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Description 

The  present  invention  relates  to  an  attitude 
change  suppressive  vehicular  height  regulation  sys- 
tem  as  it  is  used  in  vehicle  for  height  regulation. 

EP-A-0  249  246  describes  an  attitude  change 
suppressing  vehicle  height  regulation  system  com- 
prising: 

a)  a  plurality  of  suspension  members, 
b)  a  plurality  of  pressure  means  each  one 
associated  to  a  suspension  member,  each  press- 
ure  means  including  a  variable  pressure  cham- 
ber; 
c)  a  plurality  of  actuator  means  each  one 
associated  to  a  pressure  means; 
d)  a  sensor  arrangement;  and 
e)  a  controller  receiving  the  signals  from  said  sen- 
sor  arrangement  and  deriving  control  signals 
therefrom  which  are  supplied  to  said  actuator 
means  for  suppressing  attitude  changes  of  said 
vehicle. 
The  sensor  arrangement  comprises  an  acceler- 

ation  detector.  In  a  first  embodiment,  this  detector 
monitors  a  lateral  acceleration  and  a  controller  is  res- 
ponsive  to  the  lateral  acceleration  indicative  signal  to 
perform  rolling  suppressive  active  suspension  con- 
trol.  In  an  alternative  embodiment,  the  detector  moni- 
tors  a  pitching  acceleration  and  the  controller  is 
responsive  to  the  pitching  acceleration  indicative  sig- 
nal  to  perform  pitching  suppressive  active  suspen- 
sion  control. 

The  system  of  the  prior  art  has  the  disadvantage 
that  it  is  only  able  to  react  against  either  pitching  or  rol- 
ling  forces. 

It  is  an  object  of  the  present  invention  to  provide 
an  attitude  change  suppressive  vehicular  height  regu- 
lation  system  with  improved  reaction  against  pitching, 
rolling,  and,  additionally,  lifting. 

The  system  of  the  present  invention  has  the 
above  mentioned  features  a)  to  e)  and  it  is  charac- 
terized  in  that 

-  said  sensorarrangement  is  arranged  to  provide 
sensor  signals,  indicating  the  actual  magnitudes 
of  vehicular  pitching,  rolling  and  lifting,  respect- 
ively; 
-  target  setting  means  are  provided  for  setting 
target  magnitudes  of  vehicular  pitching,  rolling 
and  lifting,  respectively;  and 
-  said  controller  comprises: 

-  a  pitch  control  means  receiving  the  differ- 
ence  between  said  actual  and  said  target 
magnitudes  of  vehicular  pitching; 
-  a  roll  control  means  receiving  the  difference 
between  said  actual  and  said  target  mag- 
nitudes  of  vehicular  rolling; 
-  a  lift  control  means  receiving  the  difference 
between  said  actual  and  said  target  mag- 
nitudes  of  vehicular  lifting;  and 

-  a  plurality  of  combining  means,  each  one 
associated  to  an  actuator  means,  for  combin- 
ing  the  output  signals  from  said  three  control 
means  in  a  predetermined  way  for  suppres- 

5  sing  pitching,  rolling,  and  lifting. 
The  present  invention  will  be  understood  more 

fully  from  the  detailed  description  given  herebelow 
and  from  the  accompanying  drawings  of  the  preferred 
embodiment  of  the  invention,  which,  however,  should 

10  not  be  taken  to  limit  the  invention  to  the  specific  embo- 
diment  but  are  for  explanation  and  understanding 
only. 

In  the  drawings: 
Fig.  1  is  a  block  diagram  of  the  preferred  embo- 

15  diment  of  avehicular  height  regulation  system 
according  to  the  invention;  and 
Fig.  2  is  a  block  diagram  of  the  modification  of  the 
preferred  embodiment  of  the  vehicular  height 
regulation  system  of  Fig.  1. 

20 
DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  now  to  the  drawings,  particularly  to  Fig. 
25  1,  the  preferred  embodiment  of  a  vehicular  height 

regulation  system,  according  to  the  present  invention, 
includes  fluid  actuators  4FL,  4FR,  4RL  and  4RR  re- 
spectively  associated  with  front-left,  front-right,  rear- 
left  and  rear-right  suspension  systems  which  are 

30  disposed  between  a  vehicular  body  2  and  road 
wheels.  Each  actuator  may  comprise  a  hydraulic 
actuator,  pneumatic  actuator  or  hydropneumatic 
actuator  and  so  forth,  and  typically  comprises 
pneumatic  actuator  associated  with  shock  absorber 

35  for  defining  a  pneumatic  chamber  connected  to  a 
pneumatic  pressure  source,  typically  a  pressurized 
air  source,  for  example. 

The  actuators  4FL,  4FR,  4RL  and  4RR  are  con- 
nected  to  a  pressurized  fluid  source  via  pressure  con- 

40  trol  valves  6FL,  6FR,  6RL  and  6RR.  The  pressure 
control  valves  6FL,  6FR,  6RLand  6RRare  connected 
to  a  control  unit  30  for  varying  valve  position  accord- 
ing  to  pressure  control  signals  from  the  latter  for 
adjusting  the  fluid  pressure  in  the  actuators  4FL,  4FR, 

45  4RL  and  4RR.  In  order  to  monitor  the  relative  distance 
between  the  vehicular  body  2  and  the  road  wheels  at 
respective  front-left,  front-right,  rear-left  and  rear- 
right  suspension  systems,  stroke  sensors  10FL, 
10FR,  10RL  and  10RR  are  provided  for  respective 

so  suspension  systems.  The  stroke  sensors  10FL, 
10FR,  10RL  and  10RR  are  designed  for  monitoring 
strokes  of  relative  displacement  at  respective  front- 
left,  front-right,  rear-left  and  rear-right  suspension 
systems  and  producing  respective  front-left,  front- 

55  right,  rear-left  and  rear-right  stroke  indicative  signals 
Ssfli  Ssfr,  Ssrl  and  Ssrr. 

The  control  unit  30  has  an  arithmetic  circuit  32 
which  receives  the  front-left,  front-right,  rear-left  and 
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rear-right  stroke  indicative  signals  SsFL,  SsFR,  SsRL 
and  SsRR  and  deriving  magnitude  of  attitude  change 
of  the  vehicular  body  2.  In  the  shown  embodiment,  the 
arithmetic  circuit  32  is  so  designed  as  to  derive  ve- 
hicular  body  pitching  magnitude,  rolling  magnitude 
and  lifting  magnitude.  Respective  of  the  pitching  mag- 
nitude  Lp|TCH,  rolling  magnitude  LROll  and  lifting  mag- 
nitude  LUFT  are  derived  through  the  following 
equations: 

Lpitch  =  {(SsFL  +  SsFR)/2}  -  {(SsRL  +  SsRR)/2} 
Lroll  =  {(SsFR  +  SsRR(/2}  -  {(SsFL  +  SsRL)/2} 

L-lift  =  SsFL,  SsFR,  SsRL,  SsRR 
The  control  unit  30  also  has  a  target  setting  circuit 

34,  for  which  target  strokes  TsFL,  TsFR,  TsRL  and  TrRR 
of  respective  front-left,  front-right,  rear-left  and  rear- 
right  suspension  systems  are  set.  The  target  setting 
circuit  34  is  designed  for  arithmetically  deriving  target 
pitching  magnitude  TP|TCH,  target  rolling  magnitude  T. 
ROll  and  target  lifting  magnitude  TUFT.  The  target 
pitching  magnitude  indicative  signal  TP|TCH  is  fed  an 
adder  40P  which  is,  in  turn  connected  to  a  pitching 
control  circuit  36P.  Similarly,  the  target  setting  circuit 
34  outputs  the  target  rolling  magnitude  indicative  sig- 
nal  TROll  to  an  adder  40R  which  is,  in  turn,  connected 
to  a  rolling  control  circuit  36R.  The  target  setting  circuit 
34  is  further  connected  to  an  adder  40L  to  feed  the 
target  lifting  magnitude  indicative  signal  TUFT,  which 
adder  is,  in  turn,  connected  to  a  lifting  control  circuit 
36L.  The  adders  40P,  40R  and  40L  also  receive  the 
pitching  magnitude  indicative  signal  LPITCH,  the  rolling 
magnitude  indicative  signal  LROll  and  the  lifting  mag- 
nitude  indicative  signal  LUFT  respectively  in  order  to 
deriving  differences  ALP|TCH,  ALROll  and  ALUFT.  The 
adders  40P,  40R  and  40L  output  the  difference  indi- 
cative  signals  ALP|TCH,  ALROll  and  ALUFT  to  integrator 
circuits  42P,  42R  and  42L.  Respectively  of  the  integ- 
rator  circuits  42P,  42R  and  42L  are  provided  transfer 
function  G  {=  1/(Ti  x  S)}  (where  Ti:  integration  period, 
S:  stroke  difference  as  derived  through  the  adders 
40P,  40R  and  40L  SP,  SR  and  S).  Therefore,  respec- 
tive  integrator  circuits  42P,  42R,  42L  performs  oper- 
ation  for  deriving  difference  dependent  demand 
pressure  values  PDM,  RDM  and  LDM  on  the  basis  of  the 
difference  indicative  signals  ALP|TCH,  ALROll  and  AL 
LiFT  and  the  transfer  function  G.  The  integrator  circuit 
42P  is  connected  to  coefficient  circuits  44PF  and 
44PR  respectively  provided  coefficients  aPF  and  aPR. 
The  coefficient  circuits  44PF  and  44PR  thus  derives 
front  and  rear  pitching  control  signals  CPF  and  CPR  by 
multiplying  the  difference  dependent  demand  press- 
ure  value  PDM  with  respective  coefficients  aPF  and 
aPR.  Similarly,  the  integrator  circuit  42R  is  connected 
to  coefficient  circuits  44RF  and  44RR.  The  coefficient 
circuits  44RF  and  44RR  are  provided  coefficients  aPF 
and  aPR  similarly  to  the  coefficient  circuits  44RF  and 
44RR.  These  coefficient  circuits  44RF  and  44RR  mul- 
tiplies  the  difference  dependent  demand  pressure 
value  RDM  with  the  coefficients  aPF  aPR  to  derive  front 

and  rear  rolling  control  signals  CRF  and  CRR.  Also,  the 
integrator  circuit  42L  is  connected  to  coefficient  cir- 
cuits  44LF  and  44LR.  The  coefficient  circuits  44LF 
and  44LR  are  provided  coefficients  aPF  and  aPR  simi- 

5  larly  to  the  coefficient  circuits  44LF  and  44LR.  These 
coefficient  circuits  44LF  and  44LR  multiplies  the  dif- 
ference  dependent  demand  pressure  value  LDM  with 
the  coefficients  aPF  and  aPR  to  derive  front  and  rear 
lift  control  signals  CLF  and  CLR. 

w  Three  terminal  adders  38FL,  38FR,  38RL  and 
38RR  are  provided  in  the  control  unit  30.  The  adder 
38FL  has  inverting  input  terminal  connected  to  the 
coefficient  circuit  44PF  of  the  rolling  control  circuit 
36R.  Also,  the  adder  38FL  has  another  two  non- 

15  inverting  terminals  connected  to  the  coefficient  cir- 
cuits  44PF  and  44LF.  Therefore,  the  adder  38FL  adds 
the  front  pitching  control  signal  CPF  and  the  front  lift 
control  signal  CLF  and  subtract  therefrom  the  rolling 
control  signal  CRF  for  deriving  a  front-left  stroke  con- 

20  trol  signal  SFL.  The  adder  38FR  has  three  non-invert- 
ing  terminals  respectively  connected  to  the 
coefficient  circuits  44PF,  44RF  and  44LF  for  deriving 
sum  of  the  pitching  control  signal  CPF,  CRF  and  CLF  for 
deriving  the  front-right  stroke  control  signal  SFR.  The 

25  adder  38RR  has  an  inverting  terminal  connected  to 
the  coefficient  circuit  44PR  of  the  pitching  control  cir- 
cuit  36P  and  another  two  non-inverting  terminals  con- 
nected  to  the  coefficient  circuits  44RR  and  44LR. 
Therefore,  the  adder  33RR  derives  sum  of  the  rear  rol- 

30  ling  control  signal  CRR  and  the  rear  lifting  control  sig- 
nal  CLR  and  subtract  therefrom  the  rear  pitching 
control  signal  CPR  for  deriving  the  rear-right  stroke 
control  signal  SRR.  Furthermore,  the  adder  38RL  has 
two  inverting  terminals  connected  to  the  coefficient 

35  circuits  44P  and  44R  for  receiving  inverted  rear  pitch- 
ing  control  signal  CPR  and  rear  rolling  control  signal 
CRR  and  have  a  non-inverting  terminal  connected  to 
the  coefficient  circuit  44LR.  Therefore,  the  adder 
38RL  subtracts  the  rear  pitching  control  signal  CPR 

40  and  the  rearrolling  control  signal  CRRfrom  the  rear  lift- 
ing  control  signal  CLR  for  deriving  the  rear-left  stroke 
control  signal  SRL. 

Here,  assuming  heavy  load,  such  as  luggage,  is 
loaded  on  the  right-side  of  the  vehicle  to  cause  low- 

45  ering  the  vehicular  height  to  the  right-side  of  the  ve- 
hicle,  and  assuming  the  target  rolling  magnitude 
indicative  signal  TROll  set  through  the  target  setting 
circuit  34  is  zero  (0),  the  rolling  magnitude  LROll 
derived  by  the  arithmetic  circuit  32  is  compared  with 

50  the  target  rolling  magnitude  TROll  in  the  adder  40R  of 
the  rolling  control  circuit  36R.  The  adder  40R  thus 
derives  the  difference  ALROll-  At  this  time,  since  the 
vehicular  body  rolls  to  lower  the  right  side.  Therefore, 
the  value  of  the  rolling  magnitude  indicative  signal  L 

55  ROll  becomes  negative.  As  a  result,  the  difference  AL 
roll  derived  in  the  adder  40R  becomes  positive  value, 
value  of  which  is  variable  depending  upon  the  mag- 
nitude  of  vehicular  rolling.  The  difference  ALROll  as 
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the  output  of  the  adder  40R  is  integrated  by  the  integ- 
rator  circuit  42R.  The  integrator  42R  thus  output  the 
difference  dependent  demand  pressure  value  RDM. 
The  output  RDM  of  the  integrator  circuit  42R  is  multip- 
lied  by  coefficients  aRF  and  aRR  by  the  coefficient  cir- 
cuits  44RF  and  44RR.  The  coefficient  circuits  44RF 
and  44  RR  thus  output  the  front  and  rear  rolling  control 
signals  CRF  and  CRR.  These  front  and  rear  rolling  con- 
trol  signals  CRF  and  CRR  are  fed  to  the  adders  38FL, 
38FR,  38RL  and  38RR.  In  the  adders  38FL,  38FR, 
38RL  and  38RR,  the  front  and  rear  rolling  control  sig- 
nals  CRF  and  CRR  are  combined  with  the  front  and  rear 
pitching  control  signals  CPF  and  CPR  and  the  front  and 
rear  lifting  control  signals  CLF  and  CLR.  The  adders 
38FL,  38FR,  38RL  and  38RR  thus  output  the  stroke 
control  signals  SFL,  SFR,  SRL  and  SRR. 

Here,  assuming  vehicular  pitching  and  lifting  is 
ignored,  anti-rolling  control  can  be  performed  by  sup- 
plying  the  stroke  control  signals  SFL,  SFR,  SRL  and  SRR 
containing  the  rolling  control  signals  CRF  and  CRR,  to 
the  front-left,  front-right,  rear-left  and  rear  right  press- 
ure  control  valves  6FL,  6FR,  6RL  and  6RR.  Since  the 
positive  values  of  front  and  rear  rolling  control  signals 
CRF  and  CRR  are  supplied  to  the  inverting  terminal  of 
the  adders  38FL  and  38RL  and  to  the  non-inverting 
terminal  of  the  adders  38FRand  38RR.  Therefore,  the 
stroke  control  signals  SFL  and  SRL  becomes  negative 
to  operate  the  front-left  and  rear-left  pressure  control 
valves  6FL  and  6RL  for  reducing  the  fluid  pressure  in 
the  front-left  and  rear-left  actuators  4FL  and  4RL.  On 
the  other  hand,  since  the  stroke  control  signals  SFR 
and  SRRforthe  front-right  and  rear-right  pressure  con- 
trol  valves  6FR  and  6RR  are  positive,  these  pressure 
control  valves  are  operated  to  increase  the  fluid 
pressure  in  the  front-right  and  rear-right  actuators 
4FR  and  4RR.  By  this  the  vehicular  rolling  magnitude 
can  be  reduced.  Since  the  integrator  circuit  42R  con- 
tinues  output  of  the  difference  indicative  signal  ALROll 
until  the  difference  between  the  rolling  magnitude 
indicative  signal  value  LROll  and  the  target  rolling 
magnitude  TROll  becomes  zero.  Therefore,  the  rolling 
magnitude  can  be  suppressed  at  the  target  rolling 
magnitude. 

With  the  shown  construction,  since  the  coeffi- 
cient  circuits  44RF  and  44RR  are  set  the  coefficients 
aRF  and  aRR  for  adjusting  distribution  of  load,  it 
becomes  possible  to  obtain  optimal  load  distribution 
by  appropriately  setting  the  coefficients  aRF  and  aRR. 
For  instance,  when  the  coefficients  aRF  and  aRR  are 
set  at  the  equal  value  to  each  other,  even  rate  load  dis- 
tribution  can  be  obtained.  This  eliminate  difference  of 
wheel  load  between  the  front  and  rear  wheels  and 
thus  eliminate  influence  for  the  vehicular  cornering 
characteristics.  Furthermore,  with  the  shown  con- 
struction,  steering  characteristics  in  left-hand  steer- 
ing  and  right-hand  steering  becomes  even  for 
providing  improved  drivability  of  the  vehicle. 

Similar  control  is  performed  in  response  to  ve- 

hicular  pitching  or  lifting.  Namely,  incaseofanti-pitch- 
ing  control,  since  the  front  pitching  control  signal  CPF 
is  supplied  to  the  non-inverting  terminals  of  the 
adders  38FL  and  38FR  and  the  rear  pitching  control 

5  signal  CPR  is  supplied  to  the  inverting  terminal  of  the 
adders  38RL  and  38RR.  Polarities  of  the  stroke  con- 
trol  signals  SFL,  SFR  and  SRL,  SRR  become  opposite. 
For  instance,  when  load  is  applied  to  lower  the  rear 
side  of  the  vehicular  body  to  cause  pitching,  the  value 

10  of  the  difference  indicative  signal  ALP|TCH  becomes 
negative.  Therefore,  the  fluid  pressure  in  the  front-left 
and  front-right  actuators  4FL  and  4FR  is  decreased 
and  the  fluid  pressure  in  the  rear-left  and  rear-right 
actuators  4RL  and  4RR  is  increased  to  decrease 

15  magnitude  of  vehicular  pitching. 
Lifting  control  is  performed  when  the  level  of  the 

overall  vehicular  body  is  lowered.  In  the  lifting  control, 
magnitude  of  lowering  of  the  vehicular  body  is  derived 
by  arithmetic  circuit  32L  of  the  lifting  control  circuit 

20  36L.  The  lifting  magnitude  indicative  signal  LUFT  out- 
put  from  the  arithmetic  circuit  32L  is  compared  with 
the  target  lifting  magnitude  TUFT  in  the  adder  40L. 
Since  the  vehicular  body  is  lowered,  positive  value  of 
the  difference  indicative  signal  ALUFT  is  output  from 

25  the  adder  40L.  Therefore,  positive  value  of  the  stroke 
control  signals  SFL,  SFR,  SRL  and  SRR  are  output  from 
respective  adders  38FL,  38FR,  38RL  and  38RR  for 
increasing  the  fluid  pressure  in  respective  actuators 
4FL,  4FR,  4RL  and  4RR.  Therefore,  the  vehicular 

30  height  level  is  maintained  at  a  regular  level. 
In  the  anti-pitching  control  and  lifting  control,  the 

coefficients  aPF,  aPR  and  oti_F,  oti_R  can  be  set  indepen- 
dently  of  each  other.  However,  it  is  preferred  to  set 
these  coefficients  aPF,  aPR  and  aLF,  aLR  so  that  anti- 

35  pitching  control  and  lifting  control  may  not  interfere  to 
each  other. 

In  the  practical  control,  anti-rolling  control  signal, 
anti-pitching  control  signal  and  lifting  control  signal 
are  input  to  the  adder  for  deriving  the  stroke  control 

40  signal.  Therefore,  the  stroke  control  signal  is  derived 
with  including  the  anti-rolling  component,  anti-pitch- 
ing  component  and  lift  control  component.  Since  the 
vehicular  body  behaviour  or  attitude  change  is  gener- 
ally  caused  in  rolling,  pitching  and  lifting,  the  stroke 

45  control  signal  derived  with  including  all  of  the  anti-rol- 
ling  component,  anti-pitching  component  and  lift  con- 
trol  component  will  be  effective  for  stabilizing  the 
vehicular  body  attitude. 

It  should  be  appreciated  though  the  shown  embo- 
50  diment  solely  employs  an  integration  circuits  in  res- 

pective  of  the  anti-rolling  control  circuit  36R, 
anti-pitching  control  circuit  36P  and  the  lifting  control 
circuit  36L,  an  ON/OFF  switching  element  for  selec- 
tively  performing  anti-rolling  control,  anti-pitching 

55  control  and  the  lifting  control  can  also  be  employed  in 
the  control  circuits.  Furthermore,  it  may  be  possible 
to  further  include  a  proportional  element  in  parallel  to 
the  integration  circuit  for  establishing  PI  control.  In 

4 
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such  case,  the  presence  of  the  proportional  element 
will  prevent  the  control  from  causing  hunting  or  cycling 
and  thus  will  provide  stability  in  suspension  control. 

Fig.  2  shows  the  second  embodiment  of  the  ve- 
hicular  height  regulation  system  according  to  the  pre- 
sent  invention./  As  will  be  seen  from  Fig.  1  ,  the  shown 
system  incorporates  modification  from  the  system  of 
Fig.  1.  In  this  embodiment,  the  integrator  circuits  42R, 
42P  and  42L  of  the  anti-rolling  control  circuit  36R,  the 
anti-pitching  control  circuit  38P  and  the  lifting  control 
circuit  38L  are  replaced  with  integrator  circuits  46R, 
46P  and  46L.  These  integrator  circuits  46R,  46P  and 
46L  are  provided  transfer  function  G  {=  1  +  1/(Ti  x  S) 
+  Td  x  S}  (Td:  differentiation  period),  which  is  different 
from  that  of  the  integrator  circuit  in  the  former  embo- 
diment.  As  can  be  seen  herefrom,  the  transferfunction 
provided  for  the  integrator  circuit  46R,  46P  and  46L 
includes  proportional  element,  integration  element 
and  differentiation  element.  This  embodiment  pro- 
vides  equivalent  vehicular  attitude  stabilization  per- 
formance  with  maintaining  satisfactorily  high 
cornering  stability.  In  addition,  in  the  shown  embodi- 
ment,  higher  response  characteristics  and  higher 
stability  in  height  control  can  be  obtained.  Further- 
more,  in  the  transfer  function,  the  proportional  ele- 
ment  serves  for  adjusting  pitching  resistance,  rolling 
resistance  and  lifting  resistance  and  the  differentia- 
tion  element  serves  for  adjusting  damping  character- 
istics  against  rolling,  pitching  and  lifting.  Therefore, 
the  actuator  may  perform  equivalent  function  to  the 
suspension  coil  spring,  suspension  damper  and  stabi- 
lizer.  Therefore,  if  desired,  these  coil  spring,  damper 
and/or  stabilizer  can  be  removed  from  the  vehicular 
suspension  system  for  simplification  of  the  construc- 
tion  of  the  suspension  system. 

While  the  present  invention  has  been  disclosed  in 
terms  of  the  preferred  embodiment  in  order  to  facili- 
tate  better  understanding  of  the  invention,  it  should  be 
appreciated  that  the  invention  can  be  embodied  in 
various  ways  without  departing  from  the  principle  of 
the  invention.  Therefore,  the  invention  should  be 
understood  to  include  all  possible  embodiments  and 
modifications  to  the  shown  embodiments  which  can 
be  embodied  without  departing  from  the  principle  of 
the  invention  set  out  in  the  appended  claims. 

For  example,  though  the  foregoing  embodiments 
employs  four  stroke  sensors  for  monitoring  vehicular 
height  level  at  positions  of  respective  suspension  sys- 
tems,  it  may  be  possible  to  perform  three  sensors  re- 
spectively  monitoring  front-left,  front-right  and  rear 
average  height  levels.  In  such  case,  the  vehicular 
pitching  magnitude  may  be  derived  as  a  difference  of 
the  average  value  of  the  sensor  signals  of  front-left 
and  front-right  sensors  and  the  sensor  signal  value  of 
the  rear  sensor.  The  rolling  magnitude  is  derived  by  a 
difference  of  the  sensor  signals  of  the  front-left  and 
front-right  sensors.  The  lifting  magnitude  is  derived  as 
average  value  of  the  sensor  signals  of  the  three  sen- 

sors. 

Claims 
5 

1.  An  attitude  change  suppressing  vehicle  height 
regulation  system  comprising: 

a)  a  plurality  of  suspension  members, 
b)  a  plurality  of  pressure  means  (4FR,  4FL,  4RR, 

10  4RL)  each  one  associated  to  a  suspension  mem- 
ber,  each  pressure  means  including  a  variable 
pressure  chamber; 
c)  a  plurality  of  actuator  means  (6FR,  6FL,  6RR, 
6RL)  each  one  associated  to  a  pressure  means; 

15  d)  a  sensor  arrangement  (10FR,  10FL,  10RR, 
10RL,  32);  and 
e)  a  controller  (30)  receiving  the  signals  from  said 
sensor  arrangement  and  deriving  control  signals 
therefrom  which  are  supplied  to  said  actuator 

20  means  for  suppressing  attitude  changes  of  said 
vehicle, 

characterized  in  that 
-  said  sensor  arrangement  is  arranged  to  provide 
sensor  signals  (LPITCH,  LROLL,  LLIFT)  indicat- 

25  ing  the  actual  magnitudes  of  vehicular  pitching, 
rolling  and  lifting,  respectively; 
-  target  setting  means  (34)  are  provided  for  set- 
ting  target  magnitudes  (TPITCH,  TROLL,  TLIFT) 
of  vehicular  pitching,  rolling  and  lifting,  respect- 

30  ively;  and 
-  said  controller  (30)  comprises: 

-  a  pitch  control  means  (36P)  receiving  the 
difference  between  said  actual  and  said  target 
magnitudes  of  vehicular  pitching; 

35  -  a  roll  control  means  (36R)  receiving  the  dif- 
ference  between  said  actual  and  said  target 
magnitudes  of  vehicular  rolling; 
-  a  lift  control  means  (36L)  receiving  the  dif- 
ference  between  said  actual  and  said  target 

40  magnitudes  of  vehicular  lifting;  and 
-  a  plurality  of  combining  means  (38FR, 
38FL,  38RR,  38RL),  each  one  associated  to 
an  actuator  means,  for  combining  the  output 
signals  from  said  three  control  means  in  a  pre- 

45  determined  way  for  suppressing  pitching,  rol- 
ling,  and  lifting. 

2.  A  system  according  to  claim  1,  characterized 
in  that  each  of  said  three  control  means  (36P,  36R, 
36L)  comprises  a  transferfunction  means  (42P,  42R, 

so  42L)  having  an  integrating  and/or  a  proportional 
and/or  a  differentiating  characteristic. 

3.  A  system  according  to  one  of  the  claims  1  or  2, 
characterized  in  that  at  least  one  of  said  three  con- 
trol  means  (36P,  36R,  36L)  comprises  two  coefficient 

55  multipliers  (44PR,  44PF;  44RF,  44RR;  44LR,  44LF) 
for  multiplying  the  output  signal  from  said  transfer 
function  means  (42P,  42R,  42L),  whereby  said  control 
means  provides  two  output  signals. 

5 
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4.  A  system  according  to  one  of  the  claims  1  to  3, 
characterized  in  that  said  sensor  arrangement  com- 
prises: 

-  at  least  three  stroke  sensors  (1  OFR,  1  0FL, 
10RR,  10RL),  each  one  associated  to  a  suspen- 
sion  member;  and 
-  an  arithmetic  circuit  (32)  for  calculating  said 
sensor  signals  (LP|TCH,  LR0LL,  LUFT). 
5.  A  system  according  to  one  of  the  claims  1  to  4, 

characterized  in  that  said  target  setting  means  com- 
prises  a  target  setting  circuit  (34)  for  calculating  said 
target  magnitudes  (TP|TCH,  TR0LL,  TUFT)  fomr  target 
stroke  signals  (TSFL,  TsFR,  TsRL,  TsRR)  supplied  as 
input  signals. 

6.  A  system  according  to  one  of  the  claims  1  to  5, 
characterized  in  that  each  of  said  combining  means 
is  a  three  terminal  adder  (38FR,  38FL,  38RR,  38RL) 
for  adding  and/or  subtracting  the  output  signals  from 
said  three  control  means  (36P,  36R,  36L). 

Patentanspruche 

1.  Fahrzeughohenregelungssystem  zum  Verhin- 
dern  von  Lageanderungen,  mit: 

a)  mehreren  Aufhangungsteilen; 
b)  mehreren  Druckeinrichtungen  (4FR,  4FL, 
4RR,  4RL),  von  denen  jede  einem  Auf  hangungs- 
teil  zugeordnet  ist  und  jede  eine  Kammer  fur  va- 
riablen  Druck  aufweist; 
c)  mehrere  Stelleinrichtungen  (6FR,  6FL,  6RR, 
6RL),  von  denen  jeweils  eine  einer  Druckeinrich- 
tung  zugeordnet  ist; 
d)  einer  Sensoranordnung  (10FR,  10FL,  10RR, 
10RL,  32);  und 
e)  einer  Steuereinrichtung  (30),  die  die  Signale 
von  der  Sensoranordnung  erhalt  und  aus  diesen 
Steuersignale  ableitet,  die  der  Stelleinrichtung 
zugefuhrt  werden,  urn  Lageanderungen  des 
Fahrzeugs  zu  unterdrucken; 

dadurch  gekennzeichnet,  dad 
-  die  Sensoranordnung  so  ausgebildet  ist,  dali 
sie  Sensorsignale  (LP|TCH,  LROll.  Llift)  liefert,  die 
die  aktuellen  Werte  fur  Stampfen,  Rollen  bzw. 
Auf-  und  Abschwingen  des  Fahrzeugs  anzeigen; 
-  eine  Sollwerteinstelleinrichtung  (34)  vorhan- 
den  ist,  zum  Einstellen  von  Sollwerten  (TP|TCH, 
TR0LL.  TL|F1-)  fur  Stampfen,  Rollen  bzw.  Auf-  und 
Abschwingen  des  Fahrzeugs;  und 
-  die  Steuereinrichtung  (30)  uber  folgendes  ver- 
fiigt: 

-  eine  Stampfsteuereinrichtung  (36P),  die  die 
Differenz  zwischen  dem  Ist-  und  dem  Sollwert 
betreffend  das  Stampfen  des  Fahrzeugs  er- 
halt; 
-  eine  Rollsteuereinrichtung  (36R),  die  die 
Differenz  zwischen  dem  Ist-  und  dem  Sollwert 
betreffend  das  Rollen  des  Fahrzeugs  erhalt; 

-  eine  Auf/Ab-Steuereinrichtung  (36L),  die 
die  Differenz  zwischen  dem  Ist-  und  dem  Soll- 
wert  betreffend  das  Auf-  und  Abschwingen 
des  Fahrzeugs  erhalt;  und 

5  -  mehrere  Kombiniereinrichtungen  (38FR, 
38FL,  38RR,  38RL),  von  denen  jeweils  eine 
einer  Stelleinrichtung  zugeordnet  ist,  urn  die 
Ausgangssignale  von  den  drei  Steuereinrich- 
tungen  in  vorgegebener  Weise  zum  Unter- 

10  drucken  von  Stampfen,  Rollen  und  Auf-  und 
Abschwingen  zu  kombinieren. 

2.  System  nach  Anspruch  1  ,  dadurch  gekenn- 
zeichnet,  daft  jede  der  drei  Steuereinrichtungen 
(36P,  36R,  36L)  uber  eine  ubergangsfunktionseinrich- 

15  tung  (42P,  42R,  42L)  verfugt,  die  Integrations- 
und/oder  Proportional-  und/oder  Differenzier-Eigen- 
schaft  aufweist. 

3.  System  nach  einem  der  Anspruche  1  oder  2, 
dadurch  gekennzeichnet,  daft  mindestens  eine  der 

20  drei  Steuereinrichtungen  (36P,  36R,  36L)  zwei  Koef- 
fizientenmultiplizierer  (44PR,  44PF;  44RF,  44RR; 
44LR,  44LF)  aufweist,  urn  das  Ausgangssignal  von 
der  Ubergangsfunktionseinrichtung  (42P,  42R,  42L) 
zu  multiplizieren,  wodurch  die  Steuereinrichtung  zwei 

25  Ausgangssignale  liefert. 
4.  System  nach  einem  der  Anspruche  1  bis  4,  da- 

durch  gekennzeichnet,  daft  die  Sensoranordnung 
folgendes  aufweist: 

-mindestens  drei  Hubsensoren  (10FR,  10FL, 
30  10RR,  10RL),  von  denen  jeweils  einer  einem  Auf- 

hangungsteil  zugeordnet  ist;  und 
-  eine  Arithmetikschaltung  (32)  zum  Berechnen 
der  Sensorsignale  (LP|TCH,  LR0LL,  LUFT). 
5.  System  nach  einem  der  Anspruche  1  bis  4,  da- 

35  durch  gekennzeichnet,  daft  die  Sollwerteinstellein- 
richtung  eine  Sollwerteinstellschaltung  (34)  aufweist, 
zum  Berechnen  der  Sollwerte  (TP|TCH,  TROll.  Tuft) 
aus  Sollhubsignalen  (TsFL,  TsFR,  TsRL,  TsRR),  die  als 
Eingangssignale  zugefuhrt  werden. 

40  6.  System  nach  einem  der  Anspruche  1  bis  5,  da- 
durch  gekennzeichnet,  daft  jede  der  Kombinierein- 
richtungen  ein  Addierer  mit  drei  Eingangen  (38FR, 
38FL,  38RR,  38RL)  ist,  zum  Addieren  und/oder  Sub- 
trahieren  der  Ausgangssignale  von  den  drei  Steuer- 

45  einrichtungen  (36P,  36R,  36L). 

Revendications 

so  1.  Systeme  de  controle  du  niveau  d'un  vehicule 
eliminant  les  modifications  de  position  comprenant  : 

a)  une  pluralite  de  membres  de  suspension, 
b)  une  pluralite  de  moyens  de  pression  (4FR, 
4FL,  4RR,  4RL)  chacun  associe  a  un  membre  de 

55  suspension,  chaque  moyen  de  pression  incluant 
une  chambre  de  pression  variable; 
c)  une  pluralite  de  moyens  d'actionnement  (6FR, 
6FL,  6RR,  6RL)  chacun  associe  a  un  moyen  de 

6 
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pression; 
d)  un  agencement  de  capteurr  (10FR,  10FL, 
10RR,  10RL,  32);  et 
e)  un  controleur  (30)  recevant  les  signaux  dudit 
agencement  de  capteur  et  derivant  des  signaux 
de  commande  a  partir  d'ici  qui  sont  fournir  aux- 
dits  moyens  d'actionnement  pour  supprimer  les 
changements  de  position  dudit  vehicule, 

caracterise  en  ce  que, 
-  ledit  agencement  de  capteur  est  agence  pour 
procurer  des  signaux  de  capteurs  (LTANGAGE, 
Lroulis.  Lsoulevement)  indiquant  les  magnitudes 
reel  les  des  tangage,  roulis  et  soulevement  du 
vehicule,  respectivement; 
-  des  moyens  de  reglage  des  cibles  (34)  sont  pre- 
vus  pour  etablir  des  valeurs  des  magnitudes 
cibles  (TTANGAGE,  TROulis>  T  soulevement)  des  tan- 
gage,  roulis  et  soulevement,  respectivement;  et 
-  ledit  controleur  (30)  comprend  : 

-  un  moyen  de  commande  du  tangage  (36P) 
recevant  la  difference  entre  lesdites  magnitu- 
des  de  tangage  cibler  et  reeller  du  vehicule; 
-  un  moyen  de  commande  du  roulis  (36R) 
recevant  la  difference  entre  lesdites  magnitu- 
des  cible  et  reel  I  e  du  roulis  du  vehicule; 
-  un  moyen  de  commande  de  soulevement 
(36L)  recevant  la  difference  entre  lesdites 
magnitudes  cible  et  reel  I  e  du  soulevement  du 
vehicule;  et 
-  une  pluralite  de  moyens  de  combinaison 
(38FR,  38FL,  38RR,  38RL),  chacun  associe  a 
un  moyen  d'actionnement,  pour  combiner  les 
signaux  de  sortie  desdits  trois  moyens  de 
commande  d'une  maniere  predeterminee 
pour  supprimer  le  tangage,  le  roulis,  etle  sou- 
levement. 

2.  Un  systeme  selon  la  revendication  1  ,  caracte- 
rise  en  ce  que  chacun  desdits  trois  moyens  de 
commande  (36P,  36R,  36L)  comprend  un  moyen  a 
fonction  de  transfert  (42P,  42R,  42L)  ayant  une  carac- 
teristique  de  differentiation  et/ou  proportionnelle 
et/ou  d'integration. 

3.  Un  systeme  selon  les  revendications  1  ou  2, 
caracterise  en  ce  qu'au  moins  I'un  desdits  trois 
moyens  de  commande  (36P,  36R,  36L)  comprend 
deux  multiplicateurs  a  coefficient  (44PR,  44PF; 
44RF,  44RR;  44LR,  44LF)  pour  multiplier  le  signal  de 
sortie  dudit  moyen  a  fonction  de  transfert  (42P,  42R, 
42L),  par  quoi  ledit  moyen  de  commande  procure 
deux  signaux  de  sortie. 

4.  Un  systeme  selon  I'une  des  revendications  1  a 
3,  caracterise  en  ce  que  ledit  agencement  de  cap- 
teur  comprend  : 

-  au  moins  trois  detecteurs  de  courre  (10FR, 
10FL,  10RR,  10RL),  chacun  associe  a  un  mem- 
bre  de  suspension;  et 
-  un  circuit  arythmetique  (32)  pour  calculer  les- 
dits  signaux  de  detection  (LTANGAGE,  L.R0UUS  Lsou. 

levement)- 
5.  Un  systeme  selon  I'une  des  revendications  1  a 

4,  caracterise  en  ce  que  ledit  moyen  de  reglage  des 
valeurs  cibler  comprend  un  circuit  de  reglage  des 

5  cibler  (34)  pour  calculer  lesdites  magnitudes  cibles 
(Ttangage-  TRoulis>  T  soulevement)  a  partir  des  signaux 
de  course  cibles  (TsFL,  TsFR,  TsRL,  TsRR)  fournis 
comme  signaux  d'entree. 

6.  Un  systeme  selon  I'une  des  revendications  1  a 
10  5,  caracterise  en  ce  que  chacun  desdits  moyens  de 

combinaison  est  un  additionneur  a  trois  bornes 
(38FR,  38FL,  38RR,  38RL)  pour  additionner  et/ou 
soustraire  les  signaux  de  sortie  desdits  trois  moyens 
de  commande  (36P,  36R,  36L). 
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