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Description 

Technical  Field 
This  invention  relates  to  a  suspension  con- 

troller  for  a  vehicle,  and  more  particularly  to  a 
suspension  controller  which  has  the  order  of 
priority  among  various  suspension  controls. 

Background  Art 
In  order  to  reduce  shocks  to  a  vehicle  body 

depending  upon  the  road  condition  and  running 
condition  of  the  vehicle,  and  furthermore  to  main- 
tain  control  and  high  stability  of  the  vehicle, 
various  suspension  controllers  have  been  pro- 
posed.  The  suspension  controller  controls  a  sus- 
pension  system,  installed  between  a  vehicle  body 
and  its  wheels,  by  altering  the  spring  constant, 
damping  force,  bush  characteristic,  stabilizer 
characteristic  or  the  like.  For  example,  the  follow- 
ing  suspension  controllers  have  been  provided: 
one  which  controls  a  suspension  system  by  alter- 
ing  the  spring  constant  of  the  air  spring  of  the 
suspension  system  in  response  to  the  road  condi- 
tion  (Japanese  Published  Unexamined  Patent 
Application  JP—  A—  59  —  26638);  one  by  altering 
both  of  the  spring  constant  of  the  air  spring  and 
the  damping  force  of  the  shock  absorber  (Japan- 
ese  Published  Unexamined  Patent  Application 
JP—  A  —  59  —  23712);  one  by  altering  the  damping 
force  of  the  shock  absorber  (Japanese  Published 
Unexamined  Patent  Application 
JP—  A—  58—  30542);  one  by  altering  the  bush 
characteristic  or  the  stabilizer  characteristic 
(Japanese  Published  Unexamined  Patent  Applica- 
tion  JP—  A—  58—  26605  and  Japanese  Published 
Unexamined  Utility  Model  Application 
JP  —  A  —  59  —  129613);  and  one  by  altering  the 
suspension  characteristics  to  the  hard  state  in 
response  to  the  engine  power  output 
(DE—  A—  3,407,260). 

The  suspension  control  in  response  to  the  road 
condition  is  accomplished,  for  example,  as 
follows.  The  suspension  controller  successively 
detects  a  distance  between  a  wheel  and  the 
vehicle  body  as  a  vehicle  height,  compares  a 
change  of  the  vehicle  height  with  a  predeter- 
mined  condition  and,  when  the  change  satisfies 
the  condition,  alters  the  suspension  characteristic 
so  as  to  reduce  a  shock  to  the  vehicle  body.  On 
the  other  hand,  the  suspension  control  in 
response  to  the  running  condition  of  the  vehicle  is 
accomplished,  for  example,  as  follows.  The  sus- 
pension  controller  detects  a  vehicle  speed  and  a 
steering  angle  from  sensors  or  detects  a  throttle 
valve  opening  or  a  brake  action,  compares  each 
detected  value  with  a  predetermined  condition 
and,  when  the  value  satisfies  the  condition,  alters 
the  suspension  characteristic  so  as  to  stabilize  the 
vehicle  attitude;  or  the  suspension  controller 
detects  an  engine  power  output  from  a  sensor, 
compares  the  detected  value  with  a  predeter- 
mined  condition  and,  when  the  value  satisfies  the 
conditon,  alters  the  suspension  characteristic  to 
the  hard  state  so  as  to  prevent  a  rearward  pitching 
of  the  vehicle. 

The  prior  art  suspension  controllers  described 
above,  however,  have  various  drawbacks. 

Since  there  are  various  predetermined  con- 
ditions  for  the  suspension  control  in  response  to 

5  the  road  condition,  it  may  occur,  for  example,  that 
a  plurality  of  contradictory  commands  for  altering 
the  suspension  characteristic  are  simultaneously 
generated  based  on  the  change  of  vehicle  height 
values  detected  by  one  vehicle  height  sensor.  The 

w  alteration  direction  for  the  suspension  charac- 
teristic  such  as  to  a  harder  state  or  to  a  softer  state 
and  the  alteration  timing  vary  according  to  the 
predetermined  condition.  Since  there  is  a 
problem  such  that  it  cannot  be  determined  which 

15  predetermined  condition  for  the  suspension  con- 
trol  should  have  preference  to  the  others,  the 
suspension  characteristic  might  be  altered  in  the 
inadequate  direction.  If  it  happens,  the  drivability 
and  stability  of  the  vehicle  are  lowered  and  the 

20  riding  comfort  deteriorates  because  of  uncom- 
fortable  vibrations. 

When  the  suspension  controls  in  response  to 
the  running  condition  of  the  vehicle  and  the  road 
condition  are  simultaneously  instructed,  there  is 

25  also  the  same  problem  as  above.  In  this  case,  if 
the  suspension  characteristic  is  altered  to  a  softer 
state,  the  vehicle  attitude  is  abruptly  changed, 
thus  lowering  the  drivability  and  the  stability  of 
the  vehicle. 

30 
Disclosure  of  Invention 

This  invention  is  intended  to  remedy  these 
drawbacks. 

Accordingly,  it  is  an  object  of  the  invention  to 
35  provide  an  improved  suspension  controller  which 

has  the  order  of  priority  among  the  suspension 
controls  when  two  or  more  different  suspension 
controls  are  simultaneously  instructed,  so  as  to 
optimally  control  the  suspension  characteristic 

40  according  to  both  of  the  road  condition  and  the 
running  condition  of  the  vehicle. 

Particularly,  the  suspension  controller  accord- 
ing  to  the  invention  preferentially  alters  the  sus- 
pension  characteristic  to  a  harder  state  when  a 

45  plurality  of  suspension  controls  are  simul- 
taneously  instructed  so  as  to  reduce  the  vibration 
of  the  vehicle  body  and  to  prevent  an  abrupt 
change  of  the  vehicle  attitude  in  response  to  the 
road  condition  and  the  running  condition  of  the 

so  vehicle,  thus  maintaining  good  control,  high  stab- 
ility  and  riding  comfort. 

A  suspension  controller  for  a  vehicle  according 
to  this  invention  thus  comprises,  as  shown  in  Fig. 
1  of  the  drawings,  vehicle  attitude  detection 

55  means  M1  for  detecting  at  least  one  of  either  a 
vehicle  height  or  a  driving  condition  of  the 
vehicle;  control  means  M3  for  comparing  the 
detected  result  of  said  vehicle  attitude  detection 
means  M1  with  a  determination  condition  and,  if 

60  the  result  satisfies  the  condition,  outputting  a 
command  to  alter  a  suspension  characteristic; 
and  suspension  characteristic  alteration  means 
M2  for  altering  the  suspension  characteristic 
according  to  said  command;  said  suspension 

65  controller  being  characterized  in  that:  said  control 
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neans  M3  comprising  a  plurality  of  control  sec- 
ions  each  -having  a  proper  determination  condi- 
ion  and  comparing  the  detected  result  of  said 
vehicle  attitude  detection  means  M1  with  the 
tetermination  condition  and,  if  the  result  satis- 
les  the  condition,  outputting  a  proper  command 
:o  alter  the  suspension  characteristic;  preference 
means  M4  are  provided  for  selecting  a  prefer- 
snce  command  for  altering  the  suspension 
:haracteristic  to  the  hardest  state  among  the 
jroper  commands  outputted  from  the  control 
sections  of  said  control  means  M3  when  two  or 
nore  different  suspension  controls  are  simul- 
:aneously  instructed;  and  said  suspension 
;haracteristic  alteration  means  M2  is  adapted  to 
alter  the  suspension  characteristic  according  to 
:he  preference  command  selected  by  said  prefer- 
3nce  means  M4. 

The  vehicle  attitude  detection  means  M1 
detects,  for  exampfe,  a  distance  between  a  wheel 
and  the  vehicSe  body  as  a  vehicle  height  and/or 
detects  a  driving  condition  of  the  vehicle.  For 
sxample,  the  vehicle  attitude  detection  means 
M1  may  detect,  as  a  vehicle  height,  a  displace- 
ment  of  a  suspension  arm  by  a  potentiometer  to 
output  it  in  the  form  of  an  analog  signal,  or  the 
displacement  as  a  rotational  angle  of  a  grated 
disc  to  output  it  in  the  form  of  a  digital  signal. 
The  vehicle  attitude  detection  means  M1,  for 
example,  may  be  constructed  from  a  speed  sen- 
sor  for  detecting  a  vehicle  speed,  a  steering 
sensor  for  detecting  a  steering  angle,  a  stop- 
lamp  switch  for  detecting  a  braking,  a  throttle 
position  sensor  for  detecting  an  acceleration,  a 
neutral-start  switch  for  detecting  a  start  of  the 
vehicle  and  the  like,  so  as  to  detect  the  driving 
condition  of  the  vehicle.  The  vehicle  attitude 
detection  means  M1  may  be  constructed  to 
detect  both  the  vehicle  height  and  the  driving 
condition  of  the  vehicle. 

The  suspension  characteristic  alteration  means 
M2  alters  the  suspension  characteristic  according 
to  a  preference  command  from  the  preference 
means  M4  by  altering,  for  example,  the  spring 
constant  of  the  suspension  spring,  the  damping 
force  of  the  shock  absorber,  the  bush  stiffness  or 
the  stabilizer  stiffness  discretely  or  continuously. 
For  example,  in  an  air  suspension,  the  spring 
constant  may  be  varied  by  connecting  or  discon- 
necting  a  main  air  chamber  with/from  an  auxili- 
ary  air  chamber.  The  damping  force  may  be 
raised  or  lowered  by  altering  the  diameter  of  an 
orifice  which  controls  oil  flow  in  the  shock 
absorber.  The  suspension  characteristic  is 
altered,  for  example,  to  "HARD",  to  "SPORT"  or 
to  "SOFT"  by  varying  the  spring  constant,  damp- 
ing  force,  the  bush  stiffness  or  the  stabilizer 
stiffness.  Here,  "HARD",  "SOFT"  and  "SPORT" 
respectively  show  a  hardest  state,  a  softest  state 
and  a  middle  state  of  the  suspension  characteris- 
tic. 

The  control  means  M3  consists  of  a  plurality  of 
control  sections  each  having  a  proper  determina- 
tion  condition.  For  example,  the  control  means 
M3  includes  a  shock  control  section,  an  attitude 

control  section  ana  a  vioration  control  section. 
The  shock  control  section  outputs  a  command 
for  altering  the  suspension  characteristic  to  a 
softer  state  when  determining  that  a  difference 

5  between  the  maximum  value  and  the  minimum 
value  of  the  vehicle  height,  which  is  detected  at 
every  predetermined  time  interval  by  the  vehicle 
attitude  detection  means  M1  for  a  predeter- 
mined,  rather  short  shock  judgment  time  period, 

•o  is  greater  than  a  reference  value.  The  attitude 
control  section  outputs  a  command  for  altering 
the  suspension  characteristic  to  a  harder  state 
when,  judging  from  the  driving  condition  as 
detected  at  every  predetermined  time  interval  by 

is  the  vehicle  attitude  detection  means  M1,  deter- 
mining  that  the  vehicle  attitude  is  about  to  be 
abruptly  changed.  The  vibration  control  section 
outputs  a  command  for  altering  the  suspension 
characteristic  to  a  harder  state  (but  harder  than 

»o  the  harder  state  set  by  the  attitude  control  sec- 
tion)  when  determining  that  a  difference 
between  the  maximum  value  and  the  minimum 
value  of  the  vehicle  height,  detected  at  every 
predetermined  time  interval  by  the  vehicle 

?5  attitude  detection  means  M1  for  a  predetermined 
vibration  judgment  time  period  which  is  longer 
than  the  shock  judgment  time  period,  is  greater 
than  a  reference  value. 

The  above  control  means  M3  and  the  prefer- 
?o  ence  means  M4  may  be  realized  as  logic  circuits 

of  discrete  electronic  elements,  or  may  be 
realized  as  integrated  logic  circuits  including  a 
CPU  (Central  Processing  Unit),  a  ROM  (Read 
Only  Memory),  a  RAM  (Random  Access  Memory) 

35  and  other  peripheral  circuitry  chips  so  as  to 
instruct  the  alteration  of  the  suspension  charac- 
teristic  in  accordance  with  predetermined  pro- 
cess  steps. 

Since  the  suspension  controller  according  to 
<to  the  invention  includes  the  preference  means  M4 

as  described  above,  there  is  not  such  a  problem 
that  commands  outputted  from  a  plurality  of 
control  sections  conflict  with  each  other.  Thus, 
the  suspension  characteristic  can  be  optimally 

45  controlled  in  response  to  the  road  condition  and 
running  condition  of  the  vehicle. 

Brief  Description  of  Drawings 
The  invention  may  be  best  understood  by 

so  reference  to  the  following  detailed  description  of 
preferred  embodiments  and  the  accompanying 
drawings,  wherein  like  numerals  denote  like 
elements  and  in  which: 

Fig.  1  is  a  schematic  view  of  a  basic  structure 
55  embodying  the  present  invention; 

Fig.  2  is  a  systematic  view  illustrating  a  sus- 
pension  controller  of  a  preferred  embodiment 
according  to  the  invention; 

Fig.  3  is  a  sectional  view  showing  main  parts  of 
60  the  air  suspension  of  Fig.  2; 

Fig.  4  is  a  cross  sectional  view  of  the  air 
suspension,  taken  on  line  IV  —  IV  of  Fig.  3; 

Fig.  5  is  a  block  diagram  illustrating  a  construc- 
tion  of  the  Electronic  Control  Unit  (ECU)  of  Fig.  2; 

65  Fig.  6  is  a  block  diagram  illustrating  an 
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example  of  a  digital  type  of  the  vehicle  height 
sensor  and  the  signal  input  circuit  of  Fig.  2; 

Fig.  7  is  a  block  diagram  illustrating  an  example 
of  an  analog  type  of  the  vehicle  height  sensor  and 
the  signal  input  circuit  of  Fig.  2; 

Fig.  8  is  a  table  which  defines  the  relationship 
between  the  vehicle  height  sensor  output  value 
and  the  vehicle  height  converted  value  in  the 
embodiment; 

Fig.  9  illustrates  the  relationship  between  the 
vehicle  height  change  and  the  detection  time,  and 
between  the  change  and  each  judgment  time  in 
the  embodiment; 

Fig.  10  is  a  table  which  illustrates  the  relation- 
ship  between  the  vehicle  speed  and  the  suspen- 
sion  characteristic  in  a  shock  control  and  a  vibra- 
tion  control  of  the  embodiment; 

Figs.  11  A,  11B,  11Cand  11D  define  the  relation- 
ship  between  the  suspension  characteristic  and 
the  start  and  end  conditions  of  each  control  of  an 
attitude  control  in  the  embodiment; 

Figs.  12A,  12B,  12C,  12D,  12E,  12F,  12G,  12H  and 
121  are  flow  charts  showing  process  steps 
executed  by  the  ECU  of  Fig.  5  in  the  embodiment; 

Fig.  13  is  a  schematic  view  illustrating  that  an 
automobile  with  the  suspension  controller  of  the 
embodiment  moves  on  a  road  surface  having 
dips  and  bumps; 

Figs.  14A,  14B,  14C,  14D  and  14E  are  timing 
charts  respectively  showing  the  front  vehicle 
height  sensor  output,  the  stop-lamp  switch  signal, 
the  suspension  characteristic  alteration  actuator 
driving  current,  the  suspension  characteristic  and 
the  vehicle  speed  each  against  the  elapsed  time  in 
the  automobile  of  Fig.  13; 

Figs.  15  through  20  show  other  examples  of 
units  for  altering  the  suspension  characteristic; 

Fig.  15A  is  a  sectional  view  of  a  rubber  bush  as 
a  first  example; 

Fig.  15B  is  a  sectional  view  taken  on  line 
XVB -̂XVB  of  Fig.  15A; 

Fig.  16A  is  a  sectional  view  of  another  rubber 
bush  as  a  second  example; 

Fig.  16B  is  a  sectional  view  taken  on  line 
XVIB—  XVIB  of  Fig  16A; 

Fig.  17A  is  a  perspective  view  of  a  stabilizer  as  a 
third  example  in  use; 

Figs.  17B  and  17C  are  enlarged  sectional  views 
each  showing  a  part  of  the  third  example  of  Fig. 
17  A; 

Fig.  17D  is  a  perspective  view  of  the  main  part 
of  the  third  example  of  Fig.  17A; 

Fig.  17E  is  a  plan  view  of  Fig.  17D; 
Fig.  17F  is  a  sectional  view  taken  on  line 

XVIIF—  XVIIF  of  Fig.  17B; 
Fig.  17G  is  a  sectional  view  taken  on  line 

XVIIG—  XVIIG  of  Fig.  17B; 
Fig.  18A  is  a  perspective  view  of  another 

stabilizer  as  a  fourth  example; 
Fig.  18B  is  an  enlarged  sectional  view  showing 

a  part  of  the  fourth  example  of  Fig.  18A; 
Fig.  19A  is  a  schematic  plan  view  of  another 

stabilizer  as  a  fifth  example; 
Fig.  19B  is  an  explanatory  view  showing  a  part 

of  Fig.  19A; 

Fig.  19C  is  a  sectional  view  of  the  extending  part 
of  Fig.  19A; 

Fig.  20A  is  a  front  view  showing  a  part  of  a 
stabilizer  and  a  joint  as  a  sixth  example  in  use; 

5  and 
Fig.  20B  is  an  enlarged  sectional  view  of  the 

coupling  unit  of  Fig.  20A. 

Best  Mode  for  Carrying  Out  of  the  Invention 
w  Hereinafter,  preferred  embodiments  will  be 

described  in  detail  according  to  the  drawings. 
Fig.  2  shows  details  of  a  suspension  controller 

for  a  vehicle,  having  air  suspensions,  according  to 
one  embodiment  of  the  invention.  A  right  front 

15  vehicle  height  sensor  H1R  is  provided  between  a 
vehicle  body  and  a  right  front  wheel  to  detect  the 
distance  between  the  vehicle  body  and  a  right 
suspension  arm  which  follows  the  motion  of  the 
wheel.  A  left  front  vehicle  height  sensor  H1L  is 

20  provided  between  the  vehicle  body  and  a  left 
front  wheel  to  detect  the  distance  between  the 
vehicle  body  and  a  left  suspension  arm.  A  rear 
vehicle  height  sensor  H2C  is  provided  between 
the  vehicle  body  and  a  rear  wheel  to  detect  the 

25  distance  between  the  vehicle  body  and  a  rear 
suspension  arm.  Short  cylindrical  bodies  1Ra,  1La 
and  1Ca  of  the  vehicle  height  sensors  H1R,  H1L 
and  H2C  are  secured  on  the  vehicle  body.  Links 
1Rb,  1Lb  and  1Cb  respectively  extend  sub- 

30  stantially  perpendicularly  from  each  center  shaft 
of  the  bodies  1Ra,  1La  and  1Ca.  Turnbuckles  1Rc, 
1Lc  and  1Cc  are  rotatably  coupled  to  each  end  of 
the  links  1Rb,  1Lb  and  1Cb  that  extends  out  of  the 
bodies  1Ra,  1La  and  1Ca  respectively.  The  other 

35  ends  of  the  turnbuckles  1Rc,  1Lc  and  1Cc  opposite 
the  links  are  rotatably  coupled  to  parts  of  the 
suspension  arms. 

The  vehicle  height  sensors  H1R,  H1L  and  H2C 
are  provided  with  a  plurality  of  light  interrupters 

40  for  detecting  the  vehicle  height  change  as  4-bit 
data  by  operating  a  disc  so  as  to  switch  on  and  off 
the  light  interrupters  in  response  to  changes  in 
the  vehicle  height,  thus  outputting  a  digital  signal. 
The  disc  is  substantially  coaxial  with  the  center 

45  shaft  of  the  vehicle  height  sensor  and  defines  a 
slit  thereon. 

The  following  is  an  explanation  of  air  suspen- 
sions  S1R,  S1L,  S2R  and  S2L.  The  air  suspension 
S2L  is  provided  between  the  left  rear  suspension 

so  arm  and  the  vehicle  body  in  parallel  with  a 
suspension  spring  (not  shown).  The  air  suspen- 
sion  S2L  includes  a  main  air  chamber  S2La 
functioning  as  an  air  spring,  an  auxiliary  air 
chamber  S2Lb,  a  shock  absorber  S2Lc,  and  an 

55  actuator  A2L  for  altering  the  spring  constant  of 
the  air  spring  and  damping  force  of  the  shock 
absorber.  Other  air  suspensions  S1R,  S1L  and 
S2R  have  the  same  construction  and  function  as 
the  air  suspension  S2L,  and  are  provided  for  the 

60  right  front  wheel,  the  left  front  wheel,  and  the 
right  rear  wheel,  respectively. 

Acompressed  airfeed  and  discharge  system  10 
connected  to  each  air  spring  of  the  air  suspen- 
sions  S1R,  S1L,  S2R  and  S2L  operates  a  motor 

65  10a  to  drive  a  compressor  10b  for  generating 
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:ompressed  air.  The  compressed  air  blows  from 
tie  compressor  10b  to  an  air  drier  10d  via  a  check 
/alve  10c.  The  air  drier  lOd  dries  the  compressed 
air  supplied  for  the  air  suspensions  S1  R,  S1  L,  S2R 
and  S2L,  and  protects  every  part  of  the  air 
suspensions  S1R,  S1L,  S2R  and  S2L  from  mois- 
:ure.  The  air  drier  10d  also  prevents  abnormal 
aressure  changes  which  would  accompany  phase 
changes  in  main  air  chambers  S1Ra,  S1La,  S2Ra 
and  S2La  and  auxiliary  air  chambers  S1Rb,  S1Lb, 
32Rb  and  S2Lb  of  the  air  suspensions.  In  a  check 
/alve  10e,  the  compressed  air  blows  from  the 
:ompressor  10b  side  to  each  of  the  air  suspen- 
sions  S1  R,  S1  L,  S2R  and  S2L  side.  The  check  valve 
lOe  opens  its  checking  portion  in  feeding  the 
compressed  air,  and  closes  it  in  discharging  the 
:ompressed  air,  thus  discharging  the  compressed 
air  only  through  the  fixed  portion  thereof.  A 
discharging  valve  10f  is  an  electromagnetic  valve 
of  2-port  2-position  spring  offset  type.  The  dis- 
charging  valve  10f  is  normally  in  the  closed 
position  as  shown  in  Fig.  2.  In  discharging  the 
compressed  air  from  the  air  suspensions  S1R, 
S1L,  S2R  and  S2L,  the  valve  10f  is  open  to 
discharge  the  compressed  air  to  the  atmosphere 
via  the  check  valve  10e  and  the  air  drier  10d. 

Air  spring  feed  and  discharge  valves  V1R,  V1L, 
V2R  and  V2L  function  to  adjust  the  vehicle  height, 
and  are  provided  between  the  air  suspensions 
S1R,  S1L,  S2R  and  S2L,  and  the  above-mentioned 
compressed  air  feed  and  discharge  system  10, 
respectively.  The  air  spring  feed  and  discharge 
valves  VI  R,  V1  L,  V2R  and  V2L  are  electromagnetic 
valves  of  2-port  2-position  spring  off-set  type. 
These  valves  are  normally  in  the  closed  positions 
shown  in  Fig.  2,  and  are  open  while  adjusting  the 
vehicle  height.  When  the  air  spring  feed  and 
discharge  valves  V1  R,  V1  L,  V2R  and  V2L  are  open, 
the  main  air  chambers  S1Ra,  S1La,  S2Ra  and 
S2La  are  connected  with  the  compressed  air  feed 
and  discharge  system  10.  If  the  compressed  air  is 
fed  from  the  system  10,  the  volumes  in  the  main 
air  chambers  S1Ra,  S1La,  S2Ra  and  S2La  are 
increased  so  as  to  raise  the  vehicle  height,  and  if 
the  air  is  discharged  because  of  the  vehicle 
weight  itself,  the  volumes  thereof  are  decreased 
so  as  to  lower  the  vehicle  height.  On  the  other 
hand,  if-the  feed  and  discharge  valves  V1R,  V1L, 
V2R  and  V2L  are  closed,  the  vehicle  height 
remains  unchanged.  As  described  above,  it  is 
possible  to  change  the  volumes  of  the  main  air 
chambers  S1Ra,  S1La,  S2Ra  and  S2La  of  the  air 
suspensions  so  as  to  adjust  the  vehicle  height  by 
operating  the  discharge  valve  10f  and  the  air 
spring  feed  and  discharge  valves  V1R,  V1L,  V2R 
and  V2L 

A  neutral-start  switch  SEI  is  provided  in  an 
automatic  transmission  of  a  vehicle  and  outputs  a 
signal  corresponding  to  each  setting  such  as 
Parking  (P)  or  Neutral  (N)  of  the  automatic  trans- 
mission.  A  stop-lamp  switch  SE2  is  provided  in  a 
brake  pedal  bracket  and  outputs  a  stop  lamp 
switch  signal  when  a  driver  steps  on  the  brake 
pedal.  A  throttle  position  sensor  SE3  is  installed  in 
a  throttle  body  and  outputs  a  signal  corre- 

sponding  to  the  displacement  ot  an  accelerator 
pedal.  A  steering  sensor  SE4  is  provided  in  the 
lower  part  of  a  steering  column  and  outputs  a 
signal  corresponding  to  the  steering  direction  and 

5  the  polar  angle  of  a  steering  wheel.  A  speed 
sensor  SE5  is  provided  in  a  speedometer  and 
outputs  a  pulse  signal  in  response  to  the  vehicle 
speed. 

The  signals  outputted  from  the  vehicle  height 
ro  sensors  H1R,  H1L  and  H2C,  the  neutral-start 

switch  SEI,  the  stop-lamp  switch  SE2,  the  throttle 
position  sensor  SE3,  the  steering  sensor  SE4  and 
the  speed  sensor  SE5  are  inputted  to  an  Electronic 
Control  Unit  (ECU)  4.  The  ECU  4  derives  data  from 

is  the  signals  to  process  them  and  outputs  a  control 
signal  to  the  actuators  A1R,  A1L,  A2R  and  A2L  of 
the  air  suspensions,  to  the  air  spring  feed  and 
discharge  valves  V1R,  VI  L,  V2R  and  V2L,  and  to 
the  motor  10a  and  the  discharging  valve  10f  of  the 

20  compressed  air  feed  and  discharge  system  10  so 
as  to  optimally  control  them. 

The  following  is  an  explanation  of  the  main  part 
of  the  air  suspensions  S1R,  S1L,  S2R  and  S2L 
based  on  Figs.  3  and  4.  Since  each  suspension  has 

25  the  same  construction  as  the  others,  here,  the 
right  rear  air  suspension  S2R  is  described. 

The  air  suspension  S2R  includes  a  shock 
absorber  S2Rc  having  a  piston  and  a  cylinder  12a, 
and  an  air  spring  unit  14  provided  in  connection 

30  with  a  shock  absorber  S2Rc,  as  shown  in  Fig.  3. 
An  axle  (not  shown)  is  supported  at  the  lower 

end  of  the  cylinder  12a  of  the  shock  absorber 
S2Rc.  An  elastic  cylindrical  assembly  1  8  for  elasti- 
cally  supporting  a  piston  rod  12b  against  the 

35  vehicle  body  16  is  provided  at  the  upper  end  of 
the  piston  rod  12b  extending  from  the  piston  (not 
shown)  slidably  fitted  within  the  cylinder  12a.  The 
shock  absorber  S2Rc  controls  its  damping  force 
by  operating  on  the  valve  function  of  the  piston.  A 

40  control  rod  20  for  controlling  the  damping  force  is 
liquid-tightly  and  rotatably  fitted  with  a  sealing 
member  22  in  the  piston  rod  12b. 

The  air  spring  unit  14  has  a  chamber  32  which  is 
defined  by  a  circumferential  member  26,  an  upper 

45  housing  member  28a,  a  lower  housing  member 
28b,  and  a  diaphragm  30.  The  circumferential 
member  26  includes  a  bottom  26a  having  an 
opening  24,  in  which  the  piston  rod  12b  is 
inserted,  and  a  wall  26b  rising  from  the  peripheral 

so  portion  of  the  bottom  26a.  The  upper  housing 
member  28a  covers  the  circumferential  member 
26  and  is  secured  onto  the  vehicle  body.  The 
lower  housing  member  28b  is  open  at  the  lower 
end  and  is  coupled  to  the  lower  end  of  the  upper 

55  housing  member  28a.  The  diaphragm  30  includes 
an  elastic  material  which  closes  the  lower  end  of 
the  lower  housing  member  28b.  The  chamber  32 
is  divided  into  a  lower  main  air  chamber  S2Ra  and 
an  upper  auxiliary  air  chamber  S2Rb  by  a  parti- 

60  tion  member  36,  which  is  secured  onto  the 
bottom  26a  of  the  circumferential  member  26  and 
which  has  an  opening  34  corresponding  to  the 
opening  24  provided  in  the  bottom  26a.  Both  the 
chambers  S2Ra  and  S2Rb  are  filled  with  com- 

65  pressed  air.  The  partition  member  36  is  provided 
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with  a  rubber  buffer  40  which  can  be  brought  into 
contact  with  the  upper  end  of  the  cylinder  12a. 
The  rubber  buffer  40  has  a  passage  42  for  con- 
necting  the  openings  24  and  34  to  the  main  air 
chamber  S2Ra.  The  elastic  cylindrical  assembly 
18  is  disposed  inside  the  circumferential  member 
26  whose  wall  26b  defines  the  inside  circum- 
ferential  surface  of  the  auxiliary  air  chamber 
S2Rb,  in  such  a  manner  that  the  assembly  18 
surrounds  the  piston  rod  12b. 

The  cylindrical  elastic  assembly  18  is  provided 
with  a  valve  unit  44  for  controlling  the  connection 
of  both  air  chambers  S2Ra  and  S2Rb.  The 
assembly  18  includes  an  outer  cylinder  18a,  a 
cylindrical  elastic  member  18b  and  an  inner 
cylinder  18c  which  are  disposed  concentrically  to 
each  other.  The  cylindrical  elastic  member  18b  is 
secured  to  both  the  cylinders  18a  and  18c.  The 
outer  cylinder  18a  is  press-fitted  on  the  wall  26b 
of  the  circumferential  member  26  secured  on  the 
vehicle  body  by  means  of  the  upper  housing 
member  28a.  A  valve  casing  44a  of  the  valve  unit 
44,  into  which  the  piston  rod  12b  is  inserted,  is 
secured  on  the  inner  cylinder  18c.  Since  the 
piston  rod  12b  is  secured  on  the  valve  casing  44a, 
the  piston  rod  is  elastically  connected  to  the 
vehicle  body  by  means  of  the  cylindrical  elastic 
assembly  18.  An  annular  air  sealing  member  46  is 
tightly  packed  in  between  the  outer  cylinder  18a 
and  the  wall  26b  of  the  member  26.  An  annular  air 
sealing  member  48  is  tightly  packed  in  between 
the  piston  rod  12b  and  the  valve  casing  44a.  An 
annular  air  sealing  member  50  is  tightly  packed  in 
between  the  inner  cylinder  18c  and  the  valve 
casing  44a. 

The  valve  casing  44a  has  a  hole  52  which  is 
open  at  both  ends  and  which  extends  in  parallel 
with  the  piston  rod  12b.  A  rotary  valve  44b  is 
rotatably  supported  in  the  hole  52.  The  valve  44b 
includes  a  main  portion  56a,  which  can  be 
brought  into  contact  with  a  lower  positioning  ring 
54a  provided  at  the  lower  end  of  the  hole  52,  and 
a  small-diameter  operating  portion  56b  projecting 
from  the  main  portion  above  the  elastic  cylindri- 
cal  assembly  18.  An  upper  positioning  ring  54b  is 
provided  at  the  upper  end  of  the  hole  52  and 
cooperates  with  the  lower  positioning  ring  54a  to 
prevent  the  valve  44b  from  dropping  out  of  the 
hole  52.  An  annular  sealing  base  60,  holding  an 
inner  air  sealing  member  58a  and  an  outer  air 
sealing  member  58b  for  tightly  closing  the  hole 
52,  is  provided  between  the  upper  positioning 
ring  54b  and  the  main  portion  56a  of  the  valve 
44b.  A  friction  reducer  62  for  smoothing  the 
revolution  of  the  valve  44b,  when  the  main  por- 
tion  56a  of  the  valve  is  pushed  towards  the 
sealing  base  60  by  air  pressure,  is  provided 
between  the  sealing  base  66  and  the  main  portion 
56a  of  the  valve  44b. 

A  chamber  64  is  formed  in  the  lower  portion  of 
the  elastic  cylindrical  assembly  18  and  is  con- 
nected  with  the  main  air  chamber  S2Ra  by  means 
of  the  openings  24  and  34  and  the  passage  42  of 
the  rubber  buffer  40.  The  main  portion  56a  of  the 
valve  44b  has  a  recess  66  open  to  the  chamber  64, 

and  has  a  connection  passage  68  extending 
through  the  main  portion  56a  in  a  diametrical 
direction  thereof  across  the  recess  66. 

The  valve  casing  56b,  which  houses  the  valve 
5  56a,  has  a  pair  of  air  passages  70,  each  of  which 

can  connect  at  one  end  with  the  connection 
passage  68,  as  shown  in  Fig.  4.  The  air  passages 
70  extend  outwards  in  a  diametrical  direction  to 
the  hole  52  toward  the  peripheral  surface  of  the 

10  valve  44b.  The  other  end  of  each  air  passage  70  is 
open  to  the  peripheral  surface  of  the  valve  casing 

'  44a  through  a  face  hole  72.  An  air  passage  74, 
which  can  connect  at  one  end  with  the  connection 
passage  68  of  the  hole  52,  extends  toward  the 

15  peripheral  surface  of  the  valve  casing  44a  on  the 
same  plane,  substantially,  as  the  pair  of  air 
passages  70  and  in  between  them.  The  diameter 
of  the  air  passage  74  is  smaller  than  that  of  each 
of  the  air  passages  70.  The  other  end  of  the  air 

20  passage  74  is  open  to  the  peripheral  surface  of  the 
valve  casing  44a  through  a  face  hole  75.  The 
inside  circumferential  surface  of  the  inner 
cylinder  18c,  covering  the  peripheral  surface  of 
the  valve  casing  44a,  has  an  annular  recess  76 

25  which  surrounds  the  peripheral  surface  of  the 
valve  casing  44a  in  order  to  connect  the  face  holes 
72  and  75  of  the  air  passages  70  and  74  to  each 
other. 

The  inner  cylinder  18c  has  openings  78  which 
30  are  open  to  the  recess  76  which  constitutes  an 

annular  air  passage.  The  cylindrical  elastic 
member  18b  has  through  holes  80,  which  extend 
radially  outwards  from  the  member  18b  corre- 
sponding  to  the  openings  78.  The  through  holes 

35  80  are  open  to  the  peripheral  surface  of  the  outer 
cylinder  18a  through  openings  82  of  the  cylinder 
so  that  the  openings  78  and  82  and  the  through 
holes  80  define  an  air  passage  including  the  air 
passages  70  and  extending  through  the  elastic 

40  cylindrical  assembly  18. 
The  peripheral  surface  of  the  wall  26b  of  the 

circumferential  member  26  covering  the  outer 
cylinder  18a  is  provided  with  plural  openings  84, 
which  are  located  at  equal  intervals  along  the 

45  outside  surface  of  the  member  26  and  which  are 
open  to  the  auxiliary  air  chamber  S2Rb  so  as  to 
connect  the  openings  78  and  82  and  the  through 
holes  80  with  the  auxiliary  air  chamber  S2Rb.  The 
peripheral  surface  of  the  outer  cylinder  18a  is 

so  provided  with  an  annular  recess  86,  which 
surrounds  the  outer  cylinder  at  the  openings  82, 
so  as  to  connect  the  openings  84,  78  and  82  and 
the  through  holes  80  to  each  other.  The  openings 
84  are  open  to  the  recess  86  constituting  an 

55  annular  air  passage. 
In  the  embodiment  shown  in  Fig.  4,  the  posi- 

tions  of  the  openings  78  and  82  and  the  through 
holes  80  are  defined  by  the  positions  of  the  two 
air  passages  70  of  the  valve  casing  44a.  The  air 

60  passages  70  and  74  can  be  optionally  provided  in 
positions  along  the  outside  surface  of  the  elastic 
member  18b  since  the  annular  recess  76,  with 
which  the  air  passages  70  and  74  are  connected, 
is  formed  between  the  inner  cylinder  18c  and  the 

65  valve  casing  44a. 

6 



1 :P  0  224  204  B1 

The  control  rod  20  for  controlling  the  damping 
force  of  the  shock  absorber  S2Rc,  and  the  actu- 
ator  A2R  for  rotating  the  rotary  valve  44b  of  the 
valve  unit  44,  are  provided  at  the  upper  end  of  the 
piston  rod  12b,  as  shown  Fig.  3. 

Since  the  air  suspension  S2R  has  the  above- 
mentioned  construction,  the  air  suspension  func- 
tions  as  described  hereinafter. 

When  the  valve  44b  is  kept  in  a  closed  position 
as  shown  in  Fig.  4  so  that  the  connection  passage 
68  of  the  valve  is  shut  off  from  any  of  the  air 
passages  70  and  74  of  the  valve  casing  44a,  the 
main  air  chamber  S2Ra  and  the  auxiliary  air 
chamber  S2Rb  are  disconnected  from  each  other, 
thus  the  spring  constant  of  the  suspension  S2R  is 
set  at  a  large  value. 

When  the  actuator  A2R  rotates  the  valve  44b 
into  such  a  position  that  the  connection  passage 
68  of  the  valve  connects  with  the  large-diameter 
air  passages  70  of  the  valve  casing  44a,  the  main 
air  chamber  S2Ra  is  connected  with  the  auxiliary 
air  chamber  S2Rb  through  the  connection 
passage  68,  the  large-diameter  air  passages  70, 
the  openings  78  and  82  and  the  through  holes  80 
of  the  elastic  assembly  18  and  the  openings  84, 
thus  the  spring  constant  of  the  suspension  S2R  is 
set  at  a  small  value. 

When  the  valve  44b  is  rotated  into  such  a 
position  by  the  actuator  A2R  that  the  connection 
passage  68  of  the  valve  connects  with  the  small- 
diameter  air  passage  74  of  the  valve  casing  44a, 
the  main  air  chamber  S2Ra  is  connected  with  the 
auxiliary  air  chamber  S2Rb  through  the  connec- 
tion  passage  68,  the  small-diameter  air  passage 
74,  the  annular  recess  76,  the  openings  78  and  82 
and  the  through  holes  80  of  the  elastic  assembly 
18  and  the  openings  84,  thus  setting  the  spring 
constant  of  the  suspension  S2R  at  ■  an  inter- 
mediate  value.  This  is  because  the  small-diameter 
air  passage  74  provides  a  higher  air  flow 
resistance  than  the  large-diameter  air  passages 
70. 

Fig.  5  shows  the  construction  of  the  ECU  4.  The 
ECU  4  includes  a  Central  Processing  Unit  (CPU) 
4a,  a  Read  Oniy  Memory  (ROM)  4b,  a  Random 
Access  Memory  (RAM)  4c,  a  back-up  Random 
Access  Memory  (back-up  RAM)  4d,  an  input 
section  4e,  an  output  section  4f,  a  bus  line  4g  and 
a  clock  circuit  4h.  The  CPU  4a  receives  output  data 
from  the  sensors  to  process  them  according  to  a 
control  program  for  controlling  various  apparatus 
or  the  like.  In  the  ROM  4b,  the  control  program 
and  initial  data  are  stored.  The  RAM  4c  functions 
to  write  and  read  out  data,  which  the  ECU  4 
receives  for  the  control.  The  backup  RAM  4d  is 
backed  up  by  a  battery  so  as  to  retain  data  even  if 
the  ignition  key  switch  of  the  automobile  is  turned 
off.  The  input  section  4e  includes  an  input  port 
(not  shown),  a  waveshaping  circuit  (as  occasion 
demands),  a  multiplexer  which  selectively  sends 
out  output  signals  from  the  sensors  to  the  CPU  4a, 
and  an  A/D  converter  which  converts  an  analog 
signal  into  a  digital  signal.  The  output  section  4f 
includes  an  output  port  (not  shown),  and  a  drive 
circuit  for  driving  the  actuators  according  to  the 

control  signal  ot  tne  uru  â  as  occasion 
demands.  The  bus  line  4g  connects  the  element, 
such  as  the  CPU  4a,  the  ROM  4b,  and  the  input 
and  the  output  sections  4e  and  4f,  with  each  other 

5  so  as  to  transmit  data  from  each  element.  The 
clock  circuit  4h  sends  out  a  clock  signal  at  pre- 
determined  time  intervals  to  the  CPU  4a,  the  ROM 
4b,  the  RAM  4c,  etc  to  provide  the  controlled 
timing. 

<o  If  the  signals  outputted  from  the  vehicle  height 
sensors  H1R,  H1L  and  H2C  are  4-bit  digital 
signals,  they  are  transmitted  to  the  CPU  4a  via  the 
input  section  4e  as  shown  in  Fig.  6.  On  the 
contrary,  if  analog  signals,  they  are  converted  into 

'5  digital  ones  by  the  A/D  converter  4e2  and  are  then 
transmitted  to  the  CPU  4a  through  the  bus  line  4g 
as  shown  in  Fig.  7. 

A  converted  vehicle  height  HM  used  in  the 
embodiment  is  now  described  based  on  Fig.  8. 

>.o  The  front  vehicle  height  sensors  H1L  and  H1R 
respectively  detect  the  distance  between  the  front 
wheel  and  the  vehicle  body,  and  output  one  of 
sixteen  digital  values  (1  through  16),  represented 
by  4-bit  data,  corresponding  to  the  current  vehicle 

?5  height.  If  wheels  bound  from  riding  over  a  bump, 
a  value  corresponding  to  the  low  position  or  the 
extra  low  position  of  the  vehicle  height  is  output- 
ted.  On  the  contrary,  if  the  wheels  rebound  from 
riding  through  a  dip,  a  value  corresponding  to  the 

jo  high  position  or  the  extra  high  position  of  the 
vehicle  height  is  outputted.  The  relationship 
between  the  output  value  of  the  vehicle  height 
sensor  and  the  converted  vehicle  height  is 
defined  as  shown  in  the  table  of  Fig.  8.  The  ECU  4 

35  converts  the  output  values  from  the  front  vehicle 
height  sensors  ML  and  H1R  to  the  converted 
values  HM  based  on  the  table  previously  stored  in 
the  ROM  4b.  The  subsequent  judgment  on  the 
vehicle  height  change  is  performed  based  on  the 

40  converted  vehicle  height  HM.  In  the  table,  the 
converted  values  HM  of  the  vehicle  height  near 
the  extra  high  position  or  the  extra  low  position 
are  defined  in  unequal  intervals  so  as  to  prevent 
bottoming-out  or  the  like. 

45  The  relationship  between  the  converted  vehicle 
height  and  the  detection  time  and  the  relationship 
between  the  converted  vehicle  height  and  each 
judgment  time  are  explained  based  on  Fig.  9.  In 
the  figure,  ts  is  a  time  interval  for  detecting  the 

so  vehicle  height  at  the  front  vehicle  height  sensors 
H1L  and  H1R  (8  msec,  in  this  embodiment),  and  t 
is  a  shock  judgment  time  period  for  judging  if 
there  is  a  shock  to  the  vehicle  by  means  of  the 
vehicle  height  values  which  are  detected  at  every 

55  time  interval  ts.  The  time  period  t  is  defined  as 
follows. 

t  =  ( n - 1 ) x t s   (D 

60  n:  the  number  of  the  detected  vehicle  height 
values  for  judging  a  shock  to  the  vehicle.  In  this 
embodiment,  n  is  equal  to  4,  and  t  is  set  to  a  time 
period  shorter  than  or  equal  to  a  cycle  time  of  the 
resonant  vibration  of  unsprung  mass.  The  time 

65  period  t  also  satisfies  the  inequality  (2). 

7 
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t  <  =  Tr  -  Ta  (2) 

Tr:  a  time  difference  between  the  front  wheels 
and  the  rear  wheels 

Ta:  a  time  period  for  altering  the  suspension 
iharacteristic 

The  time  difference  Tr  is  calculated  as  follows. 

Tr  =  WB/V  (3) 
WB:  wheelbase 
V:  vehicle  speed 

in  the  shock  control  of  this  embodiment,  the 
converted  value  h  of  the  maximum  vehicle  height 
change  is  computed  from  the  difference  between 
the  maximum  converted  vehicle  height  ha  and 
the  minimum  converted  vehicle  height  hb  for  the 
time  period  t.  If  the  maximum  change  value  h  is 
greater  than  or  equal  to  a  predetermined  ref- 
erence  value  HK1  forjudging  a  shock,  the  suspen- 
sion  characteristic  is  altered  from  "SPORT"  to 
"SOFT",  and  after  a  delay  time  interval  td  has 
elapsed,  the  suspension  characteristic  is  restored 
from  "SOFT"  to  "SPORT".  In  this  embodiment, 
the  shock  judgment  reference  value  HK1  is  equal 
to  5  (the  converted  value)  and  the  delay  time 
interval  td  is  2  sec. 

T1  is  a  vibration  judgment  time  period  for 
judging  if  there  is  a  vibration  on  the  vehicle  body, 
and  is  defined  as  equation  (4). 

T1  =  ( N 1 - 1 ) x t s   (4) 

N1:  the  number  of  the  detected  vehicle  height 
values  for  judging  the  vibration 

In  this  embodiment,  N1  is  equal  to  64  and  the 
time  period  T1  is  set  to  approximately  0-5  sec.  The 
time  period  T1  is  set  to  be  approximately  half  of 
the  cycle  time  (0.8  sec)  of  the  resonant  vibration 
(1.2  to  1.3  Hz)  of  sprung  mass. 

To  execute  the  vibration  control,  the  converted 
value  HI  of  the  maximum  vehicle  height  change  is 
first  computed,  as  shown  in  equation  (5),  from  the 
difference  between  the  maximum  converted 
vehicle  height  HH  and  the  minimum  converted 
vehicle  height  HL  for  the  time  period  T1. 

H1  =  HH  -  HL  (5) 

In  the  vibration  control  of  this  embodiment,  if 
the  converted  value  H1  of  the  maximum  vehicle 
height  change  is  greater  than  or  equal  to  a 
predetermined  reference  value  HK2  for  judging  a 
vibration,  the  suspension  characteristic  is  altered 
from  "SOFT"  to  "SPORT"  or  from  "SPORT"  to 
"HARD".  In  this  embodiment,  the  reference  value 
HK2  is  equal  to  11  (the  converted  value). 

In  the  vibration  control,  T2  is  a  restoration 
judgment  time  period  for  judging  if  the  suspen- 
sion  characteristic  is  to  be  restored,  and  is  defined 
as  equation  (6). 

T2  =  (N2  -  1)  x  ts  (6) 

N2:  the  number  of  the  detected  vehicle  height 

values  for  judging  the  restoration  of  the  suspen- 
sion  characteristic 

In  this  embodiment,  N2  is  equal  to  83  and  the 
time  period  T2  is  set  to  approximately  0.66  sec. 

5  The  time  period  T2  is  set  to  be  less  than  the  cycle 
time  (0.8  sec)  of  the  resonant  vibration  of  sprung 
mass. 

In  the  vibration  control,  to  restore  the  suspen- 
sion  characteristic,  the  converted  value  H2  of  the 

w  maximum  vehicle  height  change  is  first  com- 
puted,  as  shown  in  equation  (7),  from  the  differ- 

*  -  ence  between  the  maximum  converted  vehicle 
height  Hh  and  the  minimum  converted  vehicle 
height  HI  for  the  time  period  T2. 

15 
H2  =  Hh  -  HI  (7) 

In  the  vibration  control  of  this  embodiment,  if 
the  converted  value  H2  of  the  maximum  vehicle 

20  height  change  is  determined  more  than  three 
times  to  be  greater  than  or  equal  to  a  predeter- 
mined  reference  value  HK3  for  judging  the  resto- 
ration  of  the  suspension  characteristic,  the  sus- 
pension  characteristic  is  kept  in  the  "SPORT" 

25  state  or  is  restored  from  "HARD"  to  "SPORT".  In 
this  embodiment,  the  reference  value  HK3  is 
equal  to  8  (the  converted  value). 

The  vehicle  speed  responsiveness  of  the  sus- 
pension  control  adopted  in  this  embodiment  is 

30  explained  based  on  Fig.  10.  Fig.  10  is  a  table 
showing  the  relationship  between  the  vehicle 
speed  and  the  suspension  characteristic  in  the 
shock  control  and  in  the  vibration  control. 

In  the  shock  control,  while  the  vehicle  speed  V 
35  is  greater  than  or  equal  to  30  Km/h  and  less  than 

80  Km/h,  and  if  the  vehicle  rides  over  a  sporadic 
bump  or  through  a  sporadic  dip  in  the  road 
surface,  the  suspension  characteristic  is  set  to 
"SOFT",  but  on  the  contrary,  if  the  vehicle  runs  on 

40  a  plain  road  surface,  the  suspension  characteristic 
is  set  to  "SPORT". 

In  the  vibration  control,  while  it  is  determined 
that  the  vehicle  is  running  on  a  continuously 
rough  road,  and  if  the  vehicle  speed  is  less  than 

45  100  Km/h,  the  suspension  characteristic  is  set  to 
"SPORT",  but  if  the  speed  is  greater  than  or  equal 
to  100  Km/h,  the  suspension  characteristic  is  set 
to  "HARD".  On  the  other  hand,  when  it  is  deter- 
mined  that  the  vehicle  is  running  on  a  plain  road 

50  surface,  the  suspension  characteristic  is  always 
kept  in  "SPORT". 

The  relationship  between  the  suspension 
characteristic  and  the  start  and  end  conditions  of 
various  vehicle  attitude  controls  executed  in  this 

55  embodiment  is  shown  in  Figs.  11  A,  11B,  11C  and 
11D.  In  this  embodiment,  there  are  four  kinds  of 
vehicle  attitude  controls,  i.e.,  the  anti-roll  control, 
the  anti-squat  control,  the  anti-dive  control  and 
the  anti-shift-squat  control. 

60  In  the  anti-roll  control,  as  shown  in  Fig.  1  1  A,  the 
suspension  characteristic  is  altered  to  "HARD"  in 
response  to  the  steering  condition  so  as  to  reduce 
the  rolling  of  the  vehicle  body  during  cornering, 
and  after  that,  is  restored  to  "SPORT"  or  "SOFT". 

65  As  shown  in  the  map  of  Fig.  11B,  the  steering 
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ondition  is  divided  into  5  regions  based  on  the 
elationship  between  the  steering  angle  and  the 
'ehicle  speed.  The  map  of  Fig.  11  B  is  previously 
itored  in  the  ROM  4b.  The  anti-roll  control  is 
itarted  when  one  of  the  following  conditions  is 
:atisfied;  the  first  start  condition  is  that  the 
iteering  condition  is  changed  from  a  region  XO  to 
mother  region  X2  or  X3;  the  second  start  condi- 
ion  is  that  the  steering  condition  is  changed  to 
mother  region  X4  and  the  vehicle  speed  is 
jreater  than  or  equal  to  40  Km/h.  This  anti-roll 
;ontrol  is  concluded  when  one  of  the  following 
:onditions  is  satisfied;  the  first  end  condition  is 
hat  2  sec  has  elapsed  since  the  first  start  condi- 
ion  was  satisfied;  the  second  end  condition  is 
hat  2  sec  has  elapsed  since  the  steering  condition 
vas  changed  from  the  region  X3  to  either  of  the 
egions,  XO,  X1,  or  X2;  the  third  end  condition  is 
hat  2  sec  has  elapsed  since  the  vehicle  speed 
jecame  less  than  40  Km/h. 

In  the  anti-squat  control,  as  shown  in  Fig.  11  A, 
when  the  throttle  valve  opening  is  large,  the 
suspension  characteristic  is  altered  to  "HARD"  so 
as  to  reduce  the  squat  of  the  vehicle  body  during 
nitial  movement  of  the  vehicle,  and  after  that,  is 
•estored  to  "SPORT"  or  "SOFT".  A  predeter- 
mined  region  Y  for  the  throttle  valve  opening 
speed  is  defined  based  on  the  relationship 
Detween  the  vehicle  speed  and  the  time  for  the 
:hrottle  valve  opening  change,  as  shown  in  the 
map  of  Fig.  1  1C.  A  predetermined  region  Z  for  the 
■hrottle  valve  opening  is  defined  based  on  the 
relationship  between  the  vehicle  speed  and  the 
throttle  valve  opening,  as  shown  in  the  map  of 
Fig.  11D.  Both  the  maps  are  previously  stored  in 
the  ROM  4b.  The  anti-squat  control  is  started, 
when  one  of  the  following  conditions  is  satisfied; 
the  first  start  condition  is  that  the  throttle  valve 
opening  speed  is  in  the  region  Y;  the  second  start 
condition  is  that  the  throttle  valve  opening  is  in 
the  region  Z.  This  antisquat  control  is  concluded 
when  one  of  the  following  conditions  is  satisfied; 
the  first  end  condition  is  that  2  sec  has  elapsed 
since  the  first  start  condition  or  the  second  start 
condition  was  satisfied;  the  second  end  condition 
is  that  the  vehicle  speed  becomes  greater  than  or 
equal  to  30  Km/h. 

In  the  anti-dive  control,  as  shown  in  Fig.  11  A, 
when  the  vehicle  speed  is  equal  to  or  greater  than 
a  predetermined  value  and  when  the  brake  is 
applied,  the  suspension  characteristic  is  altered  to 
"HARD"  so  as  to  reduce  the  dive  of  the  vehicle 
body,  and  after  that,  is  restored  to  "SPORT"  or 
"SOFT".  The  anti-dive  control  is  started  when  the 
vehicle  speed  is  greater  than  or  equal  to  60  Km/h 
and  a  stoplamp  switch  is  turned  on.  This  anti-dive 
control  is  concluded  when  a  time  period  tc  (2  sec 
in  this  embodiment)  has  elapsed  since  the  stop- 
lamp  switch  was  turned  off. 

In  the  anti-shift-squat  control,  as  shown  in  Fig. 
11  A,  when  the  vehicle  speed  is  less  than  a 
predetermined  value  and  when  a  shift-lever  is 
operated,  the  suspension  characteristic  is  altered 
to  "HARD"  so  as  to  reduce  the  squat  of  the  vehicle 
body  caused  by  the  shift  operation  during  resting 

ot  tne  venicie,  ana  aner  max,  is  resioreu  io 
"SPORT"  or  "SOFT".  The  anti-shift-squat  control 
is  started,  when  the  vehicle  speed  is  less  than  10 
Km/h  and  the  neutral-start  switch  is  turned  on. 

>  This  anti-shift-squat  control  is  concluded  when 
the  vehicle  speed  becomes  15  Km/h  or  when  5  sec 
has  elapsed  since  the  neutral-start  switch  was 

.  turned  off. 
The  suspension  control  process  steps  executed 

o  by  the  aforementioned  ECU  4  is  explained  based 
on  the  flow  charts  of  Figs.  12A,  12B,  12C,  12D, 
12E,  12F,  12G,  12H  and  121.  The  program  enters 
the  suspension  control  routine  when  an  "AUTO" 
mode  of  a  suspension  control  device  is  selected 

5  by  a  driver.  This  routine  is  repeatedly  executed  at 
every  predetermined  time  interval.  The  outline  of 
the  routine  is  first  explained. 

(1)  If  the  start  condition  of  the  anti-dive  control 
described  above  is  satisfied,  the  suspension 

•o  characteristic  is  then  altered  to  "HARD"  with 
priority  to  commands  by  the  shock  control  and 
the  vibration  control,  (steps  109,  112,  114,  116, 
118,  120,  200,  202,  214,  216,  218,  220,  222,  224, 
226,  252,  254  and  256) 

»5  (2)  When  the  end  condition  of  the  anti-dive 
control  is  satisfied,  the  vibration  control  is 
executed  with  priority  to  the  shock  control.  In  the 
vibration  control,  the  vehicle  height  is  detected  at 
every  time  interval  ts,  the  maximum  vehicle 

?o  height  change  value  H1  for  the  vibration  judg- 
ment  time  period  T1  is  computed,  and  if  the  value 
H1  is  greater  than  or  equal  to  the  reference  value 
HK2,  the  suspension  characteristic  is  altered  to 
"SPORT"  or  "HARD"  in  response  to.  the  vehicle 

?5  speed,  (steps  102,  104,  106,  108,  109,  110,  122, 
126,  128,  152,  154,  156,  158,  160,  162,  164,  166, 
202,  204,  206,  208,  214,  216,  218,  220,  222,  224, 
226,  230,  232,  234,  236,  238,  240,  252,  254  and  256) 

(3)  In  the  vibration  control,  after  the  suspension 
40  characteristic  has  been  altered,  the  vehicle  height 

is  detected  at  every  time  interval  ts  and  the 
maximum  vehicle  height  change  value  H2  for  the 
restoration  judgment  time  period  T2  is  succes- 
sively  computed  three  times.  If  all  the  three  values 

45  H2  are  less  than  the  reference  value  HK3,  the 
suspension  characteristic  is  restored  to  "SPORT" 
and  the  vibration  control  is  concluded,  (steps  102, 
104,  106,  108,  109,  110,  112,  170,  172,  174,  176, 
178,  180,  182,  184,  186,  188,  190,  192,  200,  204, 

50  208,  210,  214,  216,  230,  232,  234,  236,  238,  240, 
252,  254  and  256) 

(4)  Unless  either  of  the  anti-dive  control  and  the 
vibration  control  is  being  executed,  the  shock 
control  is  performed.  In  the  shock  control,  the 

55  vehicle  height  is  detected  at  every  time  interval  ts, 
the  maximum  vehicle  height  change  value  h  for 
the  time  period  t  is  computed,  and,  when  the 
value  h  is  determined  to  be  greater  than  or  equal 
to  the  reference  value  HK1,  the  suspension 

60  characteristic  is  altered  to  "SOFT",  (steps  102, 
104,  106,  108,  109,  110,  112,  130,  132,  134,  136, 
138,  140,  142,  144,  200,  204,  210,  212,  214,  216, 
230,  242,  244,  246,  248,  250,  252,  254  and  256) 

(5)  In  the  shock  control,  after  the  suspension 
65  characteristic  has  been  altered  to  "SOFT",  if  the 
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maximum  value  h  is  less  than  the  reference  value 
HK1  throughout  the  delay  time  interval  td,  the 
suspension  characteristic  is  restored  to  "SPORT" 
and  the  shock  control  is  concluded,  (steps  102, 
104,  106,  108,  109,  110,  112,  130,  132,  134,  136, 
138,  146,  148,  200,  204,  208,  210,  214,  216,  230, 
232,  234,  238,  240,  252,  254  and  256). 

The  details  of  the  suspension  control  routine 
are  explained  hereinafter.  At  step  100  of  Fig.  12A, 
flags  F1,  F2,  F3,  F4,  F6  and  F7,  counters  C1,  C2,  C3, 
C4,  and  C5  and  timers  T1,  T2,  T3  and  T4  are  reset 
to  zero,  and  a  flag  F5  is  set  to  1  .  The  flag  F1  shows 
if  the  anti-dive  control  is  being  executed.  During 
the  anti-dive  control  operation,  F1  is  set  to  1.  The 
flag  F2  shows  if  the  vibration  control  is  being 
executed.  During  the  vibration  control  operation, 
F2  is  set  to  1.  The  flag  F3  shows  if  the  shock 
control  is  being  executed.  During  the  shock  con- 
trol  operation,  F3  is  set  to  1  .  The  flag  F4  shows  the 
target  of  the  suspension  characteristic.  When  the 
"HARD"  state  is  the  target,  F4  is  set  to  1.  The  flag 
F5  also  shows  the  target  of  the  suspension 
characteristic.  When  the  "SPORT"  state  is  the 
target,  F5  is  set  to  1  .  The  flag  F6  shows  the  current 
condition  of  the  suspension  characteristic.  When 
it  is  in  the  "HARD"  state,  F6  is  set  to  1  .  The  flag  F7 
also  shows  the  current  condition  of  the  suspen- 
sion  characteristic.  When  it  is  in  the  "SPORT" 
state,  F7  is  set  to  1.  The  counter  C1  counts  the 
number  of  vehicle  height  data  for  judging  a  shock 
to  the  vehicle  body  while  the  shock  control  is 
executed.  The  counters  C2,  C3,  C4  and  C5  are 
used  in  the  vibration,  control.  The  counter  C2 
counts  the  number  of  vehicle  height  data  for 
judging  a  vibration  on  the  vehicle  body.  The 
counter  C3  counts  the  number  of  vehicle  height 
data  forjudging  the  restoration  of  the  suspension 
characteristic.  The  counter  C4  counts  how  many 
times  the  maximum  vehicle  height  change  value 
H2  is  computed  for  the  time  period  T2.  The 
counter  C5  counts  how  many  times  the  value  H2 
becomes  less  than  the  reference  value  HK3.  The 
timer  T1  counts  the  time  interval  ts  for  detecting 
vehicle  height  values.  The  timer  T2  counts  a  time 
period  Tb  for  driving  the  actuators  for  the  altera- 
tion  of  the  suspension  characteristic.  The  timer  T3 
counts  the  delay  time  interval  td  in  the  shock 
control.  The  timer  T4  counts  an  elapsed  time  in 
the  anti-dive  control.  The  program  then  proceeds 
to  step  102  where  the  timer  T1  starts  counting, 
and  at  the  following  steps  104,  106  and  108,  the 
vehicle  height  is  detected  at  every  time  interval  ts 
as  the  aforementioned  converted  value  HM.  At 
step  109,  a  stop-lamp  switch  signal  is  detected. 

At  the  decision  point  110  of  Fig.  12B,  it  is 
determined  if  the  flag  F1  is  set  to  1.  In  this  case, 
since  F1  is  reset  to  zero  at  step  100,  the  program 
cycle  proceeds  to  the  decision  point  112  at  which 
it  is  determined  if  the  stop-lamp  switch  signal  is 
"ON".  The  following  is  an  explanation  of  events 
when  the  stop-lamp  switch  signal  has  been 
turned  "ON"  by  the  braking.  In  this  case,  the 
program  proceeds  to  the  decision  point  114  at 
which  the  vehicle  speed  V  is  compared  with  60 
Km/h.  If  V  is  greater  than  or  equal  to  60  Km/h, 

since  the  anti-dive  control  start  condition  is  satis- 
fied,  the  program  proceeds  to  step  1  16  where  the 
flag  F1  is  set  to  1. 

At  step  118,  the  flag  F3  is  reset  to  zero  in  order 
5  to  allow  the  anti-dive  control  to  have  the  priority 

to  the  shock  control,  and  the  timer  T3  is  stopped 
from  counting  and  is  reset.  The  timer  T4  starts 
counting  at  the  following  step  120. 

The  program  cycle  then  proceeds  to  step  130  of 
10  Fig.  12C  where  the  value  in  the  counter  C1  is 

increased  by  one.  The  value  in  the  counter  CI  is 
•  compared  with  the  number  .n  of  detected  vehicle 

height  values  at  the  decision  point  132.  If  C1  is 
less  than  n,  the  program  then  proceeds  to  the 

15  decision  point  146  at  which  the  value  in  the  timer 
T3  is  compared  with  the  delay  time  interval  td. 
Since  the  counting  of  the  timer  T3  is  stopped  at 
step  118  during  the  anti-dive  control  operation, 
the  value  in  the  timer  T3  is  less  than  td  and  the 

20  program  proceeds  to  the  decision  point  150  of 
Fig.  12D.  At  the  decision  point  150,  it  is  deter- 
mined  if  the  flag  F2  is  equal  to  1.  Since  F2  is  reset 
to  zero  at  step  100,  the  program  cycle  proceeds  to 
step  152  where  the  value  in  the  counter  C2  is 

25  increased  by  one.  At  the  following  decision  point 
154,  the  value  in  the  counter  C2  is  compared  with 
the  number  N1  of  the  detected  vehicle  height 
values.  If  the  value  in  the  counter  C2  is  less  than 
N1,  the  program  then  proceeds  to  the  decision 

30  point  200  of  Fig.  12G. 
At  the  decision  point  200,  it  is  confirmed,  based 

on  the  value  of  the  flag  F1,  that  the  anti-dive 
control  is  being  executed.  The  program  cycle  then 
proceeds  to  step  202  where  the  flag  F4  is  set  to  1 

35  and  the  flag  F5  is  reset  to  zero.  Namely,  the  target 
of  the  suspension  characteristic  is  set  to  the 
"HARD"  state.  At  the  following  steps  214,  216,  218 
and  220  of  Fig.  12H,  it  is  judged  that  the  suspen- 
sion  characteristic  alteration  actuators  A1L,  A1R, 

40  A2L  and  A2R  are  not  activated  and  that  the  target 
of  the  suspension  characteristic  is  the  "HARD" 
state  based  on  the  value  of  the  flag  F4,  it  then 
being  confirmed  that  the  current  suspension 
characteristic  is  in  the  "SPORT"  state  based  on 

45  the  values  of  the  flags  F6  and  F7.  The  program 
then  proceeds  to  step  222  where  the  suspension 
characteristic  is  altered  from  "SPORT"  to  "HARD" 
by  activating  the  actuators  AIL,  A1R,  A2L  and 
A2R.  At  step  224,  the  timer  T2  starts  counting,  the 

50  flag  F6  is  set  to  1  and  the  flag  F7  is  reset  to  zero. 
The  program  cycle  then  returns  to  the  decision 
point  104  of  Fig.  12A,  and  after  the  time  period  Tb 
for  driving  the  actuators  has  elapsed,  the  actu- 
ators  A1  L,  A1  R,  A2L  and  A2R  are  stopped  at  steps 

55  214,  252,  254  and  256  of  Fig.  12H. 
The  program  cycle  again  returns  to  the  decision 

point  104  of  Fig.  12A.  When  the  brake  is  released, 
the  stop-lamp  switch  signal  becomes  "OFF". 
When  the  prescribed  time  period  tc  (2  sec  in  this 

60  embodiment)  has  elapsed  after  the  signal  became 
"OFF",  the  anti-dive  control  end  condition  is 
satisfied,  thus  the  flag  F1  is  reset  to  zero  (step  109 
of  Fig.  12A  and  steps  110,  122,  126  and  128  of  Fig. 
12B).  The  program  cycle  then  proceeds  to  steps 

65  200,  204,  210,  208  of  Fig.  12G  where  the  flag  F5  is 

10 
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;et  to  1  so  as  to  set  the  target  of  the  suspension 
:haracteristic  to  the  "SPORT"  state.  At  the  follow- 
ng  step  214  of  Fig.  12H,  it  is  determined  that  the 
imer  T2  is  reset  to  zero  and  the  program  proceeds 
o  the  decision  point  216.  In  this  case,  since  the 
arget  of  the  suspension  characteristic  is  set  to  the 
'SPORT"  state  and  the  flag  F4  is  reset  to  zero  at 
itep208of  Fig.  12G,  the  program  then  proceeds  to 
he  decision  point  230  of  Fig.  121.  At  the  decision 
>oint  230,  it  is  confirmed  that  the  target  of  the 
luspension  characteristic  is  in  the  "SPORT"  state, 
ind  at  the  decision  points  232  and  234,  it  is 
;onfirmed  based  on  the  values  of  the  flags  F6  and 
7  that  the  current  suspension  characteristic  is  in 
he  "HARD"  state.  The  program  then  proceeds  to 
step  236  where  the  suspension  characteristic  is 
iltered  from  "HARD"  to  "SPORT"  by  activating  the 
actuators  A1  L,  A1  R,  A2L  and  A2R,  and  at  step  238, 
he  timer  T2  starts  counting,  the  flag  F6  then  being 
■eset  to  zero  and  the  flag  F7  being  set  to  1.  The 
jrogram  cycle  then  once  returns  to  the  decision 
joint  104  of  Fig.  12A,  and  after  the  time  period  Tb 
las  elapsed,  the  actuators  A1  L,  A1  R,  A2L  and  A2R 
are  stopped  at  steps  214,  252,  254  and  256  of  Fig. 
I2H  and  the  anti-dive  control  is  concluded. 

Unless  the  anti-dive  control  is  being  executed, 
:he  vibration  control  is  executed  with  priority  to 
:he  shock  control.  Process  steps  for  the  shock 
;ontrol  routine  are  as  follows.  The  vehicle  height  is 
detected  at  every  time  interval  ts  as  the  converted 
/ehicle  height  HM,  and  according  to  the  detection 
Df  the  vehicle  height,  the  counter  C2  is  increased 
Dy  one.  This  detection  of  the  vehicle  height  is 
repeatedly  executed  until  the  value  in  the  counter 
Z2  becomes  equal  to  the  number  N1  of  the 
detected  vehicle  height  values  (steps  104,  106,  108 
and  109  of  Fig.  12A,  steps  110  and  112  of  Fig.  12B 
and  steps  150,  152  and  154  of  Fig.  12D).  When  the 
^alue  C2  becomes  equal  to  N1,the  program  cycle 
proceeds  to  step  156  of  Fig.  1  2D  where  the  counter 
C2  is  reset  to  zero.  At  the  following  step  158,  the 
difference  H1  between  the  maximum  and  mini- 
mum  vehicle  height  converted  values  for  the  time 
period  T1  is  computed,  and  the  difference  H1  is 
compared  with  the  reference  value  HK2  at  the 
decision  point  160.  If  the  difference  H1  is  less  than 
Hk2,  the  suspension  characteristic  is  kept  in  the 
"SPORT"  state  as  mentioned  above.  On  the  other 
hand,  if  H1  is  greater  than  or  equal  to  HK2,  it  is 
judged  that  a  vehicle  is  running  on  a  continuously 
rough  road.  The  program  then  proceeds  to  the 
decision  point  162  at  which  the  vehicle  speed  V  is 
compared  with  40  Km/h.  If  V  is  greater  than  or 
equal  to  40Km/h,  the  program  proceeds  to  steps 
164  and  166  where  the  flag  F2  is  set  to  1,  the  flag  F3 
reset  to  zero  and  the  timer  T3  reset.  In  this  case,  the 
vibration  control  is  executed  with  preference  to  the 
shock  control. 

The  prog  ram  cycle  then  proceeds  to  the  decision 
point  200  of  Fig.  12G  where  it  is  determined  if  the 
flag  F1  is  equal  to  1  and  then  to  the  decision  point 
204  where  it  is  determined  if  the  flag  F2  is  equal  to 
1  .  At  the  decision  point  206,  the  vehicle  speed  V  is 
compared  with  100  Km/h.  If  V  is  equal  to  or  greater 
than  100  Km/h,  the  flag  F4  is  set  to  1  at  step  202  so 

as  to  set  tne  target  suspension  cnaraciensuc  10  ine 
"HARD"  state.  On  the  contrary  if  V  is  less  than  100 
Km/h,  the  flag  F5  is  set  to  1  at  step  208  so  as  to  set 
the  target  suspension  characteristic  to  the 

J  "SPORT"  state.  When  the  target  suspension 
characteristic  is  "HARD",  as  described  above,  the 
actuators  A1L,  A1R,  A2L  and  A2R  are  activated  to 
alter  the  suspension  characteristic  to  "HARD"  and 
the  flag  F6  is  set  to  1  at  steps  21  4,  21  6,  21  8,  220,  222, 

0  224,  252,  254  and  256  of  Fig.  12H.  On  the  other 
hand,  when  the  target  suspension  characteristic  is 
"SPORT",  as  described  above,  the  actuators  A1L, 
A1R,  A2L  and  A2R  are-  activated  to  alter  the 
suspension  characteristic  to  "SPORT"  and  the  flag 

5  F7  is  set  to  1  at  steps  214,  216,  230,  232,  252,  254 
and  256  of  Fig.  12H. 

The  program  cycle  then  returns  to  steps  104, 
106,  108  and  109  of  Fig.  12A  and  steps  110  and  112 
of  Fig.  12B  and  proceeds  to  steps  170  and  172  of 

;o  Fig.  12E  where  the  vehicle  height  is  detected  at 
every  predetermined  time  interval  ts  until  the 
value  in  the  counter  C3  becomes  equal  to  the 
number  N2  of  the  detected  vehicle  height  values. 
When  C3  becomes  equal  to  N2,  the  counter  C3  is 

>.s  reset  to  zero  at  step  174  and  the  difference  H2 
between  the  maximum  and  minimum  vehicle 
height  converted  values  for  the  time  period  T2  is 
computed  at  step  176.  The  difference  H2  is  com- 
pared  with  the  reference  value  HK3  at  the  decision 

?o  point  178.  If  H2  is  less  than  HK3,  the  value  in  the 
counter  C5  is  increased  by  one  at  step  180.  The 
computation  of  H2  and  the  comparison  between 
H2  and  HK3  are  executed  three  times  successively 
atsteps182and  184  of  Fig.  12E  and  step  186  of  Fig. 

?5  12F.  When  the  value  in  the  counter  C5  becomes  3,  ( 
i.e.,  when  the  difference  H2  is  determined  three 
times  successively  to  be  less  than  the  reference 
value  HK3),  it  is  judged  that  the  vehicle  is  now  not 
running  on  the  continuously  rough  road  but  on  a 

to  flat  surface  of  the  road.  Thus,  the  flag  F2  is  reset  to 
zero  so  as  to  conclude  the  vibration  control  (steps 
188,  190  and  192).  The  program  cycle  then  pro- 
ceeds  to  the  decision  points  200,  204  and  210  of 
Fig.  12G.  When  the  shock  control  is  not  being 

45  executed,  at  the  decision  point  210,  it  is  deter- 
mined  that  the  flag  F3  is  not  equal  to  1,  and  the 
program  proceeds  to  step  208  where  the  flag  F5  is 
set  to  1  so  as  to  set  the  target  suspension 
characteristic  to  the  "SPORT"  state.  The  program 

so  cycle  proceeds  to  steps  214  and  216  of  Fig.  12H, 
and  since  the  flag  F5  is  set  to  1,  then  proceeds  to 
step  230  of  Fig.  121.  After  steps  230,  232  and  234 
have  been  executed,  the  program  cycle  proceeds 
to  step  236  where  the  actuators  A1  L,  A1  R,  A2L  and 

55  A2R  are  activated  to  alter  the  suspension  charac- 
teristic  to  "SPORT",  and  then  proceeds  to  step  238 
where  the  flag  F7  is  set  to  1  .  After  that,  the  prog  ram 
proceeds  to  steps  252,  254  and  256  where  the 
actuators  are  stopped  and  the  vibration  control  is 

60  concluded. 
When  neither  the  anti-dive  control  nor  the 

vibration  control  is  being  executed,  the  shock 
control  is  executed. 

The  vehicle  height  is  detected  at  every  time 
65  interval  ts  as  the  converted  vehicle  height  HM,  and 
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the  counter  C1  is  increased  by  one  according  to 
the  detection  of  the  vehicle  height.  These  process 
steps  are  repeatedly  executed  until  the  value  in 
the  counter  CI  becomes  equal  to  the  number  n  of 
the  detected  vehicle  height  values  (steps  104,  106, 
108  and  109  of  Fig.  12A,  steps  110  and  112  of  Fig. 
12B  and  steps  130  and  132  of  Fig.  12C).  When  CI 
becomes  equal  to  n,  the  program  cycle  proceeds 
to  step  134  of  Fig.  12C  where  the  counter  C1  is 
reset  to  zero.  At  step  136,  the  difference  h 
between  the  maximum  converted  vehicle  height 
and  the  minimum  converted  vehicle  height  for  the 
time  period  t  is  computed. 

The  program  then  proceeds  to  the  decision 
point  138  where  the  difference  h  is  compared  with 
the  reference  value  HK1.  If  h  is  less  than  HK1,  as 
described  above,  the  suspension  characteristic  is 
retained  in  the  "SPORT"  state.  If  h  is,  however, 
greater  than  or  equal  to  HK1,  it  is  judged  that  the 
road  surface  has  a  large  dip  or  bump.  In  this  case, 
the  program  proceeds  to  the  decision  point  140  at 
which  it  is  determined  if  the  vehicle  speed  V  is 
greater  than  or  equal  to  30  Km/h  and  is  less  than 
or  equal  to  80  Km/h.  If  the  answer  is  yes  and  the 
vibration  control  described  above  is  not  being 
executed,  the  flag  F3  is  set  to  1  and  the  timer  T3 
starts  counting  at  step  144. 

The  program  cycle  proceeds  to  the  decision 
points  200,  204  and  210  of  Fig.  12G  where  the 
values  in  the  flags  F1,  F2  and  F3  are  compared 
with  1.  Since  the  flag  F3  is  equal  to  1,the  program 
proceeds  to  step  212  where  the  flags  F4  and  F5 
are  reset  to  zero  so  as  to  set  the  target  suspension 
characteristic  to  "SOFT".  The  program  passes 
through  steps  214  and  216  of  Fig.  12H  and  steps 
230  and  242  of  Fig.  121  and  proceeds  to  the 
decision  point  248  at  which  it  is  determined  that 
the  flag  F7  is  equal  to  1.  At  step  250,  the  actuators 
A1L,  A1R,  A2L  and  A2R  are  activated  to  alter  the 
suspension  characteristic  to  "SOFT",  and  at  step 
246,  the  flags  F6  and  F7  are  reset  to  zero.  The 
program  cycle  then  proceeds  to  steps  252,  254 
and  256  of  Fig.  12H  where  the  actuators  are 
stopped. 

The  program  then  returns  to  step  104  and 
passes  through  steps  106,  108  and  109  of  Fig.  12A, 
steps  110  and  112  of  Fig.  12B  and  steps  130,  132, 
134,  136,  138,  146  and  148  of  Fig.  12C.  At  these 
steps,  the  vehicle  height  is  repeatedly  detected, 
and  when  the  above-mentioned  difference  h  does 
not  exceed  the  reference  value  HK1  and  when  the 
delay  time  interval  td  elapses,  it  is  determined 
that  the  vehicle  has  already  ridden  over  the  bump 
or  through  the  dip.  The  flag  F3  is  then  reset  to  zero 
and  the'timer  T3  is  stopped  from  counting. 

After  that,  at  the  decision  points  200,  204  and 
210,  the  values  in  the  flags  F1,  F2  and  F3  are 
compared  with  1.  Since  all  three  flags  are  equal  to 
zero,  the  program  cycle  proceeds  to  step  208 
where  the  flag  F5  is  set  to  1  so  as  to  set  the  target 
suspension  characteristic  to  "SPORT".  In  this 
case,  as  described  above,  the  actuators  A1L,  AIR, 
A2L  and  A2R  are  activated  to  restore  the  suspen- 
sion  characteristic  to  "SPORT"  and  the  flag  F7  is 
set  to  1  (steps  214  and  216  of  Fig.  12H,  steps  230, 

232,  234,  240  and  238  of  Fig.  121  and  steps  252, 
254  and  256  of  Fig.  12H).  The  shock  control  is  then 
concluded.  This  suspension  control  routine 
described  above  is  repeatedly  executed  at  every 

5  predetermined  time  interval. 
In  the  suspension  control  routine  of  this 

embodiment,  the  anti-dive  control  is  explained. 
This  is,  however,  only  an  example  and  anti-roll 
control,  anti-squat  control  and  anti-shift-squat 

10  control  can  be  executed  in  the  same  manner  as 
the  anti-dive  control  by  setting  or  resetting  flags 

-  for  indicating  the  start  and  end  conditions  of  each 
control. 

One  example  of  the  control  timing  of  this 
is  suspension  control  routine  is  described  in  accord- 

ance  with  Figs.  13  and  14A,  14B,  14C,  14D  and 
14E.  Fig.  13  illustrates  that  a  front  wheel  W1R  (or 
W1L)  of  an  automobile  AM  is  passing  through  a 
sporadic  irregularity  IR1  of  a  road  surface  RS 

20  while  running  at  a  speed  V.  Figs.  14A,  14B,  14C, 
14D  and  14E  are  timing  charts  which  respectively 
show  the  output  of  the  front  vehicle  height  sensor 
H1R  (or  H1L),  the  stop-lamp  switch  signal,  driving 
current  for  the  suspension  characteristic  altera- 

25  tion  actuators  (A1R,  A1L,  A2R  and  A2L),  the 
change  of  the  suspension  characteristic  and  the 
change  of  the  vehicle  speed  each  against  the 
elapsed  time  under  the  condition  of  Fig.  13. 

In  Fig.  14,  t1  is  a  time  point  at  which  the  front 
30  wheel  W1R  (or  W1L)  starts  to  pass  through  the 

irregularity  IR1  after  running  on  a  flat  part  of  the 
road  surface  RS  as  shown  in  Fig.  13.  Afterthetime 
point  t1  ,  the  vehicle  height  detected  from  the  front 
vehicle  height  sensor  H1R  (or  H1L)  fluctuates 

35  largely  for  a  short  time  period.  The  vehicle  height 
is  detected  at  every  time  interval  ts  from  the  time 
point  t1  and  is  converted  into  the  converted 
vehicle  height  HM.  At  a  time  point  t2  after  the  time 
interval  t  has  elapsed  since  the  time  point  t1,  the 

40  converted  value  h  of  the  maximum  vehicle  height 
change  (6  in  this  embodiment)  is  compared  with 
the  reference  value  HK1  (5  in  this  embodiment)  by 
the  ECU  4.  The  converted  value  h  is  a  difference 
between  the  maximum  converted  vehicle  height 

45  (19  in  this  embodiment)  and  the  minimum  con- 
verted  vehicle  height  (13  in  this  embodiment). 
Since  h  (6)  is  greater  than  HK1  (5),  at  the  time 
point  T2,  the  shock  control  is  started.  Namely,  the 
ECU  4  outputs  a  control  signal  to  the  suspension 

so  characteristic  alteration  actuators  A1R,  A1L,  A2R 
and  A2L  As  a  result,  the  actuators  A1R,  A1L,  A2R 
and  A2L  are  activated  to  connect  the  main  air 
chambers  S1Ra,  S1La,  S2Ra  and  S2La  of  the  air 
suspensions  SIR,  S1L,  S2R  and  S2L  with  the 

55  auxiliary  air  chambers  S1Rb,  S1Lb,  S2Rb  and 
S2Lb  thereof  by  means  of  large-diameter 
passages  so  as  to  lower  the  spring  constants  of 
the  air  springs,  thus  altering  the  suspension 
characteristic  from  "SPORT"  to  "SOFT".  The 

so  alteration  of  the  suspension  characteristic  is 
accomplished  at  a  time  point  t3  after  a  time  period 
Ta,  required  for  altering  the  suspension  charac- 
teristic,  has  elapsed  since  the  time  point  t2.  The 
current  for  driving  the  actuators  A1R,  A1L,  A2R 

55  and  A2L  is  supplied  until  a  time  point  t4  after  a 

12 
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time  period  Tb  has  elapsed  since  the  time  point 
t2.  Tb  is  a  time  period  for  driving  the  actuators  for 
the  alteration  of  the  suspension  characteristic.  By 
executing  the  shock  control,  a  shock  to  the  vehicle 
body  caused  by  the  rear  wheel  W2R  (or  W2L) 
passing  through  the  irregularity  IR1  can  be 
reduced.  At  a  time  point  t5  after  the  delay  time 
interval  td  for  restoring  the  suspension  charac- 
teristic  has  elapsed  since  the  time  point  t2,  the 
rear  wheel  W2R  (or  W2L)  has  also  passed  through 
the  irregularity  IR1  and  again  runs  on  the  flat  part 
of  the  road  surface  RS.  For  a  time  period  between 
the  time  point  t2  and  the  time  point  t5,  the  outputs 
of  the  front  vehicle  height  sensor  H1R  (or  H1L) 
scarcely  fluctuate.  Thus,  at  the  time  point  t5,  the 
ECU  4  outputs  a  control  signal  to  the  suspension 
characteristic  alteration  actuators  A1R,  AIL,  A2R 
and  A2L.  As  a  result,  the  actuators  A1  R,  A1  L,  A2R 
and  A2L  are  activated  to  connect  the  main  air 
chambers  S1Ra,  S1La,  S2Ra  and  S2La  of  the  air 
suspensions  S1R,  S1L,  S2R  and  S2L  with  the 
auxiliary  air  chambers  SIRb,  S1Lb,  S2Rb  and 
S2Lb  thereof  by  means  of  small-diameter 
passages  so  as  to  restore  the  spring  constants  of 
the  air  springs,  thus  restoring  the  suspension 
characteristic  from  "SOFT"  to  "SPORT"  for  cruis- 
ing.  The  alteration  of  the  suspension  characteris- 
tic  is  accomplished  at  a  time  point  t6  after  the  time 
period  Ta  has  elapsed  since  the  time  point  t5.  The 
current  for  driving  the  actuators  A1R,  A1L,  A2R 
and  A2L  is  supplied  until  a  time  point  t7  after  the 
time  period  Tb  has  elapsed  since  the  time  point 
t5. 

At  a  time  point  t8,  the  front  wheel  W1  R  (or  W1  L) 
of  the  automobile  AM  starts  to  pass  through 
another  sporadic  irregularity  IR2  of  the  road 
surface  RS.  At  a  time  point  t9  after  the  time 
interval  t  has  elapsed  since  the  time  point  t8,  the 
converted  value  h  of  the  maximum  vehicle  height 
change  (5  in  this  embodiment)  is  compared  with 
the  reference  value  HK1  (5  in  this  embodiment)  by 
the  ECU  4.  The  converted  value  h  is  a  difference 
between  the  maximum  converted  vehicle  height 
(18  in  this  embodiment)  and  the  minimum  value 
(13  in  this  embodiment).  Since  h  is  equal  to  HK1, 
at  the  time  point  t9,  the  shock  control  is  again 
started.  Namely,  at  a  time  point  t10  after  the  time 
period  Ta  has  elapsed  since  the  time  point  t9,  the 
suspension  characteristic  is  altered  from 
"SPORT"  to  "SOFT"  in  the  same  manner  as 
described  above,  The  current  for  driving  the 
actuators  is  supplied  until  a  time  point  t11. 

At  a  time  point  t12,  the  front  wheel  W1R  (or 
W1L)  of  the  automobile  AM  starts  to  move  on  a 
continuously  rough  road  CR.  At  a  time  point  t13 
after  the  vibration  judgment  time  period  T1  has 
elapsed  since  the  time  point  t12,  the  converted 
value  HI  of  the  maximum  vehicle  height  change 
(11  in  this  embodiment)  is  compared  with  the 
reference  value  HK2  (11  in  this  embodiment)  by 
the  ECU  4.  The  converted  value  H1  is  a  difference 
between  the  maximum  converted  vehicle  height 
(21  in  this  embodiment)  and  the  minimum  value 
(10  in  this  embodiment).  Since  H1  is  equal  to  HK2, 
at  the  time  point  t13,  the  vibration  control  is 

started  with  priority  to  the  shock  control  which 
has  been  already  started.  Namely,  at  the  time 
point  t1  3,  the  ECU  4  outputs  a  control  signal  to  the 
suspension  characteristic  alteration  actuators 

5  A1R,  A1  L,  A2R  and  A2L.  As  a  result,  the  actuators 
A1R,  AIL,  A2R  and  A2L  are  activated  in  the  same 
manner  as  described  above  so  as  to  alter  the 
suspension  characteristic  from  "SOFT"  to 
"SPORT"  for  cruising.  The  alteration  of  the  sus- 

10  pension  characteristic  is  accomplished  at  a  time 
point  t14  after  the  time  period  Ta  has  elapsed 
since  the  time  point  t13.  The  current  for  driving 
the  actuators  A1R,  A1L,  A2R  and  A2L  is  supplied 
until  a  time  point  t15  after  the  time  period  Tb  has 

15  elapsed  since  the  time  point  t13.  The  maximum 
vehicle  height  change  value  H2  for  a  time  period 
between  the  time  points  t13  and  t16,  the  maxi- 
mum  value  H3  for  a  time  period  between  t16  and 
t18  and  the  maximum  value  H4  for  a  time  period 

zo  between  t18  and  t19  are  all  greater  than  or  equal 
to  the  reference  value  HK3.  Because  of  this,  it  is 
judged  that  the  vibration  remains  and  that  the 
vehicle  is  still  moving  on  the  continuously  rough 
road,  thus  the  suspension  characteristic  is  not 

25  restored.  Here,  t16,  t18  and  t19  respectively  show 
a  time  point  after  the  restoration  judgment  time 
period  T2  has  elapsed  since  the  time  point  t13,  t16 
and  t18.  Although  the  maximum  value  h,  for  a 
time  period  between  t16  and  t17  after  t  has 

30  elapsed  since  t16,  is  greater  than  or  equal  to  the 
reference  value  HK1,  since  the  vibration  control  is 
executed  with  priority  to  the  shock  control,  the 
suspension  characteristic  is  not  altered  at  the  time 
point  t17  but  remains  in  "SPORT". 

35  While  the  automobile  AM  is  moving  on  the 
continuously  rough  road  CR,  at  a  time  point  t20 
the  driver  applies  the  brake  to  reduce  the  vehicle 
speed  so  that  the  stop-lamp  switch  is  turned 
"ON".  Since  the  vehicle  speed  is  70  Km/h  at  the 

40  time  point  t20,  the  anti-dive  control  (one  of  the 
attitude  control)  is  started  with  priority  to  the 
vibration  control.  Namely,  at  the  time  point  t20, 
the  ECU  4  outputs  a  control  signal  to  the  suspen- 
sion  characteristic  alteration  actuators  A1R,  A1L, 

45  A2R  and  A2L.  As  a  result,  the  actuators  A1  R,  A1  L, 
A2R  and  A2L  are  activated  in  the  same  manner  as 
described  above  so  as  to  alter  the  suspension 
characteristic  from  "SPORT"  to  "HARD".  The 
alteration  of  the  suspension  characteristic  is 

so  accomplished  at  a  time  point  t21  after  the  time 
period  Ta  has  elapsed  since  the  time  point  t20. 
The  current  for  driving  the  actuators  A1R,  A1L, 
A2R  and  A2L  is  supplied  until  a  time  point  t22 
after  the  time  period  Tb  has  elapsed  since  the 

55  time  point  t20.  Since  the  suspension  characteris- 
tic  is  altered  to  the  hardest  state,  the  dive  of  the 
vehicle  body  is  reduced.  At  a  time  point  t23,  the 
driver  stops  the  braking  action  so  that  the  stop- 
lamp  switch  is  turned  "OFF".  At  a  time  point  t24 

60  after  the  time  period  tc  has  elapsed  since  the  time 
point  t23,  the  ECU  4  outputs  a  control  signal  to  the 
suspension  characteristic  alteration  actuators 
A1  R,  A1  L,  A2R  and  A2L.  As  a  result,  the  actuators 
A1R,  A1L,  A2R  and  A2L  are  activated  in  the  same 

55  manner  as  described  above  so  as  to  restore  the 

13 
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suspension  characteristic  from  "HARD"  to 
"SPORT".  The  alteration  of  the  suspension 
characteristic  is  accomplished  at  a  time  point  t25 
after  the  time  period  Ta  has  elapsed  since  the 
time  point  t24.  The  current  for  driving  the  actu- 
ators  A1R,  A1L,  A2R  and  A2L  is  supplied  until  a 
time  point  t26  after  the  time  period  Tb  has 
elapsed  since  the  time  point  t24,  when  the 
attitude  control  is  concluded. 

In  case  that  the  vibration  control  continues  from 
the  time  point  t13,  the  maximum  vehicle  height 
change  value  H5  for  a  time  period  between  the 
time  points  t27  and  t28,  the  maximum  change 
value  H6  for  a  time  period  between  t28  and  t29 
and  the  maximum  change  value  H7  for  a  time 
period  between  t29  and  t30  are  all  less  than  the 
reference  value  HK3.  Because  of  this,  at  the  time 
point  t30,  it  is  judged  that  the  vibration  has 
subsided  and  that  the  vehicle  has  passed  through 
the  continuously  rough  road  and  now  is  running 
on  a  plain  road  surface,  thus  the  vibration  control 
is  concluded  and  the  suspension  characteristic  is 
retained  in  "SPORT"  for  cruising. 

As  described  above  in  detail,  the  vibration 
control  is  executed  with  priority  to  the  shock 
control  and  the  attitude  control  with  priority  to  the 
vibration  control. 

In  this  embodiment,  the  right  front  vehicle 
height  sensor  H1R,  the  left  front  vehicle  height 
sensor  H1  L,  the  stop-lamp  switch  SE1,  the  throttle 
position  sensor  SE3,  the  steering  sensor  SE4,  the 
speed  sensor  SE5,  the  ECU  4  and  the  process 
steps  108  and  109  executed  by  the  ECU  4  function 
as  the  vehicle  attitude  detection  means  M1.  The 
right  front  air  suspension  S1R,  the  left  front  air 
suspension  S1L,  the  right  rear  air  suspension 
S2R,  the  left  rear  air  suspension  S2L,  the  suspen- 
sion  characteristic  alteration  actuators  A1R,  A1L, 
A2R  and  A2L,  the  ECU  4  function  as  the  suspen- 
sion  characteristic  alteration  means  M2.  The  ECU 
4  and  the  process  steps  112,  114,  116,  120,  122, 
124,  126,  128,  130,  132,  134,  136,  138,  140,  144, 
146,  148,  152,  154,  156,  158,  160,  162,  164,  170, 
172,  174,  176,  178,  180,  182,  184,  186,  188,  190, 
192,  194,  202,  206,  208,  212,  214,  216,  218,  220, 
222,  224,  226,  230,  232,  234,  236,  238,  240,  242, 
244,  246,  248,  250,  252,  254  and  256  executed  by 
the  ECU  4  function  as  the  control  means  M3.  The 
ECU  4  and  the  process  steps  118,  142,  150,  200, 
204  and  210  executed  by  the  ECU  4  function  as  the 
preference  means  M4. 

As  described  above  in  detail,  in  this  embodi- 
ment,  the  control  means  M3  includes  three  differ- 
ent  control  sections,  i.e.,  the  shock  control  sec- 
tion,  the  vibration  control  section  and  the  attitude 
control  section,  in  the  shock  control,  when  the 
converted  value  h  of  the  maximum  vehicle  height 
change  for  the  shock  judgment  time  period  t  is 
greater  than  or  equal  to  the  reference  value  HK1, 
the  suspension  characteristic  is  altered  to 
"SOFT".  Here,  the  converted  value  h  is  computed 
based  on  the  vehicle  height  detected  by  the  front 
vehicle  height  sensor  H1R  (or  H1L)  at  every  time 
interval  ts.  In  the  vibration  control,  when  the 
converted  value  H1  of  the  maximum  vehicle 

height  change  for  the  vibration  judgment  time 
period  T1  is  greater  than  or  equal  to  the  reference 
value  HK2,  the  suspension  characteristic  is  altered 
to  "SPORT"  or  to  "HARD"  in  response  to  the 

5  vehicle  speed.  In  the  attitude  control,  when  the 
driving  condition  detected  from  the  neutral-start 
switch  SE1,  the  stop-lamp  switch  SE2,  the  throttle 
position  sensor  SE3,  the  steering  sensor  SE4  and 
the  speed  sensor  SE5  satisfies  a  predetermined 

io  condition,  the  suspension  characteristic  is  altered 
to  "HARD".  In  these  controls,  the  vibration  control 

"  is  executed  with  priority  to  the  shock  control  and 
the  attitude  control  with  priority  to  the  vibration 
control.  As  a  result,  even  when  the  vehicle  runs 

is  on  the  continuously  rough  road,  the  suspension 
characteristic  is  altered  to  "HARD"  by  executing 
the  attitude  control  preferentially  so  as  to  reduce 
the  squat  or  dive  of  the  vehicle  body  caused  by 
abrupt  starting,  braking  or  acceleration  of  the 

20  vehicle,  and  the  rolling  of  the  body  caused  by  the 
large  steering  deviation.  Thus,  the  abrupt  change 
of  the  vehicle  attitude  can  be  prevented  so  that 
good  control  and  high  stability  of  the  vehicle  can 
be  maintained. 

25  When  the  vehicle  runs  on  the  continuously 
rough  road  under  the  driving  condition  which 
does  not  cause  the  abrupt  change  of  the  vehicle 
attitude,  the  vibration  control  is  executed  prefe- 
rentially  and  the  suspension  characteristic  is 

30  altered  to  "SPORT"  or  to  "HARD"  in  response  to 
the  vehicle  speed  so  as  to  reduce  the  vibration 
having  the  cycle  time  near  the  resonant  vibration 
of  sprung  mass  (1.2  to  1.3  (Hz)).  As  a  result,  for 
example,  the  pitching  or  the  bouncing  of  the 

35  vehicle  can  be  quickly  stopped  so  as  to  improve 
the  riding  comfort  and  to  keep  good  control  and 
high  stability.  In  the  vibration  control,  the  vibra- 
tion  judgment  time  period  T1  is  different  from  the 
restoration  judgment  time  period  T2,  and  the 

40  reference  value  HK2  for  judging  a  vibration  differs 
from  the  reference  value  HK3  for  judging  the 
restoration.  Namely,  the  vibration  control  is 
started  when  a  vibration  having  a  large  amplitude 
and  a  short  cycle  time  is  detected,  and  is  stopped 

45  when  a  vibration  having  a  small  amplitude  and  a 
long  cycle  time  is  detected.  Thus,  the  hunting 
caused  by  this  control  can  be  prevented  and 
moreover  the  control  for  damping  the  vibration  of 
the  vehicle  body  can  be  continuously  executed 

so  while  running  on  the  continuously  rough  road. 
When  the  vehicle  rides  over  a  sporadic  bump  or 

through  a  sporadic  dip  in  the  road  surface  under 
the  condition  which  does  not  cause  the  abrupt 
change  of  the  vehicle  attitude,  the  shock  control  is 

55  executed  and  the  suspension  characteristic  is 
altered  to  "SOFT"  so  as  to  reduce  the  shock  to  the 
vehicle  body,  thus  improving  the  riding  comfort. 
In  the  shock  control,  the  altered  suspension 
characteristic  is  restored  to  "SPORT"  after  the 

60  delay  time  interval  td  has  elapsed.  If,  however,  the 
vehicle  height  change  greater  than  the  reference 
value  HK1  is  detected  again  before  the  delay  time 
interval  td  elapses,  the  interval  td  is  recounted 
from  that  time  point.  Thus,  the  unnecessary 

65  alteration  of  the  suspension  characteristic,  (e.g., 
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hat  the  suspension  characteristic  is  again  altered 
rom  "SOFT"  to  "SPORT"  immediately  after 
witching  from  "SPORT"  to  "SOFT"),  can  be 
jrevented.  As  a  result,  reliability  and  durability  of 
he  actuators  A1R,  A1L,  A2R  and  A2L  and  the  air 
suspensions  S1R,  S1L,  S2R  and  S2L  are  remark- 
jbly  improved.  Furthermore,  since  the  suspen- 
sion  characteristic  is  retained  in  "SOFT"  for  a  time 
jeriod  necessary  for  damping  the  vibration,  good 
:ontrol  and  high  stability  can  be  maintained. 

Examples  of  suspension  characteristic  altera- 
ion  means  apart  from  any  air  suspensions  are 
described  below. 

The  first  example  is  a  bush  for  joining  suspen- 
sion  bars  such  as  the  upper  and  lower  control 
arms  of  a  suspension,  as  shown  in  Figs.  15A  and 
15B.  The  stiffness  of  the  bush  can  be  changed  so 
as  to  alter  the  characteristic  of  the  suspension, 
rhe  spring  constant  and  damping  force  of  the 
aush  are  varied  accompanied  with  changes  of  the 
aush  stiffness. 

Fig.  15A  shows  a  sectional  view  of  the  joint  of 
the  suspension  bar.  Fig.  15B  shows  a  sectional 
/iew  taken  on  line  XVB—  -XVB  of  Fig.  15A.  In  the 
drawings,  numeral  901  designates  a  control  arm 
sxtending  along  an  axis  902  and  having  a  hole 
303.  A  sleeve  906,  which  extends  along  an  axis 
304  perpendicular  to  the  axis  902  and  which  has  a 
hole  905,  is  welded  around  the  hole  905  at  one 
end  of  the  control  arm  901.  An  outer  cylinder  908 
having  a  hole  907  is  press-fitted  in  the  sleeve  906. 
An  inner  cylinder  909  is  provided  in  the  outer 
cylinder  908  concentrically  thereto.  A  bush  910 
made  of  vibration-proof  rubber  is  interposed 
between  the  outer  cylinder  908  and  the  inner 
cylinder  909.  The  bush  910  and  the  outer  cylinder 
908  define  arc-shaped  openings  911  and  912 
which  are  located  to  be  opposed  to  each  other 
along  the  axis  904,  thus  the  stiffness  in  the 
direction  of  the  axis  902  is  set  at  a  relatively  low 
value.  The  hole  903  of  the  control  arm  901 
constitutes  a  cylinder  which  supports  a  piston  913 
for  movement  back  and  forth  along  the  axis  902. 
A  sealing  member  914  is  tightly  packed  in 
between  the  piston  913  and  the  inside  surface  of 
the  hole  903.  A  contact  plate  916  is  secured  at  one 
end  of  the  piston  913.  The  contact  plate  916 
curves  about  and  extends  along  the  axis  904,  thus 
being  brought  into  contact  with  the  inside  surface 
915  of  the  opening  911. 

The  other  end  of  the  control  arm  901  is  con- 
structed  the  same  as  shown  in  Figs.  15A  and  15B. 
A  cylinder  chamber  917  is  defined  between  the 
piston  913  and  another  piston  (not  shown  in  the 
drawings)  and  is  fitted  with  the  other  end  of  the 
control  arm  901.  The  cylinder  chamber  917  is 
connected  with  the  exterior  through  a  tapped  hole 
918  provided  in  the  control  arm  901.  A  nipple  923, 
fixed  on  one  end  922  of  a  conduit  connected  to  an 
oil  pressure  source  (not  shown  in  the  drawings), 
is  secured  in  the  tapped  hole  918  to  apply  oil 
pressure  to  the  cylinder  chamber  917. 

When  the  oil  pressure  in  the  cylinder  chamber 
917  is  relatively  low,  the  force  pushing  the  piston 
913  leftward  in  the  drawings  is  so  weak  that  the 

piston  is  held  in  sucn  a  position  (snown  in  xne 
drawings)  that  the  contact  plate  916  is.  brought 
into  light  contact  with  the  inner  surface  91  5  of  the 
bush  910.  As  a  result,  the  stiffness  of  the  bush  910 

5  in  the  direction  of  the  axis  902  is  made  relatively 
low.  When  the  oil  pressure  in  the  cylinder 
chamber  917  is  relatively  high,  the  piston  913  is 
driven  leftward  in  the  drawings  and  the  contact 
plate  916  pushes  the  inner  surface  915  of  the  bush 

'0  910  so  that  the  portion  of  the  bush  between  the 
contact  plate  and  the  inner  cylinder  909  is  com- 
pressed.  As  a  result,  the  stiffness  of  the  bush  910 
in  the  direction  of  the  axis  902  is  raised. 

If  the  suspension  bar  is  provided  between  the 
ts  body  and  the  wheel  of  a  vehicle,  the  characteristic 

of  the  suspension  for  the  rear  wheel  can  be 
altered  by  controlling  the  oil  pressure  in  the 
cylinder  chamber  917  through  the  action  of  an 
actuator  such  as  a  pressure  control  valve.  When 

>o  the  oil  pressure  is  raised  by  an  instruction  from 
the  ECU  4,  the  stiffness  of  the  bush  910  is 
enhanced  to  increase  the  damping  force  and 
spring  constant  of  the  suspension.  Thus,  the 
suspension  characteristic  is  altered  to  'HARD' 

?5  state  so  as  to  improve  the  controllability  and 
stability  of  the  vehicle.  When  the  oil  pressure  is 
lowered,  the  damping  force  for  the  rear  part  of  the 
vehicle  is  reduced. 

The  second  example  is  another  bush  which  is 
30  shown  in  Figs.  16A  and  16B  and  which  have  the 

same  function  as  the  former. 
Fig.  16A  shows  a  sectional  view  of  the  bush 

integrally  constructed  with  inner  and  outer  cylin- 
ders  as  a  bush  assembly.  Fig.  16B  shows  a 

35  sectional  view  taken  on  line  XVIB—  XVIB  of  Fig. 
16A.  In  the  drawings,  four  expansible  and  com- 
pressible  hollow  bags  1010,  which  extend  along 
an  axis  1003  and  which  are  separately  located  in 
equiangular  positions  around  the  axis,  are 

40  embedded  in  a  bush  1005.  The  hollow  bags  1010 
define  four  chambers  1011  extending  along  the 
axis  1003  and  being  separately  located  at 
equiangular  positions  around  the  axis.  Each 
hollow  bag  1010  is  secured  at  one  end  on  one  end 

45  of  a  coupler  1012,  embedded  in  the  bush  1005  by 
aclamp  1013,  so  as  to  connect  the  chambers  1011 
with  the  exterior  by  means  of  the  coupler  1012. 
One  end  of  a  hose  1  01  5  is  fixedly  connected  to  the 
other  end  of  the  coupler  1012  by  a  clamp  1014, 

50  and  the  other  end  of  the  hose  1  01  5  is  connected  to 
a  compressed  air  source  by  means  of  an  actuator 
such  as  a  pressure  control  valve  (not  shown  in  the 
drawings).  The  controlled  air  pressure  can  be 
introduced  into  each  chamber  1011.  When  the 

55  actuator  is  put  in  operation  by  the  ECU  4,  the  air 
pressure  in  each  chamber  1011  can  be  varied  to 
change  the  stiffness  of  the  bush  in  a  stepless 
manner.  The  stiffness  of  the  bush  can  thus  be 
appropriately  altered  to  be  high  (HARD)  or  low 

60  (SOFT)  after  a  shock  at  the  front  wheels  is 
detected. 

Figs.  17A  —  17G  show  a  construction  of  a 
stabilizer  as  the  third  example. 

Fig.  17A  shows  an  exploded  perspective  view  of 
65  a  torsion-bar-type  stabilizer  built  in  an  axle-type 
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suspension  of  an  automobile.  Figs.  17B  and  17C 
espectively  show  enlarged  partial  sectional 
news  of  the  main  part  of  the  stabilizer  of  Fig.  17A 
n  the  coupled  and  uncoupled  states.  Fig.  17D 
shows  a  perspective  view  of  the  main  part  shown 
n  Figs.  17B  and  17C,  omitting  the  clutch.  Fig.  17E 
shows  a  plan  view  of  the  main  part  shown  in  Fig. 
I7D.  Fig.  17F  shows  a  cross-sectional  view  taken 
an  line  XVIIF—  XVIIF  of  Fig.  17B.  Fig.  17G  shows  a 
;ross-sectional  view  taken  on  line  XVIIG  —  XVIIG 
3f  Fig.  17B. 

In  the  drawings,  an  axle  1103  coupled  with 
wheels  1102  is  rotatably  supported  by  an  axle 
lousing  1101.  A  pair  of  brackets  1104  and  1105  is 
secured  on  the  axle  housing  1101  in  positions 
separated  from  each  other  in  the  direction  of  the 
width  of  the  body.  A  torsion-bar-type  stabilizer 
1106  is  coupled  to  the  axle  housing  1101  by 
means  of  bushes  (not  shown  in  the  drawings)  by 
the  brackets  1104  and  1105. 

The  stabilizer  1106  includes  a  right  portion  1107 
and  a  left  portion  1108  which  can  be  selectively 
coupled  to  each  other  by  a  coupling  unit  1109.  A 
protrusion  1117  and  a  hole  1118,  which  extend 
along  an  axis  1116,  are  respectively  formed  at  the 
ends  1114  and  1115  of  rods  1110  and  1112 
opposite  the  arms  1111  and  1  1  13,  as  shown  in  Fig. 
17B.  The  protrusion  1117  and  the  hole  1118  are 
respectively  constructed  as  a  male  screw  and  a 
female  screw  which  are  engaged  with  each  other 
so  as  to  couple  the  rods  1110  and  1112  rotatably 
relative  to  each  other  around  the  axis  1116.  The 
tips  of  the  arms  1111  and  1113  are  coupled  to 
brackets  1123  and  1124,  secured  on  side  frames 
1121  and  1122  of  the  vehicle  by  links  1119  and 
1120.  As  shown  in  Fig.  17C,  the  coupling  unit  1109 
includes  a  cylindrical  clutch  1125,  a  clutch  guide 
1126  and  a  clutch  bearer  1127.  The  clutch  guide 
1  1  26  is  provided  at  one  end  1  1  1  4  of  the  rod  1  1  1  0 
and  supports  the  clutch  1125  non-rotatably 
around  the  axis  1116  but  permitting  movement 
back  and  forth  along  the  axis.  The  clutch  bearer 
1127  is  provided  at  the  end  1115  of  the  rod  1112 
and  bears  the  clutch  1125  non-rotatably  around 
the  axis  1116.  The  inside  circumferential  surface 
of  the  clutch  1125  includes  planes  1128  and  1129 
facing  each  other  relative  to  the  axis  1116  and 
extending  in  parallel  with  each  other  along  the 
axis,  and  partially  cylindrical  surfaces  1130  and 
1131  adjoining  the  planes  in  position  opposed  to 
each  other  relative  to  the  axis  1116,  as  shown  in 
Fig.  17F.  Corresponding  to  the  inside  circum- 
ferential  surface  of  the  clutch  1125,  the  peripheral 
surface  of  the  clutch  guide  1126  includes  planes 
1132  and  1133  facing  each  other  relative  to  the 
axis  1116  and  extending  in  parallel  with  each 
other  along  the  axis,  and  partially  cylindrical 
surfaces  1134  and  1135  adjoining  the  planes  in 
positions  opposed  to  each  other  relative  to  the 
axis  1116.  The  peripheral  surface  of  the  clutch 
bearer  1127  includes  planes  1136  and  1137  facing 
each  other  relative  to  the  axis  1116  and  extending 
in  parallel  with  each  other  along  the  axis,  and 
partially  cylindrical  surfaces  1138  and  1139 
adjoining  the  planes  in  positions  opposed  to  each 

other  relative  to  the  axis  1116,  as  shown  in  i-ig. 
17D  or  Fig.-17E. 

The  planes  1132  and  1133  of  the  clutch  guide 
1126  are  always  engaged  with  those  1128  and 

5  1129  of  the  clutch  1125  as  shown  in  Fig.  17F. 
When  the  clutch  1125  is  in  a  position  shown  in 
Fig.  17C,  planes  1136  and  1137  of  the  clutch 
bearer  1  1  27  are  also  engaged  with  those  1  1  28  and 
1129  so  that  the  right  portion  1107  and  the  left 

ro  portion  1108  of  the  stabilizer  are  integrally 
coupled  to  each  other  so  as  not  to  rotate  along  the 
axis  1116.  As  shown  in  Fig.  17E,  the  ends  1140 
and  1141  of  the  planes  1136  and  1137  of  the  clutch 
bearer  1127  at  the  right  portion  1107  of  the 

15  stabilizer  are  chamfered.  Even  if  the  rods  1110 
and  1  1  12  are  slightly  rotated  to  each  other  around 
the  axis  1116,  the  clutch  1  1  25  can  be  moved  from 
a  position  shown  in  Fig.  17B  to  a  position  shown 
in  Fig.  17C.  The  right  portion  1107  of  the  stabilizer 

20  is  thus  integrally  coupled  to  the  left  portion  1  108 
thereof  as  the  arms  1  1  1  1  and  1  1  1  3  of  the  portions 
are  on  the  same  plane. 

The  clutch  1125  is  moved  back  and  forth  along 
the  axis  1116  by  an  actuator  1142  controlled  by 

25  the  ECU  4.  The  actuator  1142  shown  in  Fig.  17A 
includes  a  hydraulic  piston-cylinder  unit  1143 
secured  on  a  differential  casing  (not  shown  in  the 
drawing),  and  a  shifting  fork  1149.  The  fork  1149 
has  arms  1146  and  1147  engaged  in  grooves  1144 

30  and  1145  of  the  peripheral  surface  of  the  clutch 
1125,  as  shown  in  Fig.  17G,  and  is  coupled  to  the 
piston  rod  1148  of  the  piston-cylinder  unit  1143 
shown  in  Fig.  17A. 

When  the  clutch  1125  is  placed  in  a  position 
35  shown  in  Fig.  17C  by  the  actuator  1  142  according 

to  an  instruction  from  the  ECU  4,  the  right  portion 
1107  and  left  portion  1108  of  the  stabilizer  1106 
are  integrally  coupled  to  each  other  to  reduce  the 
rolling  of  the  vehicle,  thus  improving  its  controlla- 

40  bility  and  stability.  On  the  other  hand,  when  the 
clutch  1125  is  placed  in  a  position  shown  in  Fig. 
17B  by  the  actuator  1142,  the  right  portion  1107 
and  left  portion  1108  of  the  stabilizer  1106  can  be 
rotated  relative  to  each  other  around  the  axis  1116 

45  to  reduce  the  shock  to  the  vehicle,  and  more 
particularly  to  reduce  the  shock  to  the  wheels  of 
only  one  side  of  the  vehicle,  thus  improving  the 
riding  comfort  of  the  vehicle. 

Figs.  18A  and  18B  show  another  stabilizer  as 
so  the  fourth  example. 

A  stabilizer-bar-type  assembly  1310  includes  a 
first  stabilizer  bar  1318  and  a  second  stabilizer  bar 
1320,  as  shown  in  Fig.  16A.  The  first  stabilizer  bar 
1318  includes  a  main  portion  1322  and  an  arm 

55  1323.  The  main  portion  1322  is  attached  to  the 
body  of  a  vehicle  by  a  pair  of  fitting  metals  1324 
so  that  the  main  portion  1322  can  be  twisted 
around  its  axis. 

The  second  stabilizer  bar  1320  is  hollow  so  that 
60  the  main  portion  1322  of  the  first  stabilizer  bar 

1318  extends  through  the  second  stabilizer  bar,  as 
shown  in  Fig.  18B.  The  second  stabilizer  bar  1320 
is  disposed  inside  the  pair  of  fitting  metals  1324 
so  that  the  first  stabilizer  bar  1318  can  be  con- 

65  nected  to  and  disconnected  from  the  second 

16 



31 EP  0  224  204  B1 32 

stabilizer.  A  piston  1330,  on  which  a  spool  1328  is 
secured,  is  slidably  fixed  inside  one  end  of  the 
second  stabilizer  bar  1320  in  such  a  manner  that 
the  piston  is  liquid-tightly  sealed  by  a  sealing 
member  1332.  The  spool  1328  is  liquid-tightly 
sealed  by  a  sealing  member  1334,  and  projects 
out  of  the  second  stabilizer  bar  1320.  The  spool 
1328  has  splines  1336  near  the  pistons  1330,  while 
the  second  stabilizer  bar  1320  has,  at  one  end, 
splines  1338  which  can  be  engaged  with  the 
splines  1336.  The  spool  1328  has  other  splines 
1340  inside  the  outwardly  projecting  end  thereof. 

A  coupler  1344  is  connected  to  the  main  portion 
1322  of  the  first  stabilizer  bar  1318  by  splines 
1342.  The  coupler  1344  has  splines  1346 
engageable  with  the  splines  1340,  which  extend 
from  the  spool  1328  and  which  are  opposed 
thereto.  The  coupler  1344  is  connected  to  the 
fitting  metals  1324  by  means  of  a  rubber  bush 
1345,  as  shown  in  Fig.  18B,  so  that  the  main 
portion  1322  of  the  first  stabilizer  bar  1318  is 
twisted  by  deforming  the  bush  1345.  The  coupler 
1344  is  fitted  in  such  a  position  that  the  splines 
1340  are  engaged  with  the  splines  1346  when  the 
spool  1328  is  moved  leftward  in  the  drawing,  and 
the  splines  1336  are  engaged  with  the  splines 
1338.  A  bellows-like  boot  1347  for  protecting  the 
splines  1340  and  1346  from  dust  is  provided 
between  the  coupler  1344  and  the  second 
stabilizer  bar  1320. 

Two  ports  1348  and  1350  are  provided  in  the 
second  stabilizer  bar  1320  in  such  a  manner  that 
the  piston  1330  is  located  between  the  ports. 
Piping  is  provided  to  lead  a  pressure  fluid  to  the 
ports  1348  and  1350  in  use.  When  the  pressure 
fluid  is  led  to  one  port  1350  via  an  actuator  such 
as  a  pressure  control  valve,  the  piston  1330  is 
moved  leftward  in  the  drawing,  together  with  the 
spool  1328.  The  splines  1336  are  engaged  with 
the  splines  1338,  and  the  splines  1340  with  the 
splines  1346.  As  a  result,  the  first  and  second 
stabilizer  bars  1318  and  1320  are  coupled  to  each 
other  so  as  to  raise  the  stiffness  of  the  stabilizer 
bar  assembly.  On  the  contrary,  when  the  pressure 
fluid  is  led  to  the  other  port  1348,  the  piston  1330 
is  moved  rightward  in  the  drawing,  thus  the 
splines  are  disengaged  from  each  other.  As  a 
result,  the  stiffness  of  the  stabilizer  bar  assembly 
is  reduced. 

Figs.  19A,  19B  and  19C  show  three  different 
views  of  still  another  stabilizer  as  the  fifth 
example. 

Fig.  19A  shows  a  schematic  plan  view  of  a 
stabilizer  1410.  In  the  drawing,  numeral  1411 
denotes  wheels  and  numeral  1412  denotes  sus- 
pension  arms.  The  stabilizer  1410  includes  a  main 
part  1414,  a  pair  of  arms  1416  and  extending  parts 
1418.  The  main  part  1414  in  the  form  of  a  round 
bar  is  laid  through  bearing  portions  1421  of  a  pair 
of  links  1420  disposed  at  certain  distances  apart 
from  each  other  in  the  direction  of  the  width  of  the 
body  1424  of  a  vehicle,  and  is  supported  by  the 
bearing  portions  1421  so  that  the  main  part  1414 
can  be  twisted  around  its  axis.  The  other  bearing 
portions  1422  at  the  upper  ends  of  the  links  1420 

are  rotatably  supported  by  pins  1428  extending 
through  brackets  1426  welded  on  the  vehicle 
body  1424.  As  a  result,  the  main  part  1414  is 
disposed  along  the  width  of  the  vehicle  body,  and 

5  can  be  twisted  relative  to  the  vehicle  body. 
The  pair  of  arms  1416  are  made  of  flat  bars.  The 

first  ends  1430  of  the  arms  1416  are  coupled  to  the 
ends  of  the  main  part  1414  by  bolts  and  nuts  1432 
so  that  the  arms  can  be  rotated  around  vertical 

10  axes.  The  second  ends  1431  of  the  arms  1416  are 
located  at  certain  distances  away  from  the  first 
ends  1430  to  the  front-to-rear  direction  of  the 
vehicle  body  1424.  The  front-to-rear  direction  is 
an  oblique  longitudinal  direction. 

15  The  second  ends  1431  of  the  arms  1416  are 
displaced  in  the  direction  of  the  width  of  the 
vehicle  body  1424  by  the  extending  parts  1418 
which  may  be  power  cylinders.  Each  of  the  power 
cylinders  shown  in  Fig.  19C  includes  a  cylinder 

20  1434,  a  piston  1436  liquid-tightly  and  slidably 
fitted  in  the  cylinder  1434,  a  piston  rod  1438, 
which  is  coupled  at  one  end  to  the  piston  1436 
and  which  projects  at  the  other  end  out  of  the 
cylinder  1434,  and  a  compressed  spring  1440  for 

25  displacing  the  piston  1436  in  such  a  direction  as  to 
contract  the  piston  rod  1438.  A  stopper  1442 
secured  on  the  piston  1436  prevents  the  piston 
from  being  displaced  more  than  a  predetermined 
distance. 

30  The  cylinder  1434  is  secured  on  the  suspension 
arm  1412  in  such  a  manner  that  the  piston  rod 
1438  is  located  outside  the  cylinder  1434  in  the 
direction  of  the  width  of  the  vehicle  body.  The 
second  end  1431  of  the  arm  1416  is  coupled  to  the 

35  outwardly  projecting  end  1439  of  the  piston  rod 
1438  by  the  bolts  and  nuts  1432  so  that  the  arm 
1416  can  be  rotated  around  the  vertical  axis. 

One  end  of  a  flexible  hose  1446  is  connected  to 
a  liquid  chamber  1444  of  the  cylinder  1434  oppo- 

40  site  the  side  on  which  the  compressed  spring 
1440  is  located.  The  other  end  of  the  flexible  hose 
1446  is  connected  to  a  pressure  source  (not 
shown  in  the  drawings)  through  an  actuator  such 
as  a  pressure  control  valve.  Unless  pressure  is 

45  applied  to  the  liquid  chambers  1444  of  the  power 
cylinders  according  to  the  state  of  the  actuator 
instructed  by  the  ECU  4,  the  second  ends  1431  of 
the  arms  1416  are  located  in  relatively  inner 
positions  as  shown  in  Fig.  19A,  so  that  the  anti- 

50  roll  rate  of  the  stabilizer  is  low. 
On  the  contrary,  when  the  actuator  is  operated 

by  the  ECU  4  to  apply  pressure  to  the  liquid 
chambers  1444  of  the  power  cylinders,  the 
pressure  acts  to  the  pistons  1436  to  push  out  the 

55  piston  rods  1438  against  the  compressed  springs 
1440.  As  a  result,  the  second  ends  1431  of  the 
arms  1416  are  pushed  out  as  indicated  by  imagi- 
nary  lines,  i.e.,  double  dotted  chain  lines,  in  Fig. 
19A,  to  increase  the  arm  ratio  of  the  stabilizer  to 

60  raise  its  stiffness  against  the  rolling  of  the  vehicle. 
Figs.  20A  and  20B  show  a  construction  of  a 

coupling  unit  for  a  stabilizer  and  a  lower  control 
arm,  as  the  sixth  example. 

Fig.  20A  shows  a  partial  front  view  of  a  wish- 
65  bone-type  suspension  including  a  coupling  unit 
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for  a  stabilizer  of  a  vehicle.  Fig.  20B  shows  an 
enlarged  sectional  view  of  the  coupling  unit 
shown  in  Fig.  20A.  In  the  drawings,  a  wheel  1501 
is  rotatably  supported  by  a  knuckle  1503.  The 
knuckle  1503  is  pivotally  coupled  at  the  upper  end 
to  one  end  of  an  upper  control  arm  1507  by 
means  of  a  pivot  1505,  and  is  pivotally  coupled  at 
the  lower  end  to  one  end  of  a  lower  control  arm 
1511  by  means"  of  a  pivot  1509.  The  upper  control 
arm  1507  and  the  lower  control  arm  1511  are 
pivotally  coupled  to  a  cross  member  1517  of  the 
vehicle  by  pivots  1513  and  1515.  A  stabilizer  1518, 
which  is  shaped  as  a  U,  is  disposed  along  the 
width  of  the  vehicle  as  shown  in  Fig.  20A.  The 
stabilizer  1518  is  coupled  at  its  central  rod  151  9  to 
the  body  1524  of  the  vehicle  by  brackets  1522  by 
means  of  rubber  bushes  (not  shown  in  the  draw- 
ing),  so  that  the  stabilizer  can  be  rotated  around 
its  axis.  The  tip  1520a  of  an  arm  1520  of  the 
stabilizer  1518  is  coupled  to  one  portion  near  one 
end  of  the  lower  control  arm  1511  by  a  coupling 
unit  1525.  Fig.  20B  shows  the  coupling  unit  1525 
including  a  piston-cylinder  assembly  1526.  The 
piston-cylinder  assembly  1526  includes  a  piston 
1529  and  a  cylinder  1530  which  cooperate  with 
each  other  to  define  two  cylinder  chambers  1527 
and  1528.  The  cylinder  1530  includes  an  inner 
cylinder  1532  which  supports  the  piston  1529  for 
movement  back  and  forth  along  an  axis  1531,  an 
outer  cylinder  1533  disposed  concentrically  to  the 
inner  cylinder  1532,  and  end  caps  1534  and  1535 
which  close  both  the  ends  of  the  inner  cylinder 
and  the  outer  cylinder.  The  piston  1529  includes  a 
main  portion  1536  and  a  piston  rod  1537,  which 
bears  the  main  portion  1536  at  one  end  thereof 
and  which  extends  along  the  axis  1531  through 
the  end  cap  1534  and  the  hole  1538  of  the  tip 
1520a  of  the  arm  1520  of  the  stabilizer  1518. 

A  rubber  bush  1540  and  a  retainer  1541  for 
holding  the  bush  are  interposed  between  a 
shoulder  1539  of  the  piston  rod  1537  and  the  tip 
1520a.  A  rubber  bush  1543  and  a  retainer  1544  are 
interposed  between  the  tip  1520a  and  a  nut  1542 
screwed  on  the  front  end  of  the  piston  rod  1537. 
As  a  result,  the  piston  rod  1537  is  coupled  to  the 
tip  1520a  of  the  arm  1520  of  the  stabilizer  1518  so 
that  an  impulsive  force  is  damped.  A  rod  1546, 
which  extends  along  the  axis  1531  through  a  hole 
1545  of  the  lower  control  arm  1511,  is  secured  on 
the  end  cap  1535.  A  rubber  bush  1547  and  a 
retainer  1548  for  holding  the  bush  are  interposed 
between  the  end  cap  1535  and  the  lower  control 
arm  1511.  A  rubber  bush  1550  and  a  retainer  1551 
for  holding  the  bush  are  interposed  between  the 
lower  control  arm  1511  and  a  nut  1549  screwed 
on  the  front  end  of  the  rod  1546.  As  a  result,  the 
rod  1546  is  coupled  to  the  lower  control  arm  151  1 
so  that  an  impulsive  force  is  damped. 

The  inner  cylinder  1532  is  disposed  with 
through  holes  1552  and  1553  near  the  end  caps 
1534  and  1535.  The  end  cap  1534  is  integrally 
provided  with  a  projection  1554  which  extends 
along  the  axis  1531  between  the  inner  cylinder 
1532  and  the  outer  cylinder  1533  and  is  located  in 
tight  contact  with  the  inner  and  outer  cylinders. 

The  projection  1554  has  an  internal  passage  1556 
which  is  coincident  at  one  end  with  the  through 
hole  1552  and  is  open  at  the  other  end  into  an 
annular  space  1555  between  the  inner  cylinder 

5  1532  and  the  outer  cylinder  1533.  As  a  result,  the 
through  hole  1552,  the  internal  passage  1556,  the 
annular  space  1555  and  the  other  through  hole 
1553  define  a  passage  means  for  connecting  both 
the  cylinder  chambers  1527  and  1528  to  each 

10  other.  A  part  of  the  annular  space  1555  is  filled 
with  air.  The  cylinder  chambers  1527  and  1528, 

"  the  internal  passage  1556  and  the  remaining  part 
of  the  annular  space  1555  are  filled  with  oil.  The 
change  in  the  volume  of  the  piston  rod  1  537  in  the 

15  cylinder  1530,  which  is  caused  by  the  displace- 
ment  of  the  piston  1529  from  the  cylinder  1530,  is 
compensated  by  compression  or  expansion  of  the 
air  filled  in  the  part  of  the  annular  space  1555. 

The  connection  of  the  internal  passage  1556  is 
20  selectively  controlled  by  a  normally-opened 

solenoid  valve  1557.  The  solenoid  valve  1557 
includes  a  core  1561,  a  compressed  helical  spring 
1562  and  a  housing  1559  with  a  solenoid  1558. 
The  housing  1559  is  secured  at  one  end  on  the 

25  outer  cylinder  1  533.  The  core  1  561  is  supported  in 
the  housing  1559  for  movement  back  and  forth 
along  an  axis  1560.  The  compressed  helical 
spring  1562  presses  the  core  1561  rightward  in 
Fig.  20B.  A  valve  element  1563  is  integrally 

30  formed  as  one  piece  atone  end  of  the  core  1561  to 
be  selectively  fitted  into  a  hole  1564  extending  to 
penetrate  the  internal  passage  1556  of  the  projec- 
tion  1554  in  the  horizontal  direction. 

When  no  electricity  is  applied  to  the  solenoid 
35  1558  according  to  an  instruction  from-  the  ECU  4, 

the  core  1561  is  pressed  rightward  in  the  drawing 
by  the  compressed  helical  spring  1562  so  as  to 
open  the  valve  1557  to  connect  the  internal 
passage  1556.  On  the  contrary,  when  electricity  is 

40  applied  to  the  solenoid  1558  according  to  an 
instruction  from  the  ECU  4,  the  core  1561  is  driven 
leftward  in  the  drawing  against  the  force  of  the 
compressed  helical  spring  1562  so  as  to  fit  the 
valve  element  1563  into  the  hole  1564  to  isolate 

45  the  internal  passage  1556. 
In  the  coupling  unit  constructed  as  above,  when 

electricity  is  applied  to  the  solenoid  1558  of  the 
solenoid  valve  1557,  the  solenoid  valve  1557  is 
closed  so  as  to  disconnect  the  cylinder  chambers 

so  1527  and  1528  from  each  other.  Thus,  oil  in  one 
cylinder  chamber  is  kept  from  flowing  to  the  other 
cylinder  chamber,  so  that  the  piston  1529  is 
hindered  from  moving  relative  to  the  cylinder 
1530  along  the  axis  1531.  As  a  result,  the  stabilizer 

55  1518  works  for  suppressing  the  rolling  of  the 
vehicle  so  as  to  keep  good  control  and  high 
stability  of  the  vehicle  even  when  one  of  the 
wheels  rides  over  a  bump  or  through  a  dip  in  a 
road  surface. 

60  On  the  other  hand,  when  no  electricity  is 
applied  to  the  solenoid  1558,  the  solenoid  valve 
1557  is  maintained  in  an  open  position  shown  in 
Fig.  20B,  so  that  oil  in  both  the  cylinder  chambers 
1527  and  1528  can  freely  flow  to  each  other  via 

65  the  internal  passage  1556  and  so  forth.  As  a 
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result,  the  piston  1529  can  be  smoothly  moved  in 
the  cylinder  1530  so  that  the  tips  of  both  the  right 
and  left  arms  1520  can  be  smoothly  moved 
around  the  corresponding  lower  control  arms 
1511.  Since  the  stabilizer  does  not  work  this  time, 
the  damping  force  for  rear  wheels  of  the  vehicle  is 
reduced  to  keep  good  riding  comfort. 

Although  the  invention  has  been  described  with 
reference  to  specific  embodiments  thereof,  it  will 
be  apparent  that  numerous  changes  and  modifi- 
cations  may  be  made  therein  without  departing 
from  the-scope  of  the  claims. 

Claims 

1.  A  suspension  controller  for  a  vehicle,  com- 
prising: 

vehicle  attitude  detection  means  (M1)  for 
detecting  at  least  one  of  either  a  vehicle  height  or 
a  driving  condition  of  the  vehicle; 

control  means  (M3)  for  comparing  the  detected 
result  of  said  vehicle  attitude  detection  means 
(M1)  with  a  determination  condition  and,  if  the 
result  satisfies  the  condition,  outputting  a  com- 
mand  to  alter  a  suspension  characteristic;  and 

suspension  characteristic  alteration  means 
(M2)  for  altering  the  suspension  characteristic 
according  to  said  command; 

said  suspension  controller  being  characterized 
in  that: 

said  control  means  (M3)  comprising  a  plurality 
of  control  sections  each  having  a  proper  determi- 
nation  condition  and  comparing  the  detected 
result  of  said  vehicle  attitude  detection  means 
(M1)  with  the  determination  condition  and,  if  the 
result  satisfies  the  condition,  outputting  a  proper 
command  to  alter  the  suspension  characteristic; 

preference  means  (M4)  are  provided  for  select- 
ing  a  preference  command  for  altering  the  sus- 
pension  characteristic  to  the  hardest  state  among 
the  proper  commands  outputted  from  the  control 
sections  of  said  control  means  (M3)  when  two  or 
more  different  suspension  controls  are  simul- 
taneously  instructed;  and 

said  suspension  characteristic  alteration  means 
(M2)  is  adapted  to  alter  the  suspension  charac- 
teristic  according  to  the  preference  command 
selected  by  said  preference  means  (M4). 

2.  A  suspension  controller  according  to  claim  1  , 
being  characterized  in  that  said  control  means 
(M3)  comprises  a  shock  control  section,  an 
attitude  control  section  and  a  vibration  control 
section. 

3.  A  suspension  controller  according  to  claim  2, 
being  characterized  in  that 

said  shock  control  section  outputs  a  proper 
command  for  altering  the  suspension  characteris- 
tic  to  a  softer  state  when  determining  that  a 
difference  between  the  maximum  value  and  the 
minimum  value  of  a  vehicle  height  detected  by 
said  vehicle  attitude  detection  means  (M1)  for  a 
predetermined  shock  judgment  time  period,  is 
greater  than  or  equal  to  a  reference  value; 

said  attitude  control  section  outputs  a  proper 
command  for  altering  the  suspension  characteris- 

tic  to  a  harder  state  when  judging  from  the  driving 
condition  as  detected  by-  said  vehicle  attitude 
detection  means  (M1),  determining  that  the 
vehicle  attitude  is  about  to  abruptly  change;  and 

5  said  vibration  control  section  outputs  a  proper 
command  for  altering  the  suspension  characteris- 
tic  to  a  harder  state  but  not  harder  than  the  harder 
state  set  by  the  attitude  control  section  when 
determining  that  a  difference  between  the  maxi- 

w  mum  value  and  the  minimum  value  of  the  vehicle 
height,  as  detected  by  said  vehicle  attitude  detec- 

"  .  tion  means  (M1)  for  a  predetermined  vibration 
judgment  time  period  which  is  set  to  be  longer 
than  the  predetermined  shock  judgment  time 

75  period,  is  greater  than  or  equal  to  another  ref- 
erence  value. 

4.  A  suspension  controller  according  to  claim  2, 
being  characterized  in  that  said  attitude  control 
section  further  comprises  an  anti-roll  control  part, 

20  an  anti-squat  control  part,  an  anti-dive  control 
part  and  an  anti-shift-squat  control  part. 

5.  A  suspension  controller  according  to  claim  3, 
being  characterized  in  that  at  least  one  of  the 
determination  conditions  in  the  control  sections 

25  of  said  control  means  (M3)  varies  in  response  to 
the  vehicle  speed. 

6.  A  suspension  controller  according  to  claim  3, 
being  characterized  in  that  the  vehicle  height 
value  used  for  the  determination  in  the  shock 

30  control  section  or  the  vibration  control  section  is  a 
converted  vehicle  height,  which  is  converted 
based  on  a  conversion  table  from  an  actual 
vehicle  height  value  detected  by  said  vehicle 
attitude  detection  means  (M1)  and  which  exag- 

35  gerates  the  actual  vehicle  height  value  in  the 
upper  and  lower  extremities  thereof. 

7.  A  suspension  controller  according  to  claim  4, 
being  characterized  in  that  at  least  one  of  the 
determination  conditions  in  the  control  sections 

40  of  said  control  means  (M3)  varies  in  response  to 
the  vehicle  speed. 

8.  A  suspension  controller  according  to  claim  4, 
being  characterized  in  that  the  vehicle  height 
value  used  for  the  determination  in  the  shock 

45  control  section  or  the  vibration  control  section  is  a 
converted  vehicle  height,  which  is  converted 
based  on  a  conversion  table  from  an  actual 
vehicle  height  value  detected  by  said  vehicle 
attitude  detection  means  (M1)  and  which  exag- 

50  gerates  the  actual  vehicle  height  value  in  the 
upper  and  lower  extremities  thereof. 

Patentanspruche 

55  1.  Aufhangungsregeleinrichtung  fur  ein  Fahr- 
zeug,  mit 

einer  Fahrzeuglage-Erfassungsvorrichtung 
(M1),  die  eine  Fahrzeughohe  und/oder  einen  Fahr- 
zustand  des  Fahrzeugs  erfafct, 

60  eine  Steuereinrichtung  (M3),  die  das  Erfas- 
sungsergebnis  der  Fahrzeuglage-Erfassungsvor- 
richtung  (M1)  mit  einer  Bestimmungsbedingung 
vergleicht  und  einen  Befehl  zum  Andern  einer 
Aufhangungscharakteristik  ausgibt,  falls  das 

65  Ergebnis  der  Bedingung  geniigt,  und 
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einer  Aufhangungscharakteristik-Anderungs- 
vorrichtung  (M2)  zum  Andern  der  Aufhangung- 
scharakteristik  entsprechend  dem  Befehl, 
dadurch  gekennzeichnet, 

daB  die  Steuereinrichtung  (M3)  mehrere 
Steuerabschnitte  aufweist,  die  jeweils  eine  geeig- 
nete  Bestimmungsbedingung  haben,  das  Erfas- 
sungsergebnis  der  Fahrzeuglage-Erfassungsvor- 
richtung  (Ml)  mit  der  Bedingung  vergleichen  und 
einen  geeigneten  Befehl  zum  Andern  der  Aufhan- 
gungscharakteristik  ausgeben,  falls  das  Ergebnis 
der  Bedingung  geniigt, 

daB  eine  Vorzugseinrichtung  (M4)  vorgesehen 
ist,  die  aus  den  geeigneten  Befehlen  aus  den 
Steuerabschnitten  der  Steuereinrichtung  (M3) 
einen  Vorrangbefehl  fur  das  Andern  der  Aufhan- 
gungscharakteristik  auf  den  hartesten  Zustand 
wahlt,  wenn  zwei  oder  mehr  verschiedene  Auf- 
hangungsregelungen  gleichzeitig  befohlen  sind, 
und 

daB  die  Aufhangungscharakteristik-Anderungs- 
vorrichtung  (M2)  zum  Andern  der  Aufhangung- 
scharakteristik  entsprechend  dem  von  der  Vor- 
zugseinrichtung  (M4)  gewahlten  Vorrangbefehl 
ausgebildet  ist. 

2.  Aufhangungsregeleinrichtung  nach  An- 
spruch  1,  dadurch  gekennzeichnet,  dafS  die 
Steuereinrichtung  (M3)  einen  StoB-Steuerab- 
schnitt,  einen  Lagen-Steuerabschnitt  und  einen 
Schwingungs-Steuerabschnitt  aufweist. 

3.  Aufhangungsregeleinrichtung  nach  An- 
spruch  2,  dadurch  gekennzeichnet, 

daB  der  StoB-Steuerabschnitt  einen  geeigneten 
Befehl  fur  das  Andern  der  Aufhangungscharakte- 
ristik  auf  einen  weicheren  Zustand  abgibt,  wenn 
ermittelt  wird,  daB  fur  eine  vorbestimmte  StoBbe- 
wertungs-Zeitdauer  eine  Differenz  zwischen  dem 
Maximalwert  und  dem  Minimalwert  einer  mittels 
der  Fahrzeuglage-Erfassungsvorrichtung  (M1) 
erfaBten  Fahrzeughohe  groBer  ais  oder  gleich 
einem  Bezugswert  ist, 

daB  der  Lage-Steuerabschnitt  einen  geeigneten 
Befehl  fur  das  Andern  der  Aufhangungscharakte- 
ristik  auf  einen  harteren  Zustand  abgibt,  wenn 
durch  die  Beurteilung  des  Fahrzustands  gemaB 
der  Erfassung  durch  -die  Fahrzeuglage-Erfas- 
sungsvorrichtung  (M1)  ermittelt  wird,  daB  gerade 
eine  plotzliche  Anderung  der  Fahrzeuglage 
erfoigt,  und  daB  der  Schwingungs-Steuerab- 
schnitt  einen  geeigneten  Befehl  fur  das  Andern 
der  Aufhangungscharakteristik  auf  einen  harteren 
Zustand,  aber  auf  einen  nicht  harteren  als  den 
durch  den  Lage-Steuerabschnitt  eingestellten 
harteren  Zustand  abgibt,  wenn  ermittelt  wird, 
wenn  fur  eine  vorbestimmte  Schwingbewer- 
tungs-Zeitdauer,  die  langer  als  die  vorbestimmte 
StoBbewertungs-Zeitdauer  gewahlt  ist,  eine  Diffe- 
renz  zwischen  dem  Maximalwert  und  dem  Mini- 
malwert  der  Fahrzeughohe  gemaB  der  Erfassung 
durch  die  Fahrzeuglage-Erfassungsvorrichtung 
(M1)  groBer  als  oder  gleich  einem  anderen 
Bezugswert  ist. 

4.  Aufhangungsregeleinrichtung  nach  An- 
spruch  2,  dadurch  gekennzeichnet,  daB  der  Lage- 
Steuerabschnitt  ferner  einen  Steuerteil  zum  Aus- 

regeln  von  Rollbewegungen,  einen  Steuerteil  zum 
-Ausregeln  von  Beschleunigungsnickbewegun- 

gen,  einen  Steuerteil  zum  Ausregeln  von  Brems- 
nickbewegungen  und  einen  Steuertel  zum  Ausre- 

5  geln  von  Gangwechsel-Nickbewegungen  enthalt. 
5.  Aufhangungsregeleinrichtung  nach  An- 

spruch  3,  dadurch  gekennzeichnet,  daB  sich  min- 
destens  eine  der  Bestimmungsbedingungen  in 
den  Steuerabschnitten  der  Steuereinrichtung 

w  (M3)  entsprechend  der  Fahrzeuggeschwindigkeit 
andert. 

"  •  6.  Aufhangungsregeleinrichtung  nach  An- 
spruch  3,  dadurch  gekennzeichnet,  daB  der  fur  die 
Bestimmung  in  dem  StoB-Steuerabschnitt  oder 

15  dem  Schwingungs-Steuerabschnitt  herangezo- 
gene  Fahrzeughohenwert  eine  umgesetzte  Fahr- 
zeughohe  ist,  die  gemaB  einer  Umsetzungstabelle 
aus  einem  mittels  der  Fahrzeuglage-Erfassungs- 
vorrichtung  (M1)  erfaBten  Ist-Fahrzeughohenwert 

20  umgesetzt  ist  und  die  den  Ist-Fahrzeughohenwert 
in  dessen  oberen  und  unteren  Extrembereichen 
uberbetont  wiedergibt. 

7.  Aufhangungsregeleinrichtung  nach  An- 
spruch  4,  dadurch  gekennzeichnet,  daB  sich  min- 

25  destens  eine  der  Bestimmungsbedingungen  in 
den  Steuerabschnitten  der  Steuereinrichtung 
(M3)  entsprechend  der  Fahrzeuggeschwindigkeit 
andert. 

8.  Aufhangungsregeleinrichtung  nach  An- 
30  spruch  4,  dadurch  gekennzeichnet,  daB  der  fur  die 

Bestimmung  in  dem  StoB-Steuerabschnitt  oder 
dem  Schwingungs-Steuerabschnitt  herangezo- 
gene  Fahrzeughohenwert  eine  umgesetzte  Fahr- 
zeughohe  ist,  die  gemaB  einer  Umsetzungstabelle 

35  aus  einem  mittels  der  Fahrzeuglage-Erfassungs- 
vorrichtung  (M1)  erfaBten  Ist-Fahrzeughohenwert 
umgesetzt  ist  und  die  den  Ist-Fahrzeughohenwert 
in  dessen  oberen  und  unteren  Extrembereichen 
uberbetont  wiedergibt. 

40 
Revendications 

1.  Un  dispositif  de  commande  de  la  suspension 
d'un  vehicule,  comportant: 

45  des  moyens  detecteurs  d'attitude  du  vehicule 
(M1)  destines  a  detecter  au  moins  I'une  des 
donnees  constitutes  soit  de  la  hauteur  du 
vehicule  soit  de  I'etat  de  marche  du  vehicule; 

des  moyens  de  commande  (M3)  destines  a 
so  comparer  le  resulat  des  donnees  detectees  par 

lesdits  moyens  de  detection  de  I'attitude  du 
vehicule  (M1),  d'une  part,  et  un  etat  de  reference, 
d'autre  part,  lesdits  moyens  de  controle  etant 
destines  a  emettre  un  signal  de  commande  sus- 

55  ceptible  de  modifier  les  caracteristiques  de  la 
suspension,  si  le  resultat  de  la  comparaison  preci- 
tee  correspond  a  I'etat  de  reference;  et 

des  moyens  d'alteration  des  caracteristiques  de 
suspension  (M2)  destines  a  modifier  les  carac- 

60  teristiques  de  suspension  en  fonction  du  signal  de 
commande 
ledit  dispositif  de  commande  de  suspension  etant 
caracterise  en  ce  que: 

lesdits  moyens  de  commande  (M3)  compren- 
65  nent  une  pluralite  de  sections  de  commande  dont 

20 
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hacune  comporte  son  propre  etat  de  reference  et 
ompare  le  resultat  detecte,  desdits  moyens  de 
letection  de  I'attitude  du  vehicule  (M1)  a  I'etat  de 
eference  et,  si  le  resultat  correspond  audit  etat, 
ssdits  moyens  de  commande  emettent  un 
ignale  de  commande  susceptible  de  modifier  les 
aracteristiques  de  suspension; 

des  moyens  de  preference  (M4)  sont  prevus 
>our  choisir  un  signal  de  commande  preferentiel 
sn  vue  de  modifier  les  caracteristiques  de  suspen- 
sion  vers  I'etat  le  plus  dur  parmis  les  signaux  de 
:ommande  appropries  provenant  des  sections  de 
:ommande  desdits  moyens  de  commande  (M3) 
orsqu'au  moins  deux  moyens  de  commande  de 
suspension  ont  ete  informes  simultanement;  et 

lesdits  moyens  de  modification  des  carac- 
eristiques  de  suspension  (M2)  sont  susceptibles 
Je  modifier  les  caracteristiques  de  suspension  en 
enant  compte  du  signal  de  commande  preferen- 
ce!  choisi  par  lesdits  moyens  preferentiels  (M4). 

2.  Un  dispositif  de  commande  de  suspension 
selon  la  revendication  1,  qui  est  caracterise  en  ce 
que  lesdits  moyens  de  commande  (M3)  compor- 
:ent  une  partie  de  controle  des  chocs,  une  partie 
de  controle  de  I'attitude  et  un  partie  de  controle 
des  vibrations. 

3.  Un  dispositif  de  commande  de  suspension 
selon  la  revendication  2,  qui  est  caracterise  en  ce 
que: 

ladite  partie  de  controle  de  chocs  produit  un 
signal  de  commande  propre  pour  modifier  les 
caracteristiques  de  suspension  en  les  faisant 
aasser  vers  un  etat  plus  mous  lorsqu'il  est  deter- 
mine  que  la  difference  entre  la  valeur  maximum 
3t  la  valeur  minimum  de  la  hauteur  de  vehicule 
telle  que  detectee  par  lesdits  moyens  de  detection 
rJe  I'attitude  du  vehicule  (M1),  pour  une  periode 
de  temps  predeterminee  d'appreciation  d'un 
choc,  est  superieure  ou  egale  a  une  valeur  de 
reference; 

ladite  partie  de  controle  de  I'attitude  produit 
des  signaux  de  commande  propres  susceptibles 
de  modifier  les  caracteristiques  de  suspension  en 
les  faisant  passer  vers  un  etat  plus  dur  lorsque 
I'appreciation  de  I'etat  de  marche  du  vehicule,  tell 
que  detecte  par  lesdits  moyens  de  detection  de 
I'attitude  du  vehicule  (M1)  indique  que  I'attitude 
du  vehicule  est  sur  le  point  de  changer  d'une 
maniere  brutale;  et 

ladite  partie  de  controle  de  vibrations  emet  des 
signaux  de  commande  susceptibles  de  modifier 
les  caracteristiques  de  suspension  en  les  faisant 
passer  vers  un  etat  plus  dur  qui  est  cependant  pas 
plus  dur  que  I'etat  le  plus  dur  determine  par  la 

sortie  ae  controle  a  attituae  lorsque  i  on  a  deter- 
mine  que  la  difference  entre  la  valeur  maximum 
et  la  valeur  minimum  de  la  hauteur  du  vehicule 
telle  que  mesuree  par  lesdits  moyens  de  detec- 

;  tion  de  I'attitude  du  vehicule  (M1),  pendant  une 
periode  de  temps  predeterminee  d'appreciation 
des  vibrations,  est  ajustee  de  facon  a  etre  plus 

"  longue  que  la  periode  de  temps  predeterminee 
d'appreciation  d'un  choc,  est  superieur  ou  egal  a 

o  une  autre  valeur  de  reference. 
4.  Un  dispositif  de  commande  de  suspension 

selon  la  revendication  2,  qui  est  caracterise  en  ce 
que  ladite  partie  de  controle  de  I'attitude  com- 
porte  en  outre  une  partie  de  commande  anti- 

5  variation  de  couple,  une  partie  de  commande 
anti-roulis,  une  partie  de  commande  anti-plogee 
et  une  partie  de  commande  anti-variation  de 
couple  au  passage  des  vitesses. 

5.  Un  dispositif  de  commande  de  suspension 
!0  selon  la  revendication  3,  qui  est  caracterise  en  ce 

qu'au  moins  I'un  des  etats  de  references  dans  les 
parties  de  commande  desdits  moyens  de  com- 
mande  (M3)  varie  en  fonction  de  la  vitesse  du 
vehicule. 

>5  6.  Un  dispositif  de  commande  selon  la  reven- 
dication  3,  qui  est  caracterise  en  ce  que  la  valeur 
de  la  hauteur  du  vehicule  utilisee  pour  la  determi- 
nation  effectuee  dans  la  partie  de  controle  des 
chocs  ou  dans  la  partie  de  controle  des  vibrations 

jo  est  une  valeur  de  hauteur  convertie,  cette  valeur 
ayant  ete  convertie  sur  la  base  d'une  table  de 
convertion  a  partie  d'une  valeur  effective  de 
hauteur  de  vehicule  telle  que  detectee  par  lesdits 
moyens  de  detection  de  I'attitude  du  vehicule 

?5  (M1),  ladite  valeur  convertie  exagerant  la  valeur 
effective  de  la  hauteur  du  vehicule  dans  les  plages 
superieures  et  inferieures. 

7.  Un  dispositif  de  commande  de  suspension 
selon  la  revendication  4,  qui  est  caracterise  en  ce 

to  que  I'un  des  etats  de  reference  des  parties  de 
commande  desdits  moyens  de  commande  (M3) 
varie  en  fonction  de  la  vitesse  du  vehicule. 

8.  Un  dispositif  de  commande  selon  la  reven- 
dication  4,  qui  est  caracterise  en  ce  que  la  valeur 

45  de  hauteur  de  vehicule  utilisee  pour  la  determina- 
tion  dans  la  partie  de  controle  des  chocs  ou  dans 
la  partie  de  controle  des  vibrations  est  une  valeur 
convertie  de  la  hauteur  du  vehicule,  qui  est 
convertie  sur  la  base  d'une  table  de  convertion  a 

so  partie  d'une  valeur  effective  de  hauteur  du  vehi- 
cule,  detectee  par  lesdits  moyens  de  detection  de 
I'attitude  du  vehicule  (M1),  et  qui  exagere  la 
valeur  effective  de  la  hauteur  du  vehicule  dans  les 
plages  extremes  superieur  et  inferieur. 
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