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Description 

The  present  invention  relates  to  an  actively 
controlled  suspension  system  for  an  automotive 
vehicle,  said  system  having  a  fail-safe  function  in 
response  to  a  failure  of  the  system. 

Such  a  system  is  described  in  JP-A-59- 
186708.  It  comprises: 

-  at  least  one  suspension  means  interposed 
between  a  vehicular  body  and  a  suspension 
member  rotatably  supporting  a  vehicular 
wheel,  said  suspension  means  including  a 
variable  pressure  chamber  which  is  filled  with 
a  working  fluid; 

-  a  fluid  pressure  source; 
-  a  first  valve  means  disposed  between  said 

fluid  pressure  source  and  said  suspension 
means  and  controlled  by  a  control  signal  for 
adjusting  the  pressure  of  the  working  fluid 
within  said  pressure  chamber  to  vary  the 
suspension  characteristics  of  said  suspension 
means; 

-  a  sensor  means  for  monitoring  a  preselected 
suspension  parameter  to  produce  a  sensor 
signal  representative  thereof; 

-  a  fail  detector  means  for  monitoring  a  fail 
condition  of  the  suspension  system;  and 

-  a  control  means  for  supplying  said  control 
signal  on  the  basis  of  said  sensor  signal  in 
the  case  of  no  failure  of  the  system,  and  for 
providing  a  fail-safe  signal  in  case  of  a  failure 
of  the  system. 

In  this  system,  the  front  wheel  side  and  the 
rear  wheel  side  are  controlled  separately.  Assumed 
that  both  sides  are  controlled  for  soft  suspension 
characteristics  and  should  then  be  changed  to  hard 
characteristics,  the  system  checks  whether  both 
sides  change  from  soft  to  hard.  In  case  that  one  of 
the  sides  does  not  change,  the  suspension  char- 
acteristics  of  each  suspension  is  brought  back  to 
the  soft  state. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  an  actively  controlled  suspension  system 
which  provides  good  driving  characteristics  of  an 
automotive  vehicle  in  case  of  a  failure  of  the  sus- 
pension  system. 

The  system  of  the  present  invention  comprises 
the  above  listed  features  and  is  characterized  by  a 
second  valve  means  controlled  by  said  controller 
means  and  disposed  between  said  fluid  pressure 
source  and  said  first  valve  means  and  permitting 
fluid  flow  from  said  fluid  pressure  source  to  said 
first  valve  means  in  a  normal  operating  position 
and  blocking  such  flow  in  a  fail  save  position  in 
which  it  allows  a  flow  of  fluid  from  said  suspension 
means  to  said  fluid  pressure  source  as  long  as  the 
pressure  in  said  pressure  chamber  is  above  a 
neutral  pressure. 

The  invention  will  now  be  explained  based  on 
embodiments  illustrated  by  drawings.  In  the  draw- 
ings: 

Fig.  1  is  a  diagrammatic  illustration  showing  the 
5  overall  construction  of  the  preferred  embodiment 

of  an  automotive  suspension  system  with  a  con- 
trol  system  actively  controlling  the  suspension 
system,  according  to  the  present  invention; 
Fig.  2  is  a  section  of  one  example  of  hydraulic 

io  cylinder  in  combination  with  a  hydraulic  pres- 
sure  control  valve  associated  with  the  hydraulic 
cylinder  for  adjusting  stiffness  of  the  latter; 
Figs.  3(A)  and  3(B)  are  sections  showing  the 
hydraulic  pressure  control  valve  of  Fig.  2,  in 

75  which  Fig.  3(A)  shows  the  valve  position  for 
reducing  hydraulic  pressure  in  the  hydraulic  cyl- 
inder  and  whereby  for  softening  suspension 
characteristics,  and  Fig.  3(B)  shows  the  valve 
position  for  increasing  hydraulic  pressure  in  the 

20  hydraulic  cylinder  and  whereby  for  hardening 
the  suspension  characteristics; 
Fig.  4  is  a  graph  showing  variation  of  a  hydraulic 
pressure  to  be  supplied  to  a  pressure  control 
valve  according  to  variation  of  drive  signal  volt- 

25  age; 
Fig.  5  is  a  diagrammatic  illustration  of  a  hydrau- 
lic  circuit  employed  in  the  actively  controlled 
suspension  system  of  Fig.  1; 
Fig.  6  is  a  block  diagram  of  the  preferred  em- 

30  bodiment  of  a  control  circuit  in  the  actively  con- 
trolled  suspension  system  according  to  the  in- 
vention,  which  control  circuit  adjusts  rolling  sta- 
bility  of  the  suspension  system  and  performs 
fail-safe  operation  in  response  to  failure  of  an 

35  electric  circuit; 
Fig.  7  is  a  circuit  diagram  of  a  fail  detector 
circuit  employed  in  the  preferred  embodiment  of 
the  control  system  for  the  actively  controlled 
suspension  system,  of  Fig.  6; 

40  Fig.  8  is  a  flowchart  of  an  anti-rolling  suspension 
control  program  to  be  executed  by  the  control 
circuit  of  Fig.  6;  and 
Fig.  9  is  a  flowchart  of  a  fail  detecting  and  fail- 
safe  program  to  be  executed  by  the  control 

45  circuit  of  Fig.  6. 
Referring  now  to  the  drawings,  particularly  to 

Fig.  1,  the  preferred  embodiment  of  an  actively 
controlled  suspension  system,  according  to  the 
present  invention,  is  designed  to  generate  damping 

50  force  or  absorbing  energy  for  suppressing  relative 
displacement  between  vehicular  wheels  10FL, 
10FR,  10RL  and  10RR  which  are  rotatably  sup- 
ported  by  a  suspension  member  12  and  a  vehicular 
body  14  and  whereby  suppressing  attitude  change 

55  of  a  vehicular  body.  Between  each  of  the  vehicular 
body  14  and  the  corresponding  vehicular  wheels 
10FL,  10FR,  10RL  and  10RR,  a  suspension  assem- 
blies  16  are  disposed  for  generating  the  damping 
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force  or  absorbing  road  shock  creating  vibration 
energy.  Each  suspension  assembly  16  comprises  a 
hydraulic  cylinder  which  is  generally  represented 
by  the  reference  numeral  26  and  a  suspension  coil 
spring  36.  The  hydraulic  cylinder  26FL  is  disposed 
between  the  suspension  member  12  rotatably  sup- 
porting  the  front-left  wheel  10FL  and  the  vehicular 
body  14.  Similarly,  the  hydraulic  cylinders  26FR, 
26RL  and  26RR  are  respectively  disposed  between 
the  suspension  members  12  rotatably  supporting 
the  front-right,  rear-left  and  rear-right  wheels  10FR, 
10RL  and  10RR,  and  the  vehicular  body  14. 

Each  of  the  hydraulic  cylinder  26  comprises  a 
hollow  cylinder  body  26a  connected  to  the  suspen- 
sion  member  12  at  its  lower  end.  The  cylinder 
body  26a  defines  therein  a  hollow  space,  in  which 
is  thrustingly  disposed  a  working  piston  26c  con- 
nected  to  the  vehicular  body  14  via  a  piston  rod 
26b.  The  piston  in  cooperation  with  the  interior  of 
the  cylinder  body  26a  defines  a  working  chamber 
26d  which  is  filled  with  a  working  fluid.  The  working 
chamber  26d  of  respective  hydraulic  cylinders 
26FL,  26FR,  26RL  and  26RR  are  communicated 
with  a  hydraulic  circuit  via  an  axially  extending 
openings  26e  formed  through  the  piston  26c  and 
the  piston  rod  26b. 

As  seen  from  Fig.  1,  the  hydraulic  circuit  in- 
cludes  a  pressurized  fluid  source  unit  18,  a  fluid 
flow  control  unit  19.  The  fluid  flow  control  unit  19 
operates  at  various  operation  mode  position,  i.e. 
supply  mode  in  which  pressurized  fluid  supplied 
from  the  fluid  source  unit  18  is  supplied  to  a  supply 
line  21  S,  and  a  drain  mode  in  which  pressurized 
fluid  from  a  drain  line  21  D  is  returned  to  the  fluid 
source  unit  18.  Therefore,  the  line  pressures  in  the 
supply  and  drain  lines  21  S  and  21  D  are  maintained 
constant.  The  supply  and  drain  lines  21  S  and  21  D 
are  connected  to  pressure  control  valves  22FL, 
22FR,  22RL  and  22RR  which  are  respectively  con- 
nected  to  the  working  chambers  26d  of  respective 
hydraulic  cylinders  26FL,  26FR,  26RL  and  26RR 
via  pressure  control  lines  27FL,  27FR,  27RL  and 
27RR.  Pressure  accumulators  20F  and  20R  are 
respectively  connected  to  the  supply  lines  21  S  for 
accumulating  excessive  pressure.  On  the  other 
hand,  the  working  chambers  26d  of  respective  hy- 
draulic  cylinder  26  are  connected  to  pressure  accu- 
mulator  34  via  orifices  32. 

The  pressure  accumulators  20F,  20R  and  34 
are  diaphragm-type  variable  volume  chamber  hav- 
ing  an  enclosed  pneumatic  chamber  and  a  hydrau- 
lic  chamber.  The  pressure  is  accumulated  in  each 
of  the  pressure  accumulators  with  causing  defor- 
mation  of  the  diaphragm  and  with  compressing  the 
pneumatic  chamber.  The  pneumatic  pressure  in 
the  compressed  pneumatic  chamber  serves  as  ac- 
cumulated  pressure. 

The  fluid  source  unit  18  comprises  a  fluid 

reservoir  40,  a  fluid  pump  42  and  a  pressure  regu- 
lation  valve  44.  The  pressure  regulation  valve  44  is 
disposed  between  the  outlet  of  the  fluid  pump  42 
and  the  fluid  reservoir  40  for  regulating  the  output 

5  pressure  of  the  fluid  pump  42.  On  the  other  hand, 
the  fluid  pump  42  is  connected  to  the  inlet  of  a  flow 
control  valve  46  via  a  one-way  check  valve  45 
which  allows  fluid  flow  from  the  flow  in  reverse 
direction.  The  flow  control  valve  46  also  has  to 

io  drain  port  connected  to  a  drain  line  21  D  to  return 
the  pressurized  fluid  to  the  fluid  reservoir  40.  The 
flow  control  valve  46  is  further  provided  an  outlet 
connected  to  the  supply  line  21  S  to  supply  the 
pressurized  fluid  to  the  latter.  An  operational  one- 

15  way  check  valve  47  is  provided  in  the  drain  line 
21  D  for  permitting  fluid  flow  returning  to  the  fluid 
reservoir  40  and  blocking  fluid  flow  in  reverse  di- 
rection.  The  operational  one-way  check  value  47  is 
responsive  to  the  fluid  pressure  in  the  drain  line 

20  upstream  thereof  to  allow  the  fluid  to  flowing  back 
to  the  fluid  reservoir  40.  The  set  pressure  of  the 
check  valve  47  is  set  at  a  value  corresponding  to  a 
predetermined  neutral  pressure  of  the  working 
chamber  26d. 

25  The  flow  control  valve  46  is  associated  with  an 
actuator  46a  which  is  electrically  operable  for 
switching  the  valve  position  between  a  supply  posi- 
tion  in  the  supply  mode,  a  drain  position  in  the 
drain  position  and  a  flow  blocking  position  in  the 

30  flow  blocking  mode.  The  actuator  46a  is  electrically 
connected  to  a  control  circuit  30  which  will  be 
discussed  in  detail  later.  Similarly,  the  pressure 
control  valves  22FL,  22FR,  22RL  and  22RR  are 
associated  with  actuators  22a  which  is,  in  turn, 

35  connected  to  the  control  circuit  30.  The  actuator 
22a  associated  with  each  of  the  pressure  control 
valves  22FL,  22FR,  22RL  and  22RR  may  comprise 
a  proportioning  solenoid  for  adjusting  the  valve 
position  so  that  the  open  area  available  for  fluid 

40  communication  is  proportional  to  a  value  of  control 
signals  from  the  control  circuit.  In  the  alternative, 
the  actuator  22a  can  be  ON/OFF  solenoid  for  con- 
trolling  supply  and  drain  amount  of  the  fluid  ac- 
cording  to  duty  cycle  of  the  control  signal  which  is 

45  a  pulse  train  having  a  frequency  corresponding  to 
flow  restriction  magnitude. 

The  control  circuit  30  generally  receives  a  plu- 
rality  of  preselected  suspension  control  parameter 
data  for  performing  suspension  control  and  gen- 

50  erating  the  control  signals.  In  the  shown  embodi- 
ment,  the  control  circuit  30  is  connected  to  a  lateral 
acceleration  sensor  28  which  monitors  lateral  ac- 
celeration  exerted  on  the  vehicular  body  14  to 
produce  a  lateral  acceleration  indicative  signal  Gy. 

55  Fig.  2  shows  one  example  of  the  pressure 
control  valve  to  be  employed  in  the  shown  embodi- 
ment  of  the  suspension  control  system  according 
to  the  invention. 

3 
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Fig.  2  shows  the  detailed  construction  of  the 
hydraulic  cylinder  115A  and  the  pressure  control 
valve  22.  As  will  be  seen  from  Fig.  2,  the  hollow 
cylinder  housing  26a  is  formed  with  a  port  26f 
communicating  the  working  chamber  26d  to  an 
outlet  port  1  1  8d  of  the  pressure  control  valve  22  via 
the  pressure  control  line  27.  Though  Fig.  2  does 
not  show  clear  construction,  the  upper  fluid  cham- 
ber  26e  is  defined  as  an  enclosed  space  and  is 
filled  with  the  viscous  working  fluid.  The  pressure 
of  the  working  fluid  in  the  upper  fluid  chamber  26e 
at  an  initial  position  of  the  piston  26c  serves  as  a 
reference  pressure  and  per  se  serves  as  resistance 
for  downward  movement  of  the  piston. 

The  pressure  control  valve  22  has  a  valve 
housing  118A  having  the  aforementioned  outlet 
port  118d,  an  inlet  port  118b  and  a  drain  port  118c. 
Respective  inlet  port  118b,  the  drain  port  118c  and 
the  outlet  port  1  1  8d  are  connected  to  a  valve  bore 
118a  defined  within  the  valve  housing  118A.  A 
valve  spool  119  is  disposed  within  the  valve  bore 
118a  for  thrusting  movement  therein.  The  valve 
spool  119  has  first,  second  and  third  lands  119a, 
119b  and  119c.  As  will  be  seen  from  Fig.  2,  the 
third  land  119c  has  smaller  diameter  than  that  of 
the  first  and  second  lands  119a  and  119b.  The 
third  land  119c  defines  a  fifth  pressure  control 
chamber  1  1  8h  which  is  connected  to  the  drain  port 
118c  via  a  drain  path  118f.  An  actuator  piston  122c 
is  also  disposed  within  the  valve  bore  118a.  The 
actuator  piston  122c  opposes  the  second  land 
119b  in  spaced  apart  relationship  to  define  a  sec- 
ond  pressure  control  chamber  118i  which  is  con- 
nected  to  the  drain  port  118c  via  a  drain  path  118e. 
An  annular  pressure  chamber  118j  is  defined  be- 
tween  the  first  and  second  lands  119a  and  119b. 
The  pressure  chamber  118j  is  constantly  commu- 
nicated  with  the  outlet  port  1  1  8d  and  whereby 
communicated  with  the  upper  fluid  chamber  115d. 
On  the  other  hand,  the  pressure  chamber  118j 
shifts  according  to  shifting  of  the  valve  spool  119  to 
selectively  communicate  with  the  inlet  port  118b 
and  the  drain  port  118c.  On  the  other  hand,  an 
pressure  control  chamber  118k  is  defined  between 
the  first  and  third  lands  119a  and  119c.  The  pres- 
sure  control  chamber  118k  is  in  communication 
with  the  outlet  port  1  1  8d  via  a  pilot  path  118g.  A 
bias  spring  122d  is  interposed  between  the  ac- 
tuator  piston  122c  and  the  valve  spool  119.  The 
actuator  piston  122c  contacts  with  an  actuator  rod 
122a  of  the  electrically  operable  actuator  22a  which 
comprises  an  electromagnetic  solenoid.  The  sole- 
noid  122  comprises  a  proportioning  solenoid. 

In  order  to  increase  the  supply  pressure  of  the 
working  fluid,  the  spool  valve  119  is  shifted  to  the 
position  shown  in  Fig.  3(A)  to  increase  path  area  at 
a  throttle  constituted  at  the  inner  end  of  the  inlet 
port  118b  by  means  of  the  land  119a  of  the  spool 

valve  119.  On  the  other  hand,  in  order  to  decrease 
the  supply  pressure  of  the  working  fluid,  the  spool 
valve  is  shifted  to  the  position  to  decrease  the  path 
area  at  the  throttle  of  the  inner  end  of  the  inlet  port 

5  118b  and  opens  the  drain  port  118  which  is  nor- 
mally  blocked  by  means  of  the  land  119b  of  the 
spool  valve. 

As  seen  from  Fig.  2,  the  proportioning  solenoid 
122  comprises  the  actuator  rod  122a  and  a  sole- 

io  noid  coil  122b.  The  solenoid  coil  122b  is  energized 
by  suspension  control  signal  from  the  control  unit. 
In  the  shown  embodiment  of  the  pressure  control 
valve,  the  working  fluid  pressure  P  at  the  outlet  port 
1  1  8d  is  variable  according  to  the  predetermined 

is  variation  characteristics  Namely,  when  the  control 
value  represented  by  the  suspension  control  signal 
is  zero,  the  pressure  at  the  outlet  port  118  be- 
comes  an  initial  pressure  determined  according  to 
a  predetermined  offset  pressure.  When  the  suspen- 

20  sion  control  signal  value  in  positive  value  increases, 
the  fluid  pressure  at  the  outlet  port  1  1  8d  increases 
with  a  predetermined  proportioning  rate.  Namely, 
by  increasing  of  the  suspension  control  value,  the 
actuator  rod  122a  is  driven  downwardly  as  shown 

25  Fig.  4  at  a  magnitude  toward  to  position  to  achieve 
increasing  of  the  fluid  pressure  P  with  the  predeter- 
mined  proportioning  rate  Ki  across  a  predeter- 
mined  neutraul  pressure  P0.  The  fluid  pressure  at 
the  outlet  port  1  1  8d  saturate  at  the  output  pressure 

30  P2  of  the  pressure  unit  as  shown  in  Fig.  4.  On  the 
other  hand,  when  the  suspension  control  signal 
value  decreases,  the  pressure  decreases  to  zero  to 
by  shifting  of  the  actuator  rod  122a. 

The  actuator  rod  122a  of  the  proportioning  so- 
35  lenoid  122  is  associated  with  the  actuator  piston 

122c.  Contact  between  the  actuation  rod  122a  and 
the  actuator  piston  122c  can  be  maintained  by  the 
resilient  force  of  the  bias  spring  122d  which  nor- 
mally  biases  the  actuator  piston  toward  the  ac- 

40  tuation  rod.  On  the  other  hand,  the  spring  force  of 
the  bias  spring  122d  is  also  exerted  on  the  valve 
spool  119  to  constantly  bias  the  valve  spool  down- 
wardly  in  Fig.  2.  The  valve  spool  119  also  receives 
upward  hydraulic  force  from  the  pressure  control 

45  chamber  118k.  Therefore,  the  valve  spool  119  is 
oriented  at  the  position  in  the  valve  bore  at  the 
position  where  the  downward  bias  of  the  bias 
spring  122d  balances  with  the  upward  hydraulic 
force  of  the  pressure  control  chamber  118k. 

50  When  bounding  motion  occurs  at  the  suspen- 
sion  member,  the  piston  26c  of  the  hydraulic  cyl- 
inder  26  shifts  upwardly  to  cause  increasing  of  the 
fluid  pressure  in  the  upper  chamber  26d.  This 
causes  increasing  of  the  fluid  pressure  at  the  outlet 

55  port  1  1  8d  of  the  pressure  control  valve  22.  As  a 
result,  the  fluid  pressure  in  the  pressure  control 
chamber  118k  increases  by  the  pressure  intro- 
duced  through  the  pilot  path  1  1  8g  to  destroy  the 

4 
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balance  between  the  downward  bias  of  the  bias 
spring  122d  and  the  upward  hydraulic  force  of  the 
pressure  control  chamber  118k.  This  causes  up- 
ward  movement  of  the  valve  spool  119  against  the 
spring  force  of  the  bias  spring  122d,  as  shown  in 
Fig.  3(B).  As  a  result,  path  area  of  the  drain  port 
118c  increases  and  the  inlet  port  118b  becomes 
being  blocked.  Therefore,  the  fluid  pressure  in  the 
working  chamber  1  1  5d  is  drained  through  the  drain 
port.  Therefore,  the  increased  fluid  pressure  in  the 
working  chamber  1  1  5d  of  the  hydraulic  cylinder  26 
can  be  successfully  absorbed  so  that  the  bounding 
energy  input  from  the  suspension  member  will  not 
be  transmitted  to  the  vehicle  body. 

When  rebounding  motion  occurs  at  the  suspen- 
sion  member,  the  piston  26c  of  the  hydraulic  cyl- 
inder  26  shifts  downwardly  to  cause  decreasing  of 
the  fluid  pressure  in  the  working  chamber  26d.  This 
causes  decreasing  of  the  fluid  pressure  at  the 
outlet  port  1  1  8d  of  the  pressure  control  valve  22. 
As  a  result,  the  fluid  pressure  in  the  pressure 
control  chamber  118k  decreases  by  the  pressure 
introduced  through  the  pilot  path  1  1  8g  to  destroy 
the  balance  between  the  downward  bias  of  the  bias 
spring  122d  and  the  upward  hydraulic  force  of  the 
pressure  control  chamber  118k.  This  causes  down- 
ward  movement  of  the  valve  spool  119  against  the 
spring  force  of  the  bias  spring  122d,  as  shown  in 
Fig.  3(A).  As  a  result,  path  area  of  the  inlet  port 
118b  increases  and  the  drain  port  118c  becomes 
being  blocked.  Therefore,  the  fluid  pressure  in  the 
working  chamber  26d  is  increased  by  the  pressure 
introduced  through  the  inlet  port.  Therefore,  the 
decreased  fluid  pressure  in  the  working  chamber 
26d  of  the  hydraulic  cylinder  26  can  be  success- 
fully  absorbed  so  that  the  rebounding  energy  input 
from  the  suspension  member  will  not  be  transmit- 
ted  to  the  vehicle  body. 

Here,  since  no  flow  resisting  element,  such  as 
orifice,  throttling  valve,  is  disposed  between  the 
fluid  reservoir  40  and  the  drain  port  118c,  no 
damping  force  against  the  upward  motion  of  the 
piston  26c  in  the  hydraulic  cylinder  26  will  be 
produced  in  response  to  the  bounding  motion  of 
the  suspension  member.  Since  the  damping  force 
exerted  on  the  piston  26c  may  serves  to  allow 
transmission  of  the  part  of  bounding  energy  to  the 
vehicle  body  to  cause  rough  ride  feeling,  the 
shown  embodiment  of  the  suspension  system  may 
provide  satisfactorily  high  level  riding  comfort  by 
completely  absorbing  the  bounding  and  rebounding 
energy  set  forth  above. 

Fig.  5  is  a  block  diagram  of  the  electro-hydrau- 
lic  circuit  of  the  preferred  embodiment  of  the  sus- 
pension  control  system,  for  implementing  preferred 
process  of  suspension  control  operation  including 
fail-safe  operation.  As  seen  from  Fig.  5,  the  control 
circuit  30  comprises  a  control  unit  90  which  is 

composed  of  a  microprocessor  including  an 
input/output  interface  98,  an  arithmetic  circuit  99 
and  a  memory  unit  100.  The  input/output  interface 
98  of  the  control  unit  90  is  connected  to  the  lateral 

5  acceleration  sensor  28  to  receive  a  lateral  accelera- 
tion  indicative  data  which  is  derived  on  the  basis  of 
the  lateral  acceleration  indicative  signal  of  the  lat- 
eral  acceleration  sensor  by  an  analog-to-digital 
(A/D)  converter  88.  On  the  other  hand,  the 

io  input/output  interface  98  is  connected  to  driver 
circuits  94FL,  94FR,  94RL  and  94RR  via  digital-to- 
analog  (D/A)  converters  92FL,  92FR,  92RL  and 
92RR.  The  D/A  converters  92FL,  92FR,  92RL  and 
92RR  converts  the  digital  control  signals  output 

is  from  the  control  unit  90  into  an  analog  signals 
having  signal  value  corresponding  to  the  controlling 
magnitude  of  the  actuators  22a  of  the  pressure 
control  valves  22FL,  22FR,  22RL  and  22RR.  The 
driver  circuits  94FL,  94FR,  94RL  and  94RR  are 

20  responsive  to  the  analog  signals  input  from  the  D/A 
converters  92FL,  92FR,  92RL  and  92RR  to  output 
driver  current  I  having  a  level  corresponding  to  the 
commanded  magnitude  of  control. 

As  set  forth,  the  actuators  22a  of  the  pressure 
25  control  valves  22FL,  22FR,  22RL  and  22RR  are 

responsive  to  the  driver  current  I  to  shift  the  valve 
position  to  the  commanded  position  to  adjust  the 
fluid  pressure  level  in  the  working  chambers  26d  of 
the  hydraulic  cylinders  26. 

30  To  the  driver  circuit  94FL,  94FR,  94RL  and 
94RR,  a  current  detector  circuits  95FL,  95FR,  95RL 
and  95RR  are  connected  to  monitor  the  driver 
current  level  sequencially.  The  outputs  of  the  driver 
current  detector  circuits  95FL,  95FR,  95RL  and 

35  95RR  are  fed  back  to  the  input/output  interface  98 
of  the  control  unit  90  via  A/D  converters  96FL, 
96FR,  96RL  and  96RR.  In  addition,  the  input/output 
interface  98  of  the  control  unit  90  is  connected  to 
the  actuator  46a  of  the  flow  control  valve  46  for 

40  controlling  valve  position  of  the  flow  control  valve. 
Fig.  6  shows  detailed  construction  of  the  driver 

circuit  94FL,  94FR,  94RL  and  94RR  which  is  gen- 
erally  referred  to  by  the  reference  numeral  "94". 
The  driver  circuit  94  comprises  an  operational  am- 

45  plifier  101  and  a  power  transistor  102.  The  base 
electrode  of  the  power  transistor  102  is  connected 
to  the  output  of  the  operational  amplifier  101.  The 
corrector  electrode  of  the  power  transistor  102  is 
connected  to  a  power  source  (not  shown)  via  a  coil 

50  of  the  actuator  22a  of  the  pressure  control  valve  22 
On  the  other  hand,  the  emitter  electrode  of  the 
power  transistor  102  is  connected  to  the  ground  via 
a  shunt  resistor  R.  The  current  detector  circuit 
which  generally  referred  to  by  the  reference  nu- 

55  meral  "95"  is  connected  between  the  emitter  of  the 
power  transistor  102  and  the  shunt  resistor  R.  The 
current  detector  circuit  95  generally  monitors  the 
voltage  at  the  junction  between  the  emitter  of  the 

5 
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transistor  102  and  the  shunt  resistor  R  to  actually 
flowing  driver  current  I  to  produce  a  current  level 
indicative  signal  as  a  feedback  signal. 

With  the  foregoing  arrangement,  the  preferred 
embodiment  of  the  actively  controlled  suspension 
system  performs  suspension  control  for  varying 
suspension  characteristics  depending  upon  the  ve- 
hicle  driving  condition  for  suppressing  change  of 
attitude  of  the  vehicle.  Though  the  following  discus- 
sion  will  be  concentrated  for  anti-rolling  suspension 
control  so  as  to  make  the  discussion  concerning 
practical  suspension  control  in  normal  mode  simple 
enough  for  facilitating  clear  understanding,  it  should 
be  appreciated  that  the  suspension  control  system 
performs  not  only  anti-rolling  suspension  control, 
but  also  anti-dive  control,  anti-squat  control,  bounc- 
ing  suppressive  control  and  so  forth.  Therefore,  the 
following  discussion  concerning  suspension  control 
in  normal  mode  has  to  be  appreciated  as  mere 
example  of  control  to  be  performed  by  the  control 
circuit  30. 

The  anti-rolling  suspension  control  will  be  here- 
after  discussed  with  reference  to  Fig.  7.  It  should 
be  noted  that  the  shown  routine  of  an  anti-rolling 
suspension  control  program  is  triggered  at  every 
given  timing,  e.g.  20  msec. 

Immediately  after  starting  execution,  the  lateral 
acceleration  indicative  data  Gy  is  read  out  through 
the  input/output  interface  98  of  the  control  unit  90, 
at  a  step  1002.  Based  on  the  read  lateral  accelera- 
tion  indicative  data  Gy,  a  lateral  acceleration  data 
GY  is  derived  at  a  step  1004.  Practically,  derivation 
of  the  lateral  acceleration  data  GY  is  performed  by 
a  map  or  table  look-up  against  a  preset  table  in  the 
memory  unit  100  in  terms  of  the  lateral  accelera- 
tion  indicative  data  Gy. 

At  a  step  1006,  assumed  rolling  magnitude  is 
derived  on  the  basis  of  the  lateral  acceleration  data 
GY  by  way  of  table  look-up.  On  the  basis  of  the 
assumed  rolling  magnitude  derived  at  the  step 
1006,  control  current  levels  for  respective  actuators 
22a  of  the  pressure  control  valves  22FL,  22FR, 
22RL  and  22RR  are  derived.  Then,  at  a  step  1008, 
control  signal  valves  representative  of  the  control 
current  level  derived  at  the  step  1006  are  derived 
and  output.  The  control  signals  Sc  thus  output  at 
the  step  1008  are  fed  to  respective  driver  circuits 
94FL,  94FR,  94RL  and  94RR. 

In  practical  suspension  control  operation  in 
anti-rolling  control,  the  control  signals  Sc  for  the 
driver  circuits  94FL  and  94RL  of  the  left-hand  sus- 
pension  systems  are  different  from  the  driver  cir- 
cuits  94FR  and  94RR  of  the  right-hand  suspension 
systems.  Namely,  when  left-hand  curve  or  turn  is 
to  be  made,  the  right-hand  lateral  force  is  exerted 
to  cause  right-hand  lateral  acceleration.  In  response 
to  this,  the  control  signals  for  softening  suspension 
characteristics  are  fed  to  the  actuators  94FL  and 

94RL  for  the  left-hand  suspension  systems  and  the 
control  signals  for  hardening  suspension  character- 
istics  are  fed  to  the  actuators  94FR  and  94RR.  By 
this,  the  fluid  pressure  in  the  working  chambers 

5  26d  of  the  hydraulic  cylinders  26FL  and  26RL  are 
decreased  to  soften  the  suspension  characteristics 
so  as  to  produce  smaller  damping  force  against  the 
force  which  causes  relative  displacement  between 
the  vehicular  body  and  the  suspension  members  of 

io  the  front-left  and  rear-left  wheels  10FL  and  10RL. 
On  the  other  hand.the  fluid  pressure  in  the  working 
chambers  26d  of  the  hydraulic  cylinders  26FR  and 
26RR  are  increased  to  harden  the  suspension  char- 
acteristics  so  as  to  produce  greater  damping  force 

is  against  the  force  which  causes  relative  displace- 
ment  between  the  vehicular  body  and  the  suspen- 
sion  members  of  the  front-right  and  rear-right 
wheels  10FR  and  10RR.  Thus,  rolling  magnitude 
during  cornering  can  be  reduced. 

20  Fig.  8  shows  a  flowchart  of  a  fail-detecting  and 
fail-safe  operation  to  be  performed  by  the  preferred 
embodiment  of  the  suspension  control  system.  The 
shown  routine  is  also  triggered  at  every  given  tim- 
ing. 

25  Immediately  after  starting  execution,  the  de- 
tected  current  data  which  is  input  from  the  current 
detector  circuit  95  via  the  A/D  converter  96  is  read 
at  a  step  2002.  At  the  step  2002,  all  of  the  detected 
current  data  which  are  representative  of  driver  cur- 

30  rent  value  supplied  to  respective  actuators  22a  of 
the  pressure  control  valves  22FL,  22FR,  22RL  and 
22RR  are  read  out. 
The  read  current  data  I  are  compared  with  a  refer- 
ence  current  value  l0  at  a  step  2004.  The  reference 

35  current  value  l0  repreents  abnormally  low  current 
value,  e.g.  0.1A,  which  should  not  appear  during 
normal  suspension  control  operation.  As  long  as 
the  current  values  I  represented  by  all  of  the  read 
data  are  greater  than  the  reference  current  value  l0, 

40  a  LOW  level  flow  control  signal  SF  is  maintained  so 
as  to  maintain  the  actuator  46a  of  the  flow  control 
valve  46  deenergized  and  this  maintains  the  flow 
control  valve  in  supply  position,  at  a  step  2006.  On 
the  other  hand,  when  any  one  of  the  read  data 

45  represents  a  current  value  I  smaller  than  or  equal 
to  the  reference  current  value  l0,  judgement  is 
made  that  the  electric  circuit  fails.  Then,  fail-safe 
operation  is  carried  out  at  a  step  2008.  In  the  fail- 
safe  operation  carried  out  in  the  step  2008,  HIGH 

50  level  flow  control  singal  SF  is  output  to  energize  the 
actuator  46a  of  the  flow  control  valve  46.  The  flow 
control  valve  46  is  then  switched  the  valve  position 
to  the  drain  mode  position  to  establish  fluid  com- 
munication  between  the  supply  line  to  the  oper- 

55  ational  one-way  check  valve  47.  As  set  forth,  the 
set  pressure  of  the  operational  one-way  check 
valve  47  is  set  at  a  value  corresponding  to  the 
neutral  pressure.  As  a  result,  the  pressure  in  the 

6 
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supply  line  21  S  becomes  neutral. 
In  the  normal  condition  of  the  electric  circuit, 

the  one-way  check  valve  45  is  responsive  to  the 
fluid  pressure  greater  than  the  neutral  pressure  P0 
to  open  to  establish  fluid  communication.  While  the 
electric  circuit  operates  in  normal  condition  so  that 
the  current  values  of  the  driver  currents  to  be 
supplied  to  the  actuators  22a  are  maintained  great- 
er  than  the  reference  current  value  l0,  the  flow 
control  valve  46  is  held  in  supply  position  to  estab- 
lish  fluid  communication  between  the  fluid  pump  42 
and  the  pressure  control  valve  22.  The  maximum 
pressure  of  the  working  fluid  supplied  to  the  pres- 
sure  control  valve  22  is  adjusted  by  the  pressure 
regulating  valve  44.  Therefore,  the  maximum  sup- 
ply  pressure  for  the  pressure  control  valve  cor- 
responds  to  the  set  pressure  of  the  pressure  regu- 
lating  valve  44. 

At  this  condition,  if  the  vehicle  travels  on  a 
smooth  straight  road,  no  lateral  acceleration  will  be 
exerted  on  the  vehicular  body.  Therefore,  the  lat- 
eral  acceleration  input  from  the  lateral  accleration 
sensor  to  the  control  unit  90  is  maintained  zero.  As 
far  as  the  anti-rolling  control  is  concerned,  no  at- 
titude  change  may  be  caused.  Therefore,  the  fluid 
pressure  in  the  working  chamber  26d  of  the  hy- 
draulic  cylinder  26FL,  26FR,  26RL  and  26RR  is 
maintained  at  the  neutral  pressure  P0.  For  this,  the 
driver  current  I  to  be  supplied  to  the  actuators  22a 
of  the  pressure  control  valve  22FL,  22FR,  22RL 
and  22RR  are  maintained  at  a  value  corresponding 
to  the  neutral  pressure,  which  current  level  will  be 
hereafter  referred  to  as  "neutral  current  lN". 

When  right-hand  steering  operation  is  made, 
rolling  moment  to  lower  left  side  occurs.  This  is 
reflected  by  the  left-hand  lateral  acceleration  ex- 
erted  on  the  vehicular  body.  In  response  to  this, 
the  driver  current  I  greater  than  the  neutral  current 
lN  is  supplied  to  the  actuators  22a  of  the  pressure 
control  valves  22FL  and  22RL.  Therefore,  the  fluid 
pressure  in  the  working  chamber  26d  of  the  hy- 
draulic  cylinders  26FL  and  26RL  are  increased  to 
be  higher  than  the  neutral  pressure  P0.  On  the 
other  hand,  the  driver  current  I  smaller  than  the 
neutral  current  lN  is  supplied  to  the  actuators  22a  of 
the  pressure  control  valves  22FR  and  22RR.  There- 
fore,  the  fluid  pressure  in  the  working  chamber  26d 
of  the  hydraulic  cylinders  26FR  and  26RR  are 
decreased  to  be  lower  than  the  neutral  pressure  P0. 
This  reduces  vehicular  rolling  magnitude  caused  on 
the  vehicular  body. 

As  will  be  naturally  understood,  when  left-hand 
steering  operation  is  performed,  the  anti-rolling 
control  is  performed  for  increasing  the  fluid  pres- 
sure  in  the  working  chambers  of  the  hydraulic 
cylinders  26FR  and  26RR  and  for  decreasing  the 
fluid  pressure  in  the  working  chambers  of  the  hy- 
draulic  cylinders  26FL  and  26RL.  Upon  occurrence 

of  failure  in  the  electric  circuit,  the  driver  current  for 
one  of  the  actuators  22a  of  the  pressure  control 
valves  22FL,  22FR,  22RL  and  22RR  is  lowered 
across  the  reference  current.  The  control  unit  90 

5  thus  detects  failure  of  the  electric  circuit  by  detect- 
ing  lower  current  than  the  reference  current  to 
initiate  fail-safe  operation.  As  set  forth  with  respect 
to  the  step  2008  of  the  routine  of  Fig.  8,  the  fail- 
safe  operation,  in  the  shown  embodiment  of  the 

io  suspension  control  system,  is  performed  by  output- 
ting  HIGH  level  flow  control  signal  SF  to  switch  the 
valve  position  of  the  flow  control  valve  46  from  the 
supply  mode  position  to  the  drain  mode  position. 
By  this,  the  supply  line  21  S  communicates  with  the 

is  operational  one-way  check  valve  47  which  permits 
fluid  while  the  fluid  pressure  is  higher  than  the  set 
pressure  corresponding  to  the  neutral  pressure  P0 
and  blocks  fluid  communication  while  the  fluid 
pressure  upstream  thereof  is  lower  than  the  neutral 

20  pressure  P0.  By  this,  the  line  pressure  in  the  sup- 
ply  line  21  S  is  maintained  at  neutral  pressure  P0. 

By  fixing  the  fluid  pressure  in  the  working 
chamber  26d  of  the  hydraulic  cylinders  26FL, 
26FR,  26RL  and  26RR,  those  hydraulic  cylinders 

25  operates  as  normal  shock  absorber  to  create 
damping  force  against  vertical  relative  motion  be- 
tween  the  vehicular  body  and  the  suspension 
member.  Therefore,  even  when  the  electric  circuit 
fails,  safety  can  be  assured. 

30  While  the  present  invention  has  been  disclosed 
in  terms  of  the  preferred  embodiment  in  order  to 
facilitate  better  understanding  of  the  invention,  it 
should  be  appreciated  that  the  invention  can  be 
embodied  in  various  ways  without  departing  from 

35  the  principle  of  the  invention.  Therefore,  the  inven- 
tion  should  be  understood  to  include  all  possible 
embodiments  and  modifications  to  the  shown  em- 
bodiments  which  can  be  embodied  without  depart- 
ing  from  the  principle  of  the  invention  set  out  in  the 

40  appended  claims. 
For  example,  though  the  specific  embodiment 

of  the  actively  controlled  suspension  system  uni- 
formly  performed  the  fail-safe  operation  when  fail- 
ure  occurs  for  the  electric  circuit  for  one  of  the 

45  actuators,  it  may  be  possible  to  selectively  perform 
fail-safe  operation  for  the  front  suspension  systems 
and  rear  suspension  systems  depending  upon  the 
circuit  causing  failure.  Furthermore,  the  fail-safe 
technologies  set  forth  above  may  be  applicable  not 

50  only  for  fail-safe  operation  to  be  performed  in  re- 
sponse  to  failure  of  the  electric  circuit  but  also  for 
failure  of  the  electric  power  source  or  control  unit 
per  se.  In  addition,  though  the  shown  embodiment 
has  been  concentrated  for  the  anti-rolling  suspen- 

55  sion  systems,  the  fail-safe  system  is  applicable  not 
only  for  the  anti-rolling  actively  control  system,  but 
also  for  anti-pitching  or  bouncing  suppressive  sus- 
pension  control  systems. 

7 
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For  examples,  the  fail-safe  technologies  pro- 
posed  according  to  the  present  invntion  may  be 
applicable  for  the  the  suspension  control  technol- 
ogies  disclosed  in  the  following  co-pending  ap- 
plications: 

European  Patent  First  Publication  0  249  209 
European  Patent  First  Publication  0  249  227 
European  Patent  First  Publication  0  283  004 
European  Patent  First  Publication  0  285  153 
European  Patent  First  Publication  0  284  053 

The  inventions  disclosed  in  the  foregoing  publica- 
tions  have  been  assigned  to  the  common  assignee 
to  the  present  invention.  The  disclosure  of  these 
publications  will  be  herein  incorporated  by  refer- 
ence  for  the  sake  of  disclosure. 

Furthermore,  though  the  specific  construction 
of  the  pressure  control  valve  is  discussed 
hereabove,  the  pressure  control  means  may  not  be 
specified  to  the  disclosed  construction.  Further- 
more,  though  the  shown  embodiment  employs  pro- 
portioning  solenoid  for  adjusting  the  fluid  pressure 
in  the  working  chamber,  it  is  possible  to  use  duty 
controlled  pressure  control  valve.  In  such  case,  the 
driver  signal  to  be  applied  to  the  pressure  control 
valve  is  formed  in  a  form  of  a  pulse  train  having  a 
duty  cycle  corresponding  to  the  desired  pressure 
in  the  working  chamber.  For  example,  Fig.  9  shows 
one  example  of  the  duty  controlled  pressure  con- 
trol  valve.  Fig.  9  shows  the  detailed  construction  of 
another  example  of  the  pressure  control  valve  unit 
22  to  be  employed  in  the  shown  embodiment  of 
the  actively  controlled  suspension  system  set  forth 
above. 

The  pressure  control  valve  22  comprises  a 
valve  housing  242  which  housing  a  proportioning 
solenoid  243.  The  proportioning  solenoid  243  is 
electrically  connected  to  the  control  unit  22.  The 
valve  housing  242  defines  a  valve  bore  which  is 
separated  into  a  valve  chamber  242L  and  a  control 
chamber  242U  by  means  of  a  partitioning  member 
242A.  The  partitioning  member  242A  is  formed 
with  a  communication  hole  242a.  Above  the  com- 
munication  hole  242a  is  defined  the  control  cham- 
ber  242U.  The  valve  chamber  242L  and  the  control 
chamber  242U  are  aligned  to  each  other  across  the 
communication  hole  242a.  Beneath  the  commu- 
nication  hole  242a  and  adjacent  the  top  of  the  valve 
chamber  242L,  a  stationary  throttling  orifice  defin- 
ing  member  244  is  provided.  The  throttling  orifice 
defining  member  244  is  formed  with  a  fixed  throt- 
tling  rate  of  orifice.  The  throttling  orifice  defining 
member  244  defines  with  the  partitioning  member 
242A  a  pilot  chamber  P. 

A  valve  spool  248  is  thrustingly  or  slidingly 
disposed  within  the  valve  chamber  242L.  The  valve 
spool  248  defines  an  upper  feedback  chamber  FU 
between  the  top  end  thereof  and  the  throttling 
orifice  defining  member  244.  The  valve  spool  248 

also  defines  a  lower  feedback  chamber  FL  between 
the  lower  end  thereof  and  the  bottom  of  the  valve 
chamber  242L.  Offset  springs  250A  and  250B  are 
disposed  within  the  upper  and  lower  feedback 

5  chambers  FU  and  FL,  which  offset  springs  exerts 
spring  force  to  the  valve  spool  248  for  resiliently 
restricting  movement  of  the  latter.  The  valve  cham- 
ber  242L  is  communicated  with  an  inlet  port  242i,  a 
drain  port  242o  and  the  communication  port  242n 

io  which  are  defined  through  the  valve  housing  242. 
The  inlet  port  242i  is  connected  to  the  pressure 
unit  16  via  a  supply  line  252.  On  the  other  hand, 
the  drain  port  242o  is  connected  to  the  pressure 
unit  16  via  the  drain  line  254. 

is  The  valve  spool  248  is  formed  with  an  upper 
land  248b  and  a  lower  land  248a.  The  upper  and 
lower  lands  248b  and  248a  defines  therebetween 
an  annular  pressure  chamber  248c.  The  valve 
spool  248  is  formed  with  a  pilot  path  communicat- 

20  ing  the  pressure  chamber  248c  with  the  lower 
feedback  chamber  FL. 

A  poppet  valve  member  256  is  disposed  within 
the  control  chamber  242U  for  thrusting  or  sliding 
movement  therein.  The  poppet  valve  member  256 

25  has  a  valve  head  opposing  to  the  communication 
hole  242a.  The  poppet  valve  member  256  is  op- 
erably  associated  with  the  proportioning  solenoid 
243  which  comprises  a  plunger  258  which  has  a 
plunger  rod  258A.  The  lower  end  of  the  plunger  rod 

30  258A  of  the  plunger  258  opposes  to  the  top  end  of 
the  poppet  valve  256.  The  poppet  valve  member 
256  is  driven  by  the  plunger  258  to  control  the  path 
area  in  the  communication  hole  242a  according  to 
the  position  of  the  plunger  rod  258A.  Therefore,  the 

35  poppet  valve  member  256  adjusts  the  path  area  of 
the  communication  hole  242a  and  whereby  to  con- 
trol  fluid  pressure  to  be  introduced  in  the  pilot 
chamber  P.  poppet  valve  member  256  separates 
the  control  chamber  242U  into  upper  and  lower 

40  control  chambers.  In  order  to  control  the  position  of 
the  poppet  valve  256  for  adjusting  the  pilot  pres- 
sure  in  the  pilot  chamber  P,  a  solenoid  coil  60  is 
provided  for  energizing  the  deenergizing  to  cause 
axial  shift  of  the  plunger  rod  258A. 

45  By  adjusting  the  fluid  pressure  in  the  pilot 
chamber  P,  the  pressure  in  the  upper  feedback 
chamber  FU  is  adjusted  to  exert  an  axially  driving 
force  to  the  valve  spool  248  to  cause  axial  shift.  By 
this,  selective  feed  communication  betwen  the  inlet 

50  port  242i,  the  drain  port  242o  and  the  communica- 
tion  port  242n  can  be  established  to  adjust  the  fluid 
pressure  at  the  communication  port  242n.  Since 
the  pressure  at  the  communication  port  242n  is 
equal  to  the  fluid  pressure  in  the  working  chamber 

55  26d  of  the  pressure  cylinder  26,  the  damping  force 
created  by  the  pressure  cylinder  can  be  adjusted. 
The  inlet  port  242i  is  also  connected  to  the  pilot 
chamber  P  via  a  fluid  path  242s.  On  the  other 
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hand,  the  drain  port  242o  is  connected  to  control 
chamber  242U  via  a  fluid  path  242t. 

In  order  to  control  the  pressure  at  the  commu- 
nication  port  242n,  a  control  current  I  is  applied  to 
the  solenoid  coil  260. 

As  will  be  appreciated  herefrom,  the  present 
invention  is  successful  in  assuring  safety  even 
when  failure  occurs  in  the  electric  system  and  thus 
assures  safety  driving  of  the  vehicle  at  any  driving 
condition. 

Claims 

1.  An  actively  controlled  suspension  system  com- 
prising: 

-  at  least  one  suspension  means  (26FL, 
26FR,  26RL,  26RR)  interposed  between 
a  vehicular  body  (14)  and  a  suspension 
member  (12)  rotatably  supporting  a  ve- 
hicular  wheel,  said  suspension  means  in- 
cluding  a  variable  pressure  chamber 
(26d)  which  is  filled  with  a  working  fluid; 

-  a  fluid  pressure  source  (18); 
-  a  first  valve  means  (22FL,  22FR,  22RL, 

22RR)  disposed  between  said  fluid  pres- 
sure  source  and  said  suspension  means 
and  controlled  by  a  control  signal  for 
adjusting  the  pressure  of  the  working  flu- 
id  within  said  pressure  chamber  to  vary 
the  suspension  characteristics  of  said 
suspension  means; 

-  a  sensor  means  (28)  for  monitoring  a 
preselected  suspension  parameter  to 
produce  a  sensor  signal  representative 
thereof; 

-  a  fail  detector  means  (95A,  95B,  95C, 
95D)  for  monitoring  a  fail  condition  of  the 
suspension  system;  and 

-  a  control  means  (30)  for  supplying  said 
control  signal  on  the  basis  of  said  sensor 
signal  in  the  case  of  no  failure  of  the 
system,  and  for  providing  a  fail  save  sig- 
nal  in  case  of  a  failure  of  the  system; 
characterized  by 

-  a  second  valve  means  (19)  controlled  by 
said  controller  means  and  disposed  be- 
tween  said  fluid  pressure  source  and 
said  first  valve  means  and  permitting  flu- 
id  flow  from  said  fluid  pressure  source  to 
said  first  valve  means  in  a  normal  operat- 
ing  position  and  blocking  such  flow  in  a 
fail  save  position  in  which  it  allows  a  flow 
of  fluid  from  said  suspension  means  to 
said  fluid  pressure  source  as  long  as  the 
pressure  in  said  pressure  chamber  is 
above  a  neutral  pressure. 

2.  An  actively  controlled  suspension  system  as 

set  forth  in  claim  1  ,  wherein  said  second  valve 
means  (19)  comprises  a  fluid  pressure  respon- 
sive  valve  means  (47)  which  permits  fluid  flow 
from  said  first  valve  means  (22FL,  22FR,  22RL, 

5  22RR)  to  said  fluid  pressure  source  (18)  when 
said  fluid  pressure  is  higher  than  said  neutral 
pressure  and  blocks  fluid  flow  from  said  first 
valve  means  to  said  fluid  pressure  source 
when  said  fluid  pressure  is  lower  than  or  equal 

io  to  said  neutral  pressure. 

3.  An  actively  controlled  suspension  system  as 
set  forth  in  one  of  the  claims  1  or  2,  wherein 
said  first  valve  means  (22)  includes  an  elec- 

15  trically  operable  actuator  (22a)  for  operating 
said  valve  position  according  to  said  control 
signal  for  increasing  and  decreasing  fluid  pres- 
sure  for  adjusting  the  suspension  characteris- 
tics,  said  controller  means  (30)  being  elec- 

20  trically  connected  to  said  actuator  for  feeding 
said  control  signal  to  the  latter,  and  said  fail 
detector  means  (95)  monitors  said  control  sig- 
nal  value  for  detecting  breakage  of  an  electric 
circuit  connecting  said  controller  means  and 

25  said  actuator. 

4.  An  actively  controlled  suspension  system  as 
set  forth  in  claim  3,  wherein  said  actuator  (22a) 
of  said  first  valve  means  comprises  a  current 

30  dependent  proportioning  solenoid  (112b)  for 
varying  operation  magnitude  depending  upon 
the  level  of  said  electric  current  control  signal, 
and  said  fail  detector  means  (95)  monitors  the 
current  level  supplied  to  said  actuator  and  de- 

35  tects  failure  of  an  electric  circuit  when  the 
current  supplied  to  said  actuator  is  lower  than 
a  predetermined  value. 

5.  An  actively  controlled  suspension  system  as 
40  set  forth  in  claim  3,  wherein  said  actuator  (22a) 

is  controlled  by  said  control  signal  in  a  form  of 
pulse  train  having  a  duty  cycle  representative 
of  operational  magnitude  of  said  first  valve 
means  (22),  and  said  fail  detector  means  (95) 

45  monitoring  the  duty  cycle  of  said  control  signal 
and  detects  failure  by  detecting  pulse  interval 
longer  than  a  predetermined  period. 

6.  An  actively  controlled  suspension  system  as 
50  set  forth  in  one  of  the  claims  1  to  5,  wherein 

said  fluid  pressure  source  further  comprises  a 
pressure  regulation  valve  means  (44)  having  a 
set  pressure  higher  than  said  neutral  pressure, 
and  maximum  fluid  pressure  to  be  supplied  to 

55  said  second  valve  means  (19)  at  said  first 
position  corresponds  to  said  set  pressure  of 
said  pressure  regulation  valve. 

9 



17 EP  0  318  932  B1 18 

7.  An  actively  controlled  suspension  system  as 
set  forth  in  one  of  the  claims  1  to  6,  which 
further  comprises  a  pressure  accumulator 
means  (20)  accumulating  fluid  therein  and  be- 
ing  arranged  between  said  first  and  second 
valve  means. 

Revendicatlons 

1.  Systeme  de  suspension  a  reglage  actif  com- 
prenant  : 

-  au  moins  un  moyen  de  suspension 
(26FL,  26FR,  26RL,  26RR)  interpose  en- 
tre  un  corps  de  vehicule  (14)  et  un  mem- 
bre  de  suspension  (12)  supportant  de 
fagon  rotative  une  roue  de  vehicule,  ledit 
moyen  de  suspension  incluant  une 
chambre  de  pression  variable  (26d)  qui 
est  remplie  avec  un  fluide  de  travail; 

-  une  source  de  pression  de  fluide  (18); 
-  un  premier  moyen  formant  soupape 

(22FL,  22FR,  22RL,  22RR)  dispose  entre 
ladite  source  de  pression  de  fluide  et 
ledit  moyen  de  suspension  et  controle 
par  un  signal  de  commande  pour  regler 
la  pression  du  fluide  de  travail  a  I'inte- 
rieur  de  ladite  chambre  de  pression  pour 
faire  varier  les  caracteristiques  de  sus- 
pension  dudit  moyen  de  suspension; 

-  un  moyen  de  detection  (28)  pour  contro- 
ler  un  parametre  de  suspension  prese- 
lectionne  pour  produire  un  signal  de  de- 
tection  representatif  de  celui-ci; 

-  un  moyen  de  detection  de  defaillance 
(95A,  95B,  95C,  95D)  pour  surveiller  une 
condition  de  defaillance  du  systeme  de 
suspension;  et 

-  un  moyen  de  commande  (30)  pour  four- 
nir  ledit  signal  de  commande  sur  la  base 
dudit  signal  de  detection  dans  le  cas 
d'aucune  defaillance  du  systeme,  et  pour 
procurer  un  signal  de  securite  positive 
dans  le  cas  d'une  defaillance  du  syste- 
me; 
caracterise  par 

-  un  second  moyen  formant  soupape  (19) 
commande  par  ledit  moyen  de  controle 
et  dispose  entre  ladite  source  de  pres- 
sion  de  fluide  et  ledit  premier  moyen 
formant  soupape  et  permettant  au  fluide 
de  s'ecouler  a  partir  de  ladite  source  de 
pression  de  fluide  vers  ledit  premier 
moyen  formant  soupape  dans  une  posi- 
tion  normale  de  fonctionnement  et  blo- 
quant  un  tel  ecoulement  dans  une  posi- 
tion  de  securite  positive  dans  laquelle  il 
permet  un  ecoulement  de  fluide  a  partir 
dudit  moyen  de  suspension  vers  ladite 

source  de  pression  de  fluide  aussi  long- 
temps  que  la  pression  dans  ladite  cham- 
bre  de  pression  se  trouve  au-dessus 
d'une  pression  neutre. 

5 
2.  Systeme  de  suspension  a  reglage  actif  selon 

la  revendication  1,  dans  lequel  ledit  second 
moyen  formant  soupape  (19)  comprend  un 
moyen  formant  soupape  sensible  a  la  pression 

io  de  fluide  (47)  qui  permet  au  fluide  de  s'ecouler 
a  partir  dudit  premier  moyen  formant  soupape 
(22FL,  22FR,  22RL,  22RR)  vers  ladite  source 
de  pression  de  fluide  (18),  lorsque  ladite  pres- 
sion  de  fluide  est  plus  elevee  que  ladite  pres- 

15  sion  neutre  et  bloque  I'ecoulement  de  fluide  a 
partir  dudit  premier  moyen  formant  soupape 
vers  ladite  source  de  pression  de  fluide  lors- 
que  ladite  pression  de  fluide  est  inferieure  ou 
egale  a  ladite  pression  neutre. 

20 
3.  Systeme  de  suspension  a  reglage  actif  selon 

I'une  quelconque  des  revendications  1  ou  2, 
dans  lequel  ledit  premier  moyen  formant  sou- 
pape  (22)  inclut  un  actionneur  a  fonctionne- 

25  ment  electrique  (22a)  pour  commander  ladite 
position  de  soupape  selon  ledit  signal  de  com- 
mande  pour  augmenter  et  diminuer  la  pression 
de  fluide  pour  regler  les  caracteristiques  de 
suspension,  ledit  moyen  de  commande  (30) 

30  etant  electriquement  relie  audit  actionneur  pour 
fournir  ledit  signal  de  commande  a  ce  dernier, 
et  ledit  moyen  de  detection  de  defaillance  (95) 
controle  ladite  valeur  du  signal  de  commande 
pour  detecter  une  rupture  d'un  circuit  electri- 

35  que  reliant  ledit  moyen  de  commande  et  ledit 
actionneur. 

4.  Systeme  de  suspension  a  reglage  actif  selon 
la  revendication  3,  dans  lequel  ledit  actionneur 

40  (22a)  dudit  premier  moyen  formant  soupape 
comprend  un  solenoTde  proportionnel  (112b) 
dependant  du  courant  pour  faire  varier  la  ma- 
gniture  de  fonctionnement  en  fonction  du  ni- 
veau  dudit  signal  de  commande  du  courant 

45  electrique,  et  ledit  moyen  de  detection  de  de- 
faillance  (95)  controle  le  niveau  du  courant 
fourni  audit  actionneur  et  detecte  la  defaillance 
d'un  circuit  electrique  lorsque  le  courant  fourni 
audit  actionneur  est  inferieur  a  une  valeur  pre- 

50  determinee. 

5.  Systeme  de  suspension  a  reglage  actif  selon 
la  revendication  3,  dans  lequel  ledit  actionneur 
(22a)  est  commande  par  ledit  signal  de  com- 

55  mande  dans  une  forme  de  train  d'impulsions 
ayant  un  cycle  operatoire  representatif  de  la 
magniture  operationnelle  dudit  premier  moyen 
formant  soupape  (22),  et  ledit  moyen  de  detec- 
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tion  de  defaillance  (95)  controlant  le  cycle  ope- 
ratoire  dudit  signal  de  commande  et  detecte  la 
defaillance  en  detectant  un  intervalle  d'impul- 
sions  plus  grand  qu'une  periode  predetermi- 
ned. 

6.  Systeme  de  suspension  a  reglage  actif  selon 
I'une  des  revendications  1  a  5,  dans  lequel 
ladite  source  de  pression  de  fluide  comprend 
en  outre  un  moyen  formant  soupape  a  regula- 
tion  de  pression  (44)  ayant  une  pression  de 
fonctionnement  plus  elevee  que  ladite  pression 
neutre,  et  une  pression  de  fluide  maximale 
devant  etre  fournie  audit  second  moyen  for- 
mant  soupape  (19)  a  ladite  premiere  position 
correspond  a  ladite  pression  de  fonctionne- 
ment  de  ladite  soupape  de  regulation  de  pres- 
sion. 

7.  Systeme  de  suspension  a  reglage  actif  selon 
I'une  des  revendications  1  a  6,  qui  comprend 
en  outre  un  moyen  d'accumulation  de  pression 
(20)  accumulant  le  fluide  a  I'interieur  et  etant 
agence  entre  lesdits  premier  et  second 
moyens  formant  soupapes. 

Patentanspruche 

1.  Aktiv  geregeltes  Aufhangungssystem,  mit: 
-  mindestens  einer  Aufhangungseinrich- 

tung  (16FL,  26FR,  26RL,  26RR),  die  zwi- 
schen  einem  Fahrzeugkorper  (14)  und 
einem  Aufhangungsteil  (12)  angeordnet 
ist,  das  ein  Fahrzeugrad  drehend  lagert, 
welche  Aufhangungseinrichtung  uber 
eine  Kammer  (26d)  mit  variablem  Druck 
verfugt,  die  mit  einem  Arbeitsfluid  gefullt 
ist; 

-  einer  Fluiddruckquelle  (18); 
-  einer  ersten  Ventileinrichtung  (22FL, 

22FR,  22RL,  2SRR),  die  zwischen  der 
Fluiddruckquelle  und  der  Aufhangungs- 
einrichtung  angeordnet  ist  und  durch  ein 
Steuersignal  zum  Einstellen  des  Drucks 
des  Arbeitsfluids  in  der  Druckkammer 
gesteuert  wird,  urn  die  Aufhangungscha- 
rakteristik  der  Aufhangungseinrichtung  zu 
andern; 

-  einer  Sensoreinrichtung  (28)  zum  uber- 
wachen  eines  vorgegebenen  Aufhan- 
gungsparameters  zum  Erzeugen  eines 
Sensorsignals,  das  den  Wert  desselben 
reprasentiert; 

-  eine  Ausfalldetektoreinrichtung  (95A, 
95B,  95D)  zum  uberwachen  einer  Aus- 
fallbedingung  des  Aufhangungssystems; 
und 

-  einer  Steuereinrichtung  (30)  zum  Liefern 

des  Steuersignals  auf  Grundlage  des 
Sensorsignals,  falls  kein  Fehler  des  Sy- 
stems  vorliegt,  und  zum  Liefern  eines 
Ausfallsicherungssignals  im  Fall  eines 

5  Fehlers  des  Systems; 
gekennzeichnet  durch 

-  eine  zweite  Ventileinrichtung  (19),  die 
von  der  Steuereinrichtung  gesteuert  wird 
und  zwischen  der  Fluiddruckquelle  und 

io  der  ersten  Ventileinrichtung  angeordnet 
ist  und  in  einer  Stellung  fur  Normalbe- 
trieb  den  Flu/S  von  Fluid  von  der  Fluid- 
druckquelle  zur  ersten  Ventileinrichtung 
zula/St,  und  diesen  Flu/S  in  einer  Ausfalls- 

15  icherungsstellung  sperrt,  in  der  sie  einen 
Flu/S  des  Fluids  von  der  Aufhangungsein- 
richtung  zur  Fluiddruckquelle  so  lange 
zula/St,  wie  der  Druck  in  der  Druckkam- 
mer  uber  einem  Neutraldruck  liegt. 

20 
2.  Aktiv  geregeltes  Aufhangungssystem  nach  An- 

spruch  1  ,  bei  dem  die  zweite  Ventileinrichtung 
(19)  eine  Ventileinrichtung  (47)  aufweist,  die 
auf  den  Fluiddruck  anspricht  und  die  den  Flu/S 

25  von  Fluid  von  der  ersten  Ventileinrichtung 
(22FL,  22FR,  22RL,  22RR)  zur  Fluiddruckquel- 
le  (18)  zulaflt,  wenn  der  Fluiddruck  hoher  als 
der  Neutraldruck  ist,  und  den  Flu/S  des  Fluids 
von  der  ersten  Ventileinrichtung  zur  Fluid- 

30  druckquelle  sperrt,  wenn  der  Fluiddruck  gerin- 
ger  ist  als  der  Neutraldruck  oder  gleich  gro/S 
wie  dieser. 

3.  Aktiv  geregeltes  Aufhangungssystem  nach  ei- 
35  nem  der  Anspruche  1  oder  2,  bei  dem  die 

erste  Ventileinrichtung  (22)  uber  ein  elektrisch 
betatigbares  Stellglied  (22a)  verfugt,  urn  die 
Ventilposition  abhangig  vom  Steuersignal  ein- 
zustellen,  urn  den  Fluiddruck  zu  erhohen  oder 

40  zu  erniedrigen,  urn  die  Aufhangungscharakteri- 
stik  einzustellen,  wobei  die  Steuereinrichtung 
(30)  elektrisch  mit  dem  Stellglied  verbunden 
ist,  urn  das  Steuersignal  an  letzteres  zu  liefern, 
und  wobei  die  Ausfalldetektoreinrichtung  (95) 

45  den  Wert  des  Steuersignals  uberwacht,  urn 
eine  Unterbrechung  im  elektrischen  Schaltkreis 
festzustellen,  der  die  Steuereinrichtung  und 
das  Stellglied  miteinander  verbindet. 

50  4.  Aktiv  geregeltes  Aufhangungssystem  nach  An- 
spruch  3,  bei  dem  das  Stellglied  (22a)  der 
ersten  Ventileinrichtung  eine  stromsteuerbare 
Proportionierspule  (112b)  aufweist,  urn  den  Be- 
triebsstellwert  abhangig  vom  Pegel  des  Steu- 

55  ersignals  fur  den  elektrischen  Strom  einzustel- 
len,  und  bei  dem  die  Ausfalldetektoreinrichtung 
(95)  den  Pegel  des  durch  das  Stellglied  flie- 
fienden  Stromes  uberwacht  und  den  Ausfall 
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einer  elektrischen  Schaltung  feststellt,  wenn 
der  dem  Stellglied  zugefuhrte  Strom  geringer 
ist  als  ein  vorgegebener  Wert. 

5.  Aktiv  geregeltes  Aufhangungssystem  nach  An-  5 
spruch  3,  bei  dem  das  Stellglied  (22a)  durch 
ein  Steuersignal  gesteuert  wird,  das  die  Form 
eines  Pulszugs  mit  einem  Tastverhaltnis  auf- 
weist,  das  den  Betriebsstellwert  der  ersten 
Ventileinrichtung  (22)  anzeigt,  und  bei  dem  die  10 
Ausfalldetektoreinrichtung  (95)  das  Tastverhalt- 
nis  des  Steuersignals  uberwacht  und  einen 
Ausfall  dadurch  feststellt,  da/S  ein  Pulsintervall 
festgestellt  wird,  das  langer  ist  als  eine  vorge- 
gebene  Zeitspanne.  is 

6.  Aktiv  geregeltes  Aufhangungssystem  nach  ei- 
nem  der  Anspruche  1  bis  5,  bei  dem  die 
Fluiddruckquelle  weiterhin  uber  eine  Ventilein- 
richtung  (44)  zur  Druckregulierung  verfugt,  mit  20 
einem  vorgegebenen  Druck,  der  uber  dem 
Neutraldruck  liegt,  und  bei  dem  der  maximale 
Fluiddruck,  der  der  zweiten  Ventileinrichtung 
(19)  in  der  zweiten  Position  zuzufuhren  ist, 
dem  durch  das  Druckregulierventil  eingestell-  25 
ten  Druck  entspricht. 

7.  Aktiv  geregeltes  Aufhangungssystem  nach  ei- 
nem  der  Anspruche  1  bis  6,  das  weiterhin  uber 
eine  Drucksammlereinrichtung  (20)  verfugt,  die  30 
Fluid  ansammelt  und  die  zwischen  der  ersten 
und  der  zweiten  Ventileinrichtung  angeordnet 
ist. 
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