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(54)  Torque  distribution  control  apparatus  for  4  wheel  driven  vehicle 

(57)  In  the  case  that  a  brake  controller  is  installed  to 
a  4  wheel  driven  vehicle,  braking  force  control  should  be 
carried  out  effectively  enough  so  that  running  stability  of 
the  vehicle  can  be  up-graded  at  cornering. 

The  brake  controller  40  calculates  differential  value 
of  aimed  yaw  rate,  differential  value  of  predicted  yaw 
rate  on  low  friction  road  and  deflection  of  the  two  differ- 
ential  values.  And  also  it  calculates  deflection  of  real 
yaw  rate  and  aimed  yaw  rate.  Then  the  brake  controller 
40  determines  aimed  braking  force  and  applies  the 
aimed  braking  force  to  a  selected  wheel  to  carry  out 

braking  control. 
The  torque  distribution  controller  70  receives  con- 

trol  parameters  and  signals  of  status  of  brake  control 
and  carries  out  torque  distribution  control  based  on  the 
parameters  and  signals  through  the  hydraulic  multi- 
plate  clutch  21  .  The  hydraulic  multi-plate  clutch  21  is  so 
controlled  with  certain  weak  engaging  force  as  to  make 
each  wheel  rotate  freely,  when  braking  control  is  carried 
out  by  applying  braking  force  to  a  selected  wheel.  Thus 
the  brake  controller  40  can  perform  as  aimed. 

FIG.  1 
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Description 

BACKGROUND  OF  THE  INVENTION 

5  [0001]  This  invention  relates  to  a  torque  distribution  apparatus  for  a  4  wheel  driven  vehicle  equipped  with  a  braking 
force  controlling  means  for  applying  a  braking  force  to  an  appropriate  wheel  to  up-grade  vehicle  stability  at  cornering. 
[0002]  Recently  developed  and  put  into  practical  use  are  braking  force  controllers  applying  a  braking  force  to  an 
appropriate  wheel  to  up-grade  vehicle  stability  at  cornering  referring  to  influence  of  forces  applied  to  a  vehicle  while  cor- 
nering. 

10  [0003]  For  example,  the  Japanese  Patent  Laid-open  No.  70561/1990  disclosed  a  brake  control  device  carrying  out 
controls  according  to  yaw  rate,  i.e.,  angular  velocity  of  yawing  which  is  rotary  motion  around  plumb  axis  passing  through 
a  gravity  center  of  a  vehicle.  In  this  technology,  aimed  yaw  rate  and  real  yaw  rate  of  the  vehicle  are  compared  to  deter- 
mine  vehicle  dynamic  characteristics  as  under  steering  or  over  steering  against  aimed  yaw  rate.  And  then  a  corrective 
braking  force  is  applied  to  an  inner  wheel  when  judged  as  under  steering  or  to  an  outer  wheel  when  judged  as  over 

15  steering  so  that  real  yaw  rate  becomes  equal  to  aimed  yaw  rate.  Thus  the  vehicle  running  stability  is  up-graded. 
[0004]  Beside  the  above,  disclosed  for  4  wheel  driven  vehicles  are  various  kinds  of  driving  torque  distribution  devices, 
which  can  control  torque  distribution  between  front  and  rear  wheels  by  appropriately  controlling  differential  of  front  and 
rear  wheel  rotations  in  order  to  up-grade  vehicle  running  stability. 
[0005]  Well  known  as  a  torque  distribution  device  mentioned  above  is  a  limited  slip  center  differential  to  be  installed 

20  on  a  full  time  4  wheel  driven  vehicle,  wherein  slippage  of  torque  distribution  clutch  (transfer  clutch)  is  controlled. 
[0006]  When  the  brake  control  device  applies  a  braking  force  selectively  to  a  wheel  for  up-grading  vehicle  stability  in 
a  4  wheel  driven  vehicle  equipped  with  the  limited  slip  center  differential,  so  strong  engagement  of  the  torque  distribu- 
tion  clutch  brings  difficulty  in  precise  application  of  the  braking  force  as  calculated.  The  reason  is  that  each  wheel  can 
not  rotate  freely  due  to  the  strong  engagement  of  the  clutch  that  creates  nearly  mechanical  connection  of  respective 

25  wheels. 

SUMMARY  OF  THE  INVENTION 

[0007]  The  present  invention  provides  a  torque  distribution  control  apparatus  for  a  4  wheel  driven  vehicle  equipped 
30  with  a  brake  control  device,  which  can  carry  out  braking  force  controlling  properly  and  effectively  enough  in  a  4  wheel 

drive  mechanism  for  up-grading  vehicle  stability  at  cornering. 
[0008]  In  order  to  achieve  the  above  object,  the  torque  distribution  apparatus  for  4  wheel  driven  vehicle  according  to 
claim  1  of  the  present  invention  is  to  control  distribution  of  driving  torque  to  front  and  rear  wheels  of  a  4  wheel  driven 
vehicle  equipped  with  a  braking  force  controlling  means  for  controlling  a  selective  application  of  a  braking  force  to  a 

35  wheel  for  controlling  vehicle  movement  by  calculations  based  on  vehicle  dynamic  conditions,  the  torque  distribution 
control  apparatus  being  characterized  in  reducing  driving  torque  to  either  front  or  rear  wheels  at  the  application  of  the 
braking  force  to  the  wheel  by  the  braking  force  controlling  means. 
[0009]  The  vehicle  equipped  with  the  torque  distribution  apparatus  for  4  wheel  driven  vehicle  according  to  claim  1  con- 
trols  the  selective  application  of  the  braking  force  to  the  wheel  for  controlling  vehicle  movement  by  calculations  based 

40  on  vehicle  dynamic  conditions.  And  the  torque  distribution  control  apparatus  controls  driving  torque  distribution  by 
reducing  delivered  torque  to  either  front  or  rear  wheels  so  that  the  braking  force  can  be  applied  as  calculated  at  the 
operation  of  the  braking  force  controlling  means. 
[001  0]  The  torque  distribution  apparatus  for  4  wheel  driven  vehicle  according  to  claim  2  of  the  present  invention  is  to 
control  distribution  of  driving  torque  to  front  and  rear  wheels  of  a  4  wheel  driven  vehicle  equipped  with  a  braking  force 

45  controlling  means  for  controlling  a  selective  application  of  a  braking  force  to  a  wheel  for  controlling  vehicle  movement 
by  calculations  based  on  vehicle  dynamic  conditions,  the  torque  distribution  control  apparatus  being  characterized  in 
controlling  torque  distribution  to  front  and  rear  wheels  in  an  aimed  distribution  ratio  equal  to  weight  distribution  of  the 
vehicle  at  the  application  of  the  braking  force  to  the  wheel  by  the  braking  force  controlling  means. 
[001  1  ]  The  vehicle  equipped  with  the  torque  distribution  apparatus  for  4  wheel  driven  vehicle  according  to  claim  2  con- 

so  trols  the  selective  application  of  the  braking  force  to  the  wheel  for  controlling  vehicle  movement  by  calculations  based 
on  vehicle  dynamic  conditions.  And  the  torque  distribution  control  apparatus  controls  torque  distribution  to  front  and  rear 
wheels  in  an  aimed  distribution  ratio  equal  to  weight  distribution  of  the  vehicle  at  the  application  of  the  braking  force  to 
the  wheel  by  the  braking  force  controlling  means.  Namely,  limiting  of  slippage  in  a  limited  slip  center  differential  is  con- 
trolled  for  the  4  wheel  driven  vehicle  to  play  in  full  traction  performance  and  driving  stability  so  that  up-grading  of  vehicle 

55  stability  and  performance  of  4  wheel  drive  are  kept  in  optimum  conditions. 
[001  2]  A  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  3  is  to  control  distribution 
of  driving  torque  to  front  and  rear  wheels  of  a  4  wheel  driven  vehicle  equipped  with  a  braking  force  controlling  means 
for  controlling  a  selective  application  of  a  braking  force  to  a  wheel  for  controlling  vehicle  movement  by  calculations 
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based  on  vehicle  dynamic  conditions,  the  torque  distribution  control  apparatus  being  characterized  in  modifying  at  least 
one  of  torque  transmissions  to  front  and  rear  wheels  according  to  turning  characteristic  change  as  a  result  of  the  appli- 
cation  of  the  braking  force  to  the  wheel  by  the  braking  force  controlling  means. 
[001  3]  The  vehicle  equipped  with  the  torque  distribution  apparatus  for  4  wheel  driven  vehicle  according  to  claim  3  con- 

5  trols  the  selective  application  of  the  braking  force  to  the  wheel  for  controlling  vehicle  movement  by  calculations  based 
on  vehicle  dynamic  conditions.  And  the  torque  distribution  control  apparatus  modifies  at  least  one  of  torque  transmis- 
sions  to  front  and  rear  wheels  according  to  turning  characteristic  change  as  a  result  of  the  application  of  the  braking 
force  to  the  wheel  by  the  braking  force  controlling  means.  Namely,  the  turning  characteristic  change  can  be  done  effec- 
tively  by  the  braking  force  controlling  means. 

10  [0014]  The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  4  is  the  torque  distribu- 
tion  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  3,  being  characterized  in  modifying  torque  transmis- 
sion  to  the  rear  wheels  toward  increasing  at  changing  turning  characteristics  to  those  favorable  to  turn  as  a  result  of  the 
application  of  the  braking  force  to  the  wheel  by  the  braking  force  controlling  means.  Namely,  the  turning  characteristic 
change  to  those  favorable  to  turn  can  be  done  effectively  by  the  braking  force  controlling  means. 

15  [001  5]  The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  5  is  the  torque  distribu- 
tion  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  4,  being  characterized  in  increasing  torque  distribu- 
tion  ratio  to  the  rear  wheels  to  a  predetermined  value  at  changing  turning  characteristics  to  those  favorable  to  turn  as  a 
result  of  the  application  of  the  braking  force  to  the  wheel  by  the  braking  force  controlling  means.  Namely,  the  turning 
characteristic  change  to  those  favorable  to  turn  can  be  done  effectively  by  the  braking  force  controlling  means. 

20  [001  6]  The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  6  is  the  torque  distribu- 
tion  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  4,  being  characterized  in  modifying  torque  transmis- 
sion  to  the  rear  wheels  toward  increasing  according  to  deflection  of  real  yaw  rate  and  aimed  yaw  rate  at  changing 
turning  characteristics  to  those  favorable  to  turn  as  a  result  of  the  application  of  the  braking  force  to  the  wheel  by  the 
braking  force  controlling  means.  Namely,  the  turning  characteristic  change  to  those  favorable  to  turn  can  be  done  effec- 

25  tively  by  the  braking  force  controlling  means. 
[001  7]  The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  7  is  the  torque  distribu- 
tion  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  3,  being  characterized  in  modifying  torque  transmis- 
sion  to  the  front  wheels  toward  increasing  at  changing  turning  characteristics  to  those  unfavorable  to  turn  as  a  result  of 
the  application  of  the  braking  force  to  the  wheel  by  the  braking  force  controlling  means.  Namely,  the  turning  character- 

30  istic  change  to  those  unfavorable  to  turn  can  be  done  effectively  by  the  braking  force  controlling  means. 
[0018]  The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  8  is  the  torque  distribu- 
tion  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  7,  being  characterized  in  increasing  torque  distribu- 
tion  ratio  to  the  front  wheels  to  a  predetermined  value  at  changing  turning  characteristics  to  those  unfavorable  to  turn 
as  a  result  of  the  application  of  the  braking  force  to  the  wheel  by  the  braking  force  controlling  means.  Namely,  the  turn- 

35  ing  characteristic  change  to  those  unfavorable  to  turn  can  be  done  effectively  by  the  braking  force  controlling  means. 
[001  9]  The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  9  is  the  torque  distribu- 
tion  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  7,  being  characterized  in  modifying  torque  transmis- 
sion  to  the  front  wheels  toward  increasing  according  to  deflection  of  real  yaw  rate  and  aimed  yaw  rate  at  changing 
turning  characteristics  to  those  unfavorable  to  turn  as  a  result  of  the  application  of  the  braking  force  to  the  wheel  by  the 

40  braking  force  controlling  means.  Namely,  the  turning  characteristic  change  to  those  unfavorable  to  turn  can  be  done 
effectively  by  the  braking  force  controlling  means. 

BRIEF  DESCRIPTION  OF  DRAWINGS 

45  [0020] 

FIG.1  is  an  illustration  showing  an  overall  construction  of  a  4  wheel  driven  vehicle  equipped  with  a  torque  distribu- 
tion  apparatus  according  to  the  1st  embodiment  of  the  present  invention; 
FIG.2  is  an  illustration  showing  vehicle  movements  by  the  braking  force  control  according  to  the  1st  embodiment  of 

so  the  present  invention; 
Fig.  3  is  a  time  chart  showing  an  example  of  braking  force  control  according  to  the  1st  embodiment  of  the  present 
invention; 
Fig.  4  is  an  illustration  showing  differential  control  according  to  the  1st  embodiment  of  the  present  invention; 
Fig.  5  is  an  illustration  showing  an  example  of  differential  torque  control  characteristics  according  to  the  1st  embod- 

55  iment  of  the  present  invention; 
Fig.  6  is  a  flow  chart  showing  braking  force  control  according  to  the  1st  embodiment  of  the  present  invention; 
Fig.  7  is  a  flow  chart  continued  from  Fig.6; 
Fig.  8  is  a  flow  chart  of  torque  distribution  control  according  to  the  1st  embodiment  of  the  present  invention; 
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Fig.  9  is  an  illustration  showing  vehicle  movements  by  the  braking  force  control  according  to  the  2nd  embodiment  of 
the  present  invention; 
Fig.  10  is  an  illustration  showing  torque  converter  characteristic,  i.e.,  torque  ratio  versus  speed  ratio; 
Fig.  1  1  is  a  flow  chart  of  torque  distribution  control  according  to  the  2nd  embodiment  of  the  present  invention; 

5  Fig.  12  is  an  illustration  showing  vehicle  movements  by  the  braking  force  control  according  to  the  3rd  embodiment 
of  the  present  invention; 
Fig.  13  is  a  flow  chart  of  torque  distribution  control  according  to  the  3rd  embodiment  of  the  present  invention; 
Fig.  14  is  an  illustration  showing  vehicle  movements  by  the  braking  force  control  according  to  the  4th  embodiment 
of  the  present  invention; 

10  Fig.  15  is  a  flow  chart  of  torque  distribution  control  according  to  the  4th  embodiment  of  the  present  invention; 
Fig.  16  is  an  illustration  showing  vehicle  movements  by  the  braking  force  control  according  to  the  5th  embodiment 
of  the  present  invention; 
Fig.  17  is  a  flow  chart  of  torque  distribution  control  according  to  the  5th  embodiment  of  the  present  invention; 
Fig.  18  is  an  illustration  showing  vehicle  movements  by  the  braking  force  control  according  to  the  6th  embodiment 

15  of  the  present  invention; 
Fig.  19  is  a  flow  chart  of  torque  distribution  control  according  to  the  6th  embodiment  of  the  present  invention; 
Fig.  20  is  an  illustration  showing  vehicle  movements  by  the  braking  force  control  according  to  the  7th  embodiment 
of  the  present  invention; 
Fig.  21  is  a  flow  chart  of  torque  distribution  control  according  to  the  7th  embodiment  of  the  present  invention; 

20  Fig.  22  is  an  illustration  showing  vehicle  movements  by  the  braking  force  control  according  to  the  8th  embodiment 
of  the  present  invention; 
Fig.  23  is  a  flow  chart  of  torque  distribution  control  according  to  the  8th  embodiment  of  the  present  invention; 

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 
25 

[0021]  Preferred  embodiments  of  the  present  invention  are  described  according  to  the  accompanied  drawings.  FIG.1 
through  FIG.8  showing  the  first  embodiment  of  the  present  invention. 
[0022]  A  vehicle  used  for  explanation  of  the  first  embodiment  of  the  present  invention  is  a  type  of  4-wheel-driven  with 
a  center  differential  of  compound  type  planetary  gear  and  an  automatic  transmission. 

30  [0023]  Referring  to  FIG.1,  driving  force,  generated  by  an  engine  1  installed  in  front  of  a  vehicle,  is  transmitted  to  a 
torque  converter  and  an  automatic  gear  train  2  located  next  to  the  engine  1  ,  and  transmitted  further  to  a  center  differ- 
ential  3  through  an  output  shaft  2a.  The  driving  force  is  delivered  to  a  rear  differential  7  through  a  rear  drive  shaft  4,  a 
propeller  shaft  5  and  a  drive  pinion  6  in  order  and  also  delivered  to  a  front  differential  1  1  through  a  transfer  drive  gear 
8,  a  transfer  driven  gear  9  and  a  front  drive  shaft  1  0  comprising  a  drive  pinion.  The  torque  converter,  the  automatic  gear 

35  train  2,  the  center  differential  3  and  the  front  differential  1  1  are  integrally  accommodated  in  a  case  12. 
[0024]  The  driving  force  inputted  to  the  rear  differential  7  is  transmitted  to  a  left  rear  wheel  1  4rl  through  a  left  rear  drive 
shaft  1  3rl  and  also  transmitted  to  a  right  rear  wheel  1  4rr  through  a  right  rear  drive  shaft  1  3rr.  The  driving  force  inputted 
to  the  front  differential  1  1  is  transmitted  to  a  left  front  wheel  14fl  through  a  left  front  drive  shaft  13fl  and  also  transmitted 
to  a  right  front  wheel  1  4fr  through  a  right  front  drive  shaft  1  3fr. 

40  [0025]  The  center  differential  3  comprises  a  first  and  a  second  gear  trains.  A  first  sun  gear  1  5  having  a  relatively  large 
diameter  engages  with  a  plurality  of  first  pinions  1  6  having  a  relatively  small  diameter  each,  forming  the  first  gear  train. 
The  first  sun  gear  15  is  formed  on  the  output  shaft  2a  transmitting  the  driving  force  to  the  center  differential  3. 
[0026]  A  second  sun  gear  1  7  having  a  relatively  small  diameter  engages  with  a  plurality  of  second  pinions  1  8  having 
a  relatively  large  diameter  each,  forming  the  second  gear  train.  The  second  sun  gear  1  7  is  formed  on  the  rear  drive  shaft 

45  4  transmitting  the  driving  force  to  the  rear  wheels. 
[0027]  The  first  pinion  16  and  the  second  pinion  18  are  formed  on  a  pinion  member  19  in  unit.  A  plurality  of  the  pinion 
members  19,  e.g.,  3  (three),  are  rotatably  supported  by  fixed  shafts  which  are  part  of  a  carrier  20. 
[0028]  The  front  end  of  the  carrier  20  is  connected  to  the  transfer  drive  gear  8,  transmitting  the  driving  force  to  the 
front  wheels. 

so  [0029]  In  the  carrier  20,  the  output  shaft  2a  is  rotatably  installed  from  the  front  side  and  the  rear  drive  shaft  4  is  rotat- 
ably  installed  from  the  back  side.  Thus  the  carrier  20  accommodates  the  first  sun  gear  1  5  and  the  second  sun  gear  1  7 
in  its  center  part,  the  first  sun  gear  1  5  and  the  second  sun  gear  1  7  engaging  with  a  plurality  of  the  first  and  the  second 
pinions  16  and  18  of  pinion  members  19  respectively. 
[0030]  Thus  a  compound  type  planetary  gear  without  ring  gear  is  formed.  The  first  sun  gear  15  (input)  engaging  the 

55  first  pinions  1  6  distributes  driving  force  to  one  output  through  the  second  pinions  1  8  and  the  second  sun  gear  1  7  and  to 
the  other  output  through  the  pinion  members  19  and  the  carrier  20. 
[0031]  The  center  differential  3,  which  is  the  compound  type  planetary  gear,  is  capable  of  differential  function  by 
appropriately  setting  tooth  numbers  of  the  first  and  second  sun  gears,  1  5  and  1  7,  and  pluralities  of  the  first  and  second 
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pinions,  1  6  and  1  8,  of  which  allocations  are  so  arranged  to  surround  the  sun  gears,  1  5  and  1  7,  respectively. 
[0032]  The  center  differential  3  of  such  a  compound  type  planetary  gear  is  also  capable  of  setting  its  torque  distribu- 
tion  ratio  with  desirable  value  by  appropriately  setting  intermeshing  pitch  circle  diameters  of  the  first  and  second  pin- 
ions,  16  and  18,  and  the  first  and  second  sun  gears,  15  and  17,  respectively. 

5  [0033]  Further,  the  center  differential  3  has  a  differential  limiting  function  in  itself  by  creating  a  differential  limiting 
torque  in  proportion  to  strength  of  input  torque  due  to  two  kinds  of  friction  forces  between  the  pinion  members  19  and 
the  carrier  20.  One  is  friction  torque  occurs  at  edges  of  pinion  members  19  due  to  residual  thrust  force  which  is  a  result 
of  counter  balancing  of  respective  thrust  forces  generated  on  the  first  gear  train  and  the  second  gear  train  by  making 
the  first  sun  gear  15/  pinions  16  and  second  sun  gears  17/pinions  18  in  such  configurations  that  the  gears  generate 

10  opposite  and  different  thrust  forces,  for  example  by  employing  helical  gears  with  different  helix  angles  for  the  first  gear 
train  and  the  second  gear  train  respectively. 
The  other  is  friction  torque  occurs  at  the  axis  hole  of  pinion  members  1  9  due  to  pressing  force  against  the  fixed  shaft  of 
the  carrier  20  by  composite  of  repulsive  force  and  tangential  force  caused  by  engagements  of  the  first  and  second  sun 
gears,  15  and  17,  and  the  first  and  second  pinions,  16  and  18. 

15  [0034]  Two  output  members  of  the  center  differential  3,  i.e.,  the  carrier  20  and  the  second  sun  gear  17  are  indirectly 
connected  by  a  hydraulic  multi-plate  clutch  (transfer  clutch)  21  which  is  a  variable  torque  distribution  clutch  controlled 
by  a  torque  distribution  controller  70. 
[0035]  The  hydraulic  multi-plate  clutch  (transfer  clutch)  21  consists  of  a  plurality  of  driven  plates  21a  installed  on  the 
rear  drive  shaft  3  having  the  second  sun  gear  17  in  unit  and  a  plurality  of  drive  plates  21b  installed  to  the  carrier  20, 

20  while  the  driven  plates  21a  and  the  drive  plates  21  b  are  put  alternately.  The  hydraulic  multi-plate  clutch  (transfer  clutch) 
21  is  pressed  or  released  by  a  piston  (not  shown)  and  a  pressure  plate  (not  shown)  which  are  installed  on  the  case  12 
and  operated  by  hydraulic  pressure  in  a  hydraulic  pressure  chamber  (not  shown)  hydraulically  connected  to  a  hydraulic 
device  (not  shown)  controlled  by  the  torque  distribution  controller  70. 
[0036]  In  the  case  that  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  open,  the  driving  force  is  distributed  in 

25  the  specified  ratio  as  it  is  set  by  the  center  differential  3.  In  the  case  that  the  hydraulic  multi-plate  clutch  (transfer  clutch) 
21  is  completely  engaged,  the  differential  function  becomes  inoperative,  i.e.,  directly  coupled  so  that  the  specified  dis- 
tribution  ratio  is  canceled. 
[0037]  Pressing  force,  i.e.,  transfer  torque  applied  to  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  ,  is  controlled 
by  the  torque  distribution  controller  70  so  that  the  torque  distribution  ratio  can  vary  from  the  ratio  specified  by  the  center 

30  differential,  e.g.,  front  35/  rear  65,  to  the  ratio  when  directly  coupled,  e.g.,  front  50/rear  50.  Thus  torque  distribution  con- 
trol,  i.e.  power  distribution  control,  is  established. 
[0038]  A  brake  actuator  25  is  hydraulically  connected  to  a  master  cylinder  27  connected  to  a  brake  pedal  26  which  is 
operated  by  a  driver.  When  the  driver  depresses  the  brake  pedal  26,  the  master  cylinder  27  pressurizes  brake  fluid.  And 
brake  pressure  is  delivered  to  a  front  left  wheel  cylinder  28fl,  a  front  right  wheel  cylinder  28fr,  a  rear  left  wheel  cylinder 

35  28rl  and  a  rear  right  wheel  cylinder  28rr,  through  the  brake  actuator  25  so  that  braking  forces  are  applied  to  the  4  wheels 
14fl,  14fr,  14rl  and  14rr. 
[0039]  The  brake  actuator  25,  a  hydraulic  unit  comprising  a  pressurizing  device,  reducing  valves  and  intensifiers,  can 
apply  brake  pressure  to  the  wheel  cylinders  28fl,  28fr,  28rl  and  28rr  respectively,  independently  and  controllably  corre- 
sponding  to  input  signals. 

40  [0040]  The  wheels  14fl,  14fr,  14rl  and  14rr  are  provided  with  a  front  left  wheel  speed  sensor  29fl,  a  front  right  wheel 
speed  sensor  29fr,  a  rear  left  wheel  speed  sensor  29rl  and  a  rear  right  wheel  speed  sensor  29rr  respectively  so  that 
each  wheel  speed  is  determined.  And  steering  wheel  of  the  vehicle  is  provided  with  a  steering  wheel  angle  sensor  30 
to  detect  steering  wheel  angle. 
[0041  ]  A  yaw  rate  sensor  31  is  provided  to  send  signal  to  a  brake  controller  40  which  receives  signals  from  the  wheel 

45  speed  sensors  29f  I,  29fr,  29rl  and  29rr  and  the  steering  angle  sensor  30  as  well.  The  brake  controller  40  outputs  signals 
to  the  brake  actuator  25,  while  selecting  a  wheel  and  calculating  a  braking  force  to  be  applied  to  the  wheel  for  rectifying 
vehicle  running  posture  to  an  aimed  one.  Thus  the  braking  force  controlling  means  is  composed. 
[0042]  The  brake  controller  40  carries  out  braking  controls  according  to  the  flow  chart  shown  in  FIG.6  and  FIG.7.  The 
braking  control  program  is  carried  out  in  a  predetermined  interval,  e.g.,  10  ms. 

so  [0043]  The  program  starts  with  S101  (S  means  step).  At  S101  ,  steering  wheel  angle  6,  wheel  speeds  col  ,  co2,  co3  and 
co4  and  real  yaw  rate  y  are  inputted  from  the  steering  wheel  sensor  30,  the  wheel  speed  sensors  29f  I,  29fr,  29rl  and  29rr 
and  the  yaw  rate  sensor  31  ,  then  the  program  goes  to  S102. 
[0044]  At  S102,  real  steering  angle  8f  is  calculated,  dividing  steering  wheel  angle  6  by  steering  gear  ratio  N,  namely 
8f  =  6/N  ,  and  vehicle  speed  V  is  determined  from  wheel  speeds  a>1  ,  co2,  co3  and  co4  in  a  predetermined  manner,  e.g., 

55  V  is  an  average  of  a>1  ,oo2,a)3  and  co4. 
[0045]  Then  the  program  goes  to  S103,  where  aimed  yaw  rate  regular  gain  Gy8f(0)  is  calculated  by  formula  (1)  and 
predicted  yaw  rate  regular  gain  GySf  (0)LOW  is  calculated  by  formula  (3). 
[0046]  Aimed  yaw  rate  regular  gain  Gy8f(0)  is  yaw  rate  value  corresponding  to  real  steering  angle  8f  at  turning  along 
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a  constant  circle.  Aimed  yaw  rate  regular  gain  Gy8f(0)  is  determined  by  the  following  formula; 

Gy5f(0)  =  1/(1  +  AO  x  V2)  x  V/L  (1) 

5  wherein,  L  is  a  wheel  base  and  AO  is  a  stability  factor  calculated  from  vehicle  specifications  by  the  following  formula; 

AO  =  (-m  x  (Lf  x  CPf-Lr  x  CPr))/(2  x  L2  x  CPf  x  CPr)  (2) 

wherein,  m  is  vehicle  mass,  Lf  is  distance  from  the  front  wheel  axis  to  the  center  of  gravity  of  the  vehicle,  Lr  is  distance 
10  from  the  rear  wheel  axis  to  the  center  of  gravity  of  the  vehicle,  CPf  is  front  equivalent  cornering  power  and  CPr  is  rear 

equivalent  cornering  power. 
[0047]  Predicted  yaw  rate  regular  gain  Gy8f(0)LOW  is  predicted  yaw  rate  value  when  the  vehicle  turns  along  a  con- 
stant  circle  with  real  steering  angle  8f  on  low  friction  road.  Predicted  yaw  rate  regular  gain  GySf(0)LOW  is  given  by  the 
following  formula; 

15 
Gy5f(0)LOW  =  1/(1  +  AOLOW  x  V2)x  V/L  (3) 

Wherein,  AOLOW  is  stability  factor  in  running  on  low  friction  road  determined  by  the  vehicle  specifications  and  given  by 
the  following  formula; 

20 
AOLOW  =  (-m  x  (Lf  x  CPfLOW-Lr  x  CPrLOW))  /(2  x  L2  x  CPf  LOW  x  CPrLOW)  (4) 

wherein,  CPfLOW  is  front  equivalent  cornering  power  on  low  friction  road  and  CPrLOW  is  rear  equivalent  cornering 
power  on  low  friction  road. 

25  [0048]  The  program  further  goes  to  S1  04,  where  aimed  yaw  rate  y'  is  calculated  based  on  real  steering  angle  8f  and 
aimed  yaw  rate  regular  gain  Gy8f(0),  counting  response  delay  of  the  vehicle  movement,  and  predicted  yaw  rate  on  low 
friction  road  y'LOW  is  calculated  based  on  real  steering  angle  Sf  and  predicted  yaw  rate  regular  gain  Gy8f(0)LOW, 
counting  response  delay  of  the  vehicle  movement. 
[0049]  Aimed  yaw  rate  y'  is  calculated  by  the  following  formula; 

30 
y'  =  1/(1  +  T  •  S)  x  GySf(0)  x  5f  (5) 

wherein,  T  is  time  constant  and  s  is  Laplace  operator.  The  above  formula  (5)  includes  response  delay  of  the  vehicle 
movement  expressed  by  1st  order  approximation,  which  is  to  be  given  in  2nd  order  otherwise.  And  time  constant  T  is 

35  determined,  for  example  by  the  following  formula; 

T  =  m  x  Lf  x  V/2  x  L  x  CPr  (6) 

Predicted  yaw  rate  on  low  friction  road  y'LOW  is  determined  by  the  following  formula; 
40 

y'LOW  =  1/(1  +  TLOW  •  S)  x  Gy5f(0)LOW  x  5f  (7) 

wherein,  TLOW  is  time  constant. 
The  above  formula  (7)  includes  response  delay  of  the  vehicle  movement  expressed  by  1st  order  approximation,  which 

45  is  to  be  given  in  2nd  order  otherwise.  And  time  constant  TLOW  is  determined,  for  example  by  the  following  formula; 

TLOW  =  m  x  Lf  x  V/2  x  L  x  CPrLOW  (8) 

[0050]  The  program  goes  to  S105,  where  aimed  yaw  rate  differential  Sy'  which  is  differential  value  of  the  aimed  yaw 
so  rate  y'  and  predicted  yaw  rate  differential  Sy'LOW  which  is  differential  value  of  predicted  yaw  rate  y'LOW  are  calculated. 

And  then  goes  to  S106. 
[0051]  At  S106,  calculated  are  yaw  rate  differential  deflection  dAy  (=  Sy'LOW-Sy')  which  is  deflection  of  aimed  yaw 
rate  differential  Sy'  and  predicted  yaw  rate  differential  Sy'LOW  and  yaw  rate  deflection  Ay  (=  y-y')  . 
[0052]  Then  the  program  goes  to  S107,  where  first  aimed  pressures  BF1f  and  BF1r  (first  front  wheel  aimed  pressure 

55  BF1f  and  first  rear  wheel  aimed  pressure  BF1r)  are  calculated  by  formulas  (9)  and  (10)  and  second  aimed  pressures 
BF2f  and  BF2r  (second  front  wheel  pressure  BF2f  and  second  rear  wheel  pressure  BF2r)  are  calculated  by  formulas 
(11)  and  (12). 
[0053]  First  front  wheel  aimed  pressure  BF1f  and  first  rear  wheel  aimed  pressure  BF1  r  are  calculated  based  on  yaw 
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rate  differential  deflection  dAy  referring  to  vehicle  specifications.  First  front  wheel  aimed  pressure  BF1f  and  first  rear 
wheel  aimed  pressure  BF1  r  are  determined  by  the  following  formulas; 

BF1f  =  G1  x  dAy  x  lz/(df/2)  (9) 
5 

BF1r  =  G1  x  G2  x  dAy  x  lz/(dr/2)  (10) 

10  Wherein,  G1  and  G2  are  gains  (e.g.,  0.05  and  0.15  respectively),  Iz  is  yaw  inertia  moment  of  the  vehicle,  df  is  front  tread 
and  dr  is  rear  tread. 
In  formula  (9),  G1  is  first  large  gain  and  dAy  x  lz/(df/2)  is  a  part  showing  first  theoretical  braking  force  for  the  front 
wheels.  In  formula  (10),  G1  x  G2  is  first  small  gain  and  dAy  x  lz/(dr/2)  is  a  part  showing  first  theoretical  braking  force 
for  the  rear  wheels.  In  order  to  prevent  from  loosing  stability  caused  by  side  slips  occurring  on  rear  wheel  or  to  prevent 

15  from  feeling  of  unstableness  given  by  unexpectedly  strong  turning  moment  occurring  when  the  rear  wheels  are  braked, 
especially  on  low  friction  road,  first  rear  wheel  aimed  pressure  BF1r  is  made  so  smaller  by  multiplying  the  first  theoret- 
ical  braking  force  for  the  rear  wheels  with  the  first  small  gain. 
[0054]  As  described  above,  first  aimed  pressures  BF1  f  and  BF1  r  derived  based  on  yaw  rate  differential  deflection  dAy 
are  values  which  are  calculated  supposing  that  the  vehicle  runs  on  low  friction  road.  The  reason  why  supposing  low  fric- 

20  tion  road  running  is  that  the  more  braking  controls  are  needed,  the  lower  road  friction  is.  The  respective  specified  values 
applicable  on  low  friction  road  have  been  determined  from  data  obtained  by  experiments  using  vehicle  models  or  by 
well  known  theoretical  calculations. 
[0055]  Second  front  wheel  aimed  pressure  BF2f  and  second  rear  wheel  aimed  pressure  BF2r  are  calculated  based 
on  running  conditions  of  the  vehicle  and  yaw  rate  deflection  referring  to  vehicle  specifications.  Second  aimed  pressures 

25  BF2f  and  BF2r  are  determined  by  the  following  formula; 

BF2f  =  G3  x  (AA  x  4  x  L2  x  CPf  x  CPr  x  V)  /((CPf  +  CPr)/df)  x  y  (11) 

BF2r  =  G3  x  G4  x  (AA  x  4  x  L2  x  CPf  x  CPr  x  V)  /((CPf+CPr)/dr)  x  y  (12) 
30 

wherein,  G3  (e.g.  ,8.0)  and  G4  (e.g.,  0.15)  are  gains  (e.g.,  0.05  and  0.15  respectively)  and  AA  is  determined  by  the  fol- 
lowing  formula; 

AA  =  (5f/(Gy5f(0)  x  5f  +  Ay)  -  1/Gy5f(0))  /(L  x  V)  (13) 
35 

[0056]  In  the  above  formula  (1  3),  Ay  may  be  further  corrected  considering  side  slip  angle  a  which  is  made  by  vehicle 
proceeding  direction  and  vehicle  longitudinal  axis. 
[0057]  The  above  mentioned  G3  and  G4  are  gains  which  are  set  with  same  reason  as  G1  and  G2  previously  men- 
tioned.  In  the  formula  (1  1),  G3  is  second  large  gain  and  the  other  part  represents  second  theoretical  braking  force  for 

40  the  front  wheels.  In  the  formula  (1  2),  G3  x  G4  is  second  small  gain  and  the  other  represents  second  theoretical  braking 
force  for  the  rear  wheels.  Accordingly  strength  of  barking  forces  to  the  rear  wheels  are  also  repressed  by  formulas  (1  1) 
and  (12).  Repression  of  braking  forces  applied  to  rear  wheels  is  done  finely  by  setting  respective  gains  of  G1  through 
G4  so  that  the  driver  does  not  feel  unusual  vehicle  movement  and  running  stability  is  upgraded. 
[0058]  The  program  goes  to  S1  08  where  final  aimed  pressures  BFf  and  BFr  are  calculated  by  adding  first  aimed  pres- 

45  sures  BF1f  and  BF1  r  and  second  aimed  pressures  BF2f  and  BF2r  respectively. 

BFf  =  BF1f  +  BF2f  (14) 

BFr  =  BF1r  +  BF2r  (15) 
50 

Namely,  the  brake  controller  40  is  to  upgrade  response  and  followability  by  eliminating  control  delays  by  corrections 
which  are  made  under  conditions  supposing  that  the  vehicle  runs  on  low  friction  load.  As  the  calculation  of  differential 
operations  uses  predetermined  values  of  a  vehicle  model  instead  of  values  which  are  to  be  calculated  from  actual  yaw 
rate  signals,  large  enough  and  precise  corrections  are  available. 

55  [0059]  S109  through  S1  19  are  processes  of  wheel  selection  by  the  brake  controller  40,  i.e.,  which  wheel  is  to  be 
braked.  (+)Positive  values  of  real  yaw  rate  y  and  aimed  yaw  rate  y'  are  given  for  the  direction  of  left  turning  and  (-)minus 
ones  for  the  direction  of  right  turning. 
[0060]  At  S109,  it  is  judged  if  real  yaw  rate  y  is  larger  than  e,  a  small  and  positive  figure  close  to  0,  predetermined  by 
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experiments  or  calculation,  namely  in  left  tuning  with  a  large  enough  turning  radius.  If  not,  when  real  yaw  rate  y  is 
smaller  than  or  equal  to  e,  the  program  goes  to  S1  10  where  it  is  judged  if  real  yaw  rate  y  is  smaller  than  -e,  namely  in 
right  turning  with  large  enough  turning  radius. 
[0061]  When  real  yaw  rate  y  is  in  a  range  (e  §  y  §  -e),  namely  it  is  judged  that  the  vehicle  is  not  in  right  turning  with 
large  enough  turning  radius  at  S1  10,  the  program  goes  to  S1  19.  At  S1  19,  this  is  the  case  of  going  straight  in  FIG.2,  the 
wheel  selection  is  cancelled  and  no  braking  is  applied,  i.e.,  rear  wheel  braking  selection  flag  Fvr  is  cleared  (Fvr  <r-  0). 
[0062]  When  it  is  judged  at  S109  that  the  vehicle  is  in  left  turning  with  large  enough  turning  radius,  i.e.,  y  >  e,  the  pro- 
gram  goes  to  S1  1  1  .  At  S1  1  1  ,  yaw  rate  deflection  Ay  is  compared  to  eAy  which  is  a  small  and  positive  figure  (close  to  0) 
predetermined  by  experiments  or  calculation  and  judgement  is  made  if  the  vehicle  is  in  almost  neutral  steering  condi- 
tion,  i.e.,  |Ay|  s  eAy  namely  Ay  is  nearly  0. 
[0063]  When  it  is  judged  at  S1  1  1  that  the  vehicle  is  in  almost  neutral  steering  condition,  i.e.,  |Ay|  s  eAy,  the  program 
goes  to  S1  19.  Otherwise,  i.e.,  in  tendencies  of  under  steering  or  over  steering,  it  goes  to  S1  12. 
[0064]  At  S1  12,  it  is  judged  if  the  vehicle  is  in  under  steering  or  in  over  steering  condition,  i.e.,  Ay  <-  eAy  or  Ay  >  eA  y. 
When  the  condition  is  Ay  <-  eAy  and  sign  of  yaw  rate  deflection  Ay  is  different  from  that  of  real  yaw  rate  y  and  negative, 
judgement  is  under  steering  against  aimed  yaw  rate  y'  and  then  the  program  goes  to  S1  13.  When  the  condition  is  Ay  > 
eAy  and  sign  of  yaw  rate  deflection  Ay  is  same  as  that  of  real  yaw  rate  y  and  positive,  judgement  is  over  steering  against 
aimed  yaw  rate  y'  and  then  the  program  goes  to  S1  14. 
[0065]  At  S1  13,  this  is  case  1  of  FIG.2,  the  rear  left  wheel  14rl  is  selected  for  brake  application  with  final  aimed  rear 
pressure  BFr  (rear  left  wheel  pressure  BRL  =  BFr)  determined  at  S108  and  rear  wheel  braking  selection  flag  Fvr  is 
established  (Fvr  ^  1). 
[0066]  At  S1  1  4,  this  is  case  2  of  FIG.2,  the  front  right  wheel  1  4fr  is  selected  for  brake  application  with  final  aimed  front 
pressure  BFf  (front  right  wheel  pressure  BFR  =  BFf)  determined  at  S108  and  rear  wheel  braking  selection  flag  Fvr  is 
cleared  (Fvr  <r-  0). 
[0067]  When  it  is  judged  that  the  vehicle  is  in  right  turning  with  large  enough  turning  radius  at  S1  10,  i.e.,  y  <-  e,  the 
program  goes  to  S1  15.  At  S1  15,  yaw  rate  deflection  Ay  is  compared  to  eAy,  in  order  to  judge  if  the  vehicle  is  in  almost 
neutral  steering  condition,  i.e.,  |Ay|  s  eAy  namely  Ay  is  nearly  0. 
[0068]  When  it  is  judged  at  S15  that  the  vehicle  is  in  almost  neutral  steering  condition,  i.e.,  |Ay|  s  eAy,  the  program 
goes  to  S1  19.  Otherwise,  i.e.,  in  tendencies  of  under  steering  or  over  steering,  it  goes  to  S1  16. 
[0069]  At  S1  16,  it  is  judged  if  the  vehicle  is  in  under  steering  or  in  over  steering  condition,  i.e.,  Ay  >  eAy  or  Ay  <-  eAy. 
When  the  condition  is  Ay  >  eAy  and  sign  of  yaw  rate  deflection  Ay  is  different  from  that  of  real  yaw  rate  y  and  positive, 
judgement  is  under  steering  against  aimed  yaw  rate  y'  and  then  the  program  goes  to  S1  1  7.  When  the  condition  is  Ay  <- 
eAy  and  sign  of  yaw  rate  deflection  Ay  is  same  as  that  of  real  yaw  rate  y  and  negative,  judgement  is  over  steering  against 
aimed  yaw  rate  y'  and  then  the  program  goes  to  S1  18. 
[0070]  At  S1  1  7,  this  is  case  4  of  FIG.2,  the  rear  right  wheel  1  4rr  is  selected  for  brake  application  with  final  aimed  rear 
pressure  BFr  (rear  right  wheel  pressure  BRR  =  BFr)  determined  at  S108  and  rear  wheel  braking  selection  flag  Fvr  is 
established  (Fvr  ^  1). 
[0071]  At  S1  18,  this  is  case  3  of  FIG.2,  the  front  left  wheel  14fl  is  selected  for  brake  application  with  final  aimed  rear 
pressure  BFf  (front  left  wheel  pressure  BFL  =  BFf)  determined  at  S108  and  rear  wheel  braking  selection  flag  Fvr  is 
cleared  (Fvr  <r-  0). 
[0072]  At  S1  19  following  S1  10,  S1  1  1  or  S1  19,  this  is  case  5  of  FIG.2,  the  selection  is  cancelled  and  no  braking  is 
applied,  i.e.,  rear  wheel  braking  selection  flag  Fvr  is  cleared  (Fvr  <r-  0). 
[0073]  Thus,  during  steps  of  S109  through  S1  19,  a  wheel  for  braking  application  is  selected  to  change  turning  char- 
acteristics  when  the  vehicle  is  neither  in  straight  running  nor  in  neutral  steering  condition.  An  inner  rear  wheel  is 
selected  for  application  of  braking  when  changing  turning  characteristics  to  those  favorable  to  turn,  namely  when  signs 
of  real  yaw  rate  y  and  yaw  rate  deflection  Ay  are  different  each  other,  i.e.,  under  steering.  An  outer  front  wheel  is  selected 
for  application  of  braking  when  changing  turning  characteristics  to  those  unfavorable  to  turn,  namely  when  signs  of  real 
yaw  rate  y  and  yaw  rate  deflection  Ay  are  same,  i.e.,  over  steering. 
[0074]  At  S1  1  3  or  S1  1  7,  under  steering  is  modified  to  turning  characteristics  favorable  to  turn  and  then  the  program 
goes  to  S120. 
[0075]  At  S1  1  4  or  S1  1  8,  over  steering  is  modified  to  turning  characteristics  unfavorable  to  turn  and  then  the  program 
goes  to  S121. 
[0076]  From  S1  1  9,  the  program  goes  to  S1  22. 
[0077]  At  S120,  under  steering  pass  flag  Fus  is  established  (Fus  <r-  1).  Then  the  program  goes  to  S126. 
[0078]  Flag  Fus  shows  the  vehicle  has  passed  under  steering  condition  and  flag  Fus  is  to  be  cleared  (Fus  <r-  0)  after 
a  threshold  setting  timer  counts  a  certain  time  or  when  turning  characteristics  changes  to  neutral  from  over  steering. 
[0079]  At  S121,  it  is  judged  if  under  steering  pass  flag  Fus  is  established  (Fus-e-  1).  If  yes,  the  program  goes  to  S123. 
If  not,  i.e.,  Fus  is  cleared,  the  program  jumps  to  S126. 
[0080]  At  S123,  it  is  judged  if  timer  start  flag  Ftr  is  cleared  (Ftr  <-  0).  Flag  Ftr  is  to  be  established  (Ftr  <-  1)  when  the 
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threshold  setting  timer  starts  and  is  to  be  cleared  (Ftr  <-  0)  when  the  threshold  setting  timer  stops. 
[0081]  If  yes  at  S123,  i.e.,  flag  Ftr  is  cleared  (Ftr  <r-  0),  the  program  goes  to  S124  where  the  threshold  setting  timer 
starts  and  timer  start  flag  Ftr  is  established  (Ftr  <r-  1),  and  then  goes  to  S125. 
[0082]  At  S125,  second  threshold  eAS  is  employed  as  judgement  threshold  eA  and  then  the  program  goes  to  S126. 

5  eAS  is  a  positive  value  determined  by  experiments  or  calculation  and  is  larger  than  eAy. 
[0083]  If  not  at  S123,  i.e.,  flag  Ftr  is  established  (Ftr  <r-  1)  and  the  threshold  setting  timer  is  counting  time,  the  program 
jumps  to  S126. 
[0084]  At  1  26,  it  is  judged  if  absolute  value  of  yaw  rate  deflection  Ay  is  larger  than  judgement  threshold  eA  i.e.,  turning 
characteristics  is  to  be  corrected.  If  yes,  the  program  goes  to  S127  where  the  brake  controller  40  sends  signals  to  the 

10  brake  actuator  25  and  establishes  braking  control  flag  Fvs  (Fvs  <r-  1). 
[0085]  When  the  program  comes  to  S126  passing  through  S1  13  and  S120,  the  brake  actuator  25  applies  brake  pres- 
sure  BRL(=BFr)  to  the  wheel  cylinder  28rl. 
[0086]  When  the  program  comes  to  S126  passing  through  S1  1  7  and  S120,  the  brake  actuator  25  applies  brake  pres- 
sure  BRR(=BFr)  to  the  wheel  cylinder  28rr. 

15  [0087]  When  the  program  comes  to  S1  26  passing  through  S1  1  4  and  S1  21  ,  the  brake  actuator  25  applies  brake  pres- 
sure  BFR(=BFf)  to  the  wheel  cylinder  28fr. 
[0088]  When  the  program  comes  to  S126  passing  through  S1  18  and  S121,  the  brake  actuator  25  applies  brake  pres- 
sure  BFL(=BFf)  to  the  wheel  cylinder  28fl. 
[0089]  If  not  at  S126,  the  program  goes  to  S128. 

20  [0090]  At  S1  22,  straight  or  constant  flag  Fns,  showing  that  the  vehicle  is  in  straight  running  or  in  neutral  steering  con- 
dition,  is  established  (Fns  <r-  1)  and  then  the  program  goes  to  S128. 
[0091]  At  S128,  braking  control  signals  are  not  sent,  braking  control  flag  Fvs  is  cleared  (Fvs  <r-  0)  and  brake  fluid  pres- 
sure  is  cleared.  Then  the  program  goes  to  S129. 
[0092]  At  S129,  it  is  judged  if  timer  start  flag  Ftr  is  established,  i.e.,  if  the  threshold  setting  timer  is  counting  time. 

25  [0093]  If  not,  the  program  goes  to  S135  where  straight  or  constant  flag  Fns  is  cleared  and  then  goes  out.  If  yes,  the 
program  goes  to  S130  where  it  is  judged  if  a  certain  time  has  passed. 
[0094]  If  yes  at  S130,  the  program  goes  to  S132  where  under  steering  pass  flag  Fus  is  cleared,  then  goes  to  S133 
where  first  threshold  eAM  is  employed  as  judgement  threshold  eA  first  threshold  eAM  being  a  positive  and  larger  than 
second  threshold  eAS  and  determined  by  experiments  or  calculation,  then  goes  to  S134  where  the  threshold  setting 

30  timer  stops  and  timer  start  flag  Ftr  is  cleared,  then  goes  to  S1  35  where  straight  or  constant  flag  Fns  is  cleared,  and  then 
goes  out. 
[0095]  If  not  at  S130,  i.e.,  a  certain  time  has  not  passed,  the  program  gose  to  S131  where  it  is  judged  if  straight  or 
constant  flag  Fns  is  established  (Fns  <r-  1). 
[0096]  If  not  at  S1  31  ,  the  program  goes  out.  If  yes  at  S1  31  ,  the  program  goes  to  S1  32  where  under  steering  pass  flag 

35  Fus  is  cleared,  then  goes  to  S1  33  where  first  threshold  eAM  is  employed  as  judgement  threshold  eA  then  goes  to  S134 
where  the  threshold  setting  timer  stops  and  timer  start  flag  Ftr  is  cleared,  then  goes  to  S1  35  where  straight-or  constant 
flag  Fns  is  cleared,  and  then  goes  out. 
[0097]  Thus,  even  when  it  is  before  the  threshold  timer  starts,  first  threshold  eAM  is  employed  as  judgement  threshold 
eA  in  the  case  that  vehicle  becomes  in  straight  or  constant  running  condition. 

40  [0098]  The  brake  controller  40  sends  a  signal,  showing  that  braking  control  flag  Fvs  is  established,  to  the  torque  dis- 
tribution  controller  70. 
[0099]  EIG.3  shows  an  example  of  the  controls  by  the  brake  controller  40  especially  for  threshold  value.  In  FIG.3,  the 
vehicle  is  running  straight  at  to  and  starts  left  turning  at  t1  .  FIG.3  (a)  shows  aimed  yaw  rate  y'  and  variations  of  real  yaw 
rate  y.  FIG.3  (b)  shows  variation  of  yaw  rate  deflection  Ay.  FIG.3  (c)  shows  setting  of  straight  or  constant  flag  Fns.  FIG.3 

45  (d)  shows  setting  of  timer  start  flag  Ftr.  FIG.3  (4)  shows  setting  of  under  steering  pass  flag  Fus.  FIG.3  (f)  shows  ON- 
OFF  of  braking  signal.  Here,  explanation  will  be  done  only  for  braking  controls  supposing  that  no  influence  is  caused  by 
other  controls. 
[0100]  After  t1  ,  aimed  yaw  rate  y'  is  increasing.  Though  real  yaw  rate  y  follows  aimed  yaw  rate  y'  but  difference  of  y 
and  y'  is  becoming  larger.  Namely  absolute  value  |Ay|  of  yaw  rate  deflection  Ay  is  getting  larger  in  negative  domain. 

50  [0087] 
[0101]  At  t2,  absolute  value  |Ay|  of  yaw  rate  deflection  Ay  becomes  larger  than  absolute  value  |eAy|,  eAy  being  used 
as  threshold  value  for  judgement  of  neutral  steering.  Then  it  is  judged  as  under  steering,  under  steering  pass  flag  Fus 
is  established,  and  straight  or  constant  flag  Fns  is  cleared.  Because  first  threshold  eAM  is,  however,  employed  as  judge- 
ment  threshold  eA  braking  signal  does  not  turn  ON  until  t3  when  absolute  value  |Ay|  of  yaw  rate  deflection  Ay  exceeds 

55  the  judgement  threshold  eA. 
[0102]  After  t3,  braking  signal  remains  ON  until  t4  when  absolute  value  |Ay|  of  yaw  rate  deflection  Ay  becomes  smaller 
than  the  judgement  threshold  eA  again.  This  signal  is  in  the  case  of  y  >  e  (sign  is  positive,  left  turn)  and  Ay  <-  eAy  (sign 
is  negative,  under  steering),  i.e.,  case  1  in  FIG.2.  In  case  1  ,  braking  force  is  applied  to  the  rear  left  wheel  4rl  and  cor- 
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rective  moment  in  the  arrow  direction  is  applied  to  expel  drift-out.  Even  when  the  real  left  wheel  4rl  is  locked  due  to  too 
much  braking  force,  additional  yaw  rate  in  the  arrow  direction  as  shown  in  FIG.2  case  1  occurs. 
[0103]  As  time  passes,  real  yaw  rate  y  is  catching  up  aimed  yaw  rate  y'.  During  the  time  from  t4  to  t5,  though  turning 
characteristics  show  still  under  steeling,  braking  control  signal  is  not  outputted  because  absolute  value  |Ay|  of  yaw  rate 

5  deflection  Ay  is  smaller  than  the  judgement  threshold  eA  During  the  time  from  t5  to  t6,  as  absolute  value  |Ay|  of  yaw  rate 
deflection  Ay  is  smaller  than  the  threshold  eAy,  i.e.,  nearly  neutral  steering,  straight  or  constant  flag  Fns  is  established. 
[0104]  Then  yaw  rate  deflection  Ay  becomes  positive  and  is  getting  larger.  After  t6,  i.e.,  over  steering  is  noticed, 
straight  or  constant  flag  Fns  is  cleared,  timer  start  flag  Ftr  is  established,  the  threshold  setting  timer  starts,  and  second 
threshold  eAS  which  is  smaller  than  first  threshold  eAM  is  employed  as  judgement  threshold  eA 

10  [0105]  Till  t7,  because  absolute  value  |Ay|  of  yaw  rate  deflection  Ay  is  smaller  than  absolute  value  |eA|  of  judgement 
threshold  eA  braking  control  signal  is  not  outputted.  After  T7  braking  control  signal  is  outputted.  This  signal  is  in  the 
case  of  y  >  e  (sign  is  positive,  left  turn)  and  Ay  >  eAy  (sign  is  positive,  over  steering),  i.e.,  case  2  in  FIG.2.  In  case  2,  brak- 
ing  force  is  applied  to  the  front  right  wheel  4fr  and  corrective  moment  in  the  arrow  direction  is  applied  to  expel  spinning. 
Even  when  the  front  right  wheel  4fr  is  locked  due  to  too  much  braking  force,  additional  yaw  rate  in  the  arrow  direction 

15  as  shown  in  FIG.2  case  2  occurs. 
[0106]  And  from  t8,  absolute  value  |Ay|  of  yaw  rate  deflection  Ay  is  smaller  than  judgement  threshold  eA  resulting  in 
getting  into  non  control  domain.  At  t9  neutral  steering  is  noticed  before  the  threshold  setting  timer  counts  up. 
[0107]  Therefore,  straight  or  constant  flag  Fns  is  established,  under  steering  pass  flag  Fus  is  cleared,  the  threshold 
setting  timer  stops,  and  timer  start  flag  Ftr  is  cleared  at  t9.  First  threshold  eAM  is  employed  as  judgement  threshold  eA. 

20  [0108]  After  then,  during  the  time  from  t10  to  t1  1,  as  absolute  value  |Ay|  of  yaw  rate  deflection  Ay  is  larger  than  the 
threshold  eAy,  straight  or  constant  flag  Fns  is  cleared  and  under  steering  pass  flag  Fus  is  established  at  t1  0. 
[0109]  At  t1  1  ,  absolute  value  |Ay|  of  yaw  rate  deflection  Ay  becomes  smaller  than  the  threshold  eAy,  i.e.,  nearly  neutral 
steering  and  straight  or  constant  flag  Fns  is  established.  Although  under  steering  pass  flag  Fus  remains  established,  it 
does  not  create  any  problem  because  most  vehicles  passed  under  steering  condition  before  they  show  over  steering  in 

25  general. 
[01  1  0]  After  t8  and  on,  braking  control  signal  is  not  outputted  because  absolute  value  |Ay|  of  yaw  rate  deflection  Ay  is 
smaller  than  judgement  threshold  eA 
[0111]  Because  the  brake  controller  40  employs  second  threshold  eAS,  whose  absolute  value  is  smaller  than  first 
threshold  eAM,  as  judgement  threshold  eA  from  when  over  steering  is  noticed  until  when  controls  against  over  steering 

30  is  over  even  though  predetermined  time  is  not  passed,  corrective  control  against  over  steering  preceded  by  under  steer- 
ing  starts  earlier.  (Double  dashed  line  in  FIG.3  shows  another  real  yaw  rate  under  ordinary  control  without  this  concept. 
In  this  case,  control  starting  point  is  t7'.) 
[0112]  Thus,  difference  of  real  yaw  rate  y  and  aimed  yaw  rate  y'  does  not  grow  after  turning  characteristics  change 
into  over  steering  and  real  yaw  rate  y  can  catch  up  aimed  taw  rate  y'  earlier  so  that  control  can  be  done  smoothly  without 

35  giving  the  driver  feeling  of  something  wrong.  When  corrective  controls  against  under  steering  and  over  steering  are  car- 
ried  out  successively,  braking  control  to  real  wheel  is  depressed  because  non  control  domain  is  set  wide  in  corrective 
control  (against  over  steering)  for  under  steering  but  narrow  (against  under  steering)  for  over  steering.  Coming  back  of 
first  threshold  eAM  as  judgement  threshold  eA  from  second  threshold  eAS  is  done  securely  by  the  timer  and  by  detecting 
termination  of  corrective  control  (against  under  steering)  for  over  steering.  And  braking  force  to  be  applied  to  rear  wheel 

40  is  also  depressed  so  that  the  driver  may  not  feel  uneasiness  due  to  unexpectedly  strong  turning  moment  and  rear  wheel 
drifting  can  be  avoided  on  slippery  (low  friction)  road  due  to  strong  braking.  Real  yaw  rate  y  and  yaw  rate  deflection  Ay 
are  used  for  judgement  of  turning  characteristics,  i.e.,  under  or  over  steering  against  aimed  yaw  rate  y',  and  are  used 
for  selection  of  wheel  so  that  drifting  out  and  spinning  are  securely  prevented.  Even  when  counter  steering  is  carried 
out,  braking  force  application  to  a  wheel  helping  spinning  can  be  avoided. 

45  [0113]  A  transmission  control  unit  50,  which  carries  out  shift  control,  lock-up  control,  line  pressure  control  and  so  on 
for  the  automatic  transmission,  sends  information  of  gear  ratio  i  to  the  torque  distribution  controller  70. 
[0114]  An  engine  control  unit  60,  which  carries  out  fuel  injection  control,  ignition  timing  control,  air  fuel  ratio  control, 
charged  pressure  control,  throttle  control  and  so  on  for  the  engine  1,  sends  information  of  throttle  opening  eth  to  the 
torque  distribution  controller  70. 

so  [01  1  5]  The  torque  distribution  controller  70  controls  distribution  of  driving  torque  to  front  and  rear  from  the  ratio  of  front 
35  /  rear  65  to  a  ratio,  for  example,  front  50  /  rear  50  by  controlling  engaging  pressure  of  the  hydraulic  multiplate  clutch 
(transfer  clutch)  21  based  on  respective  wheel  speeds  a>1  ,  a>2,  co3  and  co4,  inputted  from  the  wheel  seed  sensors  29  fl, 
29fr,  29rl  and  29rr,  braking  control  flag  Fvs  status  inputted  from  the  brake  controller  40,  gear  ratio  i  from  the  transmis- 
sion  control  unit  50,  and  throttle  opening  angle  6th  inputted  from  the  engine  control  unit  60. 

55  [01  1  6]  To  be  specific,  when  the  brake  controller  40  applies  braking  force  to  a  certain  wheel,  weak  force  CTF1  (prede- 
termined  by  experiments  or  calculations)  is  employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer 
clutch)  21. 
[01  1  7]  When  the  brake  controller  40  applies  no  braking  force  to  any  wheel,  differential  limiting  torque  by  the  hydraulic 
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multi-plate  clutch  (transfer  clutch)  21  is  controlled  by  referring  to  duty  ratio  map  data  according  to  running  conditions, 
the  map  data  being  predetermined  on  the  table  map  according  to  variables  of  throttle  opening  angle  6th  and  vehicle 
speed  V  as  shown  in  FIG.5.  In  this  case  (no  braking  control  by  the  braking  controller  70),  the  torque  distribution  control 
is  carried  out  in  normal  control,  starting  control,  steering  control  and  slip  control  as  shown  in  FIG.4. 

5  [0118]  The  normal  control  has  5  maps,  each  of  5  is  for  1st  gear,  2nd  gear,  3rd  gear,  4th  gear  and  reverse  gear.  The 
smaller  the  throttle  opening  is  and  the  higher  the  speed  is,  the  lower  the  differential  limiting  torque  is  set.  Thus  envis- 
aged  are  upgrading  turning  characteristics  and  improvement  of  fuel  economy. 
[0119]  In  the  starting  control,  differential  limiting  torque  is  controlled  in  proportion  to  throttle  opening  angle  6th  when 
it  is  judged  that  vehicle  speed  is  0  and  vehicle  is  in  straight  posture  in  order  to  secure  easy  and  smooth  starting  per- 

10  formance  on  slippery  road. 
[0120]  In  the  steering  control,  differential  limiting  torque  is  controlled  to  be  lowered  according  to  front  and  rear  rota- 
tional  ratio  NR/NF  (NR:  rotation  number  of  rear  wheel,  NF:  rotation  number  of  front  wheel)  in  a  predetermined  speed 
range  in  order  to  improve  steering  feeling  in  low  speed  range. 
[0121]  In  the  slip  control,  differential  limiting  torque  is  controlled  in  larger  value  than  the  normal  control  when  rear 

15  wheel  or  front  wheel  slips  beyond  predetermined  value  in  order  to  secure  the  maximum  driving  force  and  to  improve 
running  stability. 
[0122]  Controls  by  the  torque  distribution  controller  70  are  explained  referring  to  flow  chart  shown  in  FIG.8.  This  pro- 
gram  is  carried  out  in  a  predetermined  interval.  Firstly,  status  of  braking  control  flag  Fvs  is  inputted  at  S201,  then  the 
program  goes  to  S202  where  it  is  judged  if  braking  control  flag  Fvs  is  established  (Fvs  <r-  1). 

20  [0123]  If  yes  at  S202,  i.e.,  the  case  the  brake  controller  40  applies  braking  force  to  a  certain  wheel,  the  program  goes 
to  S203  where  weak  force  CTF1  is  employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  , 
and  then  goes  to  S204  where  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  controlled. 
[0124]  If  not  at  S202,  i.e.  the  case  the  brake  controller  40  applies  no  braking  force  to  any  wheel  and  Fvs  is  cleared 
(Fvs  <r-  0)  ,  the  program  goes  to  S205  where  wheel  speeds  col  ,  co2,  co3  and  co4  are  inputted  from  the  wheel  speed  sen- 

25  sors  29fl,  29fr,  29rl  and  29rr  respectively  and  gear  ratio  i  and  throttle  opening  angle  6th  are  inputted  from  the  transmis- 
sion  control  unit  50  and  the  engine  control  unit  60  respectively.  Then  the  program  goes  to  S206. 
[0125]  At  S206,  number  of  rear  wheel  rotations  NR,  number  of  front  wheel  rotation  NF,  ratio  of  front  and  rear  wheel 
rotations  NR/NF  and  vehicle  speed  V  are  calculated  from  wheel  speeds  a>1  ,  co2,  co3  and  co4.  Then  the  program  goes  to 
S207  where  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  calculated  by  referring  to  a  table 

30  map  corresponding  gear  ratio  i  according  to  throttle  opening  eth  and  vehicle  speed  V  in  a  control  mode  selected  from 
the  four,  i.e.,  the  normal  control,  the  starting  control,  the  steering  control  and  the  slip  control,  according  to  ratio  of  front 
and  rear  rotations  NR/NF  and  vehicle  speed  V.  And  then  the  program  goes  to  S204  where  the  hydraulic  multi-plate 
clutch  (transfer  clutch)  21  is  controlled. 
[0126]  Namely,  according  to  the  first  embodiment  of  the  present  invention,  predetermined  weak  value  CFT1  is 

35  employed  as  engaging  force  of  the  multi-plate  clutch  21  so  that  each  wheel  can  rotate  freely  when  the  brake  controller 
40  applies  braking  force  to  a  certain  wheel.  Thus  braking  control  by  the  brake  controller  40  is  ensured  to  be  carried  out 
as  aimed  and  improve  running  stability  of  the  vehicle  at  cornering. 
[0127]  The  second  embodiment  of  the  present  invention  is  shown  in  FIG.9  through  1  1  .  FIG.9  is  an  illustration  showing 
an  overall  construction  of  a  4  wheel  driven  vehicle  equipped  with  a  torque  distribution  apparatus.  FIG.  10  is  an  illustra- 

40  tion  showing  torque  converter  characteristic,  i.e.,  torque  ratio  t  versus  speed  ratio  e.  FIG.1  1  is  a  flow  chart  showing 
torque  distribution  control. 
[0128]  The  torque  distribution  apparatus  in  the  second  embodiment  of  the  present  invention  controls  engaging  torque 
of  a  hydraulic  multi-plate  clutch  (transfer  clutch)  21  so  that  torque  distribution  to  front  wheels  and  rear  wheels  is  in  line 
with  vertical  load  distribution  to  front  wheels  and  rear  wheels.  Vertical  load  distribution  to  front  wheels  and  rear  wheels 

45  is  changed  according  to  vehicle  conditions,  i.e.,  at  standing  still,  in  running  with  constant  speed,  at  staring  or  at  decel- 
erating. 
[0129]  A  longitudinal  acceleration  sensor  81  detecting  longitudinal  acceleration  Gx  is  provided  and  Gx  is  inputted  to 
a  torque  distribution  controller  80.  The  torque  controller  80  receives  wheel  speeds  col  ,  co2,  co3  and  co4  from  wheel  speed 
sensors  29f  I,  29fr,  29rl  and  29rr  respectively. 

so  [0130]  The  torque  distribution  controller  80  receives  braking  control  flag  Fvs  status  from  a  brake  controller  40,  turbine 
speed  Nt  and  gear  ratio  i  from  a  transmission  control  unit  50,  engine  speed  Ne,  engine  torque  Te  and  throttle  opening 
angle  6th  from  an  engine  control  unit  60.  Engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  con- 
trolled  based  on  these  inputted  data  for  torque  distribution  control. 
[0131]  Though  the  torque  distribution  controller  80  of  the  second  embodiment  of  the  present  invention  carries  out 

55  torque  distribution  control  as  explained  in  the  first  embodiment  when  the  brake  controller  40  applies  no  braking  force  to 
any  wheel,  the  controller  80  carries  out  control  of  torque  distribution  to  front  wheels  and  rear  wheels  with  aimed  distri- 
bution  in  line  with  vertical  load  distribution  when  the  brake  controller  40  applies  braking  force  to  a  certain  wheel. 
[0132]  Now  operation  of  the  torque  distribution  controller  80  is  explained  according  to  the  flow  chart  shown  in  FIG.1  1  . 
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The  control  program  runs  in  every  predetermined  interval.  At  301  ,  status  of  braking  control  flag  Fvs  is  inputted,  and  then 
the  program  goes  to  S302  where  it  is  judged  if  braking  control  flag  Fvs  is  established  (Fvs  <r-  1). 
[0133]  If  yes  at  S302,  the  program  goes  to  S303  where  inputted  are  engine  speed  Ne  and  engine  torque  Te  from  the 
engine  control  unit  60,  turbine  speed  Nt  and  gear  ratio  i  from  the  transmission  control  unit  50  and  longitudinal  acceler- 

5  ation  Gx  from  the  longitudinal  acceleration  sensor  81  . 
[0134]  Then  the  program  goes  to  S304  where  torque  converter  speed  ratio  e  (Nt/Ne)  is  calculated  from  engine  speed 
Ne  and  turbine  speed  Nt  and  torque  ratio  t  is  determined. 
[0135]  Then  the  program  goes  to  S305  where  center  differential  input  torque  Ti  and  vertical  load  distribution  Dw  are 
calculated  by  formulas  (16)  and  (17)  respectively. 

10 
Ti  =  Te  •  t  •  i  (16) 

Dw  =  (Mf  -  M  •  Gx  •  HI/WB)/(M  •  g)  (17) 

15  [0136]  In  the  formulas,  Mf  is  front  wheel  load  at  standing  still,  M  is  vehicle  mass,  HI  is  height  of  center  of  gravity,  WB 
is  wheel  base  and  g  is  gravitational  acceleration. 
[0137]  Then  the  program  goes  to  S306  where  engaging  torque  Tt  of  the  hydraulic  multi-plate  clutch  (transfer  clutch) 
21  is  calculated  in  the  following  manner. 
[0138]  Torque  distribution  ratio  Dt  is  expressed  by  the  followung  formula; 

20 
Dt  =  (Ti  •  Dt0  +  Tt)/Ti 

DtO:  Original  distribution  ratio 
Tt:  Engaging  torque  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21 

25 
[0139]  Therefore,  Tt  is  calculated  by  the  following  formula; 

Tt  =  (Dt-Dt0)  •  Ti  (18) 

30  [0140]  Tt  to  be  calculated  at  S306  is  obtained  by  replacing  Dt  with  Dw  in  formula  (1  8). 
[0141]  Then  the  program  goes  to  S307  where  the  hydraulic  multi-plate  clutch  (transfer  clutch)  is  controlled. 
[0142]  If  not  at  S302,  i.e.,  the  case  the  brake  controller  40  applies  no  braking  force  to  any  wheel  and  braking  control 
flag  Fvs  is  cleared  {<r-  0),  the  program  goes  to  S308  where  inputted  are  wheel  speeds  a>1  ,  co2,  co3  and  co4  from  the 
wheel  speed  sensors  29fl,  29fr,  29rl  and  29rr,  gear  ratio  i  from  the  transmission  control  unit  50  and  throttle  opening 

35  angle  6th  from  the  engine  control  unit  60. 
[0143]  Then  the  program  goes  to  S309  where  number  of  rear  wheel  rotations  NR,  number  of  front  wheel  rotation  NF, 
ratio  of  front  and  rear  rotations  NR/NF  and  vehicle  speed  V  are  calculated  from  wheel  speeds  col  ,  co2,  co3  and  co4.  Then 
the  program  goes  to  S310  where  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  calculated  by 
referring  to  a  table  map  corresponding  gear  ratio  i  according  to  throttle  opening  eth  and  vehicle  speed  V  in  a  control 

40  mode  selected  from  four  control  modes,  i.e.,  normal  control,  starting  control,  steering  control  and  slip  control,  according 
to  ratio  of  front  and  rear  wheel  rotations  NR/NF  and  vehicle  speed  V.  And  then  the  program  goes  to  S307  where  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  controlled. 
[0144]  According  to  the  second  embodiment  of  the  present  invention,  torque  distribution  to  front  wheels  and  rear 
wheels  is  controlled  with  aimed  distribution  in  line  with  vertical  load  distribution  when  the  brake  controller  40  applies 

45  braking  force  to  a  certain  wheel.  Thus,  as  differential  control  is  determined  at  minimum  and  necessary  value  to  keep 
enough  traction  performance  and  driving  stability  as  4  wheel  driven  vehicle,  braking  control  by  the  brake  controller  40 
is  carried  out  effectively  while  keeping  performance  of  4  wheel  drive. 
[0145]  The  third  embodiment  of  the  present  invention  is  shown  in  FIG.1  2  and  FIG.1  3.  FIG.  12  is  an  illustration  showing 
an  overall  construction  of  a  4  wheel  driven  vehicle  equipped  with  a  torque  distribution  apparatus.  FIG.  13  is  a  flow  chart 

so  showing  torque  distribution  control.  In  the  third  embodiment,  standard  torque  distribution  of  a  vehicle  is  so  rear  heavy 
that  driving  characteristics  are  similar  to  those  of  a  front-engine-rear-wheel-driven  vehicle  when  a  hydraulic  multi-plate 
clutch  (transfer  clutch)  is  released. 
[0146]  A  torque  distribution  apparatus  in  the  third  embodiment  of  the  present  invention  controls  engaging  force  of  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  at  a  predetermined  value  toward  rear  heavy  torque  distribution  when  the 

55  braking  force  controlling  means  works  to  make  turning  characteristics  favorable  to  turn.  On  the  other  hand,  when  the 
braking  force  controlling  means  works  to  make  it  unfavorable  to  turn,  the  torque  distribution  apparatus  controls  engag- 
ing  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  in  the  same  manner  as  the  second  embodiment. 
[0147]  A  torque  distribution  controller  90  receives  longitudinal  acceleration  Gx  from  a  longitudinal  acceleration  sensor 
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81  and  wheel  speeds  a>1  ,  a>2,  co3  and  co4  from  wheel  speed  sensors  29f  I,  29fr,  29rl  and  29rr  respectively  in  the  same 
manner  as  the  second  embodiment  of  the  present  invention. 
[0148]  The  torque  distribution  controller  90  receives  braking  control  flag  Fvs  status  and  rear  wheel  braking  selection 
flag  Frv  status  from  a  brake  controller  40,  turbine  speed  Nt  and  gear  ratio  i  from  a  transmission  control  unit  50,  engine 

5  speed  Ne,  engine  torque  Te  and  throttle  opening  angle  6th  from  an  engine  control  unit  60.  Engaging  force  of  the  hydrau- 
lic  multi-plate  clutch  (transfer  clutch)  21  is  controlled  based  on  these  inputted  data  for  torque  distribution  control. 
[0149]  Now  operation  of  the  torque  distribution  controller  90  is  explained  according  to  the  flow  chart  shown  in  FIG.  13. 
The  control  program  runs  in  every  predetermined  interval.  At  401  ,  statuses  of  braking  control  flag  Fvs  and  rear  wheel 
braking  selection  flag  Fvr  are  inputted,  and  then  the  program  goes  to  S402  where  it  is  judged  if  braking  control  flag  Fvs 

10  is  established  (Fvs  <r-  1). 
[0150]  If  yes  at  S402,  i.e.,  the  case  the  brake  controller  40  applies  braking  force  to  a  certain  wheel,  the  program  goes 
to  S403  where  it  is  judged  if  rear  wheel  braking  selection  flag  Fvr  is  established  (Fvr  <r-  1). 
[0151]  If  yes  at  S403,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  favorable 
to  turn  against  under  steering,  the  program  goes  to  S404  where  predetermined  weak  force  CTF2  is  employed  as 

15  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  for  rear  heavy  distribution.  And  then  the  program 
goes  to  S405  where  control  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  carried  out. 
[0152]  If  not  at  S403,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  unfavorable 
to  turn  against  over  steering,  the  program  goes  to  S406  where  engine  speed  Ne,  engine  torque  Te  and  throttle  opening 
angle  6th  from  the  engine  control  unit  60,  turbine  speed  Nt  and  gear  ratio  i  from  the  transmission  control  unit  50  and 

20  longitudinal  acceleration  Gx  from  the  longitudinal  acceleration  sensor  81  are  inputted. 
[01  53]  Then  the  program  goes  on  to  S407,  S408  and  S409  in  order,  which  are  corresponding  to  S304,  S305  and  S306 
in  the  second  embodiment  of  the  present  invention  respectively.  At  S407,  torque  converter  speed  ratio  e  is  calculated 
and  torque  ratio  t  is  determined.  At  S408,  center  differential  input  torque  Ti  and  vertical  load  distribution  Dw  are  calcu- 
lated  by  formulas  (16)  and  (17)  respectively.  At  S409,  engaging  torque  Tt  of  the  hydraulic  multi-plate  clutch  (transfer 

25  clutch)  21  is  calculated.  And  then  the  program  goes  to  S405  where  control  of  the  hydraulic  multi-plate  clutch  (transfer 
clutch)  21  is  carried  out. 
[0154]  If  not  at  S402,  i.e.,  the  case  the  brake  controller  40  applies  no  braking  force  to  any  wheel  and  braking  control 
flag  Fvs  is  cleared  {<r-  0),  the  program  goes  to  S410  where  inputted  are  wheel  speeds  a>1,  a>2,  co3  and  co4  from  the 
wheel  speed  sensors  29fl,  29fr,  29rl  and  29rr,  gear  ratio  i  from  the  transmission  control  unit  50  and  throttle  opening 

30  angle  6th  from  the  engine  control  unit  60. 
[0155]  Then  the  program  goes  to  41  1  where  number  of  rear  wheel  rotations  NR,  number  of  front  wheel  rotation  NF, 
ratio  of  front  and  rear  rotations  NR/NF  and  vehicle  speed  V  are  calculated  from  wheel  speeds  col  ,  co2,  co3  and  co4.  Then 
the  program  goes  to  S412  where  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  calculated  by 
referring  to  a  table  map  corresponding  gear  ratio  i  according  to  throttle  opening  eth  and  vehicle  speed  V  in  a  control 

35  mode  selected  from  four  control  modes,  i.e.,  normal  control,  starting  control,  steering  control  and  slip  control,  according 
to  ratio  of  front  and  rear  wheel  rotations  NR/NF  and  vehicle  speed  V.  And  then  the  program  goes  to  S405  where  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  controlled. 
[0156]  Reduction  of  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  during  braking  control  results 
in  increasing  of  rear  wheel  driving  torque.  The  increasing  of  rear  wheel  driving  torque  results  in  lowering  lateral  gripping 

40  power,  i.e.,  degrading  of  running  stability  because  of  having  tendency  to  spin. 
[0157]  When  braking  control  is  about  to  be  done  for  correcting  strong  over  steering,  reduction  of  engaging  force  of 
the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  a  contradictory  operation.  Reduction  of  engaging  force  of  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  an  operation  toward  over  steeling  in  this  case. 
[0158]  Because  of  the  above,  when  braking  control  is  carried  out  for  changing  turning  characteristics  to  those  favora- 

45  ble  to  turn,  it  is  prohibited  to  reduce  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[0159]  On  the  other  hand,  when  braking  control  is  carried  out  for  changing  turning  characteristics  to  those  unfavorable 
to  turn,  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  reduced. 
[0160]  Thus,  according  to  the  third  embodiment  of  the  present  invention,  the  braking  control  can  be  done  effectively 
to  change  turning  characteristics. 

so  [0161]  The  fourth  embodiment  of  the  present  invention  is  shown  in  FIG.  14  and  FIG.  15.  FIG.  14  is  an  illustration  show- 
ing  an  overall  construction  of  a  4  wheel  driven  vehicle  equipped  with  a  torque  distribution  apparatus.  FIG.  15  is  a  flow 
chart  showing  torque  distribution  control.  In  the  fourth  embodiment,  torque  distribution  to  front  wheels  and  rear  wheels 
varies  from  100:0  to  50:50  and  driving  characteristics  of  the  vehicle  are  similar  to  those  of  a  front  wheel  driven  vehicle 
when  a  hydraulic  multi-plate  clutch  (transfer  clutch)  is  released. 

55  [0162]  A  torque  distribution  apparatus  in  the  fourth  embodiment  of  the  present  invention  controls  engaging  force  of 
the  hydraulic  multi-plate  clutch  (transfer  clutch)  in  same  manner  as  that  of  the  second  embodiment  of  the  present  inven- 
tion,  when  braking  control  is  carried  out  to  change  turning  characteristics  to  those  favorable  to  turn.  Thus  braking  control 
and  differential  control  are  kept  effective.  On  the  other  hand,  when  braking  control  is  carried  out  to  change  turning  char- 
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acteristics  to  those  unfavorable  to  turn,  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  is  set  at  a  pre- 
determined  value  to  make  torque  distribution  front  heavy. 
[0163]  Referring  to  FIG.14,  a  hydraulic  multi-plate  clutch  (transfer  clutch)  101  comprises  a  plurality  of  driven  plate 
101a  connected  to  a  rear  drive  shaft  4  and  a  plurality  of  drive  plate  101b  connected  to  a  transfer  drive  gear  8,  which  are 

5  placed  alternately.  And  a  torque  distribution  controller  1  00  operates  the  hydraulic  multi-plate  clutch  (transfer  clutch)  101 
by  application  of  hydraulic  pressure  through  hydraulic  circuits  (not  shown)  so  that  the  clutch  engagement  is  controlled 
to  vary  torque  distribution  to  front  and  rear  from  100:0  to  50:50. 
[0164]  The  torque  distribution  apparatus  100  receives  longitudinal  acceleration  Gx  from  a  longitudinal  acceleration 
sensor  81  and  wheel  speeds  a>1  ,  co2,  co3  and  co4  from  wheel  speed  sensors  29f  I,  29fr,  29rl  and  29rr  respectively. 

10  [0165]  The  torque  distribution  controller  100  receives  braking  control  flag  Fvs  status  and  rear  wheel  braking  selection 
flag  Frv  status  from  a  brake  controller  40,  turbine  speed  Nt  and  gear  ratio  i  from  a  transmission  control  unit  50,  engine 
speed  Ne,  engine  torque  Te  and  throttle  opening  angle  6th  from  an  engine  control  unit  60.  Engaging  force  of  the  hydrau- 
lic  multi-plate  clutch  (transfer  clutch)  101  is  controlled  based  on  these  inputted  data  for  torque  distribution  control. 
[01  66]  Now  operation  of  the  torque  distribution  controller  1  00  is  explained  according  to  the  flow  chart  shown  in  FIG.  1  5. 

15  The  control  program  runs  in  every  predetermined  interval.  At  501  ,  statuses  of  braking  control  flag  Fvs  and  rear  wheel 
braking  selection  flag  Fvr  are  inputted,  and  then  the  program  goes  to  S502  where  it  is  judged  if  braking  control  flag  Fvs 
is  established  (Fvs  <r-  1). 
[0167]  If  yes  at  S502,  the  program  goes  to  S503  where  it  is  judged  if  rear  wheel  braking  selection  flag  Fvr  is  estab- 
lished  (Fvr  <r-  1). 

20  [0168]  If  yes  at  S503,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  unfavora- 
ble  to  turn  against  over  steering,  the  program  goes  to  S504  where  predetermined  weak  force  CTF3  is  employed  as 
engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  1  01  for  front  heavy  distribution.  And  then  the  program 
goes  to  S505  where  control  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  101  is  carried  out. 
[0169]  If  not  at  S503,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  favorable 

25  to  turn  against  under  steering,  the  program  goes  to  S506  where  engine  speed  Ne  and  engine  torque  Te  from  the  engine 
control  unit  60,  turbine  speed  Nt  and  gear  ratio  i  from  the  transmission  control  unit  50  and  longitudinal  acceleration  Gx 
from  the  longitudinal  acceleration  sensor  81  are  inputted. 
[01  70]  Then  the  program  goes  on  to  S507,  S508  and  S509  in  order,  which  are  corresponding  to  S304,  S305  and  S306 
in  the  second  embodiment  of  the  present  invention  respectively.  At  S507,  torque  converter  speed  ratio  e  is  calculated 

30  and  torque  ratio  t  is  determined.  At  S508,  center  differential  input  torque  Ti  and  vertical  load  distribution  Dw  are  calcu- 
lated  by  formulas  (16)  and  (17)  respectively.  At  S509,  engaging  torque  Tt  of  the  hydraulic  multi-plate  clutch  (transfer 
clutch)  101  is  calculated.  And  then  the  program  goes  to  S505  where  control  of  the  hydraulic  multi-plate  clutch  (transfer 
clutch)  101  is  carried  out. 
[0171]  If  not  at  S502,  i.e.,  the  case  the  brake  controller  40  applies  no  braking  force  to  any  wheel  and  braking  control 

35  flag  Fvs  is  cleared  {<r-  0),  the  program  goes  to  S510  where  inputted  are  wheel  speeds  a>1,  oo2,  co3  and  co4  from  the 
wheel  speed  sensors  29fl,  29fr,  29rl  and  29rr,  gear  ratio  i  from  the  transmission  control  unit  50  and  throttle  opening 
angle  6th  from  the  engine  control  unit  60. 
[0172]  Then  the  program  goes  to  51  1  where  number  of  rear  wheel  rotations  NR,  number  of  front  wheel  rotation  NF, 
ratio  of  front  and  rear  wheel  rotations  NR/NF  and  vehicle  speed  V  are  calculated  from  wheel  speeds  a>1  ,  co2,  co3  and 

40  co4.  Then  the  program  goes  to  S512  where  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  101  is  cal- 
culated  by  referring  to  a  table  map  corresponding  gear  ratio  i  according  to  throttle  opening  eth  and  vehicle  speed  V  in 
a  control  mode  selected  from  four  control  modes,  i.e.,  normal  control,  starting  control,  steering  control  and  slip  control, 
according  to  ratio  of  front  and  rear  wheel  rotations  NR/NF  and  vehicle  speed  V.  And  then  the  program  goes  to  S505 
where  the  hydraulic  multi-plate  clutch  (transfer  clutch)  101  is  controlled. 

45  [0173]  When  braking  control  is  about  to  be  done  for  correcting  under  steering,  reduction  of  engaging  force  of  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  101  is  a  contradictory  operation.  Reduction  of  engaging  force  of  the  hydrau- 
lic  multi-plate  clutch  (transfer  clutch)  101  is  an  operation  toward  under  steeling  in  this  case. 
[0174]  Because  of  the  above,  when  braking  control  is  carried  out  for  changing  turning  characteristics  to  those  favora- 
ble  to  turn,  it  is  prohibited  to  reduce  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  101. 

so  [0175]  On  the  other  hand,  when  braking  control  is  carried  out  for  changing  turning  characteristics  to  those  unfavorable 
to  turn,  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  reduced. 
[0176]  Thus,  according  to  the  fourth  embodiment  of  the  present  invention,  the  braking  control  can  be  done  effectively 
to  change  turning  characteristics. 
[0177]  The  third  embodiment  of  the  present  invention  is  also  applicable  to  4  wheel  driven  vehicle  derived  from  rear 

55  wheel  driven  vehicle  and  having  no  center  differential.  The  fourth  embodiment  of  the  present  invention  is  also  applicable 
to  4  wheel  driven  vehicle  derived  from  front  wheel  driven  vehicle  and  having  no  center  differential. 
[0178]  The  fifth  embodiment  of  the  present  invention  is  shown  in  FIG.  16  and  FIG.1  7.  FIG.  16  is  an  illustration  showing 
an  overall  construction  of  a  4  wheel  driven  vehicle  equipped  with  a  torque  distribution  apparatus.  FIG.  1  7  is  a  flow  chart 
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showing  torque  distribution  control.  In  the  fifth  embodiment,  4  wheel  driven  vehicle  equipped  with  an  automatic  trans- 
mission  is  same  type  of  vehicle  referred  to  in  the  third  embodiment  of  the  present  invention,  i.e.,  torque  distribution  is 
rear  heavy  and  running  characteristics  when  a  hydraulic  multi-plate  clutch  (transfer  clutch)  is  released  are  similar  to 
those  of  front-engine-rear-wheel-driven  vehicle. 

5  [0179]  A  torque  distribution  apparatus  in  the  fifth  embodiment  of  the  present  invention  controls  engaging  force  of  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  at  a  predetermined  value  toward  rear  heavy  torque  distribution  when  the 
braking  force  controlling  means  works  to  make  turning  characteristics  favorable  to  turn.  On  the  other  hand,  when  the 
braking  force  controlling  means  works  to  make  it  unfavorable  to  turn,  the  torque  distribution  apparatus  controls  engag- 
ing  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  at  a  predetermined  value  toward  increasing  front  wheel 

10  torque  distribution  when  the  braking  force  controlling  means  works  to  make  turning  characteristics  unfavorable  to  turn. 
[0180]  As  shown  in  FIG.16,  A  torque  distribution  controller  110  in  the  fifth  embodiment  of  the  present  invention 
receives  wheel  speeds  a>1  ,  a>2,  co3  and  co4  from  wheel  speed  sensors  29f  I,  29fr,  29rl  and  29rr  respectively,  steering 
wheel  angle  6  from  a  steering  wheel  angle  sensor  30  and  real  yaw  rate  y  from  a  yaw  rate  sensor  31  . 
[0181]  In  addition  to  the  above,  status  of  braking  control  flag  Fvs,  status  of  rear  wheel  braking  selection  flag  Fvr  and 

15  calculated  yaw  rate  deflection  Ay  are  inputted  from  a  brake  controller  40. 
[0182]  Turbine  speed  Nt,  gear  ratio  i,  gear  position  Lposi  (especially  parking  P,  neutral  N  and  first  speed  1)  are  input- 
ted  from  a  transmission  control  unit  50,  and  engine  speed  Ne,  engine  torque  Te  and  throttle  opening  angle  6th  from  an 
engine  control  unit  60. 
[0183]  Provided  is  a  road  friction  estimator  113,  estimating  road  surface  friction  coefficient  n  by  calculation,  e.g.,  an 

20  estimating  method  disclosed  by  the  inventor  in  the  Japanese  Patent  Laid-open  No.  2274/1996,  based  on-steering 
wheel  angle  6,  yaw  rate  y  and  vehicle  speed  V. 
[0184]  How  to  estimate  is;  firstly  calculating  actual  cornering  power  of  front  and  rear  wheels  of  the  vehicle  based  on 
steering  wheel  angle  6,  yaw  rate  y  and  vehicle  speed  V  by  solving  equation  of  motion  of  vehicle-lateral  movement;  sec- 
ondary  calculating  theoretically  maximum  cornering  power  on  high  n;  finally  estimating  road  surface  friction  coefficient 

25  n  from  ratio  of  the  actual  cornering  power  and  the  theoretically  maximum  cornering  power. 
[0185]  The  road  friction  estimator  1  1  3  sends  road  surface  friction  coefficient  n  to  the  torque  distribution  controller  1  1  0. 
[0186]  The  torque  distribution  controller  110  controls  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  by  one  of 
three  engaging  forces,  i.e.,  basic  force  FOtb,  predetermined  weak  force  FOCL  and  predetermined  strong  force  FOCH 
according  to  operation  of  the  brake  controller  40.  Basic  force  Fotb,  being  calculated  in  a  manner  mentioned  later,  is  for 

30  the  case  of  no  application  of  braking  control.  Predetermined  weak  force  FOCL  is  for  the  case  the  brake  controller  works 
to  change  turning  characteristics  to  those  favorable  to  turn  against  under  steering.  Predetermined  strong  force  FOCL 
is  for  the  case  the  brake  controller  works  to  change  turning  characteristics  to  those  unfavorable  to  turn  against  over 
steering. 
[0187]  Basic  force  FOtb  is  calculated  as  explained  in  the  following. 

35  [0188]  Control  clutch  torque  VTDout  is  calculated  by  adding  basic  clutch  torque  VTDoutO  corresponding  to  road  sur- 
face  friction  coefficient  n  with  steer-control  corrective  torque  FA1  incrementally  correcting  according  to  center  differen- 
tial  input  torque  Ti,  tack-in-prevention  corrective  torque  FA2  incrementally  correcting  corresponding  to  throttle  opening 
angle  6th  and  real  yaw  rate  y,  yaw-rate-feed-back  corrective  torque  VTDy  incrementally  or  reductively  correcting  corre- 
sponding  to  yaw  rate  deflection  Ay,  and  lateral-acceleration  corrective  torque  VDTg  reductively  correcting  correspond- 

40  ing  to  estimated  lateral  deceleration. 
[0189]  Basic  clutch  torque  VTDoutO  is  determined  according  to  road  surface  friction  coefficient  n  referring  to  a  map 
established  by  experiments  or  calculations  or  is  calculated,  in  order  to  prevent  radical  drift  out.  The  higher  n  becomes 
the  smaller  VTDoutO  is. 
[0190]  Steer-control  corrective  torque  FA1  is  determined,  in  order  to  prevent  steering  change,  referring  to  map  in 

45  which  FA1  varies  according  to  center  differential  input  torque  Ti.  The  larger  center  differential  torque  Ti  is,  the  larger 
steer-control  corrective  torque  FA1  . 
[0191]  Tack-in-prevention  corrective  torque  FA2  is  determined,  in  order  to  prevent  tack-in  behavior  at  accelerator 
pedal  off,  referring  to  map  in  which  FA2  varies  according  to  real  yaw  rate  y,  throttle  opening  angle  6th  and  front  wheel 
speed.  The  higher  the  front  wheel  speed  becomes,  the  larger  tack-in-prevention  corrective  torque  FA2  is  when  throttle 

so  opening  angle  6th  changes  into  0  (zero)  while  real  yaw  rate  y  and  front  wheel  speed  are  more  than  specified  values. 
Yaw-rate-feed-back  corrective  torque  VTDy  is  determined,  in  order  to  prevent  under  steering  or  over  steering,  referring 
to  a  map  in  which  VTDy  varies  according  to  yaw  rate  deflection  Ay.  The  larger  yaw  rate  deflection  Ay  becomes,  the 
larger  VTDy  is. 
[0192]  Lateral-acceleration  corrective  torque  VTDg  is  determined,  in  order  to  prevent  under  steering  at  critical  turning, 

55  referring  to  a  map  in  which  VTDg  varies  according  to  lateral  acceleration.  The  larger  the  lateral  acceleration  becomes, 
the  smaller  control  clutch  torque  VTDout  is. 
[0193]  Control  clutch  torque  VTDout  is  further  corrected  by  steering  wheel  angle  6.  When  front  wheel  speed  is  low, 
e.g.,  less  than  30km/h,  control  clutch  torque  VTDout  is  reduced  according  to  increment  of  steering  wheel  angle  6  in 
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order  to  prevent  tight  corner  braking  phenomenon.  When  steering  wheel  is  at  neutral  and  front  wheel  speed  is  high, 
e.g.,  more  than  50km/h,  control  clutch  torque  VTDout  is  reduced  in  order  to  improve  fuel  economy. 
[0194]  Thus  clutch  torque  VTDout  finally  determined  is  employed  as  Basic  force  FOtb  for  engaging  the  hydraulic  multi- 
plate  clutch  (transfer  clutch). 

5  [0195]  Operation  of  the  torque  distribution  controller  110  is  explained  according  to  the  flow  chart  shown  in  FIG.1  7. 
The  control  program  runs  in  every  predetermined  interval.  At  601  ,  the  torque  distribution  controller  110  receives  wheel 
speeds  a>1,  oo2,  co3  and  co4,  steering  wheel  angle  6,  real  yaw  rate  y,  status  of  braking  control  flag  Fvs,  status  of  rear 
wheel  braking  selection  flag  Fvr,  yaw  rate  deflection  Ay,  turbine  speed  Nt,  gear  ratio  i,  gear  position  Lposi,  engine  speed 
Ne,  engine  torque  Te,  throttle  opening  angle  6th,  and  road  surface  friction  coefficient  n,  and  then  the  program  goes  to 

10  S602  where  basic  force  FOtb  is  calculated. 
[0196]  Then  the  program  goes  to  S603  where  it  is  judged  if  braking  control  flag  Fvs  is  established.  If  not,  i.e.,  the  brake 
controller  40  does  not  apply  braking  force  to  any  wheel,  the  program  goes  to  S604  where  basic  force  FOtb  is  employed 
as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[0197]  If  yes  at  S603,  i.e.,  the  case  the  brake  controller  40  applies  braking  force  to  a  certain  wheel,  the  program  goes 

15  to  S605  where  it  is  judged  if  rear  wheel  braking  selection  flag  Fvr  is  established  (Fvr  <r-  1). 
[0198]  If  not  at  S605,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  unfavorable 
to  turn  against  over  steering,  the  program  goes  to  S606  where  strong  force  FOCH  is  employed  as  engaging  force  of  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[0199]  If  yes  at  S605,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  favorable 

20  to  turn  against  under  steering,  the  program  goes  to  S607  where  weak  force  FOCL  is  employed  as  engaging  force  of  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[0200]  Then  the  program  goes  to  S608  where  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  controlled  by 
engaging  force  employed  at  S604,  S606  or  S607.  However,  if  gear  position  Lposi  is  P  or  N,  engaging  force  of  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  0  (zero). 

25  [0201  ]  According  to  the  fifth  embodiment  of  the  present  invention,  when  the  brake  controller  40  works  to  change  turn- 
ing  characteristics  to  those  favorable  to  turn,  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is 
determined  to  weak  force  FOCL  to  increase  distribution  to  rear  wheels  resulting  in  promoting  the  control  to  change  turn- 
ing  characteristics  to  those  favorable  to  turn.  And  when  the  brake  controller  40  works  to  change  turning  characteristics 
to  those  unfavorable  to  turn,  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  determined  to 

30  strong  force  FOCH  toward  firm  coupling  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  resulting  in  promoting  run- 
ning  stability.  Thus  the  braking  control  can  be  done  effectively  to  change  turning  characteristics. 
[0202]  FOCL  and  FOCH,  i.e.,  engaging  forces  of  control  for  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  when 
the  brake  controller  works,  are  simple  and  fixed  value.  Therefore,  control  scheme  can  be  simplified  and  control 
response  is  good. 

35  [0203]  The  sixth  embodiment  of  the  present  invention  is  shown  in  FIG.  18  and  FIG.  19.  FIG.  18  is  an  illustration  showing 
an  overall  construction  of  a  4  wheel  driven  vehicle  equipped  with  a  torque  distribution  apparatus.  FIG.  19  is  a  flow  chart 
showing  torque  distribution  control.  In  the  sixth  embodiment,  4  wheel  driven  vehicle  equipped  with  an  automatic  trans- 
mission  is  same  as  referred  to  in  the  fifth  embodiment  of  the  present  invention.  The  torque  distribution  apparatus  in  the 
sixth  embodiment  of  the  present  invention  controls  engaging  force  of  a  hydraulic  multi-plate  clutch  (transfer  clutch)  with 

40  lower  one  of  predetermined  weak  force  FOCL  and  basic  force  FOtb  toward  rear  heavy  torque  distribution  when  the 
braking  force  controlling  means  works  to  make  turning  characteristics  favorable  to  turn.  On  the  other  hand,  the  torque 
distribution  apparatus  controls  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  with  higher  one  of 
strong  force  FOCH  or  basic  force  FOtb  toward  increasing  front  wheel  torque  distribution  when  the  braking  force  control- 
ling  means  works  to  make  turning  characteristics  unfavorable  to  turn. 

45  [0204]  Accordingly,  a  torque  distribution  controller  120  in  the  sixth  embodiment  of  the  present  invention  is  similar  to 
the  torque  distribution  controller  1  10  in  the  fifth  embodiment  of  the  present  invention  as  shown  in  FIG.  18,  but  control 
scheme  is  different. 
[0205]  Operation  of  the  torque  distribution  controller  120  is  explained  according  to  the  flow  chart  shown  in  FIG.  19. 
Steps  from  S601  through  S605  in  this  embodiment  are  the  same  as  S601  through  S605  in  the  fifth  embodiment  of  the 

so  present  invention.  At  S601  ,  the  torque  distribution  controller  120  receives  wheel  speeds  col  ,  co2,  co3  and  co4,  steering 
wheel  angle  6,  real  yaw  rate  y,  status  of  braking  control  flag  Fvs,  status  of  rear  wheel  braking  selection  flag  Fvr,  yaw  rate 
deflection  Ay,  turbine  speed  Nt,  gear  ratio  i,  gear  position  Lposi,  engine  speed  Ne,  engine  torque  Te,  throttle  opening 
angle  6th,  and  road  surface  friction  coefficient  n,  and  then  the  program  goes  to  S602  where  basic  force  FOtb  is  calcu- 
lated. 

55  [0206]  Then  the  program  goes  to  S603  where  it  is  judged  if  braking  control  flag  Fvs  is  established.  If  not,  i.e.,  the  brake 
controller  40  does  not  apply  braking  force  to  any  wheel,  the  program  goes  to  S604  where  basic  force  FOtb  is  employed 
as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[0207]  If  yes  at  S603,  i.e.,  the  case  the  brake  controller  40  applies  braking  force  to  a  certain  wheel,  the  program  goes 
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to  S605  where  it  is  judged  if  rear  wheel  braking  selection  flag  Fvr  is  established  (Fvr  <r-  1). 
[0208]  If  not  at  S605,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  unfavorable 
to  turn  against  over  steering,  the  program  goes  to  S701  where  it  is  judged  if  basic  force  FOtb  is  smaller  than  strong  force 
FOCH.  IF  not,  i.e.,  FOtbsFOCH,  the  program  goes  to  S702  where  basic  force  FOtb  is  employed  as  engaging  force  of 

5  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[0209]  If  yes  at  S701  ,  i.e.,  FOtb<FOCH,  the  program  goes  to  S703  where  strong  force  FOCH  is  employed  as  engag- 
ing  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[021  0]  Namely,  in  the  steps  of  S701  through  S703,  higher  one  of  basic  force  FOtb  and  strong  force  FOCH  is  employed 
as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  ,  when  the  brake  controller  40  works  to  change 

10  turning  characteristics  to  those  unfavorable  to  turn  against  over  steering. 
[0211]  If  yes  at  S605,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  favorable 
to  turn  against  under  steering,  the  program  goes  to  S704  where  it  is  judged  if  basic  force  FOtb  is  larger  than  weak  force 
FOCL.  If  not,  i.e.,  FOtbsFOCL,  the  program  goes  to  S705  where  basic  force  FOtb  is  employed  as  engaging  force  of  the 
hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 

15  [021  2]  If  yes  at  S704,  i.e.,  FOtb>FOCL,  the  program  goes  to  S706  where  weak  force  FOCL  is  employed  as  engaging 
force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[021  3]  Namely,  in  the  steps  of  S704  through  S706,  lower  one  of  basic  force  FOtb  and  weak  force  FOCL  is  employed 
as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  ,  when  the  brake  controller  40  works  to  change 
turning  characteristics  to  those  favorable  to  turn  against  under  steering. 

20  [0214]  Then  the  program  goes  to  S608  where  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  controlled  by 
engaging  force  employed  at  S604,  S702,  S703,  S705  or  S706. 
[021  5]  Thus,  according  to  the  sixth  embodiment  of  the  present  invention,  engaging  force  of  the  hydraulic  multi-plate 
clutch  (transfer  clutch)  21  is  more  securely  controlled  on  top  of  the  controls  in  the  fifth  embodiment  of  the  present  inven- 
tion.  Namely  when  the  brake  controller  40  works  to  change  turning  characteristics  to  those  favorable  to  turn,  lower  value 

25  is  employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  resulting  in  promoting  the  control 
to  change  turning  characteristics  to  those  favorable  to  turn.  And  when  the  brake  controller  40  works  to  change  turning 
characteristics  to  those  unfavorable  to  turn,  higher  value  is  employed  as  engaging  force  of  the  hydraulic  multi-plate 
clutch  (transfer  clutch)  21  resulting  in  promoting  running  stability. 
[0216]  The  seventh  embodiment  of  the  present  invention  is  shown  in  FIG.20  and  FIG.21.  FIG.20  is  an  illustration 

30  showing  an  overall  construction  of  a  4  wheel  driven  vehicle  equipped  with  a  torque  distribution  apparatus.  FIG.21  is  a 
flow  chart  showing  torque  distribution  control.  In  the  seventh  embodiment,  4  wheel  driven  vehicle  equipped  with  an 
automatic  transmission  is  same  as  referred  to  in  the  fifth  embodiment  of  the  present  invention.  The  torque  distribution 
apparatus  in  the  seventh  embodiment  of  the  present  invention  controls  engaging  force  of  a  hydraulic  multi-plate  clutch 
(transfer  clutch)  by  reductive  correction  of  basic  force  FOtb  toward  rear  heavy  torque  distribution  when  the  braking  force 

35  controlling  means  works  to  make  turning  characteristics  favorable  to  turn.  On  the  other  hand,  the  torque  distribution 
apparatus  controls  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  by  incremental  correction  of  basic 
force  FOtb  toward  increasing  front  wheel  torque  distribution  when  the  braking  force  controlling  means  works  to  make 
turning  characteristics  unfavorable  to  turn. 
[0217]  Accordingly,  a  torque  distribution  apparatus  130  in  the  seventh  embodiment  of  the  present  invention  is  similar 

40  to  the  torque  distribution  apparatus  1  1  0  in  the  fifth  embodiment  of  the  present  invention  as  shown  in  FTG.20,  but  control 
scheme  is  different. 
[0218]  Operation  of  the  torque  distribution  controller  130  is  explained  according  to  the  flow  chart  shown  in  FIG.21  . 
Steps  from  S601  through  S605  in  this  embodiment  are  the  same  as  S601  through  S605  in  the  fifth  embodiment  of  the 
present  invention.  At  S601,  the  torque  distribution  controller  130  receives  wheel  speeds  col,  co2,  co3  and  co4,  steering 

45  wheel  angle  6,  real  yaw  rate  y,  status  of  braking  control  flag  Fvs,  status  of  rear  wheel  braking  selection  flag  Fvr,  yaw  rate 
deflection  Ay,  turbine  speed  Nt,  gear  ratio  i,  gear  position  Lposi,  engine  speed  Ne,  engine  torque  Te,  throttle  opening 
angle  6th,  and  road  surface  friction  coefficient  n,  and  then  the  program  goes  to  S602  where  basic  force  FOtb  is  calcu- 
lated. 
[0219]  Then  the  program  goes  to  S603  where  it  is  judged  if  braking  control  flag  Fvs  is  established.  If  not,  i.e.,  the  brake 

so  controller  40  does  not  apply  braking  force  to  any  wheel,  the  program  goes  to  S604  where  basic  force  FOtb  is  employed 
as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21. 
[0220]  If  yes  at  S603,  i.e.,  the  case  the  brake  controller  40  applies  braking  force  to  a  certain  wheel,  the  program  goes 
to  S605  where  it  is  judged  if  rear  wheel  braking  selection  flag  Fvr  is  established  (Fvr  <r-  1). 
[0221  ]  If  not  at  S605,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  unfavorable 

55  to  turn  against  over  steering,  the  program  goes  to  S801  where  basic  force  FOtb  is  incrementally  corrected  and  then 
employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[0222]  For  example,  the  incremental  correction  is  carried  out  on  basic  force  FOtb  by  multiplying  a  constant  factor  more 
than  1  ,  predetermined  by  experiments  or  calculations,  or  adding  a  constant  factor  predetermined  by  experiments  or  cal- 
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culations. 
[0223]  If  yes  at  S605,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  favorable 
to  turn  against  under  steering,  the  program  goes  to  S802  where  basic  force  FOtb  is  reductively  corrected  and  then 
employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21. 
[0224]  For  example,  the  reductive  correction  is  carried  out  on  basic  force  FOtb  by  multiplying  a  constant  factor  less 
than  1  ,  predetermined  by  experiments  or  calculations,  or  reducing  a  constant  factor  more  than  0  predetermined  by 
experiments  or  calculations. 
[0225]  Then  the  program  goes  to  S608  where  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  is  controlled  by 
engaging  force  employed  at  S604,  S801  or  S802. 
[0226]  Thus,  according  to  the  seventh  embodiment  of  the  present  invention,  engaging  force  of  the  hydraulic  multi- 
plate  clutch  (transfer  clutch)  21  is  more  securely  controlled.  Namely  when  the  brake  controller  40  works  to  change  turn- 
ing  characteristics  to  those  favorable  to  turn,  lower  value  is  employed  as  engaging  force  of  the  hydraulic  multi-plate 
clutch  (transfer  clutch)  21  resulting  in  promoting  the  control  to  change  turning  characteristics  to  those  favorable  to  turn. 
And  when  the  brake  controller  40  works  to  change  turning  characteristics  to  those  unfavorable  to  turn,  higher  value  is 
employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  resulting  in  promoting  running  stabil- 
ity. 
[0227]  The  eighth  embodiment  of  the  present  invention  is  shown  in  FIG.22  and  FIG.23.  FIG.22  is  an  illustration  show- 
ing  an  overall  construction  of  a  4  wheel  driven  vehicle  equipped  with  a  torque  distribution  apparatus.  FIG.23  is  a  flow 
chart  showing  torque  distribution  control.  In  the  eighth  embodiment,  4  wheel  driven  vehicle  equipped  with  an  automatic 
transmission  is  same  as  referred  to  in  the  sixth  embodiment  of  the  present  invention.  The  torque  distribution  apparatus 
in  the  eighth  embodiment  of  the  present  invention  controls  engaging  force  of  a  hydraulic  multi-plate  clutch  (transfer 
clutch)  with  engaging  forces  comprising  strong  force  FOCH  and  weak  force  FOCL  which  are  calculated  according  to 
yaw  rate  deflection  Ay. 
[0228]  Accordingly,  a  torque  distribution  apparatus  1  40  in  the  eighth  embodiment  of  the  present  invention  is  similar  to 
the  torque  distribution  apparatus  120  in  the  sixth  embodiment  of  the  present  invention  as  shown  in  FIG.22,  but  control 
scheme  is  different.  Operation  of  the  torque  distribution  controller  140  is 
[0229]  explained  according  to  the  flow  chart  shown  in  FIG.23.  Steps  from  S601  through  S605  in  this  embodiment  are 
the  same  as  S601  through  S605  in  the  fifth  embodiment  of  the  present  invention.  At  S601  ,  the  torque  distribution  con- 
troller  140  receives  wheel  speeds  a>1  ,  a>2,  co3  and  co4,  steering  wheel  angle  6,  real  yaw  rate  y,  status  of  braking  control 
flag  Fvs,  status  of  rear  wheel  braking  selection  flag  Fvr,  yaw  rate  deflection  Ay,  turbine  speed  Nt,  gear  ratio  i,  gear  posi- 
tion  Lposi,  engine  speed  Ne,  engine  torque  Te,  throttle  opening  angle  6th,  and  road  surface  friction  coefficient  n,  and 
then  the  program  goes  to  S602  where  basic  force  FOtb  is  calculated. 
[0230]  Then  the  program  goes  to  S603  where  it  is  judged  if  braking  control  flag  Fvs  is  established.  If  not,  i.e.,  the  brake 
controller  40  does  not  apply  braking  force  to  any  wheel,  the  program  goes  to  S604  where  basic  force  FOtb  is  employed 
as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[0231]  If  yes  at  S603,  i.e.,  the  case  the  brake  controller  40  applies  braking  force  to  a  certain  wheel,  the  program  goes 
to  S605  where  it  is  judged  if  rear  wheel  braking  selection  flag  Fvr  is  established  (Fvr  <r-  1). 
[0232]  If  not  at  S605,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  unfavorable 
to  turn  against  over  steering,  the  program  goes  to  S901  where  strong  force  FOCH  is  calculated  according  to  yaw  rate 
deflection  Ay  and  then  employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  .  Then  the  pro- 
gram  goes  to  S701  . 
[0233]  Strong  force  FOCH  is  determined  at  S901  ,  for  example,  according  to  formula  or  map,  established  by  experi- 
ments  or  calculations,  depending  on  yaw  rate  deflection  Ay.  To  raise  control  efficiency,  FOCH  is  determined  to  the 
higher  value,  the  higher  Ay  is. 
[0234]  At  S701  it  is  judged  if  basic  force  FOtb  is  smaller  than  strong  force  FOCH.  IF  not,  i.e.,  FOtbsFOCH,  the  pro- 
gram  goes  to  S702  where  basic  force  FOtb  is  employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer 
clutch)  21. 
[0235]  If  yes  at  S701  ,  i.e.,  FOtb<FOCH,  the  program  goes  to  S703  where  strong  force  FOCH  is  employed  as  engag- 
ing  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  . 
[0236]  If  yes  at  S605,  i.e.,  the  case  the  brake  controller  40  works  to  change  turning  characteristics  to  those  favorable 
to  turn  against  under  steering,  the  program  goes  to  S902  where  weak  force  FOCL  is  determined  according  to  yaw  rate 
deflection  Ay.  Then  the  program  goes  to  S704. 
[0237]  Weak  force  FOCL  is  determined  at  S902,  for  example,  according  to  formula  or  map,  established  by  experi- 
ments  or  calculations,  depending  on  yaw  rate  deflection  Ay.  To  raise  control  efficiency,  FOCL  is  determined  to  the  lower 
value,  the  higher  Ay  is. 
[0238]  At  S704  it  is  judged  if  basic  force  FOtb  is  larger  than  weak  force  FOCL.  If  not,  i.e.,  FOtbsFOCL,  the  program 
goes  to  S705  where  basic  force  FOtb  is  employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch) 
21. 
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[0239]  If  yes  at  S704,  i.e.,  FOtb>FOCL,  the  program  goes  to  S706  where  weak  force  FOCL  is  employed  as  engaging 
force  of  the  hydraulic  multi-plate  clutch  (transfer  clutch)  21  .  Then  the  program  goes  to  S608  where  the  hydraulic 
[0240]  multi-plate  clutch  (transfer  clutch)  21  is  controlled  by  engaging  force  employed  at  S604,  S702,  S703,  S705  or 
S706. 

5  [0241  ]  Thus,  according  to  the  eighth  embodiment  of  the  present  invention,  engaging  force  of  the  hydraulic  multi-plate 
clutch  (transfer  clutch)  21  is  more  precisely  controlled  corresponding  to  vehicle  running  condition,  because  weak  and 
strong  forces  FOCL  and  FOCH  are  determined  according  to  yaw  rate  deflection  Ay. 
[0242]  Needless  to  say,  these  controls  are  also  applicable  to  the  system  disclosed  in  the  fifth  embodiment  of  the 
present  invention. 

10  [0243]  If  one  of  weak  and  strong  forces  FOCL  and  FOCH  is  taken  to  be  determined  according  to  yaw  rate  deflection 
Ay,  it  can  work. 
[0244]  Method  of  braking  force  control,  types  of  center  differential  and  type  of  hydraulic  multi-plate  clutch  (transfer 
clutch)  described  in  respective  embodiments  of  the  present  invention  may  be  other  method  and  types. 
[0245]  The  variables  and  parameters  recited  in  respective  embodiments  of  the  present  invention  may  not  be  obtained 

15  in  the  same  manner  as  described.  Some  may  be  obtained  by  communication  from  other  control  system.  Some  may  be 
calculated  instead  of  directly  detecting.  Some  may  be  directly  detected  in  stead  of  calculation. 
[0246]  Needless  to  say,  basic  force  FOtb  to  be  employed  as  engaging  force  of  the  hydraulic  multi-plate  clutch  (transfer 
clutch)  21  may  be  determined  by  other  method.  If  application  of  the  present  invention  is  only  for  one  side  of  changing 
turning  characteristics  to  those  favorable  or  unfavorable  when  braking  control  is  carried  out,  it  is  possible  to  promote 

20  effectiveness  of  the  control  for  that  side. 
[0247]  In  the  case  that  a  brake  controller  is  installed  to  a  4  wheel  driven  vehicle,  application  of  the  present  invention 
makes  braking  force  control  effective  enough  so  that  running  stability  of  the  4  wheel  driven  vehicle  at  cornering  can  be 
up-graded. 
[0248]  While  the  presently  preferred  embodiments  of  the  present  invention  have  been  shown  and  described,  it  is  to 

25  be  understood  that  this  disclosure  is  for  the  purpose  of  illustration  and  that  various  changes  and  modifications  may  be 
made  without  departing  from  the  scope  of  the  invention  as  set  forth  in  the  appended  claims. 

Claims 

30  1  .  A  torque  distribution  control  apparatus  controlling  distribution  of  driving  torque  to  front  and  rear  wheels  of  a  4  wheel 
driven  vehicle  equipped  with  a  braking  force  controlling  means  for  controlling  a  selective  application  of  a  braking 
force  to  a  wheel  for  controlling  vehicle  movement  by  calculations  based  on  vehicle  dynamic  conditions,  said  torque 
distribution  control  apparatus  being  characterized  in  reducing  driving  torque  to  either  front  or  rear  wheels  at  said 
application  of  said  braking  force  to  said  wheel  by  said  braking  force  controlling  means. 

35 
2.  A  torque  distribution  control  apparatus  controlling  distribution  of  driving  torque  to  front  and  rear  wheels  of  a  4  wheel 

driven  vehicle  equipped  with  a  braking  force  controlling  means  for  controlling  a  selective  application  of  a  braking 
force  to  a  wheel  for  controlling  vehicle  movement  by  calculations  based  on  vehicle  dynamic  conditions,  said  torque 
distribution  control  apparatus  being  characterized  in  controlling  torque  distribution  to  front  and  rear  wheels  in  an 

40  aimed  distribution  ratio  equal  to  weight  distribution  of  said  vehicle  at  said  application  of  said  braking  force  to  said 
wheel  by  said  braking  force  controlling  means. 

3.  A  torque  distribution  control  apparatus  controlling  distribution  of  driving  torque  to  front  and  rear  wheels  of  a  4  wheel 
driven  vehicle  equipped  with  a  braking  force  controlling  means  for  controlling  a  selective  application  of  a  braking 

45  force  to  a  wheel  for  controlling  vehicle  movement  by  calculations  based  on  vehicle  dynamic  conditions,  said  torque 
distribution  control  apparatus  being  characterized  in  modifying  at  least  one  of  torque  transmissions  to  front  and  rear 
wheels  according  to  turning  characteristic  change  as  a  result  of  said  application  of  said  braking  force  to  said  wheel 
by  said  braking  force  controlling  means. 

so  4.  The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  (3),  being  characterized  in 
modifying  torque  transmission  to  said  rear  wheels  toward  increasing  at  changing  turning  characteristics  to  those 
favorable  to  turn  as  a  result  of  said  application  of  said  braking  force  to  said  wheel  by  said  braking  force  controlling 
means. 

55  5.  The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  (4),  being  characterized  in 
increasing  torque  distribution  ratio  to  said  rear  wheels  to  a  predetermined  value  at  changing  turning  characteristics 
to  those  favorable  to  turn  as  a  result  of  said  application  of  said  braking  force  to  said  wheel  by  said  braking  force 
controlling  means. 
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The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  (4),  being  characterized  in 
modifying  torque  transmission  to  said  rear  wheels  toward  increasing  according  to  deflection  of  real  yaw  rate  and 
aimed  yaw  rate  at  changing  turning  characteristics  to  those  favorable  to  turn  as  a  result  of  said  application  of  said 
braking  force  to  said  wheel  by  said  braking  force  controlling  means. 

The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  (3),  being  characterized  in 
modifying  torque  transmission  to  said  front  wheels  toward  increasing  at  changing  turning  characteristics  to  those 
unfavorable  to  turn  as  a  result  of  said  application  of  said  braking  force  to  said  wheel  by  said  braking  force  controlling 
means. 

The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  (7),  being  characterized  in 
increasing  torque  distribution  ratio  to  said  front  wheels  to  a  predetermined  value  at  changing  turning  characteristics 
to  those  unfavorable  to  turn  as  a  result  of  said  application  of  said  braking  force  to  said  wheel  by  said  braking  force 
controlling  means. 

The  torque  distribution  control  apparatus  for  4  wheel  driven  vehicle  according  to  claim  (7),  being  characterized  in 
modifying  torque  transmission  to  said  front  wheels  toward  increasing  according  to  deflection  of  real  yaw  rate  and 
aimed  yaw  rate  at  changing  turning  characteristics  to  those  unfavorable  to  turn  as  a  result  of  said  application  of  said 
braking  force  to  said  wheel  by  said  braking  force  controlling  means. 
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