein  the  compensation  process  is  performed  in  5 
a  manner  that  selected  one  of  the  fuel  injection 
time  and  the  throttle  opening  target  value  is  made 
smaller  than  an  original  value  thereof  if  the  ad- 
vanced  phase  is  positive  and  selected  one  of  the 
fuel  injection  time  (Ti)  and  the  throttle  valve  open-  10 
ing  target  value  (  9tn)  is  made  larger  than  an 
original  value  thereof  if  the  advanced  phase  is 
negative. 
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