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Excess  slip  control  device  for  driving  wheel. 

©  An  excess  slip  control  device  for  a  driving  wheel 
11,12,  comprising  a  driving  wheel  speed  sensor 
21,22  for  detecting  a  driving  wheel  speed  Vw  of  a 
vehicle  1  ,  a  slip  determining  means  35  for  determin- 
ing  a  slip  condition  of  a  driving  wheel  11,12  accord- 
ing  to  an  output  from  the  driving  wheel  speed  sensor 

FIG.  2 
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Excess  Slip  Control  Device  for  Driving  Wheel 

wheel,  comprising  a  driving  wheel  speed  sensor  for 
detecting  a  driving  wheel  speed  of  a  vehicle,  a  slip 
determining  means  for  determining  a  slip  condition 
of  a  driving  wheel  according  to  an  output  from  said 

5  driving  wheel  speed  sensor,  a  fuel  supply  sup- 
pressing  means  for  suppressing  fuel  supply  to  an 
engine  according  to  an  output  from  said  slip  deter- 
mining  means,  and  a  retard  control  means  for 
controlling  an  ignition  timing  to  a  retard  position 

w  according  to  an  output  from  said  slip  determining 
means. 

The  present  invention  relates  to  an  excess  slip 
control  device  for  a  driving  wheel,  and  more  par- 
ticularly  to  a  control  device  for  controlling  excess 
slip  of  the  driving  wheel  by  controlling  fuel  supply 
to  an  engine  and  controlling  an  ignition  timing. 

In  a  conventional  excess  slip  control  device  for 
a  driving  wheel,  a  slip  condition  of  the  driving 
wheel  is  detected  according  to  a  driving  wheel 
speed  or  the  like,  and  when  a  predetermined  slip 
condition  is  detected,  fuel  supply  to  an  engine  is 
suppressed  (cut,  for  example)  to  reduce  an  engine 
output,  thus  preventing  the  excess  slip  of  the  driv- 
ing  wheel.  Such  a  control  device  has  been  pro- 
posed  by  the  present  applicant  in  Japanese  Patent 
Application  No.  62-145920,  for  example.  In  this 
control  device,  when  a  predetermined  slip  condition 
is  detected,  stop  of  fuel  supply  to  the  engine 
(which  will  be  hereinafter  referred  to  as  fuel  cut) 
and  reduction  of  the  fuel  supply  is  alternately  re- 
peated  so  as  to  prevent  an  operational  shock  due 
to  rapid  decrease  in  engine  torque  and  improve  the 
drivability. 

(Preferred  Embodiment) 
75 

There  will  now  be  described  a  preferred  em- 
bodiment  of  the  present  invention  with  reference  to 
the  drawings. 

Fig.  1  is  a  schematic  illustration  of  a  vehicle 
20  provided  with  the  excess  slip  control  device  for  the 

driving  wheel  according  to  the  present  invention; 
Fig.  2  is  a  schematic  illustration  of  a  fuel 

supply  control  device  and  an  ignition  timing  control 
device  for  controlling  an  engine  output  according  to 

25  the  present  invention; 
Fig.  3  is  a  flowchart  of  a  sub  routine  for 

determining  a  slip  condition  of  the  driving  wheel; 
Fig.  4  is  a  flowchart  of  a  fuel  supply  control 

program  for  executing  the  slip  control  shown  in  Fig. 
30  3; 

Fig.  5  is  a  flowchart  of  an  ignition  timing 
control  program  for  executing  the  slip  control;  and 

Fig.  6  is  a  diagram  illustrating  the  relation 
between  a  slip  rate  or  a  slip  rate  change  quantity 

35  and  the  slip  control. 

Fig.  1  shows  a  vehicle  1  provided  with  an 
excess  slip  control  device  for  a  driving  wheel  ac- 
cording  to  the  present  invention.  In  the  preferred 

40  embodiment,  the  vehicle  1  is  of  a  front-wheel  driv- 
ing  type  such  that  front  wheels  11  and  12  are 
driving  wheels  to  be  driven  by  an  internal  combus- 
tion  engine  (which  will  be  hereinafter  referred  to  as 
an  engine)  31  through  a  transmission  16  and  that 

45  rear  wheels  13  and  14  are  driven  wheels.  As  will  be 
apparent  from  the  following  description,  the  present 
invention  is  also  applicable  to  a  rear-wheel  driving 
type  vehicle  in  the  same  manner.  The  driving 
wheels  11  and  12  are  provided  with  driving  wheel 

50  speed  sensors  (which  will  be  hereinafter  referred  to 
as  Vw  sensors)  21  and  22,  respectively,  while  the 
driven  wheels  13  and  14  are  also  provided  with 
driven  wheel  speed  sensors  (which  will  be 
hereinafter  referred  to  as  V  sensors)  23  and  24, 
respectively.  The  Vw  sensors  21  and  22  detect  a 

(Problem  to  be  Solved  by  the  Invention) 

However,  in  the  above  prior  art  device,  when 
the  operation  condition  is  shifted  to  a  fuel  cut 
region  that  is  a  region  where  the  predetermined 
slip  condition  is  detected,  or  the  operational  con- 
dition  is  shifted  from  the  fuel  cut  region,  a  fuel 
quantity  to  be  supplied  to  the  engine  is  largely 
fluctuated.  As  a  result,  a  fluctuation  in  engine 
torque  cannot  be  sufficiently  prevented,  and  it  is 
yet  necessary  to  improve  the  suppression  of  the 
operation  shock.  Further,  even  when  it  is  deter- 
mined  that  the  fuel  cut  should  be  carried  out,  the 
fuel  cut  is  not  carried  out  with  respect  to  any 
cylinder  in  a  compression  stroke  or  an  explosion 
stroke  at  the  timing  of  determination,  resulting  in 
the  generation  of  control  lag. 

Accordingly,  \t  is  an  object  of  the  present  in- 
vention  to  provide  an  excess  slip  control  device  for 
a  driving  wheel  which  may  reduce  the  operational 
shock  due  to  a  fluctuation  in  engine  torque  and 
improve  the  drivability. 

it  is  another  object  of  the  present  invention  to 
provide  an  excess  slip  control  device  for  a  driving 
wheel  which  may  eliminate  the  control  lag. 

(Measures  for  Solving  the  Problem) 

According  to  the  present  invention,  there  is 
provided  an  excess  slip  control  device  for  a  driving 
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in  a  water  jacket  of  the  engine  31,  and  is  elec- 
trically  connected  to  the  ECU  35  to  output  a  de- 
tected  water  temperature  signal  to  the  ECU  3 5 . .  

An  engine  speed  sensor  (which  will  be 
5  hereinafter  referred  to  as  a  Ne  sensor)  40  is  pro- 

vided  around  a  camshaft  or  a  crankshaft  (both  not 
shown)  of  the  engine  31.  The  Ne  sensor  40  gen- 
erates  a  crank  angle  position  signal  pulse  (which 
will  be  hereinafter  referred  to  as  a  TDC  signal 

10  pulse)  at  a  predetermined  crank  angle  position  at 
every  1  20  °  rotation  of  the  crankshaft  of  the  engine 
31  ,  that  is,  at  a  crank  angle  position  corresponding 
to  a  predetermined  crank  angle  before  a  top  dead 
center  (TDC)  at  starting  of  a  suction  stroke  in  each 

75  cylinder.  The  TDC  signal  pulse  is  output  to  the 
ECU  35. 

Another  parameter  sensor  44  for  detecting  a 
suction  air  temperature  TA,  a  gear  ratio,  etc.  is 
connected  to  the  ECU  35,  and  a  detection  signal 

20  from  the  parameter  sensor  44  is  output  to  the  ECU 
35. 

The  ECU  35  includes  an  input  circuit  35a  for 
shaping  a  waveform  of  the  input  signals  from  the 
above-mentioned  various  sensors,  correcting  a  volt- 

25  age  level  to  a  predetermined  level,  and  converting 
an  analogue  signal  to  a  digital  signal,  for  example. 
The  ECU  35  further  includes  a  central  processing 
unit  (which  will  be  hereinafter  referred  to  as  a  CPU) 

.  35b,  a  memory  means  35c  for  storing  various  com- 
30  puting  programs  to  be  executed  by  the  CPU  35b 

and  also  storing  computing  results  executed  by  the 
CPU  35b,  and  an  output  circuit  35d  for  supplying  a 
driving  signal  to  the  fuel  injector  36. 

The  CPU  35b  computes  a  fuel  injection  time 
35  Tout  of  the  fuel  injectors  36  in  accordance  with  the 

following  equation  (1)  according  to  the  engine  pa- 
rameter  signals  output  from  the  above-mentioned 
sensors  every  time  the  TDC  signal  pulse  is  input  to 
the  CPU  35b. 

40  Tout  =  Ti  x  KStb  x  Ki  +  K2  (1) 
Where,  Ti  stands  for  a  basic  fuel  injection  time  to 
be  read  from  a  Ti  map  (not  shown)  stored  in  the 
memory  means  35c  according  to  the  suction  pipe 
absolute  pressure  PBA  and  the  engine  speed  Ne; 

45  KStb  stands  for  a  slip  control  correction  factor  to  be 
decided  by  a  control  program  (which  will  be 
hereinafter  described  with  reference  to  Fig.  4)  ac- 
cording  to  a  slip  rate  X  and  a  slip  rate  change 
quantity  X  ;  and  K1  and  K2  stand  for  a  correction 

50  factor  and  a  correction  variable  to  be  computed 
according  to  the  various  engine  parameter  signals, 
respectively,  which  factor  and  variables  are  set  to 
desired  values  so  that  various  characteristics  such 
as  a  fuel  consumption  characteristic  and  an  accel- 

55  eration  characteristic  may  be  made  optimum. 
The  CPU  35b  also  computes  an  ignition  timing 

9  ig  of  the  ignition  device  45  in  accordance  with  the 
following  equation  (2)  according  to  the  engine  pa- 

left  driving  wheel  speed  VWL  and  a  right  driving 
wheel  speed  VWR,'  respectively,  'while  the  V  sensors 
23  and  24  detect  a  left  driven  wheel  speed  VL  and 
a  right  driven  wheel  speed  VR,  respectively.  These 
detection  signals  are  input  to  an  electronic  control 
unit  (which  will  be  hereinafter  referred  to  as  an 
ECU)  35. 

As  will  be  hereinafter  described,  the  ECU  35 
determines  a  slip  condition  of  the  driving  wheels  1  1 
and  12  according  to  the  driving  wheel  speeds  VWl 
and  VWR,  the  driven  wheel  speeds  VL  and  VR,  etc. 
According  to  the  slip  condition  as  determined 
above,  the  ECU  35  controls  an  output  of  the  engine 
31  by  a  fuel  supply  control  device  and  an  ignition 
timing  control  device  which  will  be  hereinafter  de- 
scribed,  and  thereby  controls  a  torque  of  the  driv- 
ing  wheels  11  and  12,  thus  controlling  the  slip 
condition  of  the  driving  wheels  11  and  12. 

That  is  to  say,  the  ECU  35  in  the  preferred 
embodiment  constitutes  the  slip  determining 
means,  the  fuel  supply  suppressing  means  and  the 
retard  control  means  according  to  the  present  in- 
vention. 

Fig.  2  shows  a  general  construction  of  the  fuel 
supply  control  device  and  the  ignition  timing  con- 
trol  device.  The  engine  31  is  a  6-cylinder  engine, 
for  example.  A  suction  pipe  32  is  connected  to  the 
engine  31  on  the  upstream  side  thereof,  and  an 
exhaust  pipe  41  is  connected  to  the  engine  31  on 
the  downstream  side  thereof.  A  throttle  body  33 
including  a  throttle  valve  33'  is  provided  in  the 
suction  pipe  32,  and  a  throttle  valve  opening  (0  Th) 
sensor  34  is  connected  to  the  throttle  valve  33  for 
converting  a  valve  opening  of  the  throttle  valve  33 
into  an  electrical  signal  and  outputting  the  signal  to 
the  ECU  35. 

In  the  suction  pipe  32  between  the  engine  31 
and  the  throttle  body  33  is  provided  a  fuel  injector 
36  for  each  cylinder  at  a  position  just  upstream  of 
each  suction  valve  (not  shown)  in  the  cylinder. 
Each  fuel  injector  36  is  connected  to  a  fuel  pump, 
and  is  also  electrically  connected  to  the  ECU  35  so 
as  to  receive  a  signal  from  the  ECU  35  for  control- 
ling  a  valve  opening  time  of  the  fuel  injector  36. 

A  suction  pipe  absolute  pressure  (PBa)  sensor 
38  is  connected  through  a  pipe  37  to  the  suction 
pipe  32  downstream  of  the  throttle  body  33.  An 
absolute  pressure  in  the  suction  pipe  as  detected 
by  the  sensor  38  is  converted  into  an  electrical 
signal,  and  the  signal  is  output  to  the  ECU  35. 

An  ignition  device  45  is  connected  to  the  en- 
gine  31.  The  ignition  device  45  is  electrically  con- 
nected  to  the  ECU  35  so  as  to  receive  a  signal 
from  the  ECU  35  for  controlling  an  ignition  timing 
or  the  like  of  the  ignition  device  45. 

An  engine  cooling  water  temperature  sensor 
(which  will  be  hereinafter  referred  to  a  Tw  sensor) 
39  formed  from  a  thermistor  or  the  like  is  provided 
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threshold  X  2  (step  304).  If  the  answer  is  Yes  in 
step  304,  that  is,  if  X  >  X  2  is  valid,  a  fuel  cut  (FCM) 
signal  is  output  in  step  305,  and  a  standby  (STB) 
signal  is  output  in  step  306.  Then,  the  program  is 

5  ended. 
If  the  answer  is  No  in  step  304,  that  is,  if  X  2  X 

2  is  valid,  it  is  determined  whether  or  not  the  slip 
rate  change  quantity  x  is  greater  than  the  second 
threshold  X  2  (step  307).  If  the  answer  is  Yes  in 

10  step  307,  that  is,  if  X  >  X.  2  is  valid,  the  steps  305 
and  306  are  executed,  and  the  program  is  ended. 

If  the  answer  is  No  in  step  307,  that  is,  if  X   ̂ X 
2  is  valid,  it  is  determined  whether  or  not  the  slip 
rate  X  is  greater  than  the  first  threshold  X  1  (step 

75  308).  If  the  answer  is  Yes  in  step  308,  it  is  deter- 
mined  whether  or  not  the  slip  rate  change  quantity 
X  is  greater  than  the  first  threshold  X  1  (step  309).  If 
the  answer  is  Yes  in  step  309,  that  is,  if  X  >  \  1  and 
X  >  X  1  are  valid,  the  steps  305  and  306  are 

20  executed,  and  the  program  is  ended,  while  if  the 
answer  is  No  in  step  309,  that  is,  X  >  X  1  and  X  3  X 
1  are  valid,  the  step  306  is  executed,  and  the 
program  is  ended. 

If  the  answer  is  No  in  step  308,  the  same 
25  processing  as  in  step  309  is  executed  (step  310).  If 

the  answer  is  Yes  in  step  310,  that  is,  X  £  X  1  and  X 
>  X  1  are  valid,  the  step  306  is  executed  to  end  the 
program,  while  if  the  answer  is  No  in  step  310,  that 
is,  X   ̂ X  1  and  X  5  X  1  are  valid,  the  program  is 

30  ended. 
In  summary,  if  one  of  the  conditions  of  (i)  X  >  x 

2  (excess  slip  rate  speed  prevention),  (ii)  X  >  X  1 
and  X  >  X  1  (predictive  control)  and  (iii)  X  >  X  2  - 
(excess  slip  rate  prevention)  is  valid,  the  fuel  cut 

35  signal  is  output  (Fig.  6,  (b),  (1)).  An  operational 
region  of  the  vehicle  1  where  the  fuel  cut  signal  is 
on  will  be  hereinafter  referred  to  as  a  fuel  cut 
region  (Fig.  6,  (c),  (1)). 

Further,  if  either  of  the  condition  of  X  >  X  1  or  X 
40  >  X  1  is  valid,  the  standby  signal  is  output  (Fig.  6, 

(b),  (2)).  An  operational  region  of  the  vehicle  1 
where  the  standby  signal  is  on  and  the  fuel  cut 
signal  is  off  will  be  hereinafter  referred  to  as  a 
standby  region  (Fig.  6,  (c),  (2)),  while  an  operational 

45  region  of  the  vehicle  1  other  than  the  standby 
region  and  the  fuel  cut  region  will  be  hereinafter 
referred  to  as  an  off-standby  region  (Fig.  6,  (c),  (3)). 

As  is  apparent  from  the  valid  condition  (X  >  X  1 
or  X  >  X  1)  of  the  standby  region  and  the  valid 

50  condition  (X  >  X  1  and  X  >  X  1  ,  etc.)  of  the  fuel  cut 
region,  the  standby  region  corresponds  to  an  oper- 
ational  region  just  before  the  transition  from  the  off- 
standby  region  where  the  vehicle  1  is  normally 
operated  to  the  fuel  cut  region  where  the  fuel 

55  supply  is  to  be  cut,  or  corresponds  to  an  oper- 
ational  region  just  after  the  transition  from  the  fuel 
cut  region  to  the  standby  region  (Fig.  6,  (a),  (c)). 

Fig.  4  shows  a  flowchart  of  a  fuel  supply  con- 

rameter  signals  from  the  abovementioned  sensors. 
6  ig  =  9  !GM  "  DiQTRC  (2) 
Where,  d  IGM  stands  for  a  basic  ignition  timing  to 
be  read  from  a  9  IGM  map  (not  shown)  stored  in  the 
memory  means  35c  according  to  the  suction  pipe 
absolute  pressure  PBa,  the  engine  speed  Ne,  the 
engine  cooling  water  temperature  Tw,  the  suction 
air  temperature  TA,  etc.;  and  D|GTrc  stands  for  a 
retard  control  variable  for  conducting  slip  control 
which  variable  is  decided  by  a  control  program 
(which  will  be  hereinafter  described  with  reference 
to  Fig.  5)  according  to  the  slip  rate  X  and  the  slip 
rate  change  quantity  x,  for  example. 

The  CPU  35b  outputs  a  driving  signal  for  open- 
ing  the  fuel  injectors  36  and  a  driving  signal  for 
driving  the  ignition  device  45  through  the  output 
circuit  35d  to  the  fuel  injectors  36  and  the  ignition 
device  45,  respectively,  according  to  the  fuel  injec- 
tion  time  Tout  and  the  ignition  timing  0|G  as  com- 
puted  above. 

Fig.  3  shows  a  flowchart  of  a  sub  routine  for 
determining  the  slip  condition  of  the  driving  wheels 
1  1  and  12  and  outputting  a  control  signal  according 
to  the  result  of  determination.  The  program  shown 
in  Fig.  3  is  executed  every  time  the  TDC  signal 
pulse  is  generated. 

In  step  301,  either  of  the  left  driving  wheel 
speed  VWL  or  the  right  driving  wheel  speed  Vwr  is 
selected  to  set  a  driving  wheel  speed  Vw,  and 
either  of  the  left  driven  wheel  speed  VL  or  the  right 
driven  wheel  speed  VR  on  the  same  side  as  of  the 
selected  driving  wheel  speed  VWl  or  VWR  is  set  to  a 
vehicle  speed  V.  Then,  the  slip  rate  X  is  computed 
in  accordance  with  the  following  equation  (3)  by 
using  the  driving  wheel  speed  Vw  and  the  vehicle 
speed  V  as  set  above. 
X  =  {(VWL  or  VWr)  -  (VL  or  VR)}/VWL  or  VWR  (3) 

Then,  a  change  quantity  (differential  value)  x  of 
the  slip  rate  x  is  computed  as  a  difference  in  the 
slip  rate  X  upon  generation  of  a  present  TDC  signal 
pulse  and  a  previous  TDC  signal  pulse  (step  302). 

Then,  first  and  second  thresholds  X  1  and  X  2  - 
(X  •  <  X  2)  of  the  slip  rate  and  first  and  second 
thresholds  X  1  and  X  2  (X  1  <  X  2)  of  the  slip  rate 
change  quantity  are  computed  according  to  the 
gear  ratio  and  the  vehicle  speed  V,  for  example 
(step  303).  The  second  threshold  x  2  of  the  slip 
rate  is  greater  than  the  first  threshold  X  1  of  the  slip 
rate,  and  the  first  threshold  X  2  of  the  slip  rate 
change  quantity  is  greater  than  the  first  threshold  X 
1  of  the  slip  rate  change  quantity.  Further,  both  the 
first  thresholds  are  set  to  values  slightly  lower  than 
values  generating  an  excess  slip  condition,  and 
both  the  second  thresholds  are  set  to  values  larger 
than  the  values  generating  the  excess  slip  con- 
dition. 

Then,  it  is  determined  whether  or  not  the  slip 
rate  X  calculated  above  is  greater  than  the  second 
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a  fuel  mixture  to  be  supplied  to  the  engine  31  is 
made  lean  at  the  initial  stage  of  cancellation  of  fuel 
cut  to  thereby  reduce  an  output  of  the  engine  31  as 
compared  with  a  normal  output  in  the  off-standby 

5  region.  Therefore,  shock  due  to  rapid  recovery  of 
the  driving  torque  can  be  prevented. 

In  step  409,  it  is  determined  whether  or  not  a 
count  value  T.TRC  of  the  time  T.TRC  as  set  in  step 
403  is  equal  to  0.  If  the  answer  is  No  in  step  409, 

io  that  is,  if  the  count  value  T.TRC  is  not  equal  to  0, 
and  accordingly  the  predetermined  time  tTRc  is  not 
elapsed  after  the  vehicle  is  shifted  to  the  off-stan- 
dby  region,  a  third  flag  FLGFCT3  and  a  fourth  flag 
FLQFCT4  are  set  to  1  in  step  410  and  step  411, 

75  respectively,  and  the  program  'proceeds  to  step 
411.  If  the  answer  is  Yes  in  step  409,  that  is,  if  the 
timer  value  T.TRC  is  equal  to  0,  and  accordingly 
the  predetermined  time  tjRc  is  elapsed  after  the 
vehicle  is  shifted  to  the  off-standby  region,  the  third 

20  flag  FLGFCT3  and  the  fourth  flag  FLGFCT4  are  set  to 
0  in  step  412  and  step  413,  respectively,  and  the 
program  proceeds  to  step  414. 

In  step  414,  the  second  flag  FLGfct2  is  set  to 
0.  Then,  in  step  415,  a  first  flag  FLGfcti  is  set  to  0, 

25  and  the  program  proceeds  to  step  416.  In  step  416, 
the  slip  control  correction  factor  KSTb  as  set  in  step 
405  or  step  406  is  applied  to  the  aforementioned 
equation  (1)  to  calculate  the  fuel  injection  time  T0UT 
and  perform  the  fuel  injection  in  accordance  with 

30  the  fuel  injection  time  T0UT  as  calculated.  Then,  the 
program  is  ended. 

On  the  other  hand,  if  the  answer  is  Yes  in  step 
401,  that  is,  if  the  standby  signal  is  on,  and  accord- 
ingly  the  vehicle  is  in  either  of  the  standby  region 

35  or  the  fuel  cut  region,  the  program  proceeds  to 
step  417,  and  the  second  flag  FLGFct2  is  set  to  1  in 
step  417. 

Then,  the  program  proceeds  to  step  418,  and  a 
predetermined  value  XSTb  for  the  standby  region,  a 

40  predetermined  value  XTrc  for  the  fuel  cut  region 
and  first  and  second  predetermined  frequencies  No 
and  Ni  are  selected  from  a  XSTb  table,  XTRC  table, 
No  table  and  Ni  table  (all  not  shown)  stored  in  the 
memory  means  35c,  respectively,  according  to  the 

45  engine  speed  Ne. 
The  predetermined  value  XSTb  for  the  standby 

region  is  set  to  a  value  less  than  1.0,  and  the 
predetermined  value  XTRC  for  the  fuel  cut  region  is 
set  to  a  value  less  than  the  predetermined  value 

so  XSTB  if  the  engine  speed  Ne  is  identical. 
Then,  the  program  proceeds  to  step  419,  and  it 

is  determined  whether  or  not  the  fuel  cut  signal  is 
on.  If  the  answer  is  No  in  step  419,  that  is,  if  the 
fuel  cut  signal  is  not  input,  and  accordingly  the 

55  vehicle  is  in  the  standby  region,  the  program  pro- 
ceeds  to  step  420.  In  step  420,  it  is  determined 
whether  or  not  the  third  flag  FLGFct3  is  equal  to  0. 
If  the  answer  is  Yes  in  step  420,  that  is,  if  the  third 

trol  program  for  conducting  slip  control  according 
to  the  generating  condition  of  the  fuel  cut  signal 
and  the  standby  signal  to  be  output  by  the  execu- 
tion  of  the  sub  routine  shown  in  Fig.  3  and  the 
other  operational  parameters.  The  fuel  supply  con- 
trol  program  is  executed  every  time  the  TDC  signal 
pulse  is  generated. 

In  step  401  ,  it  is  determined  whether  or  not  the 
standby  signal  is  input.  If  the  answer  is  No  in  step 
401  ,  that  is,  if  the  standby  signal  is  not  input,  and 
accordingly  the  vehicle  1  is  in  the  off-standby  re- 
gion,  the  program  proceeds  to  step  402.  Then,  it  is 
determined  in  step  402  whether  or  not  a  second 
flag  FLGFCT2  is  equal  to  0.  When  the  vehicle  1  is  in 
the  standby  region  or  the  fuel  cut  region  under  the 
condition  where  the  standby  signal  is  on,  the  sec- 
ond  flag  FLGFCT2  is  set  1  in  step  417  to  be 
hereinafter  described.  On  the  other  hand,  when  the 
vehicle  1  is  in  the  off-standby  region,  the  second 
flag  FLGpcTa  is  set  to  0  in  step  414  to  be 
hereinafter  described. 

If  the  answer  is  No  in  step  402,  that  is,  if  the 
second  flag  FLGFCT2  is  equal  to  1  ,  and  accordingly 
the  present  loop  is  a  loop  at  a  timing  just  after 
transition  to  the  off-standby  region,  the  program 
proceeds  to  step  403.  In  step  403,  a  timer  T.TRC 
such  as  a  downcounter  is  set  to  a  predetermined 
time  tiRc  (2.0  seconds,  for  example),  and  it  is 
started. 

Then,  the  program  proceeds  to  step  404,  and  a 
third  control  variable  CUFCT3  is  set  to  a  third  pre- 
determined  frequency  N2  (2,  for  example).  Then,  in 
step  405,  the  slip  control  correction  factor  KSTb  is 
set  to  a  lean  predetermined  value  XSTb2  (0.8,  for 
example)  for  the  off-standby  region  (Fig.  6,  (d),  (4), 
interval  A). 

If  the  answer  is  Yes  in  step  402,  that  is,  if  the 
second  flag  FLGFCT2  is  equal  to  0,  and  accordingly 
both  the  previous  loop  and  the  present  loop  exist  in 
the  off-standby  region,  the  program  proceeds  to 
step  407.  In  step  407,  it  is  determined  whether  or 
not  the  third  control  variable  CUFCT3  is  equal  to  0.  If 
the  answer  is  No  in  step  407,  that  is,  if  the  third 
control  variable  is  not  equal  to  0,  1  is  subtracted 
from  the  third  control  variable  to  set  a  new  third 
control  variable  in  step  408.  Then,  the  step  405  is 
executed,  and  the  program  proceeds  to  step  409.  If 
the  answer  is  Yes  in  step  407,  that  is,  if  the  third 
control  variable  CUfctc  is  equal  to  0,  the  slip  con- 
trol  correction  factor  KStb  is  set  to  1  .0  in  step  406 
(Fig.  6,  (d),  (4),  interval  B),  and  the  program  pro- 
ceeds  to  step  409. 

As  mentioned  above,  by  the  TDC  frequency 
equal  to  the  third  predetermined  frequency  plus  1 
just  after  the  vehicle  is  shifted  to  the  off-standby 
region,  the  slip  control  correction  factor  KStb  is  set 
to  a  value  smaller  than  a  normal  value  after  the 
above  TDC  frequency  (Fig.  6,  (d),  (1)).  Accordingly, 
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the  first  flag  FLGfcti  is  equal  to  0.  As  is  apparent 
from  the  steps  415  and  426,  the  first  flag  FLGFCTi 
is  set  to  1  in  executing  the  fuel  cut  in  the  fuel  cut 
region,  while  it  is  set  to  0  in  the  other  regions. 

5  If  the  answer  is  Yes  in  step  428,  that  is,  if  the 
first  flag  FLGfcti  is  equal  to  0,  and  accordingly  the 
present  loop  is  a  loop  just  after  transition  to  the  fuel 
cut  region,  the  program  proceeds  to  step  429.  In 
step  429,  the  first  control  variable  CUFCti  is  set  to 

70  the  first  predetermined  frequency  No  selected  in 
step  418,  and  then  the  program  proceeds  to  step 
430. 

If  the  answer  is  No  in  step  428,  that  is,  if  the 
first  flag  FLGFCTi  is  equal  to  1  ,  and  accordingly  the 

75  present  loop  is  a  second  or  subsequent  loop  after 
transition  to  the  fuel  cut  region,  the  program  pro- 
ceeds  to  step  430. 

In  step  430,  it  is  determined  whether  or  not  the 
first  control  variable  CUFCti  is  equal  to  1.  If  the 

20  answer  is  No  in  step  430,  that  is,  if  the  first  control 
variable  CUFCTi  is  not  0,  the  program  proceeds  to 
step  431  ,  and  the  second  control  variable  CUFCT2  is 
set  to  the  second  predetermined  frequency  Ni 
selected  in  step  418.  Then  in  step  432,  1  is  sub- 

25  tracted  from  the  first  control  variable  CUFCti,  and 
the  steps  426  and  427  are  executed  to  perform  the 
fuel  cut  (Fig.  6,  (d),  (4),  interval  Ei).  Then,  the 
program  is  ended. 

If  the  answer  is  Yes  in  step  430,  that  is,  if  the 
30  first  control  value  CUFcti  is  equal  to  0,  the  program 

proceeds  to  433  to  determined  whether  or  not  the 
second  control  variable  CUFct2  is  equal  to  0.  If  the 
answer  is  No  in  step  433,  that  is,  if  the  second 
control  variable  CUFct2  is  not  0,  the  program  pro- 

35  ceeds  to  434  to  subtract  1  from  the  second  control 
variable  CUFct2-  Then  in  step  435,  the  slip  control 
correction  factor  KStb  is  set  to  the  predetermined 
value  Xjrc  for  the  fuel  cut  region  selected  in  step 
418  (Fig.  6,  (d),  (4),  interval  E2).  Then,  the  step  416 

40  is  executed  to  apply  the  correction  factor  KSTB  as 
set  above  to  the  aforementioned  equation  (1)  and 
perform  the  fuel  injection.  Then,  the  program  is 
ended. 

If  the  answer  is  Yes  in  step  433,  that  is,  if  the 
45  second  control  variable  CUFCT2  is  equal  to  0,  the 

program  proceeds  to  step  436  wherein  the  first 
control  variable  CUFCti  is  set  to  the  first  predeter- 
mined  frequency  No  in  the  same  manner  as  in  step 
429.  Then,  the  steps  432,  426  and  427  are  ex- 

50  ecuted  to  perform  the  fuel  cut.  Then,  the  program 
is  ended. 

As  mentioned  above,  if  the  fourth  flag  FLGFCT4 
is  equal  to  1  regardless  of  the  condition  that  the 
vehicle  is  in  the  fuel  cut  region,  the  fuel  cut  is  not 

55  continued  but  the  execution  of  the  fuel  cut  by  the 
TDC  frequency  equal  to  the  first  predetermined 
frequency  No  and  the  cancellation  of  the  fuel  cut 
by  the  TDC  frequency  equal  to  the  second  pre- 

fiag  FLGFCt3  is  equal  to  0,  the  fourth  flag  FLGFCT4  is 
set  to  0  in  step  421,  while  if  the  answer  is  No  in 
step  420,  that  is,  if  the  third  flag  FLGFCT3  is  equal  to 
1  ,  the  fourth  flag  FLGFCT4  is  set  to  1  in  step  422. 

Then,  the  program  proceeds  to  step  423,  and 
the  slip  control  correction  factor  KStb  is  set  to  the 
predetermined  value  XSTB  for  the  standby  region  as 
set  in  step  418  (Fig.  6,  (d),  (4),  interval  C).  In  the 
transition  state  between  the  off-standby  region  as  a 
normal  operational  condition  and  the  fuel  cut  region 
where  the  fuel  supply  is  to  be  cut,  an  air-fuel  ratio 
of  the  fuel  mixture  to  be  supplied  to  the  engine  31 
tends  to  be  fluctuated  to  cause  unstable  combus- 
tion  characteristic  of  the  engine  31.  Further,  the 
combustion  characteristic  of  the  engine  31  is  de- 
pendent  on  the  engine  speed  Ne.  In  a  low  speed 
operational  region  of  the  engine  31  ,  resonance  in  a 
suspension  system  of  a  vehicle  body  is  generated 
to  reduce  the  drivability.  Accordingly,  by  setting  the 
slip  control  correction  factor  to  the  predetermined 
value  XStb  for  the  standby  region  as  set  according 
to  the  engine  speed  Ne,  the  drivability  can  be 
improved  in  the  overall  range  of  the  engine  speed. 

Then,  the  steps  415  and  416  are  executed,  and 
the  slip  control  correction  factor  KSTb  set  in  step 
423  is  applied  to  the  aforementioned  equation  (1) 
to  perform  the  fuel  injection.  Then,  the  program  is 
ended. 

If  the  answer  is  Yes  in  step  419,  that  is,  if  the 
fuel  cut  signal  is  on,  and  accordingly  the  vehicle  is 
in  the  fuel  cut  region,  the  program  proceeds  to 
step  424.  In  step  424,  it  is  determined  whether  or 
not  the  fourth  flag  FLGFCT4  is  equal  to  0.  If  the 
answer  is  Yes  in  step  424,  the  third  flag  FLGFCT3  is 
set  to  1  in  step  425,  and  then  the  first  flag  FLGFCTi 
is  set  to  1  in  step  426.  Then,  the  program  proceeds 
to  step  427  to  execute  the  fuel  cut  (Fig.  6,  (d),  (4), 
interval  D),  thereafter  ending  the  program. 

As  is  apparent  from  the  steps  409  and  413,  for 
example,  when  the  timer  value  T.TRC  of  the  timer 
T.TRC  is  0,  the  fourth  flag  FLGFCT4  is  set  to  0.  In 
other  words,  when  the  vehicle  is  shifted  to  the  fuel 
cut  region  after  it  stays  in  the  off-standby  region  for 
a  period  of  time  not  less  than  the  predetermined 
time  tTRc.  the  answer  in  step  424  is  Yes  to  continue 
the  fuel  cut.  That  is,  when  the  vehicle  is  shifted  to 
the  fuel  cut  region  after  a  long  period  of  time  of  the 
off-standby  region,  it  is  estimated  that  the  slip 
condition  is  an  excess  slip  condition  at  acceleration 
from  a  slip  rate  of  0  or  nearly  0,  and  it  is  predicted 
that  a  change  width  and  a  change  speed  of  the  slip 
rate  X  become  large.  Accordingly,  by  continuing 
the  fuei  cut  in  this  case,  the  driving  force  of  the 
engine  31  can  be  reliably  reduced  to  quickly  con- 
verge  the  slip  rate  X  to  a  desired  value. 

if  the  answer  is  No  in  step  424,  that  is,  if  the 
fourth  fiag  FLGfct4  is  equal  to  1,  the  program 
proceeds  to  step  428  to  determine  whether  or  not 
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the  answer  is  No  in  step  506,  that  is,  if  the  vehicle 
1  has  just  been  shifted  to  the  off-standby  region, 
the  retard  control  variable  D|Gtrc  is  set  to  a  third 
predetermined  value  D|GTrc3  (5  ,  for  example) 

5  smaller  than  the  second  predetermined  value 
Digtrc2  (step  507),  and  the  program  proceeds  to 
step  508.  On  the  other  hand,  if  the  answer  is  Yes  in 
step  506,  the  program  is  ended. 

In  step  508,  the  ignition  timing  9|G  is  calculated 
w  in  accordance  with  the  aforementioned  equation  (2) 

by  using  the  retard  control  variable  Digtrc  as  set  in 
step  504,  505  or  507. 

Then,  it  is  determined  whether  or  not  the  igni- 
tion  timing  e  iG  calculated  above  is  smaller  than  a 

75  guard  value  G|GTrc  (2°  ,  for  example)  (step  509).  If 
the  answer  is  Yes  in  step  509,  the  ignition  timing  8 
ig  is  set  to  the  guard  value  Q|Gtrc  (step  510),  and 
the  program  is  ended.  On  the  other  hand,  if  the 
answer  is  No  in  step  509,  the  program  is  ended. 

20  In  summary,  the  retard  control  variable  D|GTrc 
is  set  to  the  first  predetermined  value  D|GTrci  when 
the  vehicle  1  is  in  the  fuel  cut  region  and  the 
engine  31  is  in  a  high  speed  operational  condition. 
When  the  vehicle  1  is  in  the  standby  region,  the 

25  retard  control  variable  D|GTrc  is  set  to  the  second 
predetermined  value  DIGTRC2-  When  the  vehicle  1  is 
in  the  off-standby  region  which  has  just  been  shift- 
ed,  the  retard  control  variable  D|GTrc  is  set  to  the 
third  predetermined  value  DiGTrc3-  The  retard  con- 

30  trol  variable  D|GTRC  is  set  to  0  in  the  other  oper- 
ational  regions.  (Fig.  6,  (d),  (3))  As  will  be  apparent 
from  Fig.  6,  the  higher  a  degree  of  slip,  the  more  a 
fuel  supply  quantity  is  reduced,  and  the  more  re- 
tard  position  the  ignition  timing  6  iG  is  set  to. 

35  Accordingly,  the  engine  output  is  more  reduced. 
The  control  of  the  ignition  timing  9  !G  as  well  as  the 
control  of  fuel  supply  upon  detection  of  excess  slip 
contributes  to  reduction  control  of  the  engine  out- 
put.  Therefore,  control  response  in  both  a  suction 

40  stroke  and  a  compression  stroke  is  improved  by 
the  fuel  supply  control  and  the  ignition  timing  con- 
trol  as  compared  with  that  by  the  fuel  supply 
control  only.  Furthermore,  as  the  engine  output  is~ 
more  reduced  in  the  standby  region,  a  fluctuation 

45  in  engine  torque  to  be  generated  at  transition  from 
the  standby  region  to  the  fuel  cut  region  and  vice 
versa  may  be  reduced  to  suppress  the  operational 
shock,  thereby  improving  the  drivability. 

determined  frequency  Ni  are  alternately  repeated 
(Fig.  6,  (d),  (4),  internal  E).  As  is  apparent  from  the 
steps  409  and  41  1  ,  the  fourth  flag  FLGFct4  is  set  to 
1  when  the  retention  time  of  the  off-standby  region 
before  transition  to  the  fuel  cut  region  is  less  than 
the  predetermined  time  trRc-  Alternatively,  as  is 
apparent  from  the  steps  425,  420  and  422,  the 
fourth  flag  FLGfcm  is  also  set  to  1  when  the  vehicle 
is  shifted  from  the  fuel  cut  region  to  the  standby 
region,  and  is  then  returned  to  the  fuel  cut  region 
rather  than  shifted  to  the  off-standby  region.  In 
other  words,  the  fourth  flag  FLGfct4  is  set  to  1 
when  the  slip  control  is  performed  in  a  relatively 
short  period  of  time.  In  this  case,  since  the  change 
width  and  the  change  speed  of  the  slip  rate  \  is 
small,  the  repetition  of  the  execution  and  the  can- 
cellation  of  the  fuel  cut  by  the  respective  predeter- 
mined  TDC  frequencies  can  prevent  an  operational 
shock  due  to  rapid  decrease  in  the  driving  torque 
of  the  engine  31  to  thereby  improve  the  drivability. 

Fig.  5  shows  a  flowchart  of  an  ignition  timing 
control  program  for  conducting  slip  control  accord- 
ing  to  the  generating  condition  of  the  fuel  cut  signal 
and  the  standby  signal  and  any  other  operational 
parameters.  This  program  is  executed  every  time 
the  TDC  signal  pulse  is  generated. 

First,  it  is  determined  whether  or  not  the  stan- 
dby  signal  is  on  (step  501).  If  the  answer  is  Yes  in 
step  501,  it  is  determined  whether  or  not  the  fuel 
cut  signal  is  on  (step  502).  If  the  answer  is  Yes  in 
step  502,  that  is,  if  the  vehicle  1  is  in  the  fuel  cut 
region,  it  is  determined  whether  or  not  the  engine 
speed  Ne  is  smaller  than  a  predetermined  value 
N6iGtrc  (1800  rpm,  for  example)  (step  503).  If  the 
answer  is  No  in  step  503,  that  is,  if  Ne  i.  NeiGTRc  is 
valid,  the  retard  control  variable  Digtrc  is  set  to  a 
first  predetermined  value  D|GTRCi  (10°  ,  for  exam- 
ple)  (step  504),  and  the  program  proceeds  to  step 
508.  On  the  other  hand,  if  the  answer  is  Yes  in  step 
503,  that  is,  if  Ne  <  NeiGTRC  is  valid,  the  program  is 
ended.  Thus,  when  the  engine  31  is  in  a  low  speed 
operational  condition,  the  retard  control  variable 
Digtbc  is  not  set,  that  is,  the  retard  control  of  the 
ignition  timing  is  not  conducted  though  the  vehicle 
1  is  in  the  fuel  cut  region,  so  as  to  prevent  engine 
stall  due  to  a  reduction  in  engine  output  at  a  low 
engine  speed. 

If  the  answer  is  No  in  step  502,  that  is,  if  the 
vehicle  1  is  in  the  standby  region,  the  retard  control 
variable  D|GTrc  is  set  to  a  second  predetermined 
value  D|GTRC2  (7°  ,  for  example)  smaller  than  the 
first  predetermined  value  D|GTRCi  (step  505),  and 
the  program  proceeds  to  step  508. 

If  the  answer  is  No  in  step  501,  that  is,  if  the 
vehicle  1  1s  in  the  off-standby  region,  it  is  deter- 
mined  whether  or  not  the  third  control  variable 
CUFCT3  to  be  set  and  subtracted  in  the  control 
program  shown  in  Fig.  4  is  equal  to  0  (step  506).  If 

50 
(Effect  of  the  Invention) 

As  described  above,  according  to  the  excess 
slip  control  device  for  the  driving  wheel  of  the 

55  present  invention,  the  fuel  quantity  to  be  supplied 
to  the  engine  and  the  ignition  timing  are  controlled 
according  to  the  slip  condition  of  the  driving  wheel. 
Accordingly,  an  operational  shock  due  to  a  flue- 
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3.  An  excess  slip  control  device  of  claim  2, 
wherein  said  slip  determining  means  further  in- 
cludes  a  second  comparator  means  (304,307)  for 
comparing  at  least  one  of  a  slip  rate  (X  )  and  a  slip 
rate  change  quantity  (X  )  with  a  second  predeter- 
mined  value  (X2.X2)  which  is  larger  than  said  pre- 
determined  value  (X1.X1),  said  fuel  supply  sup- 
pressing  means  (35)  carries  out  @  leaning  air  fuel 
ratio  (  trc)  and  fuel  cutting  in  accordance  with 
output  signal  from  said  second  comparator  means 
and  said  retard  control  means  carries  (35)  out 
retarding  of  the  ignition  timing  to  a  second  pre- 
determined  angle  (Digtrci)- 

4.  An  excess  slip  control  device  of  claim  1, 
wherein  said  fuel  supply  suppressing  means  and 
said  retard  control  means  maintains  said  suppress- 
ing  of  the  fuel  and  said  retarding  of  the  ignition 
timing  during  a  predetermined  time  period  (CUfct3) 
starting  from  the  moment  in  which  said  slip  deter- 
mining  means  (35)  detects  unexcess  slip  condition 
after  detection  of  the  excess  slip  condition. 

5.  A  process  for  excess  slip  control  for  a  driv- 
ing  wheel  of  a  vehicle  comprising 
-  determining  a  slip  condition  of  said  driving  wheel; 
-  fuel  supply  suppressing  according  to  said  deter- 
mined  slip  condition  and 
-  retarding  ignition  timing  according  to  said  deter- 
mined  slip  condition. 

tuation  in  engine  torque  may  be  reduced  to  thereby 
improve  the  drivability,  and  a  control  lag  may  be 
aiso  eliminated. 

1:  vehicle  11,  12:  driving  wheel  21,  22:  driving 
wheel  (Vw)  sensor  31:  internal  combustion  engine 
(engine)  35:  electronic  control  unit  (ECU)  (slip  de- 
termining  means,  fuel  supply  suppressing  means, 
retard  control  means) 

Important  features  of  the  above  described  in- 
vention  are  as  follows: 
An  excess  slip  control  device  for  a  driving  wheel 
11,12,  comprising  a  driving  wheel  speed  sensor 
21  ,22  for  detecting  a  driving  wheel  speed  Vw  of  a 
vehicle  1,  a  slip  determining  means  35  for  deter- 
mining  a  slip  condition  of  a  driving  wheel  11,12 
according  to  an  output  from  the  driving  wheel 
speed  sensor  21,22,  a  fuel  supply  suppressing 
means  35  for  suppressing  fuel  supply  to  an  engine 
31  according  to  an  output  from  the  slip  determining 
means  35,  and  a  retard  control  means  35  for  con- 
trolling  an  ignition  timing  to  a  retard  position  ac- 
cording  to  an  output  from  the  slip  determining 
means  35.  Thus,  the  fuel  quantity  to  be  supplied  to 
the  engine  and  the  ignition  timing  are  controlled 
according  to  the  slip  condition  of  the  driving  wheel. 
Accordingly,  an  operational  shock  due  to  a  fluc- 
tuation  in  engine  torque  may  be  reduced  to  thereby 
improve  the  drivability,  and  a  control  lag  may  be 
also  eliminated. 
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75 
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Claims 

1.  An  excess  slip  control  device  for  a  driving 
wheel  (11.12),  comprising  driving  wheel  speed  sen-  35 
sor  (21  ,22)  for  detecting  a  driving  wheel  speed  (Vw) 
of  a  vehicle  (1),  a  slip  determining  means  (35)  for 
determining  a  slip  condition  of  a  driving  wheel 
(11,12),  according  to  an  output  from  said  driving 
wheel  speed  sensor  (21,22),  a  fuel  supply  sup-  40 
pressing  means  (35)  for  suppressing  fuel  supply  to 
an  engine  (31)  according  to  an  output  from  said 
slip  determining  means,  and  a  retard  control  means 
(35)  for  controlling  an  ignition  timing  to  a  retard 
position  according  to  an  output  from  said  slip  de-  45 
termining  means. 

2.  An  excess  slip  control  device  of  claim  1, 
wherein  said  slip  determining  means  (308,309)  in- 
cludes  a  first  comparator  means  for  comparing  at 
least  one  of  a  slip  rate  (X  )  and  a  slip  rate  change  so 
quantity  (X  )  with  a  first  predetermined  value 
(X1  ,X1  ),  said  fuel  supply  suppressing  means  carries 
out  leaning  air  fuel  ratio  (  Stb)  in  accordance  with 
output  signal  from  said  first  comparator  means  and 
said  retard  control  means  (35)  carries  out  retarding  55 
of  the  ignition  timing  to  a  first  predetermined  angle 
(DiGTRCz)- 
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