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monitoring  the  relative  displacement  between  the 
vehicle  body  and  wheel  axle.  The  output  of  the 
vehicle  level  sensor  is  compared  with  a  reference 
level,  which  serves  as  a  rough  road  criterion,  and 

5  adjusts  the  vehicle  height  according  to  the  result 
of  judgement  of  the  road  surface  conditions. 

In  another  example,  Japanese  Patent  First 
Publication  No.  58-30542,  published  on  February 
23,  1983,  discloses  a  variable  damping  force 

m  shock  absorber  with  damping  characteristics 
varying  in  accordance  with  vehicle  driving  con- 
ditions.  In  the  disclosed  system,  the  magnitude  of 
relative  displacement  between  the  vehicle  body 
and  wheel  axle  is  measured  and  a  vehicle  height 

15  variation  indicative  signal  is  derived  from  the 
measured  displacement  and  the  instantaneous 
vehicle  speed.  The  vehicle  height  variation  indica- 
tive  signal  value  is  compared  with  a  reference 
value  which  serves  as  a  staff  suspension  criterion 

20  for  adjustment  of  the  damping  characteristics  of 
the  shock  absorber  in  accordance  therewith. 

On  the  other  hand,  Published  Japanese  Patent 
Application  (Tokkai)  Sho.  56-42739  discloses  a 
suspension  control  system  which  controls  the 

25  damping  force  produced  in  response  to  rolling 
forces  depending  upon  vehicle  speed  and  steer- 
ing  adjustments.  The  damping  force  is  so  con- 
trolled  as  to  be  HIGH  when  the  vehicle  speed  is 
higher  than  a  set  speed  and  the  steering  adjust- 

30  ments  through  greater  than  a  predetermined 
angle  are  performed.  In  addition,  the  owner  of  the 
present  application  has  already  disclosed  a  sus- 
pension  control  system  in  Published  Japanese 
Utility  Model  Application  (Jikkai)  Sho.  56-147107. 

35  In  this  system,  the  damping  force  produced  by  a 
suspension  shock  absorber  is  adjusted  between 
HIGH  and  LOW  levels  depending  upon  the  vehicle 
speed,  the  magnitude  of  steering  adjustments 
and  the  angular  velocity  of  steering  adjustments. 

40  In  considering  suspension  control  with  respect 
to  roughness  of  the  road  surface  condition  for 
controlling  damping  characteristics  between 
HARD  and  SOFT,  HARD/SOFT  suspension  control 
criteria  would  be  better  to  be  varied  depending 

45  upon  the  vehicle  running  speed.  For  instance,  as 
usually  experienced,  assuming  running  on  the 
same  road  over  the  same  uneven,  greater  mag- 
nitude  of  vibration  may  be  produced  as  increas- 
ing  of  vehicle  speed.  Therefore,  when  the  vehicle 

so  is  running  at  relatively  high  speed,  harder  damp- 
ing  force  would  be  preferred  for  running  over  an 
uneven  which  may  not  cause  significant 
instability  if  the  vehicle  goes  at  sufficiently  low 
speed.  Alternatively,  when  harder  damping 

55  characteristics  is  selected  even  in  low  vehicle 
speed,  rough  ride  feeling  will  be  given  for  the 
passengers  to  degrade  riding  comfort.  Therefore, 
in  road  surface  condition  dependent  suspension 
control  may  be  required  to  vary  sensitivity  of 

60  roughness  of  the  road  surface  depending  upon 
the  vehicle  speed. 

The  present  invention  is  intended  to  provide  a 
suspension  control  system  which  is  variable  in 
the  sensibility  of  roughness  of  the  road  surface 

65  depending  on  the  vehicle  speed,  and  thus  provide 

Description 

The  present  invention  relates  to  a  suspension 
control  system  for  an  automotive  vehicle,  com- 
prising 

—  a  damper  means  interposed  between  a 
vehicle  body  and  a  road  wheel  for  absorbing,  at 
least  in  part,  relative  displacement  between  the 
vehicle  body  and  the  road  wheel,  said  damper 
means  having  damper  characteristics  seiectably 
variable  between  a  first  softer  damping  charac- 
teristics  mode  and  a  second  harder  damping 
characteristics  mode, 

—  a  first  sensor  producing  a  first  sensor  signal, 
—  a  second  sensor  producing  a  second  sensor 

signal  indicative  of  the  movement  of  the  vehicle, 
—  a  reference  signal  generator  for  outputting  a 

reference  signal  in  response  to  an  input  signal  to 
vary  the  value  of  said  reference  signal  based 
thereon, 

—  a  comparator  having  two  inputs,  one  of 
which  being  responsive  to  said  reference  signal, 
and 

—  a  controller  connected  to  said  damper  means 
for  operating  said  damper  means  in  response  to 
an  output  signal  of  said  comparator  in  said  first 
softer  damping  characteristics  mode  or  in  said 
second  harder  damping  characteristics  mode. 

A  suspension  control  system  as  mentioned 
above  is  already  known  from  US  —  A—  3  995  883. 
However,  within  said  known  system  only  a 
displacement  transducer  is  provided  as  said  first 
sensor  for  detecting  the  position  of  the  wheel 
carrier  relative  to  the  vehicle  body.  On  the  other 
hand,  the  output  of  said  displacement  transducer 
is  connected  to  the  input  of  the  reference  signal 
generator  having  an  output  connected  to  a  com- 
parator.  Furthermore,  a  vertical  acceleration 
transducer  acting  as  a  second  sensor  is  connected 
to  another  input  of  said  comparator  which  com- 
pares  the  actual  acceleration  with  a  desired  accel- 
eration  and  controls  the  damper  means  accord- 
ingly. 

From  US  —  A—  3  770  292  an  electronic  control 
for  vehicle  suspension  systems  is  known  taking 
into  consideration  the  vehicle  speed  and  the 
frequency  of  vertical  components  of  piston  posi- 
tion  signals  derived  by  position  transducers 
cooperating  with  rods  which  are  connected  to 
pistons  of  damping  cylinders. 

Additionally,  various  uses  of  road  preview  sen- 
sors  have  been  proposed  and  developed.  For 
example,  SAE  Technical  Paper  Series  Nos.  680750 
and  800520,  respectively  published  on  October, 
1968  and  February,  1980  show  road  preview 
sensors  for  use  in  suspension  systems  for  obtain- 
ing  optimum  riding  comfort  and  drivabiiity.  In 
addition,  Japanese  Patent  First  Publication  No. 
57-172808,  published  on  October  23,  1982  dis- 
closes  a  vehicle  height  control  system  which 
includes  a  sensor  which  detects  rough  road  con- 
ditions  and  adjusts  the  vehicle  height  level 
depending  upon  road  surface  conditions.  A 
vehicle  height  or  level  sensor  is  employed  in  the 
disclosed  vehicle  height  control  system  for 
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The  following  drawing,  .throughout  which  like 
numerals  refer  to  like  elements,  may  be  of  assist- 
ance  in  understanding  the  concepts  behind  the 
present  invention  and  the  structure,  function  and 

5  purpose  of  some  preferred  embodiments  thereof: 
In  the  drawings: 
Fig.  1  is  a  perspective  view  of  an  automotive 

vehicle  with  a  typical  vehicular  suspension 
system  and  a  first  preferred  embodiment  of  a 

10  suspension  control  system  in  accordance  with  the 
present  invention; 

Fig.  2  shows  some  examples  of  magnitude  and 
absorbing  characteristics  of  road  shock  depend- 
ing  upon  a  vehicle  speed; 

15  Fig.  3  is  a  block  diagram  of  the  suspension 
control  system  of  Fig.  1  ; 

Fig.  4  is  a  more  detailed  block  diagram  of  the 
road  sensor  of  Fig.  3; 

Fig.  5  is  a  flowchart  of  a  road  sensor  timing 
20  control  program  executed  by  the  controller  of 

Figs.  3  and  4; 
Fig.  6  is  a  flowchart  of  a  suspension  control 

program  to  be  executed  by  the  first  embodiment 
of  suspension  control  system  according  to  the 

25  invention; 
Fig.  7  is  a  longitudinal  section  through  a  shock 

absorber  used  in  the  first  preferred  embodiment; 
Fig.  8  is  a  longitudinal  section  of  a  modified 

shock  absorber  which  is  applicable  for  the  first 
30  embodiment  of  the  suspension  control  system 

according  to  the  invention; 
Fig.  9  is  a  partial  longitudinal  section  through  a 

modified  shock  absorber; 
Fig.  10  is  an  enlarged  longitudinal  section 

35  through  the  damping  force  adjusting  mechanism 
of  Fig.  11; 

Fig.  11  (A)  and  (B)  are  cross-sections  through 
the  mechanism  shown  in  Fig.  12  at  positions 
revealing  the  three  possible  fluid  flow  paths; 

40  Fig.  12  is  a  block  diagram  of  the  second 
embodiment  of  a  suspension  control  system  in 
accordance  with  the  present  invention; 

Fig.  13  shows  a  graph  showing  variation  of  a 
threshold  value  representative  of  HARD/SOFT 

45  criteria  depending  upon  a  vehicle  speed; 
Fig.  14  is  a  fragmentary  perspective  view  of  a 

vehicular  roll  stabilizer  in  a  suspension  system,  to 
which  the  present  invention  of  a  suspension 
control  is  applicable; 

so  Fig.  15  is  an  enlarged  side  elevation  showing 
major  part  of  the  roll  stabilizer  of  Fig.  14; 

Fig.  16  is  a  cross-section  taken  along  line  A—  A 
of  Fig.  15;  and 

Fig.  17  is  a  schematic  diagram  of  the  third 
55  embodiment  of  a  suspension  control  system  in 

accordance  with  the  present  invention. 

Description  of  the  Preferred  Embodiments 
Referring  now  to  the  drawings,  particularly  to 

60  Fig.  1,  the  preferred  embodiment  of  an  electronic 
suspension  control  system  in  accordance  with  the 
present  invention  generally  comprises  suspen- 
sion  strut  assemblies  10,  each  including  a  shock 
absorber  12  with  variable  shock-absorbing 

65  characteristics  and  a  controller  100  adapted  to 

comfortable  vehicle  suspension  with  sufficient 
drivability. 

Therefore,  it  is  an  object  of  the  invention  to 
provide  a  suspension  control  system  which  can 
provide  both  better  riding  comfort  and  drivability 
by  controlling  damping  characteristics  of  the  sus- 
pension  mainly  depending  upon  road  surface 
condition  which  is  recognized  by  variable  sensi- 
bility. 

A  suspension  control  system  according  to  the 
invention  is  characterized  in  that 

—  said  first  sensor  is  adapted  to  produce  as 
said  first  sensor  signal  a  signal  having  an 
amplitude  and  frequency  which  correspond  to  the 
amplitude  and  frequency  of  vibrations  of  said 
vehicle  body, 

—  said  second  sensor  is  adapted  to  produce  as 
said  second  sensor  signal  a  signal  indicative  of 
the  vehicle  speed, 

—  the  reference  signal  generator  being  respon- 
sive  to  said  second  sensor  signal  as  the  input 
signal, 

—  the  first  sensor  signal  is  supplied  to  another 
input  of  said  comparator,  and 

—  the  controller  is  adapted  to  control  the 
damper  means  in  said  first  mode  while  said  first 
sensor  signal  value  is  smaller  than  said  reference 
signal  value,  and  in  said  second  mode  while  said 
first  sensor  signal  value  is  greater  than  or  equal  to 
said  reference  signal  value. 

According  to  the  invention  the  suspension  con- 
trol  system  includes  a  sensor  capable  of  monitor- 
ing  road  surface  conditions  which  cause  road 
wheel  vibrations,  and  which  selects  HARD  or 
SOFT  suspension  depending  upon  thoroughness 
of  the  road  surface  in  terms  of  a  predetermined 
HARD/SOFT  criterion  which  is  variable  depending 
upon  a  vehicle  speed. 

The  road  sensor  produces  a  signal  having  an 
amplitude  corresponding  to  the  magnitude  of  the 
relative  displacement  between  the  vehicle  body 
for  producing  a  road  roughness  indicative  signal 
and  a  road  surface  and  a  vehicle  speed  sensor 
monitoring  vehicle  running  speed  to  produce  a 
vehicle  speed  indicative  signal.  Roughness  of  the 
road  surface  is  recognized  based  on  the  road 
roughness  indicative  signal  with  respect  to  a  pre- 
determined  HARD/SOFT  suspension  criterion. 
The  HARD/SOFT  suspension  criteria  is  variable  in 
terms  of  the  vehicle  speed  indicative  signal  value. 
The  controller  produces  a  control  signal  which 
triggers  a  variable-damping-characteristics  sus- 
pension  mechanism  to  adjust  the  damping 
characteristics  between  a  HARD  suspension 
mode  and  a  SOFT  suspension  mode  depending 
upon  the  road  surface  conditions. 

Brief  Description  of  the  Drawings 
The  present  invention  will  be  understood  more 

fully  from  the  detailed  description  given  here- 
below  and  from  the  accompanying  drawings  of 
the  preferred  embodiments  of  the  invention, 
which,  however,  should  not  be  taken  to  limit  the 
invention  to  the  specific  embodiments  but  are  for 
explanation  and  understanding  only. 
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Magnitude  of  vibration  to  be  caused  by  impact 
force  applied  from  road  surface  through  the 
vehicle  wheel  is  variable  depending  upon  initial 
amplitude  of  vibration  and  speed  of  vibration.  In 

5  Fig.  2,  a  solid  line  shows  vibration  caused  in 
relatively  high  vehicle  speed,  a  broken  and  a 
dotted  line  respectively  shows  variation  of  vibra- 
tion  magnitude  caused  in  different  vehicle  speed 
lower  than  the  vehicle  speed  causing  the  vibra- 

10  tion  of  the  solid  line.  As  will  be  appreciated  here- 
from,  in  considering  suspension  control  with 
respect  to  roughness  of  the  road  surface  condi- 
tion  for  controlling  damping  characteristics 
between  HARD  and  SOFT,  HARD/SOFT  suspen- 

15  sion  control  criteria  would  be  better  to  be  varied 
depending  upon  the  vehicle  running  speed.  For 
instance,  as  usually  experienced,  assuming  run- 
ning  on  the  same  road  over  the  same  uneven, 
greater  magnitude  of  vibration  may  be  produced 

20  as  increasing  of  vehicle  speed.  Therefore,  when 
the  vehicle  is  running  at  relatively  high  speed, 
harder  damping  force  would  be  preferred  for 
running  over  an  uneven  which  may  not  cause 
significant  instability  if  the  vehicle  goes  at  suffi- 

25  ciently  low  speed.  Alternatively,  when  harder 
damping  characteristics  is  selected  even  in  low 
vehicle  speed,  rough  ride  feeling  will  be  given  for 
the  passengers  to  degrade  riding  comfort.  There- 
fore,  in  road  surface  condition  dependent  suspen- 

30  sion  control  may  be  required  to  vary  sensitivity  of 
roughness  of  the  road  surface  depending  upon 
the  vehicle  speed. 

Fig.  3  shows  the  preferred  embodiment  of  the 
suspension  control  system  including  controller 

35  100  which  generally  comprises  a  microprocessor. 
In  practice,  the  microprocessor  performs  control 
operations  not  only  depending  upon  the  road  sur- 
face  conditions  but  also  depending  upon  vehicle 
speed,  other  vehicle  driving  conditions,  such  as 

40  vehicle  acceleration,  and  other  preselected  sus- 
pension  control  parameters.  One  of  these  suspen- 
sion  control  parameters,  is  the  HIGH-  or  LOW- 
level  output  signal  from  the  comparator  510  (Fig. 
2),  which  switch  the  damping  characteristics  of 

45  the  shock  absorber  between  the  HARD  and  SOFT 
modes  respectively. 

The  microprocessor  100  generally  comprises 
an  input  interface  102a,  CPU  104,  RAM  106,  ROM 
108  and  output  interface  110.  In  the  shown 

so  embodiment,  the  microprocessor  100  is.  con- 
nected  to  the  road  sensor  200  via  the  input  inter- 
face  102a.  The  microprocessor  100  is  also  con- 
nected  for  input  from  a  clock  generator  112.  RAM 
106  includes  a  memory  block  114  serving  as  a 

55  mode-indicative  flag  FDh  which  is  set  while  the 
shock  absorber  is  operating  in  HARD  mode.  ROM 
108  includes  a  memory  block  holding  the  road 
surface-dependent  suspension  control  program 
as  an  interrupt  program  triggered  by  a  HIGH-level 

so  signal  from  the  comparator  510.  The  road  sensor, 
in  the  shown  embodiment,  comprises  an  ultra- 
sonic  sensor,  construction  and  operation  of  which 
will  be  described  herebelow.  The  ultra-sonic  sen- 
sor  200  is  associated  with  the  controller  100.  ROM 

65  108  has  a  memory  block  storing  an  ultra-sonic 

produce  a  control  signal  for  actuating  an  actuator 
(not  shown  in  Fig.  1)  in  each  shock  absorber  12  in 
order  to  adjust  the  shock-absorbing  characteris- 
tics  in  accordance  with  the  vehicle  driving  condi- 
tion. 

It  should  be  appreciated  that  the  term  "shock- 
absorbing  characteristics"  used  throughout  the 
disclosure  refers  to  the  quantitative  degree  to 
which  a  shock  absorber  produces  damping  force 
or  spring  force  against  bounding  and  rebounding 
motion  of  the  vehicle  body  as  a  sprung  mass  and 
the  road  wheel  assembly  as  unsprung  mass,  and 
pitching  and  rolling  movement  of  the  vehicle 
body  relative  to  the  road  wheel  assembly.  In 
practice,  the  shock-absorbing  characteristics  can 
be  controlled  in  various  ways  based  on  flow 
restriction  between  shock  absorber  working 
chambers  disposed  in  shock  absorber  cylinders. 
In  the  shown  embodiment,  the  flow  restriction  is. 
variable  by  means  of  a  flow  control  valve  dis- 
posed  within  a  reciprocable  piston  separating  the 
chambers.  The  preferred  embodiment  described 
herebelow  employs  a  shock  absorber  with  two- 
way  variable  shock-absorbing  characteristics,  i.e. 
HARD  mode  and  SOFT  mode.  Obviously,  in  HARD 
mode,  the  damping  force  generated  in  response 
to  bounding  or  rebounding  shock  applied  to  the 
vehicle  is  greater  than  in  SOFT  mode.  However, 
the  shown  embodiment  is  to  be  considered 
merely  as  an  example  for  facilitating  better  under- 
standing  of  the  invention  and  simplification  of  the 
disclosure.  In  fact,  shock  absorbers  which  operate 
in  three  modes,  i.e.  HARD  mode,  SOFT  mode  and 
INTERMEDIATE  or  MEDIUM  mode,  are  also 
applicable  to  the  preferred  embodiment  of  the 
suspension  control  system  according  to  the 
invention.  Some  possible  modifications  to  the 
shock  absorber  will  be  disclosed  together  with  the 
preferred  shock  absorber  design  given  later. 

Returning  to  Fig.  1,  the  controller  100  is  con- 
nected  to  a  road  surface  sensor  200  which  pro- 
duces  a  sensor  signal  Sr  indicative  of  road  surface 
conditions,  which  will  be  referred  to  hereinafter 
as  "road  sensor  signal  Sr".  The  controller  100 
may  also  be  connected  to  a  vehicle  speed  sensor 
201.  In  practice,  the  vehicle  speed  sensor  201  is 
adapted  to  monitor  rotation  speed  of  a  propeller 
shaft  or  drive  shaft  for  deriving  a  vehicle  speed 
indicative  signal  Sv  in  a  per  se  well  known 
manner.  The  controller  100  is  also  connected  to 
other  sensors,  such  as  a  brake  switch,  etc.,  in 
order  to  receive  the  sensor  signals  indicative  of 
the  suspension  control  parameters.  The  controller 
100  is,  in  turn,  connected  to  driver  signal 
generators  102  which  are  responsive  to  the  con- 
trol  signal  from  the  controller,  which  control 
signal  Sc  can  assume  either  of  two  states,  namely 
HIGH  and  LOW.  The  driver  signal  generator  102 
produces  a  drive  signal  Sd  which  actuates  the 
shock  absorber  to  one  of  the  HARD  and  SOFT 
modes. 

The  controller  100  is  responsive  to  the  road 
sensor  signal  Sr  to  produce  a  control  signal  Sc  for 
switching  the  shock  absorber  between  HARD 
mode  and  SOFT  mode. 
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step  1008.  Then  the  flag  FTr  is  set  at  a  step  1010.  A 
HIGH-level  output  is  applied  to  the  output  inter- 
face  as  trigger  signal  STr  at  a  step  1012. 

During  the  period  t,  starting  from  the  time  T,, 
5  the  potential  at  the  output  interface  is  held  HIGH 

to  continue  application  of  the  trigger  signal  STr  to 
the  transmitter  230.  The  timer  122  continues 
counting  the  clock  pulses  and  produces  a  T^timer 
signal  after  period  t,  which  serves  as  a  trigger 

w  signal  for  the  timing  control  program. 
In  response  to  the  T,-timer  signal  at  time  T2 

marking  the  end  of  the  period  t,,  the  timing 
control  program  is  executed  again.  Since  the 
trigger  signal-indicative  flag  FTr  was  set  at  the  step 

15  1010  in  the  previous  cycle  of  program  execution, 
the  answer  at  the  step  1002  becomes  "NO".  Thus, 
control  passes  to  a  step  1014  in  which  the  timer 
value  T2  of  the  second  timer  124  is  accessed  in 
RAM  106.  Similarly  to  the  -first-mentioned  timer 

20  122,  the  timer  124  continuously  counts  clock 
pulses  from  the  clock  generator  112.  An  OFF- 
interval-indicative  time  data  t2  is  added  to  the 
latched  timer  value  T2  at  a  step  1016.  The  time 
data  t2  has  a  value  corresponding  to  a  predeter- 

25  mined  interval  between  successive  trigger 
signals.  The  resultant  time  value  (T2  +  12)  is 
stored  in  the  Trtimer  122  of  RAM  106  at  a  step 
1018.  Then,  the  flag  FTr  is  reset  at  a  step  1020. 
After  the  step  1020,  the  output  level  at  the  output 

30  interface  drops  to  LOW  to  terminate  transmission 
of  the  trigger  signal  to  the  transmitter,  at  a  step 
1022. 

The  detailed  structure  and  operation  of  the 
aforementioned  preferred  embodiment  of  the 

35  ultra-sonic  sensor  has  been  disclosed  in  the  co- 
pending  U.S.  Patent  Application  Serial  No. 
650,705,  filed  September  14,  1984.  The  disclosure 
of  the  above-identified  U.S.  Patent  Application 
Serial  No.  650,705  is  hereby  incorporated  by 

40  reference  for  the  sake  of  disclosure. 
Fig.  7  shows  the  detailed  structure  of  a  variable- 

damping-force  shock  absorber  12  employed  in 
the  first  embodiment  of  the  suspension  control 
system  according  to  the  present  invention.  The 

45  shock  absorber  12  generally  comprises  inner  and 
outer  hollow  cylinders  20  and  22  arranged 
coaxially,  and  a  piston  24  fitting  flush  within  the 
hollow  interior  of  the  inner  cylinder  20.  The  piston 
24  defines  upper  and  lower  fluid  chambers  26  and 

so  28  within  the  inner  cylinder  20.  The  inner  and 
outer  cylinders  define  an  annular  fluid  reservoir 
chamber  30. 

The  piston  24  is  connected  to  the  vehicle  body 
(not  shown)  by  means  of  a  piston  rod  which  is 

55  generally  referred  to  by  the  reference  number  32. 
The  piston  rod  32  comprises  upper  and  lower  seg- 
ments  34  and  36.  The  upper  segment  34  is  formed 
with  an  axially  extending  through  opening  38. 
The  lower  end  of  the  through  opening  38  opens 

60  into  a  recess  40  defined  on  the  lower  end  of  the 
upper  segment  34.  On  the  other  hand,  the  lower 
segment  36  has  an  upper  section  42  engageable 
to  the  recess  40  to  define  therein  a  hollow  space 
44.  An  actuator  is  disposed  within  the  space  44. 

65  The  actuator  46  is  connected  to  the  driver  circuit 

sensor  control  program  which  triggers  the  ultra- 
sonic  sensor  at  a  given  timing.  The  output  inter- 
face  110  of  the  microprocessor  100  is  connected 
for  output  of  control  signal  Sc  to  each  of  the  driver 
signal  generators. 

As  shown  in  Fig.  4,  the  ultra-sonic  sensor  200 
comprises  generally  an  ultra-sonic  wave  trans- 
mitter  230  and  a  reflected  ultra-sonic  wave 
receiver  232.  The  transmitter  230  is  associated 
with  the  controller  100  to  receive  therefrom  a 
trigger  signal  STr  at  a  given  timing.  The  trans- 
mitter  230  includes  an  ultra-sonic  oscillator  234 
and  an  ultra-sonic  wave  transmitting  section  236. 
The  ultra-sonic  oscillator  234  is  responsive  to  the 
trigger  signal  STr  from  the  controller  100,  which  is 
issued  periodically  or  intermittently,  to  transmit 
or  discharge  ultra-sonic  waves  through  the  trans- 
mitter  section  236  toward  the  road  surface. 

The  ultra-sonic  waves  reflected  by  the  road 
surface  are  received  by  a  receiver  section  238  of 
the  receiver  232.  The  receiver  section  238  pro- 
duces  a  receiver  signal  SHc  having  value  varying 
in  accordance  with  the  amplitude  of  the  received 
ultra-sonic  waves.  The  receiver  section  238  is 
connected  to  an  amplifier  240  to  supply  the 
receiver  signal  SRc  to  the  latter.  The  receiver 
signal  SRc  is  amplified  by  the  amplifier  240  and 
transmitted  to  a  rectifier  242.  The  rectifier  242  is 
connected  to  band-pass  filters  as  set  forth  above, 
through  a  shaping  circuit  244.  The  rectifier  242  is 
also  connected  to  a  peak-hold  circuit  246  which 
holds  the  peak  value  of  the  receiver  signal.  The 
peak-hold  circuit  246  produces  an  analog  peak- 
value-indicative  signal  SP.  having  a  value  pro- 
portional  to  the  held  peak  value.  The  peak-hold 
circuit  246  is  connected  for  output  to  the  con- 
troller  100  via  an  analog-to-digital  converter  248. 
The  analog-to-digital  converter  248  outputs  a 
binary  signal  indicative  of  the  peak-value-indica- 
tive  signal  value  to  the  controller  100. 

The  peak-hold  circuit  246  is  also  connected  to 
the  controller  100  to  receive  the  trigger  signal  STr. 
The  peak-hold  circuit  246  is  responsive  to  the 
trigger  signal  from  the  controller  to  clear  the 
currently  held  value. 

Fig.  5  shows  a  timing  control  program  executed 
by  the  controller  100  for  controlling  the  trigger 
timing  of  the  ultra-sonic  sensor  200. 

At  the  initial  stage  of  execution  of  the  timing 
control  program,  a  trigger-signal-output-indica- 
tive  flag  FTr  in  a  memory  block  120  of  RAM  106  is 
checked  at  a  step  1002.  The  trigger  signal  FTr  is  set 
when  the  trigger  signal  is  output  through  the 
output  interface  110  to  the  transmitter  230  and  is 
reset  when  the  trigger  signal  is  not  being  output. 

If  the  trigger  signal-indicative  flag  FTr  is  set 
when  checked  at  the  step  1002,  then  the  timer 
value  J-i  of  a  timer  122  in  RAM  106  is  latched  at  a 
step  1004.  The  timer  122  continuously  counts 
clock  pulses  from  the  clock  generator  112.  A 
trigger-signal-ON-time  indicative  time  value  t,  is 
added  to  the  latched  timer  value  T,  at  a  step  1006. 
The  resultant  value  (T,  +  t,),  which  serves  as  a 
trigger-signal-OFF  time  value,  is  transferred  to 
and  stored  in  a  T2-register  124  in  RAM  106,  at  a 
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valve  body  50  is  held  in  its  upper  position  by  the 
effect  of  the  spring  force  51  so  that  the  lower  end 
extension  52  does  not  project  into  the  fluid 
passage  56.  Therefore,  the  fluid  communication  is 

5  established  through  both  the  fluid  passage  56  and 
the  applicable  one  of  the  flow-restricting  fluid 
passages  58  and  60.  As  a  result,  the  total  flow 
restriction  is  relatively  weak  to  allow  the  shock 
absorber  to  operate  in  SOFT  mode. 

10  In  response  to  a  HIGH-level  control  signal  from 
the  controller  100,  the  driver  signal  generator  102 
corresponding  to  each  shock  absorber  12 
becomes  active  to  energize  the  actuator  46.  The 
actuator  46  drives  the  movable  valve  body  50 

is  downward.  This  downward  movement  shifts  the 
lower  end  of  the  extension  52  of  the  valve  body  50 
into  the  fluid  passage  56  so  as  to  block  fluid 
communication  between  the  upper  and  lower 
fluid  chambers  26  and  28  via  the  fluid  passage  56. 

20  Therefore,  the  fluid  can  flow  between  the  upper 
and  lower  chambers  26  and  28  only  through  one 
of  the  fluid  passages  58  and  60.  The  fluid  flow 
restriction  is,  thus,  increased,  resulting  in  a 
greater  damping  force  than  is  produced  in  the 

25  SOFT  mode.  In  other  words,  the  shock  absorber 
12  operates  in  HARD  mode. 

Operation  of  the  aforementioned  first  embodi- 
ment  of  the  suspension  control  system  in  accord- 
ance  with  the  present  invention  will  be  described 

30  herebelow  with  reference  Fig.  6. 
Fig.  6  shows  a  suspension  control  program  to 

be  cyclically  executed  at  a  predetermined  timing. 
Immediately  after  starting  execution  of  the  sus- 
pension  control  program  of  Fig.  6,  the  vehicle 

35  speed  indicative  signal  value  Sv  is  read  out  at  a 
block  1100.  The  read  vehicle  speed  indicative 
signal  value  Sv  is  then  compared  with  a  predeter- 
mined  reference  value  Svret  which  is  a  criterion 
defining  high  speed  range  and  low  speed  range, 

40  at  a  block  1  1  02.  When  the  vehicle  speed  indicative 
signal  value  Sv  is  equal  to  or  greater  than  the 
reference  value  Svr.(,  then  a  higher  threshold 
value  THH  is  set  in  a  block  1104.  Alternatively, 
when  the  vehicle  speed  indicative  signal  value  Sv 

45  is  smaller  than  the  reference  value  Svref  as 
checked  at  the  block  1102,  then  a  predetermined 
lower  threshold  value  THL  is  set  in  a  block  1106. 
The  higher  and  lower  threshold  values  THH  and 
THL  to  be  set  in  the  blocks  1104  and  1106  would 

so  @  be  stored  in  an  appropriate  memory  block  in  ROM 
108  as  shown  in  Fig.  3. 

After  processing  in  the  block  1104  or  1106,  the 
road  condition  indicative  signal  value  Sr  is  read  at 
a  block  1108.  On  the  basis  of  the  read  out  road 

55  condition  sensor  value  Sr  which  is  indicative  of 
the  vehicle  level  H  with  respect  to  the  road 
surface,  a  difference  HD  between  a  preset  average 
vehicle  height  H  and  the  instantaneous  vehicle 
height  H  as  indicated  by  the  road  sensor  signal 

60  value  is  derived  in  a  block  1110.  The  derived 
difference  HD  is  compared  with  the  set  threshold 
value  THH  or  THL  in  a  block  1112.  It  should  be 
appreciated  that  the  preset  average  vehicle  height 
indicative  value  H  may  be  also  stored  in  an 

65  appropriate  memory  block  in  ROM. 

16  through  a  lead  48  extending  through  the 
through  opening  38.  The  actuator  46  is  associated 
with  a  movable  valve  body  50  which  has  a  lower 
end  extension  52  inserted  into  a  guide  opening  54 
defined  in  the  lower  segment  36.  The  guide 
opening  54  extends  across  a  fluid  passage  56 
defined  through  the  lower  segment  36  for  fluid 
communication  between  the  upper  and  lower 
fluid  chambers  26  and  28. 

The  fluid  passage  56  serves  as  a  bypass  for 
flow-restrictive  fluid  passages  58  and  60  formed 
in  the  piston  24.  The  upper  end  of  the  fluid 
passage  58  is  closed  by  a  resilient  flow-restricting 
valve  62.  Similarly,  the  lower  end  of  the  fluid 
passage  60  is  closed  by  a  flow-restricting  valve 
64.  The  flow-restricting  valves  62  and  64  serve  as 
check  valves  for  establishing  one-way  fluid  com- 
munication  in  opposite  directions.  In  addition, 
since-  the  flow-restriction  valves  62  and  64  are 
biased  toward  the  ends  of  the  fluid  passages  58 
and  60,  they  open  to  allow  fluid  communication 
between  the  upper  and  lower  fluid  chambers  26 
and  28  only  when  the  fluid  pressure  difference 
between  the  upper  and  lower  chambers  26  and  28 
overcomes  the  effective  pressure  of  the  valves. 

The  cross-sectional  area  of  the  fluid  passages 
58  and  60  and  the  set  pressures  of  the  fluid- 
restriction  valves  60  and  62  determine  the  damp- 
ing  force  produced  in  HIGH  damping  force  mode. 
The  cross-sectional  area  of  the  fluid  passage  56 
determines  the  drop  in  the  damping  force  in  the  • 
LOW  damping  force  mode  in  comparison  with 
that  in  the  HIGH  damping  force  mode. 

The  movable  valve  body  50  is  normally  biased 
upwards  by  means  of  a  coil  spring  51.  As  a  result, 
when  the  actuator  46  is  not  energized,  the  lower 
end  section  52  of  the  valve  body  50  is  separated 
from  the  fluid  passage  56  to  allow  fluid  communi- 
cation  between  the  upper  and  lower  chamber. 
When  the  actuator  46  is  energized,  the  valve  body 
50  moves  downwards  against  the  resilient  force 
of  the  coil  spring  51  to  block  the  fluid  passage  56 
with  the  lower  end  extension  52.  As  a  result,  fluid 
communication  between  the  upper  and  lower 
fluid  chambers  26  and  28  via  the  fluid  passage  56 
is  blocked.  When  fluid  communication  through 
the  fluid  passage  is  permitted,  the  damping  force 
produced  by  the  shock  absorber  14  remains  LOW. 
On  the  other  hand,  when  the  fluid  passage  56  is 
shut,  fluid  flow  rate  is  reduced,  thus  increasing 
the  damping  force  produced.  Therefore,  when  the 
valve  body  50  is  shifted  to  the  lowered  position, 
the  shock  absorber  works  in  HIGH  damping  force 
mode  to  produce  a  higher  damping  force  against 
vertical  shocks. 

A  bottom  valve  66  is  installed  between  the 
lower  fluid  chamber  28  and  the  fluid  reservoir 
chamber  30.  The  bottom  valve  66  is  secured  to  the 
lower  end  of  the  inner  cylinder  and  includes  fluid 
passages  68  and  70.  The  upper  end  of  the  fluid 
passage  68  is  closed  by  a  flow-restriction  valve 
72.  The  lower  end  of  the  fluid  passage  70  is  closed 
by  a  flow-restriction  valve  74. 

In  the  normal  state  wherein  the  control  signal  of 
the  controller  100  remains  LOW,  the  movable 
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316  and  318.  The  piston  214  also  has  annular 
grooves  324  and  326  along  its  upper  and  lower 
surfaces  concentric  about  its  axis.  The  upper  end 
of  the  fluid  passage  320  opens  into  the  groove 
324.  On  the  other  hand,  the  lower  end  of  the  fluid 
passage  322  opens  into  the  groove  326.  Upper 
and  lower  check  valves  328  and  330  are  provided 
opposite  the  grooves  324  and  326  respectively  to 
close  the  grooves  when  in  their  closed  positions. 
The  lower  end  of  the  fluid  passage  320  opens 
onto  the  lower  surface  of  the  piston  at  a  point  out- 
side  of  the  check  valve  330.  Likewise  the  upper 
end  of  the  fluid  passage  322  opens  onto  the  upper 
surface  of  the  piston  at  a  point  outside  of  the 
check  valve  328. 

Therefore,  the  fluid  passage  322  is  active  during 
the  piston  expansion  stroke,  i.e.  during  rebound 
of  the  shock  absorber.  At  this  time,  the  check 
valve  328  prevents  fluid  flow  through  the  fluid 
passage  320.  On  the  other  hand,  during  the  piston 
compression  stroke,  i.e.  during  bounding  move- 
ment  of  the  suspension,  the  fluid  passage  320  is 
active,  allowing  fluid  flow  from  the  lower  fluid 
chamber  318  to  the  upper  fluid  chamber  316  and 
the  fluid  passage  322  is  blocked  by  the  check 
valve  330. 

The  piston  rod  308  has  a  hollow  cylindrical 
shape  so  that  a  damping  force  adjusting 
mechanism,  which  will  be  referred  to  generally  by 
the  reference  numeral  "400"  hereafter,  can  be 
housed  therein.  The  damping  force  adjusting 
mechanism  400  includes  a  valve  mechanism  402 
for  adjusting  .the  cross-sectional  area  through 
which  the  working  fluid  can  flow  between  the 
upper  and  lower  chambers.  In  the  preferred 
embodiment,  the  valve  mechanism  402  allows 
three  steps  of  variation  of  the  damping  force,  i.e., 
HARD  mode,  MEDIUM  mode  and  SOFT  mode,  the 
narrowest  cross-sectional  area  representing  the 
HARD  mode,  the  widest  the  SOFT  mode  and  inter- 
mediate  the  MEDIUM  mode.  Although  the  pre- 
ferred  embodiment  of  the  invention  will  be 
described  hereafter  in  terms  of  a  three-way, 
adjustable-damping-force  shock  absorber,  the 
number  of  adjustable  positions  of  the  shock 
absorber  may  be  increased  or  decreased  as 
desired  and  is  not  limited  to  this  example. 

As  shown  in  Fig.  9,  the  piston  rod  308  defines 
an  axially  extending  through  opening  404  with 
the  lower  end  opening  into  the  lower  fluid 
chamber  318.  A  fitting  408  seals  the  lower  end  of 
the  opening  404  of  the  piston  rod  and  has  axially 
extending  through  opening  410,  the  axis  of  which 
is  parallel  to  the  axis  of  the  through  opening  404 
of  the  piston  rod.  Thus,  the  through  openings  404 
and  410  constitute  a  fluid  path  412  extending 
through  the  piston  rod.  The  piston  rod  308  also 
has  one  or  more  radially  extending  orifices  or 
openings  414  opening  into  the  upper  fluid 
chamber  316.  Thus,  the  upper  and  lower  fluid 
chambers  316  and  318  are  in  communication 
through  the  fluid  path  412  and  the  radial  orifices 
414. 

A  stationary  valve  member  416  with  a  flaring 
upper  end  418  is  inserted  into  the  through  open- 

When  the  difference  HD  is  equal  to  or  greater 
than  the  set  threshold  value  THH  or  THL,  the  timer 
122  in  RAM  is  set  at  a  predetermined  value  Tset  at 
a  block  1114.  The  timer  value  Tset  initially  set  in 
the  block  1114  defines  a  duration  in  which  the  5 
shock  absorber  operation  mode  is  maintained  at 
HARD  or  HIGH  damping  force-  mode.  The  timer 
122  may  be  set  whenever  the  difference  HD  equal 
to  or  greater  than  the  threshold  value  THH  or  THL 
is  detected  at  the  block  1112.  At  a  block  1116,  the  w 
timer  value  is  checked  if  it  is  zero.  When  the  timer 
value  is  greater  than  zero  as  checked  at  the  block 
1116,  then  the  HIGH-level  control  signal  SH  is 
output  at  a  block  1118  to  position  the  shock 
absorber  at  HIGH  damping  force  mode.  After  w 
outputting  the  HIGH-level  control  signal  SH,  the 
timer  value  Tsat  is  decremented  by  1  at  a  block 
1120. 

On  the  other  hand,  when  the  difference  HD  is 
smaller  than  the  set  threshold  value  THH  or  THL,  20 
as  checked  at  the  block  1112,  then  process  jumps 
to  the  block  1116  to  check  the  timer  value  Tset. 

When  the  timer  value  as  checked  at  the  block 
1116  is  zero,  then  process  goes  to  a  block  1122  to 
output  LOW-level  control  signal  SL  to  operate  the  25 
shock  absorber  to  the  LOW  damping  force  mode. 

As  will  be  appreciated  herefrom,  when  the 
vehicle  speed  is  higher  than  the  predetermined 
reference  value,  then  the  lower  threshold  value  is 
selected  for  increasing  sensibility  of  the  road  sur-  30 
face  roughness.  On  the  other  hand,  when  the 
vehicle  speed  is  lower  than  the  reference  value, 
the  threshold  value  is  maintained  at  higher  value 
to  maintain  the  sensibility  of  the  road  surface 
roughness  at  lower  level.  On  the  other  hand,  in  35 
the  foregoing  control  'program,  by  providing  the 
blocks  1114  and  1116,  the  shock  absorber  can  be 
maintained  at  HIGH  damping  force  mode  for  a 
predetermined  period  of  time  as  defined  by  the 
initial  set  time  in  the  timer  122,  even  after  the  40 
difference  HD  become  smaller  than  the  threshold 
value.  This  is  advantageous  to  provide  better 
drivability  for  the  vehicle. 

Figs.  8  to  11  show  a  modified  form  of  the 
variable-damping-characteristic  shock  absorber  45 
of  Fig.  9.  In  this  modification,  the  shock  absorber 
12  can  be  operated  in  any  of  three  modes,  namely 
HARD  mode,  SOFT  mode  and  MEDIUM  mode,  in 
the  last  of  which  damping  characteristics  inter- 
mediate  to  those  of  HARD  mode  and  SOFT  mode  so 
are  achieved. 

The  hydraulic  shock  absorber  12  has  coaxial 
inner  and  outer  cylinders  302  and  304.  Top  and 
bottom  ends  of  the  cylinders  302  and  304  are 
plugged  with  fittings  306  and  305.  The  fitting  306  55 
includes  a  seal  307  which  establishes  a  liquid- 
tight  seal.  A  piston  rod  308  extends  through  an 
opening  312  formed  in  the  fitting  306  and  is 
rigidly  connected  to  a  vehicle  body  (not  shown)  at 
its  top  end.  The  piston  rod  308  is,  in  turn,  so 
connected  to  a  piston  314  reciprocally  housed 
within  the  inner  cylinder  302  and  defining  upper 
and  lower  fluid  chambers  316  and  318  therein. 

The  piston  314  has  fluid  passages  320  and  322 
connecting  the  upper  and  lower  fluid  chambers  65 
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The  step  motor  442  is  electrically  connected  to  a 
controller  100  to  receive  the  control  signal  as  a 
mode  selector  signal  which  drive  the  motor  442 
through  an  angle  corresponding  to  the  rotary 

5  valve  movement  to  the  corresponding  valve  posi- 
tion.  In  this  case,  the  potentiometer  will  return  the 
mode  signal  as  a  feedback  signal  to  indicate  the 
instantaneous  valve  position. 

It  should  be  appreciated  that  the  controller  100 
10  may  be  operated  either  in  automatic  mode  or  in 

manual  mode. 
Returning  to  Fig.  8,  the  shock  absorber  has  a 

fluid  reservoir  chamber  332  between  its  inner  and 
outer  cylinders  302  and  304,  which  fluid  reservoir 

is  chamber  332  is  in  communication  with  the  lower 
fluid  chamber  318  via  the  bottom  fitting  305 
described  previously.  The  bottom  fitting  305  may 
serve  to  produce  damping  force  in  cooperation 
with  the  piston  and  the  damping  force  adjusting 

20  mechanism  during  bounding  and  rebounding 
motion  of  the  vehicle.  A  relatively  low  pressure 
pneumatic  chamber  336  is  also  defined  between 
the  inner  and  outer  cylinders  302  and  304. 

The  operation  of  the  damping  force  adjusting 
25  mechanism  400  will  be  briefly  described  here- 

below  with  reference  to  Figs.  11.  Figs.  11  (A)  and 
1KB)  show  the  case  of  the  HARD  mode.  In  this 
case,  the  orifice  432  of  the  rotary  valve  430  is  in 
alignment  with  the  orifice  424a  and  the  orifice  434 

30  is  in  alignment  with  the  orifice  426a.  During 
vehicle  rebounding  motion,  i.e.,  in  the  piston 
compression  stroke,  the  fluid  flows  from  the 
upper  fluid  chamber  316  to  the  lower  fluid 
chamber  31  8  though  the  orifice  426a.  On  the  other 

35  hand,  during  vehicle  bounding  motion,  the  fluid 
flows  from  the  lower  fluid  chamber  318  to  the 
upper  fluid  chamber  316  through  orifices  424a 
and  426a.  Since  the  first  orifices  424a  and  426a 
are  the  narrowest,  the  damping  force  produced  in 

40  this  mode  is  the  highest  among  the  three  select- 
able  modes. 

In  case  of  the  MEDIUM  mode,  the  orifices  432 
and  434  of  the  rotary  valve  member  430  are 
respectively  in  alignment  with  the  second  orifices 

45  424b  and  426b. 
In  case  of  the  SOFT  mode,  the  orifices  432  and 

434  align  with  the  third  orifices  424c  and  426c, 
respectively  to  cause  fluid  flow.  Since  the  third 
orifices  424c  and  426c  are  the  widest  of  the  three 

so  sets,  as  described  above,  the  damping  force 
created  in  this  SOFT  mode  is  the  lowest. 

According  to  the  shown  embodiment,  the  elec- 
tric  step  motor  442  is  connected  to  the  controller 
100  through  the  driver  circuit  16.  Similarly  to  the 

55  case  of  the  two-way  shock  absorber,  the  con- 
troller  100  selects  any  appropriate  damping  force 
state  in  accordance  with  detected  road  surface 
conditions  but  in  this  case  produces  a  three-way 
control  signal  for  actuating  the  shock  absorber  to 

60  one  of  the  SOFT,  MEDIUM  and  HARD  modes.  The 
driver  circuit  16  is  responsive  to  the  control  signal 
to  drive  the  step  motor  442  to  operate  the  rotary 
valve  member  430  to  the  corresponding  valve 
position. 

55  As  an  alternative  in  the  modification  set  forth 

ing  404  of  the  piston  rod.  The  outer  periphery  of 
the  flaring  end  418  of  the  stationary  valve 
member  416  is  in  sealing  contact  with  the  internal 
periphery  of  the  through  opening.  The  stationary 
valve  member  416  has  a  portion  420  with  a 
smaller  diameter  than  that  of  the  upper  end  418 
and  so  as  to  define  an  annular  chamber  422  in 
conjunction  with  the  inner  periphery  of  the 
through  opening  404  of  the  piston  rod.  The 
stationary  valve  member  416  has  two  sets  of 
radially  extending  orifices  424  and  426  and  an 
internal  space  428.  The  radially  extending  orifices 
424  and  426  establish  communication  between 
the  internal  space  428  and  the  annular  chamber 
422.  A  movable  or  rotary  valve  member  430  is 
disposed  within  the  internal  space  428  of  the 
stationary  valve  member  416.  The  outer  periphery 
of  the  rotary  valve  member  430  slidingly  and 
sealingly  contacts  the  inner  surface  of  the  station- 
ary  valve  member  416  to  establish  a  liquid-tight 
seal  therebetween.  Radially  extending  orifices 
432  and  434  are  defined  in  the  rotary  valve 
member  430  at  positions  opposite  the  orifices  424 
and  426  of  the  stationary  valve  member  416. 

As  shown  in  Figs.  11  (A)  and  1KB),  the  orifices 
424  and  426  respectively  include  first,  second  and 
third  orifices  424a,  424b,  424c,  and  426a,  426b, 
and  426c.  The  first  orifices  424a  and  426a  have  the 
narrowest  cross-sections  and  the  orifices  432  and 
434  are  adapted  to  be  in  alignment  with  the  first 
orifices  to  establish  fluid  communication  between 
the  upper  and  lower  fluid  chambers  316  and  318 
in  the  case  of  the  HARD  mode.  The  third  orifices 
424c  and  426c  have  the  widest  cross-sections  and 
the  orifices  432  and  434  are  adapted  to  be  in  align- 
ment  with  the  third  orifices  in  the  case  of  the 
SOFT  mode.  The  cross-sections  of  the  second 
orifices  424b  and  426c  are  intermediate  those  of 
the  first  and  third  orifices  and  the  orifices  432  and 
434  are  adapted  to  align  therewith  in  the  case  of 
the  MEDIUM  mode. 

A  check  valve  436  is  provided  within  an  internal 
space  of  the  rotary  valve  member  430.  The  check 
valve  436  is  normally  biased  towards  a  valve  seat 
438  by  means  of  a  bias  spring  440  for  allowing 
one-way  fluid  flow  from  trie  lower  fluid  chamber 
to  the  upper  fluid  chamber.  This  causes  the  bound 
damping  force  to  be  somewhat  weaker  than  the 
rebound  damping  force. 

The  rotary  valve  member  430  is  associated  with 
an  electrically  operable  actuator  such  as  an  elec- 
trical  step  motor  442  through  a  differential  gear 
unit  444  and  an  output  shaft  446  as  shown  in  Fig. 
11.  A  potentiometer  448  is  associated  with  the 
output  shaft  446.  The  potentiometer  448  includes 
a  movable  contact  450  with  contactors  450a,  450b 
and  450c.  The  contactors  450a,  450b  and  450c  are 
adapted  to  slidingly  contact  stationary  contact 
elements  452a,  452b  and  452c  of  a  stationary 
contact  452.  According  to  the  electrical  connec- 
tions  between  the  movable  contact  and  the 
stationary  contact,  the  potentiometer  448  pro- 
duces  a  mode  signal  representative  of  the  rotary 
valve  position  and  thus  indicative  of  the  selected 
mode  of  the  damping  force  adjusting  mechanism. 
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also  have  rectangular  cross-section  major  sec- 
tions  546  and  548,  each  of  which  has  one  end  550 
and  552  connected  to  a  suspension  arm  551 
through  a  connecting  rod  553  which  allows  free 

5  rotation  of  the  associated  bar  534  or  536. 
The  cylindrical  cross-section  end  segments  542 

and  544  of  the  parallel  bar  sections  534  and  536 
extend  beyond  the  ends  of  the  bearing  portions 
538  and  540.  Link  plates  554  and  556  are  rigidly 

10  fitted  onto  the  protruding  ends  of  the  parallel  bar 
sections  534  and  536.  The  link  plates  554  and  556 
are  rotatable  about  the  bearing  sections  538  and 
540  together  with  the  parallel  bar  sections  534 
and  536.  The  link  plates  are  connected  to  each 

is  other  through  a  linkage  558.  In  addition,  the  link 
plate  554  is  associated  with  an  actuator  560 
through  an  actuation  rod  562  engaging  an  elon- 
gated  opening  564  of  the  link  plate  554.  The 
actuator  560  may  comprise  an  electro- 

20  magnetically  operative  solenoid.  The  actuator  is 
adapted  to  be  energized  by  a  control  signal  fed 
from  a  controller  100  to  rotate  the  link  plate  554 
along  with  the  parallel  bar  section  534  through  90° 
from  the  shown  neutral  position.  When  the  actu- 

25  ator  560  is  energized,  the  link  plate  556  is  also 
rotated  according  to  rotation  of  the  link  plate  554 
to  pivot  the  parallel  bar  536  through  90°  within  the 
bearing  section  540. 

As  shown  in  Fig.  16,  at  the  neutral  position,  the 
30  parallel  bar  sections  534  and  536  lie  with  their  . 

wider  sides  534w  (536w)  horizontal.  In  this  posi-  @ 
tion,  since  the  resistance  of  the  parallel  bar 
sections  534  and  536  to  the  vertical  bending 
moment  applied  when  the  vehicle  wheel  bounds 

35  or  rebounds  is  relatively  small,  the  torsion  on  the 
transverse  bar  section  532  of  the  stabilizer  530  is 
small.  When  the  actuator  560  is  energized,  the 
parallel  bar  sections  534  and  536  are  rotated  to  lie 
with  their  shorter  sides  534s  (536s)  horizontal,  as 

40  shown  in  phantom  line  in  Fig.  12.  In  this  position, 
the  bending  stress  on  the  parallel  bar  sections  534 
and  536  is  increased,  i.e.,  the  torsion  on  the  trans- 
verse  bar  section  532  of  the  stabilizer  is  increased. 

In  this  embodiment,  the  roll-stabilizer  30  is 
45  normally  arranged  so  that  the  wider  sides  534W 

and  536W  of  the  parallel  bar  sections  534  and  536 
lie  horizontal.  As  set  forth  above,  since  the 
resistance  of  the  parallel  bar  sections  534  and  536 
to  bounding  and  rebounding  of  the  vehicle  wheel 

50  is  relatively  weak  in  this  position,  the  stiffness  of 
the  suspension  remains  low  to  provide  good 
riding  comfort.  This  roll-stabilizer  530  is  held  in 
this  position  as  long  as  the  road  surface  condition 
indicative  signal  value  remains  less  than  the 

55  threshold  value  which  is  also  derived  in  accord- 
ance  with  the  vehicle  speed. 

When  the  steering  angle  change  matches  or 
exceeds  the  threshold  value,  the  actuator  560  is 
energized  to  rotate  the  parallel  bar  sections  534 

60  and  536  through  90°  to  align  the  shorter  sides 
534S  and  536S  horizontally.  As  a  result,  a  greater 
resistance  is  exerted  against  bounding  and 
rebounding  of  the  vehicle  wheel  to  successfully 
suppress  rolling  motion  of  the  vehicle  body. 

65  Therefore,  controlling  the  stiffness  of  the  roll- 

above,  only  SOFT  and  MEDIUM  modes  may  be 
used  for  road-condition-dependent  suspension 
control.  Therefore,  when  the  HARD  mode  is 
selected  in  the  foregoing  first  embodiment  set 
forth  above  the  controller  100  actuates  the  shock 
absorber  to  MEDIUM  mode. 

Fig.  12  shows  the  second  embodiment  of  the 
suspension  control  system  according  to  the 
present  invention.  In  this  embodiment,  a  road 
sensor  502  is  connected  to  a  band-pass  filter  504 
which  is  a  low-pass  filter  to  pass  low  frequency 
component  of  the  road  sensor  signal  DH.  The 
output  FL  of  the  band-pass  filter  504  thus  includes 
relatively  low-frequency  component  repre- 
sentative  of  vehicle  body  vibration.  The  band- 
pass  filter  output  FL  is  fed  to  an  AC/DC  converter 
506  which  comprises  a  rectifier  and  a  smoothing 
circuit.  The  output  DV  of  the  AC/DC  converter  506 
is  input  to  non-inverting  input  terminal  of  a 
comparator  510. 

The  road  sensor  502,  the  band-pass-filter  504 
and  the  AC/DC  converter  506  forms  a  road  surface 
condition  indicative  signal  generator  508. 

The  inverting  input  terminal  of  the  comparator 
is  connected  to  a  threshold  voltage  generator  514 
which  is  adapted  to  produce  a  reference  signal  Vo 
indicative  of  a  threshold  value  to  be  compared 
with  the  road  surface  condition  indicative  signal 
value  as  the  output  DV  of  the  AC/DC  converter. 
The  reference  signal  generator  514  is,  in  turn, 
connected  to  a  vehicle  speed  sensor  512  adapted 
to  produce  a  vehicle  speed  indicative  signal  DS. 

The  comparator  510  compares  the  road  surface 
condition  indicative  value  of  the  AC/DC  converter 
output  DV  with  the  threshold  value  of  the  ref- 
erence  signal  Vo  to  produce  HIGH  level  com- 
parator  signal  CS  when  the  road  surface  condition 
indicative  value  is  greater  than  the  threshold 
value.  The  comparator  signal  CS  is  fed  to  the 
driver  circuit  102  to  operate  the  actuator  46  of  the 
variable  damping  force  shock  absorber  to  operate 
the  latter  to  the  HARD  or  HIGH-damping  charac- 
teristics. 

As  shown  in  Fig.  13,  the  threshold  value  of  the 
reference  signal  to  be  produced  is  variable 
depending  upon  the  vehicle  running  speed  as 
indicated  by  the  vehicle  speed  indicative  signal. 
As  will  be  appreciated  herefrom,  the  threshold 
value  is  reduced  according  to  increasing  of  the 
vehicle  speed  in  non-linear  fashion. 

Figs.  14  to  16  show  the  structure  of  a  roll 
stabilizer  530  to  be  controlled  by  the  first  or 
second  embodiment  of  the  suspension  control 
system  as  set  forth  above.  The  roll  stabilizer  530 
comprises  a  transverse  bar  section  532  and  a  pair 
of  parallel  bar  sections  534  and  536.  The  trans- 
verse  bar  section  532  extends  essentially  perpen- 
dicular  to  the  vehicle  axis  and  has  a  circular  cross- 
section.  The  transverse  bar  section  532  is  con- 
nected  to  hollow  cylindrical  bearing  sections  538 
and  540  at  both  ends.  The  parallel  bar  sections 
534  and  536  have  end  segments  542  and  544  of 
circular  cross-section  adapted  to  rotatably  engage 
the  bearings  538  and  540  of  the  transverse  bar 
section  532.  The  parallel  bar  sections  534  and  536 
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sponds  to  the  co-pending  European  Patent 
Application  No.  84100729.7,  filed  on  January  24, 
1984.  The  contents  of  the  above-identified  U.S. 
Patents  and  the  co-pending  applications  are  here- 
by  incorporated  by  reference. 

Road  surface  condition  dependent  suspension 
control  can  also  be  achieved  with  this  suspension 
system.  When  road  roughness  requires  harder 
suspension,  the  pressure  control  valve  610  is 
closed  to  block  fluid  communication  between  the 
pneumatic  chamber  600  and  the  reservoir  in  order 
to  increase  the  stiffness  of  the  strut  assembly  and 
so  produce  a  greater  damping  force  with  which  to 
suppress  vibration  of  the  vehicle  body.  On  the 
other  hand,  on  relatively  smooth  road  surface 
conditions,  the  pressure  control  valve  610 
remains  open,  allowing  fluid  communication 
between  the  pneumatic  chamber  and  the  reser- 
voir  chamber.  As  a  result,  sufficiently  soft  shock- 
absorbing  characteristics  can  be  provided  to 
ensure  good  riding  comfort. 

As  set  forth  above,  according  to  the  present 
invention,  the  vehicular  suspension  system  can 
provide  both  riding  comfort  and  good  drivability 
by  controlling  hardness  of  the  suspension 
depending  upon  the  road  surface  conditions. 

It  should  be  noted  that  although  the  shown 
embodiments  control  the  damping  force  and/or 
rigidity  of  the  suspension  system  by  adjusting  the 
damping  characteristics  of  the  suspension  strut 
assemblies,  it  would  also  be  possible  to  perform 
suspension  control  by  adjusting  the  rigidity  of  a 
roll-stabilizer  employed  in  the  vehicle  suspension. 
Such  variable  spring-force  or  damping-force 
stabilizers  for  vehicle  suspension  systems  have 
been  illustrated  in  the  co-pending  U.S.  Patent 
Application  Serial  No.  647,648,  filed  September  6, 
1984.  The  contents  of  the  above-identified  co- 
pending  U.S.  Patent  Application  are  hereby  incor- 
porated  by  reference  for  the  sake  of  disclosure. 

Claims 

1.  A  suspension  control  system  for  an  auto- 
motive  vehicle,  comprising 

—  a  damper  means  (12)  interposed  between  a 
vehicle  body  and  a  road  wheel  for  absorbing,  at 
least  in  part,  relative  displacement  between  the 
behicle  body  and  the  road  wheel,  said  damper 
means  (12)  having  damper  characteristics  select- 
ably  variable  between  a  first  softer  damping 
characteristics  mode  and  a  second  harder  damp- 
ing  characteristics  mode, 

—  a  first  sensor  (200;  236,  238;  502)  producing  a 
first  sensor  signal, 

—  a  second  sensor  (201;  512)  producing  a 
second  sensor  signal  indicative  of  the  movement 
of  the  vehicle, 

—  a  reference  signal  generator  (514)  for  output- 
ting  a  reference  signal  in  response  to  an  input 
signal  to  vary  the  value  of  said  reference  signal 
based  thereon, 

—  a  comparator  (510)  having  two  inputs,  one  of 
which  being  responsive  to  said  reference  signal, 
and 

stabilizer  set  forth  above  can  also  achieve  roll- 
suppressive  suspension  control  comparable  to 
that  of  the  first  embodiment. 

Fig.  17  shows  another  arrangement  of  the  auto- 
motive  suspension  system  to  which  the  control  5 
system  according  to  the  present  invention  is 
applicable.  In  the  shown  system,  an  expandable, 
and  contractable  pneumatic  chamber  600  is 
formed  above  the  shock  absorber  14.  The  pneu- 
matic  chamber  600  is  connected  to  a  pressurized  10 
pneumatic  fluid  source  602.  The  fluid  source  602 
comprises  a  compressor  604  for  pressurizing  a 
fluid  such  as  air,  a  reservoir  tank  606  connected  to 
the  compressor  604  through  an  induction  valve 
608,  and  a  pressure  control  valve  610.  The  75 
pressure  control  valve  610  connected  to  the  driver 
circuit  16  to  be  controlled  thereby.  In  the  induc- 
tion  mode,  the  fluid  reservoir  606  is  connected  to 
the  compressor  604  to  receive  the  pressurized 
fluid.  On  the  other  hand,  the  fluid  reservoir  606  is  20 
open  to  atmosphere  to  decrease  the  fluid 
pressure  in  the  ventilation  mode  of  the  induction 
valve. 

The  pressure  control  valve  610  is  co-operative 
with  the  induction  valve  608  to  adjust  the  fluid  25 
pressure  in  the  pneumatic  chamber  600  in  accord- 
ance  with  vehicle  driving  conditions. 

According  to  the  shown  embodiment,  the 
driver  circuit  16  may  be  connected  to  the  control 
system  of  any  of  the  first  embodiment  so  that  it  is  30 
activated  in  response  to  road  roughness.  When 
energized  by  the  driver  circuit,  the  pressure  con- 
trol  valve  610  closes  to  block  pneumatic  fluid 
communication  between  the  pneumatic  chamber 
600  and  the  fluid  reservoir  606.  As  a  result,  the  35 
effective  volume  of  the  pneumatic  chamber  600 
corresponds  to  that  of  the  pneumatic  chamber. 
Since  the  damping  characteristics  due  to  the 
pneumatic  pressure  in  the  pneumatic  chamber  is 
related  to  the  effective  volume  of  the  pneumatic  40 
chamber  and  a  smaller  volume  is  achieved  by 
blocking  fluid  communication  between  the  pneu- 
matic  chamber  and  the  fluid  reservoir,  the  pneu- 
matic  chamber  becomes  relatively  rigid  in  this 
case,  providing  a  larger  damping  force  in  45 
response  to  the  rough*  road  which  causes  rela- 
tively  low-frequency  of  vibration  on  the  vehicle 
body  as  detected  by  the  manner  as  set  out  with 
respect  to  the  first  embodiment. 

On  the  other  hand,  in  the  normal  valve  position,  so 
the  pressure  control  valve  610  opens  to  establish 
fluid  communication  between  the  pneumatic 
chamber  and  the  fluid  reservoir.  As  a  result,  the 
effective  volume  becomes  equal  to  the  sum  of  the 
volumes  of  the  pneumatic  chamber  and  the  fluid  55 
reservoir.  By  providing  a  larger  effective  volume, 
damping  characteristics  of  the  pneumatic 
chamber  are  weakened. 

The  above-mentioned  suspension  system 
structure  of  Fig.  17  has  been  disclosed  in  U.S.  so 
Patent  4,349,077  to  Sekiguchi  et  al.  and  U.S. 
Patent  4,327,936  to  Sekiguchi.  In  addition,  a 
similar  system  has  been  disclosed  in  the  co- 
pending  U.S.  Patent  Application  Serial  No. 
573,504,  filed  on  January  24,  1984,  which  corre-  65 

10 
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response  to  a  high-level  control  signal,  the  torsion 
modulus  is  adjusted  to  a  first  higher  level,  and  in 
response  to  a  low-level  control  signal,  the  torsion 
modulus  is  adjusted  to  a  second  lower  level. 

5  7.  The  suspension  system  as  set  forth  in  claims  5 
or  6,  characterized  in  that  said  roll  stabilizer  (530) 
comprises  and  a  pair  of  axially  extending  seg- 
ments  (534,  536)  of  essentially  rectangular  cross- 
section  and  connected  to  opposite  ends  of  said 

w  means,  the  other  ends  of  said  axially  extending 
segments  (534,  536)  being  rotatably  connected  to  a 
transverse  segment  (538,  540)  of  said  roll  stabilizer 
(530)  and  associated  with  said  actuator  (560),  and 
said  actuator  (560)  causing  rotational  movement 

15  of  the  axially  extending  segments  (534,  536) 
through  90°  so  as  to  adjust  the  torsion  modulus  of 
the  roll  stabilizer  (530). 

8.  The  suspension  system  as  set  forth  in  claim  7, 
characterized  in  that  said  actuator  (560)  is  oper- 

20  ative  between  a  first  position  in  which  the  torsion 
modulus  of  the  roll  stabilizer  (530)  is  at  the  first, 
higher  value  and  a  second  position  in  which  the 
torsion  modulus  of  the  roll  stabilizer  (530)  is  at  the 
second,  lower  value. 

25 
Patentanspruche 

1.  StoSdampfer-Steuersystem  fur  ein  Kraft- 
fahrzeug  mit 

30  —  einem  zwischen  einer  Fahrzeugkarosserie 
und  einem  Reifen  angeordneten  Dampfer  (12)  zur 
wenigstens  teilweisen  Absorption  einer  zwischen 
der  Fahrzeugkarosserie  und  dem  Reifen  auftreten- 
den  Relatiwerschiebung,  welcher  die  Dampfer 

35  wahlweise  zwischen  einem  ersten  weicheren 
Dampfungswert  und  einem  zweiten  harteren 
Dampfungswer  umschaltbar  ist, 

—  einem  ersten  Sensor  (200;  236,  238;  502),  der 
ein  erstes  Sensorsignal  liefert, 

40  —  einem  zweiten  Sensor  (201;  512)  zur  Erzeu- 
gung  eines  die  Bewegung  des  Fahrzeugs  ange- 
benden  zweiten  Sensorsignals, 

—  einem  Referenzsignalgenerator  (514)  zur  Aus- 
gabe  eines  als  Antwort  auf  ein  Eingangssignal 

45  variablen  Referenzsignals, 
—  einem  Komparator(510)  mitzwei  Eingangen, 

von  denen  der  eine  durch  das  Referenzsignal 
beaufschlagt  ist,  und 

—  einer  mit  dem  Dampfer  (12)  verbundenen 
so  Steuereinrichtung  (100)  zur  Betatigung  des  Damp- 

fers  (12)  in  Antwort  auf  ein  Ausgangssignal  des 
Komparators  (510)  bei  weicherer  bzw.  beim  harte- 
ren  Dampfungswert, 

dadurch  gekennzeichnet,  daB 
5S  —  dererste  Sensor  (200;  236,  238;  502)  als  erstes 

Sensor-signal  ein  Signal  mit  einer  Amplitude  und 
Frequenz  entsprechend  der  Amplitude  und  Fre- 
quenz  der  Schwingungen  der  Fahrzeugkarosserie 
erzeugt, 

60  _   der  zweite  Sensor  (201;  512)  als  zweites 
Sensorsignal  ein  die  Fahrzeuggeschwindigkeit 
angebendes  Signal  erzeugt, 

—  der  Referenzsignalgenerator  (514)  auf  das  als 
Eingangssignal  dienende  zweite  Sensorsignal 

65  anspricht, 

—  a  controller  (100)  connected  to  said  damper 
means  (12)  for  operating  said  damper  means  (12) 
in  response  to  an  output  signal  of  said  comparator 
(510)  in  said  first  softer  damping  characteristics 
mode  or  in  said  second  harder  damping  charac- 
teristics  mode, 

characterized  in  that 
—  said  first  sensor  (200;  236,  238;  502)  is 

adapted  to  produce  as  said  first  sensor  signal  a 
signal  having  an  amplitude  and  frequency  which 
correspond  to  the  amplitude  and  frequency  of 
vibrations  of  said  vehicle  body, 

—  said  second  sensor  (201;  512)  is  adapted  to 
produce  as  said  second  sensor  signal  a  signal 
indicative  of  the  vehicle  speed, 

—  the  reference  signal  generator  (514)  being 
responsive  to  said  second  sensor  signal  acting  as 
the  input  signal, 

—  the  first  sensor  signal  is  supplied  to  another 
input  of  said  comparator  (510),  and 

—  the  controller  (100)  is  adapted  to  control  the 
damper  means  (12)  in/said  first  mode  while  said 
first  sensor  signal  value  is  smaller  than  said 
reference  signal  value,  and  in  said  second  mode 
while  said  first  sensor  signal  value  is  greater  than 
or  equal  to  said  reference  signal  value. 

2.  The  suspension  control  system  as  set  forth  in 
claim  1  ,  characterized  in  that  said  first  sensor  (200; 
236,  238;  502)  is  an  ultra-sonic  sensor  transmitting 
ultra-sonic  waves  towards  a  road  surface,  receiv- 
ing  ultra-sonic  waves  reflected  by  the  road  surface 
and  producing  said  first  sensor  signal  repre- 
sentative  of  the  interval  between  transmission  and 
reception  of  ultra-sonic  waves. 

3.  The  suspension  control  system  as  set  forth  in 
claims  1  or  2,  characterized  in  that  said  damper 
means  (12)  comprises  a  hydraulic  shock  absorber 
including  a  reciprocating  piston  (24;  314)  disposed 
within  a  shock  absorber  housing  (20,  22;  302,  304), 
said  piston  (24;  314)  having  a  valve  means  (50, 
402)  which  can  be  operated  by  a  control  signal 
from  said  controller  (100)  to  adjust  the  resistance 
to  flow  of  working  fluid  in  a  cylinder  therethrough. 

4.  The  suspension  control  system  as  set  forth  in 
claim  3,  characterized  in  that  said  controller  (100) 
receives  said  comparator  signal  and  derives  a 
control  signal  level  in  accordance  therewith. 

5.  The  suspension  control  system  as  set  forth  in 
one  of  the  claims  1  to  4,  characterized  in  that  said 
damper  means  (12)  comprises  a  roll  stabilizer  (530) 
extending  perpendicularto  the  longitudinal  axis  of 
the  vehicle  and  producing  a  damping  force  against 
vibration  applied  to  said  vehicle  body,  said  roll 
stabilizer  (530)  including  a  means  for  adjusting  a 
torsion  modulus  of  the  roll  stabilizer  in  order  to 
adjust  the  damping  force  to  be  produced,  and  an 
actuator  (560)  associated  with  said  torsion  mod- 
ulus  adjusting  means  for  operating  second  means 
to  adjust  the  torsion  modulus  of  the  roll  stabilizer 
(530). 

6.  The  suspension  system  as  set  forth  in  one  of 
the  claims  1  to  5,  characterized  in  that  said  actuator 
(560)  operates  in  an  on/off  manner  and  said  control 
signal  supplied  to  said  actuator  (560)  by  said 
controller  (100)  is  a  binary  signal  so  that  in 
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Enden  der  Einrichtung  verbunden  sind,  wobei  die 
anderen  Enden  der  sich  axial  erstreckenden  Seg- 
mente  (534,  536)  drehbar  mit  einem  Quersegment 
(538,  540)  des  Rollstabilisators  (530)  und  mit  dem 

5  Betatigungsglied  (560)  verbunden  sind,  und  daS 
das  Betatigungsglied  (560)  eine  Drehbewegung 
der  sich  in  axialer  Richtung  erstreckenden  Seg- 
mente  (534,  536)  uber  90°  verursacht,  um  auf 
diese  Weise  den  Torsionsmodul  des  Roll- 

m  stabilisators  (530)  einzustellen. 
8.  StoBdampfer-Steuersystem  nach  Anspruch 

7,  dadurch  gekennzeichnet,  daS  das  Betatigungs- 
glied  (560)  zwischen  einer  ersten  Position,  in  der 
sich  der  Torsionsmodul  des  Rollstabilisators  (530) 

15  auf  dem  ersten,  hoheren  Wert  und  einer  zweiten 
Position,  in  der  sich  der  Torsionsmodul  des  Roll- 
stabilisators  (530)  auf  dem  zweiten,  niedrigeren 
Wert  befindet,  umschaltbar  ist. 

20  Revendications 

1.  Systeme  de  controle  de  la  suspension  pour 
un  vehicule  automobile,  comprenant: 

un  moyen  amortisseur  (12)  interpose  entre  une 
25  carrosserie  du  vehicule  et  une  roue  de  roulement 

pour  absorber,  au  moins  partiellement,  un 
displacement  relatif  entre  la  carrosserie  du  vehi- 
cule  et  la  roue,  ledit  moyen  amortisseur  (12)  ayant 
des  caracteristiques  d'amortissement  variables 

30  au  choix  entre  un  premier  mode  a  carac- 
teristiques  plus  souples  d'amortissement  et  un 
second  mode  a  caracteristiques  plus  dures 
d'amortissement, 

un  premier  capteur  (200;  236;  238;  502)  produi- 
35  sant  un  premier  signal  de  capteur, 

un  second  capteur  (201;  512)  produisant  un 
second  signal  de  capteur  indiquant  le  mouvement 
du  vehicule, 

un  generateur  de  signaux  de  reference  (514) 
40  pour  emettre  un  signal  de  reference  en  reponse  a 

un  signal  d'entree  pourfaire  varier  la  valeur  dudit 
signal  de  reference  en  se  basant  sur  ceux-ci, 

un  comparateur  (510)  ayant  deux  entrees,  dont 
une  repond  audit  signal  de  reference,  et 

45  un  controleur  (100)  connecte  audit  moyen 
amortisseur  (12)  pour  commander  ledit  moyen 
amortisseur  (12)  en  reponse  a  un  signal  de  sortie 
dudit  comparateur  (510)  au  premier  mode  de 
caracteristiques  plus  souples  d'amortissement  ou 

so  au  second  mode  de  caracteristiques  plus  dures 
d'amortissement, 

caracterise  en  ce  que 
ledit  premier  capteur  (200;  236;  238;  502)  est 

adapte  a  produire,  en  tant  que  premier  signal  de 
55  capteur,  un  signal  dont  I'amplitude  et  la  fre- 

quence  correspondent  a  I'amplitude  et  a  la  fre- 
quence  des  vibrations  de  ladite  carrosserie  du 
vehicle, 

ledit  second  capteur  (201;  512)  est  adapte  a 
60  produire,  en  tant  que  ledit  second  signal  de 

capteur,  un  signal  indiquant  la  Vitesse  du  vehi- 
cule, 

ie  generateur  (514)  de  signaux  de  reference 
repond  audit  second  signal  de  capteur  agissant 

65  en  tant  que  signal  d'entree. 

—  das  erste  Sensorsignal  den  anderen  Eingang 
des  Komparators  (510)  beauschlagt,  und  daS 

—  die  Steuereinrichtung  (100)  den  Dampfer  (12) 
auf  dem  weicheren  Dampfungswert  halt,  wenn 
der  erste  Sensorsignalwert  kleiner  als  der 
Referenzsignalwert  ist,  und  auf  dem  harteren 
Dampfungswert,  wenn  der  erste  Sensorsignal- 
wert  groBer  oder  gleich  dem  Referenzsignalwert 
ist.. 

2.  StoSdampfer-Steuersystem  nach  Anspruch 
1,  dadurch  gekennzeichnet,  daB  der  erste  Sensor 
(200;  236,  238;  502)  ein  Ultraschailsensor  ist,  der 
Ultraschailwellen  auf  die  StraSe  abstrahlt,  von 
der  StraSenoberflache  reflektierte  Ultraschail- 
wellen  empfangt  und  das  erste  Sensorsignal 
erzeugt,  das  reprasentativ  ist  fur  das  Intervall 
zwischen  der  Aussendung  und  dem  Empfang  der 
Ultraschailwellen. 

3.  StoBdampfer-Steuersystem  nach  Anspruch  1 
oder  2,  dadruch  gekennzeichnet,  daB  der  Dampfer 
(12)  einen  HydraulikstoSdampfer  enthalt,  der 
einen  hin-  und  herbewegbaren  Kolben  (24;  314) 
innerhalb  eines  StoSdampfergehauses  (20,  22; 
302,  304)  aufweist,  wobei  der  Kolben  (24;  314)  mit 
einer  Ventileinrichtung  (50,  402)  ausgestattet  ist, 
die  durch  ein  Steuersignal  von  der  Steuerein- 
richtung  (100)  betreibbar  ist,  um  den  Strdmungs- 
widerstand  einer  die  Ventileinrichtung  durchflieB- 
enden  und  innerhalb  eines  Zylinders  befindlichen 
Arbeitsflussigkeit  einzustellen. 

4.  StoSdampfer-Steuersystem  nach  Anspruch 
3,  dadurch  gekennzeichnet,  daB  die  Steuerein- 
richtung  (100)  das  Komparatorsignal  empfangt 
und  in  Obereinstimmung  damit  einen  Steuer- 
signalpegel  bildet. 

5.  StoSdampfer-Steuersystem  nach  einem  der 
Anspruche  1  bis  4,  dadurch  gekennzeichnet,  daB 
der  Dampfer  (12)  einen  Rollstabilisator  (530)  auf- 
weist,  der  sich  in  einer  Richtung  senkrecht  zur 
Langsrichtung  des  Fahrzeugs  erstreckt  und 
Schwingungen  durch  Obertragung  zur  Fahrzeug- 
karosserie  dampft,  daB  der  Rollstabiiisator  (530) 
eine  Einrichtung  zur  Einstellung  seines  Torsions- 
moduls  und  damit  seiner  Dampfungskraft,  sowie 
ein  der  Torsionsmodul-Einstelleinrichtung  zuge- 
ordnetes  Betatigungsglied  (560)  aufweist,  das 
einer  zweiten  Einrichtung  zur  Einstellung  des 
Torsionsmoduls  des  Rollstabilisators  (530)  zuge- 
ordnet  ist. 

6.  StoBdampfer-Steuersystem  nach  einem  der 
Anspruche  1  bis  5,  dadurch  gekennzeichnet,  daB 
das  Betatigungsglied  (560)  ein-  und  ausschaltbar 
ist,  und  daS  das  von  der  Steuereinrichtung  (100) 
zum  Betatigungsglied  (560)  gelieferte  Steuer- 
signal  ein  binares  Signal  ist,  das  bei  hohem 
Signalpegel  eine  Einstellung  des  Torsionsmoduls 
auf  einen  ersten  hoheren  Wert  und  bei  niedrigem 
Signaipegel  eine  Einstellung  des  Torsionsmoduls 
auf  einen  zweiten  niedrigeren  Wert  auslost. 

7.  StoSdampfer-Steuersystem  nach  Anspruch  5 
oder  6,  dadurch  gekennzeichnet,  daB  der  Roll- 
stabilisator  (530)  zwei  sich  in  axialer  Richtung 
erstreckende  und  im  wesentlichen  einen  rechteck- 
formigen  Querschnitt  aufweisende  Segmente 
(534,  536)  aufweist,  die  mit  gegenuberliegenden 
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comprenant  un  moyen  pour  ajuster  un  module  de 
torsion  du  stabilisateur  du  roulis  afin  d'ajuster  la 
force  d'amortissement  a  produire,  et  un  moyen 
d'actionnement  (560)  associe  audit  moyen 

5  d'ajustement  du  module  de  torsion  pour  faire 
fonctionner  un  second  moyen  pour  ajuster  le 
module  de  torsion  du  stabilisateur  du  roulis  (530). 

6.  Systeme  de  suspension  selon  Tune  des 
revendications  1  a  5,  caracterise  en  ce  que  ledit 

m  moyen  d'actionnement  (560)  fonctionne  par  tout 
ou  rien  et  ledit  signal  de  commande  applique 
audit  moyen  d'actionnement  (560)  par  ledit 
controleur  (100)  est  un  signal  binaire  de  maniere 
qu'en  reponse  a  un  signal  de  commande  au 

15  niveau  haut,  le  module  de  torsion  soit  ajuste  a  un 
premier  niveau  superieur  et  en  reponse  a  un 
signal  de  commande  au  niveau  bas,  le  module  de 
torsion  soit  ajuste  a  un  second  niveau  plus  bas. 

7.  Systeme  de  suspension  selon  la  reven- 
20  dication  5  ou  6,  caracterise  en  ce  que  ledit  stabili- 

sateur  du  roulis  (530)  comprend  et  une  paire  de 
segments  s'etendant  axialement  (534,  536)  de 
section  transversaie  essentieilement  rectangu- 
laire  et  connectes  aux  extremites  opposees  dudit 

25  moyen,  les  autres  extremites  desdits  segments 
s'etendant  axiaiement  (534,  536)  etant  connectes 
rotatives  a  un  segment  transversal  (538,  540) 
dudit  stabilisateur  du  roulis  (530)  et  associees 
audit  moyen  d'actionnement  (560)  et  ledit  moyen 

30  d'actionnement  (560)  provoquant  un  mouvement 
de  rotation  des  segments  s'etendant  axialement 
(534,  536)  sur  90°  afin  d'ajuster  le  module  de 
torsion  du  stabilisateur  du  roulis  (530). 

8.  Systeme  de  suspension  selon  la  reven- 
35  dication  7,  caracterise  en  ce  que  ledit  moyen 

d'actionnement  (560)  fonctionne  entre  une  pre- 
miere  position  ou  le  module  de  torsion  du  stabili- 
sateur  de  roulis  (530)  est  a  la  premiere  valeur 
superieure  et  une  seconde  position  ou  le  module 

40  de  torsion  du  stabilisateur  de  rouiis  (530)  est  a  la 
seconde  valeur  plus  faible. 

ledit  premier  signal  de  capteur  est  applique  a 
une  autre  entree  dudit  comparateur  (510),  et 

le  controleur  (100)  est  adapte  a  controler  le 
moyen  amortisseur  (12)  dans  ledit  premier  mode 
tandis  que  ladite  valeur  du  signal  du  premier 
capteur  est  plus  faible  que  ladite  valeur  du  signal 
de  reference  et  dans  ledit  second  mode  tandis 
que  ladite  valeur  du  premier  signal  de  capteur  est 
plus  forte  ou  egale  a  ladite  valeur  du  signal  de 
reference. 

2.  Systeme  de  controle  de  la  suspension  selon 
la  revendication  1,  caracterise  en  ce  que  ledit 
premier  capteur  (200;  236;  238;  502)  est  un 
capteur  a  ultrasons  transmettant  des  ondes  ultra- 
soniques  vers  une  surface  de  la  route,  recevant 
des  ondes  ultra  soniques  reflechies  par  la  surface 
de  la  route  et  produisant  ledit  premier  signal  de 
capteur  representatif  de  I'intervalle  entre  la  trans- 
mission  et  la  reception  des  ondes  ultrasoniques. 

3.  Systeme  de  controle  de  la  suspension  selon 
la  revendication  1  ou  2,  caracterise  en  ce  que  ledit 
moyen  amortisseur  (12)  comprend  un  amortis- 
seur  hydraulique  comprenant  un  piston  alternatif 
(24;  314)  dispose  dans  un  logement  d'amortis- 
seur  (20,  22;  302,  304),  ledit  piston  (24;  314)  ayant 
un  moyen  formant  soupape  (50,  402)  qui  peut  etre 
manoeuvre  par  un  signal  de  commande  dudit 
controleur  (100)  pour  ajuster  la  resistance  a 
I'ecoulement  du  fluide  de  travail  dans  un  cylindre. 

4.  Systeme  de  controle  de  la  suspension  selon 
la  revendication  3,  caracterise  en  ce  que  ledit 
controleur  (100)  rec,oit  ledit  signal  de  comparateur 
eX  derive  un  niveau  de  signal  de  commande  selon 
celui-ci. 

5.  Systeme  de  controle  de  la  suspension  selon 
I'une  des  revendications  1  a  4,  caracterise  en  ce 
que  ledit  moyen  amortisseur  (12)  comprend  un 
stabilisateur  du  roulis  (530)  qui  s'etend 
perpendiculairement  a  I'axe  longitudinal  du  vehi- 
cule  et  qui  produit  une  force  d'amortissement 
contre  une  vibration  appliquee  a  ladite  carros- 
serie  du  vehicule,  ledit  stabilisateur  du  roulis  (530) 
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