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measurement  signals  for  this  purpose  are  used 
the  relative  spacing  between  the  vehicle  body  and 
a  vehicle  wheel,  the  relative  velocity  during  rela- 
tive  motion  of  the  vehicle  body  and  a  vehicle 
wheel,  and  the  pressure  difference  in  the  servo 
cylinder.  Since,  however,  this  method  pre- 
supposes  a  relative  displacement  between  the 
vehicle  body  and  a  vehicle  wheel,  it  is  not  poss- 
ible  to  maintain  a  substantially  constant  vehicle 
attitude. 

Furthermore,  in  document  WO—  A—  84/02886 
there  has  been  disclosed  an  active  vehicle  sus- 
pension  system  comprising  wheel  suspension 
devices  the  displacement  of  which  can  be  varied. 
Each  wheel  is  supported  by  a  hydraulic  actuator. 
Sensing  means  detect  the  position  of  the  actuator 
piston  and  control  means  effect  positive  adjust- 
ment  of  the  piston  position.  The  respective 
hydraulic  actuators  may  replace  or  may  be  used 
in  parallel  with  passive  spring  and  damper  type 
suspension  elements  as  employed  in  conven- 
tional  systems.  For  example,  the  vehicle  suspen- 
sion  springs  may  be  retained  to  support  the  dead 
weight  of  the  vehicle,  so  that  the  hydraulic  actu- 
ators  are  effective  only  in  respect  of  dynamic 
movements  during  driving  of  the  vehicle.  Each 
actuator  is  associated  with  a  first  transducer,  for 
example,  a  load  cell,  and  a  second  transducer,  for 
example  a  linear  variable  displacement  trans- 
former,  for  sensing  load  and  piston  position  or 
displacement  respectively,  and  with  means,  such 
as  an  electrically  driven  servo  control  valve,  for 
moving  the  piston  to  a  position  dependent  on  the 
transducer  outputs.  The  command  signals  sup- 
plied  to  the  control  valves  are  generated  by  a 
computerized  control  system.  Thus,  the  hydraulic 
actuators  are  controlled  so  as  to  balance  the 
displacement  provided  thereby  against  the  load 
applied  thereto,  i.e.  the  hydraulic  actuators  need 
to  change  their  displacement  to  meet  with 
changes  of  the  load  applied  thereto.  Also  by  this 
control  method  it  is  difficult  to  achieve  one  of  the 
main  objects  of  such  an  active  suspension 
system,  namely  to  maintain  a  substantially  con- 
stant  vehicle  attitude. 

Summary  of  the  invention 
The  present  invention  considers  these 

problems  of  a  suspension  system  of  the  above 
type  for  a  vehicle  such  as  an  automobile,  and  has 
as  its  main  object  the  provision  of  an  improved 
active  suspension  for  a  vehicle  which,  irrespective 
of  the  running  state  of  the  vehicle,  i.e.  even  when 
the  vehicle  is  turning  or  during  sharp  acceleration 
or  deceleration,  prevents  large  swaying  of  the 
vehicle  body,  maintains  the  attitude  of  the  vehicle 
body  substantially  constant,  and  thereby 
improves  the  ride  characteristics  and  the  driving 
stability  of  the  vehicle. 

It  is  a  further  object  of  the  present  invention  to 
provide  such  a  suspension  system  for  a  vehicle, 
which  is  able  well  to  cope  with  the  effects  of  side 
winds  such  as  gusts. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  such  a  suspension  system  for  a 

Description 

Background  of  the  invention 
The  present  invention  relates  to  the  field  of 

vehicle  suspensions,  and  more  specifically  relates  5 
to  an  active  type  suspension  system  for  a  vehicle 
such  as  an  automobile. 

In  a  conventional  type  of  suspension  for  a 
vehicle  such  as  an  automobile,  with  the  object  of 
damping  the  shock  input  from  the  road  surface  to  io 
the  vehicle  wheels  and  transmitted  to  the  vehicle 
body  and  further  of  improving  the  comfort  of  the 
ride  of  the  vehicle,  typically  suspension  springs 
are  incorporated  which  support  the  weight  of  the 
vehicle  and  allow  a  relative  movement  principally  is 
in  the  vertical  direction  between  the  vehicle 
wheels  and  vehice  body,  thus  absorbing  the  road 
shocks  as  positional  energy  by  elastic  deforma- 
tion.  The  load  on  such  a  suspension  spring,  that 
is,  the  load  acting  between  a  particular  vehicle  20 
wheel  and  the  vehicle  body,  is  determined 
mechanically  by  the  weight  of  the  vehicle  body 
(the  proportion  thereof  which  is  resting  upon  this 
spring)  and  the  relative  positional  relation 
between  the  particular  vehicle  wheel  and  the  25 
vehicle  body,  and  this  fluctuates  according  to  the 
running  state  of  the  vehicle.  For  example,  when 
the  vehicle  is  turning,  or  during  sharp  accelera- 
tion  or  deceleration,  the  vehicle  body  is  urged  by 
its  own  inertia  relative  to  the  vehicle  wheels,  and  30 
as  a  result  the  load  acting  between  the  vehicle 
wheels  and  the  vehicle  body  changes,  the  elastic 
deformation  amount  of  the  suspension  springs 
changes,  and  undesirable  swaying  or  changes  in 
attitude  such  as  roll  or  nose  dive  are  typically  35 
produced. 

Techniques  conventionally  applied  in  order  to 
reduce  the  swaying  and  attitude  changes  of  the 
vehicle,  and  in  order  to  ensure  stable  driving 
characteristics,  include  the  incorporation  of  40 
stabilizers  in  the  suspension  for  a  vehicle  such  as 
an  automobile,  and  the  provision  of  progressive 
spring  characteristics  for  the  suspension  springs. 
Since,  however,  these  techniques  only  passively 
reduce  the  vehicle  swaying  or  attitude  change,  45 
the  swaying  or  attitude  change  of  the  vehicle 
cannot  be  satisfactorily  completely  reduced.  In 
order  moreover  to  ensure  a  satisfactory  ride  for 
the  vehicle  while  improving  driving  stability  by 
the  above  methods,  there  is  required  complicated  so 
calculation  and  design  of  the  suspension  struc- 
ture,  and  fine  tuning  of  the  suspension  springs 
and  shock  absorbers  is  necessary.  Accordingly,  in 
the  case  of  wear  over  a  long  service  life,  the 
proper  stability-  of  the  vehicle  cannot  be  assured.  55 

As  an  active  vibration  damping  method  and 
device  for  a  wheeled  vehicle  such  as  an  auto- 
mobile,  there  has  been  disclosed  in  document 
JP—  A—  54-55913  (1979),  a  suspension  system  for 
a  vehicle  in  which  the  vehicle  body  mass  is  60 
disposed  above  the  mass  of  each  of  a  number  of 
vehicle  wheels  with  a  servo  cyclinder  for  produc- 
ing  a  force  operated  by  a  valve  interposed  there- 
between.  The  valve  is  an  electrohydraulic  valve 
driven  by  an  electrohydraulic  means,  and  as  65 
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results,  the  plurality  of  actuators  interposed 
between  each  of  the  vehicle  wheels  and  the 
vehicle  body  and  supporting  the  respective 
wheels  with  respect  to  the  vehicle  body  are 

5  controlled,  through  the  actuators  the  force  acting 
between  the  corresponding  vehicle  wheel  and  the 
vehicle  body  is  increased  or  decreased,  and  as  a 
result  swaying  or  changes  in  attitude  of  the 
vehicle  body  due  to  the  inertial  force  of  the 

10  vehicle  body  can  be  prevented  both  before  the 
event  and  in  a  positive  manner,  and  by  this  means 
irrespective  of  the  running  conditions  of  the 
vehicle  the  attitude  of  the  vehicle  body  can  be 
maintained  in  an  appropriate  state,  and  improved 

15  ride  characteristics  and  driving  stability  for  the 
vehicle  can  be  obtained. 

In  order  to  obtain  appropriate  control  of  each 
actuator  in  response  to  acceleration  of  the  vehicle 
body,  the  active  suspension  system  of  the  present 

20  invention  is  constructed  to  carry  out  feedback 
control  by  comparing  the  actual  fluctuation  in  the 
force  borne  by  each  actuator  detected  by  the 
plurality  of  load  sensors  detecting  the  force  borne 
by  each  actuator  and  the  fluctation  in  the  load 

25  acting  between  each  vehicle  wheel  and  said 
vehicle  body  calculated  by  said  control  means, 
and  causes  their  difference  to  be  zero,  whereby  it 
is  possible  to  control  accurately  the  attitude  of  the 
vehicle  body. 

30  According  to  an  embodiment  of  the  present 
invention  said  plurality  of  actuators  comprise  a 
left  side  actuator  supporting  said  body  from  a  left 
side  wheel  and  controllable  to  exert  a  variable 
force  between  said  body  and  said  left  side  wheel 

35  and  a  right  side  actuator  supporting  said  body 
from  a  right  side  wheel  and  controllable  to  exert  a 
variable  force  between  said  body  and  said  right 
side  wheel;  said  acceleration  sensor  comprises  a 
first  sensor  detecting  lateral  acceleration  applied 

40  to  said  body  in  substantially  horizontal  and  lateral 
directions  perpendicular  to  a  longitudinal  axis  of 
said  body  and  producing  a  first  signal  repre- 
sentative  thereof  and  a  second  sensor  detecting 
rotational  acceleration  applied  to  said  body 

45  around  said  longitudinal  axis  of  said  body  and 
producing  a  second  signal  representative  thereof  ; 
and  said  control  means  controls  said  left  side  and 
right  side  actuators  according  to  said  first  and 
alternatively  said  second  signal  so  that  (a)  when 

so  said  lateral  acceleration  is  oriented  leftward  and 
said  rotational  acceleration  is  oriented  clockwise 
as  viewed  from  the  rear  of  said  body,  said  control 
means  increases  the  force  exerted  by  said  right 
side  actuator  and  decreases  the  force  exerted  by 

55  said  left  side  actuator  according  to  the  magnitude 
of  said  lateral  acceleration;  (b)  when  said  lateral 
acceleration  is  oriented  rightward  and  said  rota- 
tional  acceleration  is  oriented  anticlockwise  as 
viewed  from  the  rear  of  said  body,  said  control 

60  means  increases  the  force  exerted  by  said  left 
side  actuator  and  decreases  the  force  exerted  by 
said  right  side  actuator  according  to  the  mag- 
nitude  of  said  lateral  acceleration;  (c)  when  said 
lateral  acceleration  is  oriented  leftward  and  said 

65  rotational  acceleration  is  oriented  anticlockwise 

vehicle,  which  is  able  to  discriminate  between  the 
effects  of  travelling  around  a  curve  and  the  effects 
of  a  side  wind. 

It  is  another  object  of  the  present  invention  to 
provide  such  a  suspension  system  for  a  vehicle, 
which  is  able  to  set  such  proper  steering  charac- 
teristics  of  understeering,  neutral  steering,  or 
oversteering,  independently  in  the  case  of  travel- 
ling  around  a  curve  and  of  suffering  the  effects  of 
a  side  wind. 

According  to  the  present  invention,  these 
objects  are  accomplished  by  a  suspension  system 
for  a  vehicle  comprising  a  body  and  a  plurality  of 
wheels,  comprising  an  acceleration  sensor  detect- 
ing  an  acceleration  of  said  body  and  producing  a 
signal  representative  thereof,  a  plurality  of  actu- 
ators  each  supporting  said  body  from  each  of  said 
wheels  and  controllable  to  provide  a  variable 
force  between  said  body  and  each  of  said  wheels, 
a  plurality  of  load  sensors  each  detecting  the  load 
between  each  of  said  wheels  and  said  body  and 
providing  a  signal  representative  thereof,  and  a 
control  means  receiving  said  signal  repre- 
sentative  of  the  acceleration  of  said  body  from 
said  acceleration  sensor  and  said  signals  repre- 
sentative  of  the  respective  loads  on  said  wheels 
from  said  load  sensors  for  controlling  said  actu- 
ators,  said  suspension  system  being  charac- 
terized  in  that  said  control  means  calculates 
based  upon  the  above  received  signals  fluctua- 
tion  in  the  load  acting  between  each  of  said 
wheels  and  said  body  caused  by  the  acceleration 
of  said  body,  and  controls  said  actuators  to 
increase  or  decrease  the  forces  provided  thereby 
between  said  body  and  said  respective  wheels  by 
a  feedback  action  including  comparing  the  actual 
fluctuation  in  the  force  between  each  of  said 
wheels  and  said  body  as  sensed  by  each  of  said 
load  sensors  with  the  calculated  value  therefor 
and  bringing  the  difference  therebetween  to  zero. 

In  the  case  where  as  described  above  the 
vehicle  is  moving  with  an  acceleration,  for 
example  when  the  vehicle  is  turning,  or  during 
sharp  acceleration  or  deceleration,  the  vehicle 
body  is  urged  by  its  own  inertia  relative  to  the 
vehicle  wheels  and  as  a  result  the  load  acting 
between  the  vehicle  wheels  and  the  vehicle  body 
changes,  and  here  the  magnitude  of  the  fluctua- 
tion  in  the  load  is  proportional  to  the  inertia  force 
acting  on  the  vehicle  body,  and  therefore  to  the 
acceleration  of  the  vehicle  body,  and  whether  the 
load  increases  or  decreases  is  determined  by  the 
direction  of  the  acceleration.  It  is  therefore  poss- 
ible  to  determine  the  magnitude  and  sign  of  the 
fluctuation  of  the  load  acting  between  each 
vehicle  wheel  and  the  vehicle  body  by  detecting 
the  acceleration  of  the  vehicle  body.  According  to 
the  present  invention,  the  acceleration  of  the 
vehicle  body  is  detected  by  the  acceleration  sen- 
sor,  the  magnitude  of  the  fluctuation  of  the  load 
acting  between  each  vehicle  wheel  and  the 
vehicle  body  is  calculated  by  the  control  means 
based  on  the  acceleration  of  the  vehicle  body  as 
determined  from  the  acceleration  signal  from  the 
acceleration  sensor,  based  on  the  calculation 
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appropriate  ratios,  whereby  the  steering  charac- 
teristics  in  each  case  can  be  optimised,  and  thus  a 
desirable  rideability  of  the  vehicle  and  stability  of 
the  steering  can  be  obtained. 

.  It  should  be  noted  that,  since  if  the  ratio  of  the 
supporting  force  of  the  rear  wheels  to  the 
supporting  force  of  the  front  wheels  exceeds 
unity  the  vehicle  steering  characteristics  will  be 
understeer,  while  if  said  ratio  is  less  than  unity  the 
vehicle  steering  characteristics  will  be  oversteer, 
the  first  distribution  ratio  of  the  active  suspension 
system  of  this  embodiment  of  the  present  inven- 
tion  may  be  set  to  an  arbitrary  ratio  according  to 
the  steering  characteristics  required  by  the 
vehicle  while  turning,  while  it  is  desirable  for  the 
second  distribution  ratio  that  in  order  to  provide  a 
relatively  strong  understeer  for  the  steering 
characteristics  of  the  vehicle  and  improve  the 
running  stability  of  the  vehicle  when  subjected  to 
a  gust,  it  should  be  set  to  a  ratio  such  that  the  ratio 
of  the  supporting  force  of  the  front  wheels  with 
respect  to  the  supporting  force  of  the  rear  wheels 
is  a  value  relatively  large  compared  with  unity. 

Brief  description  of  the  drawings 
The  present  invention  will  now  be  shown  and 

described  with  regard  to  certain  of  the  preferred 
embodiments  thereof,  and  with  reference  to  the 
illustrative  drawings,  which  however  should  not 
be  considered  as  limitative  of  the  present  inven- 
tion  in  any  way,  since  the  scope  of  the  present 
invention  is  to  be  considered  as  being  delimited 
solely  by  the  accompanying  claims,  rather  than 
by  any  particular  features  of  the  disclosed 
embodiments  or  of  the  drawings.  In  these  draw- 
ings: 

Fig.  1  is  a  block  diagram  showing  the  overall 
construction  of  the  first  preferred  embodiment  of 
the  suspension  system  of  the  present  invention; 

Fig.  2  is  a  block  diagram  showing  in  detail  an 
exemplary  one  of  four  servo  actuators  which 
suspend  the  wheels  of  the  vehicle  from  the  body 
thereof; 

Fig.  3  is  a  block  diagram  showing  the  detailed 
construction  of  a  changeover  switch  which  is 
shown  in  Fig.  1  only  as  a  block; 

Fig.  4  is  a  block  diagram,  similar  to  Fig.  1, 
showing  the  overall  construction  of  the  second 
preferred  embodiment  of  the  suspension  system 
of  the  present  invention;  and 

Fig.  5  is  a  block  diagram  similar  to  Fig.  3, 
showing  the  detailed  construction  of  a 
changeover  switch  in  this  second  preferred 
embodiment  which  is  again  shown  in  Fig.  4  only 
as  a  block. 

Description  of  the  preferred  embodiments 
The  present  invention  will  now  be  described 

with  reference  to  the  preferred  embodiments 
thereof.  Fig.  1  shows  the  overall  construction  of 
the  first  preferred  embodiment  of  the  suspension 
system  of  the  present  invention.  In  this  figure, 
which  is  a  blocked  diagrammatical  view,  the 
reference  numerals  1  denote  servo  actuators  for 
the  four  wheels  of  an  automobile,  not  itself 

as  viewed  from  the  rear  end  of  said  body,  said 
control  means  increases  the  force  exerted  by  said 
left  side  actuator  and  decreases  the  force  exerted 
by  said  right  side  actuator  according  to  the  mag- 
nitude  of  said  rotational  acceleration;  and  (d)  5 
when  said  lateral  acceleration  is  oriented  right- 
ward  and  said  rotational  acceleration  is  oriented 
clockwise  as  viewed  from  the  rear  of  said  body, 
said  control  means  increases  the  force  exerted  by 
said  right  side  actuator  and  decreases  the  force  io 
exerted  by  said  left  actuator  according  to  the 
magnitude  of  said  rotational  acceleration.  This 
concept  allows  the  vehicle  steering  characteristics 
during  turning  or  suffering  wind  to  be  set  to 
understeering,  neutral  steering,  or  oversteering,  w 
as  desired. 

Since  according  to  this  embodiment  of  the 
suspension  system  the  ratio  of  the  supporting 
forces  with  respect  to  the  vehicle  body  produced 
by  the  actuators  between  front  and  rear  wheels  of  20 
a  vehicle  is  always  the  same,  as  a  result,  if  in  order 
to  improve  the  steering  stability  while  the  vehicle 
is  turning  the  ratio  between  the  front  and  rear 
wheels  of  the  supporting  forces  is  set  so  as  to 
make  the  steering  characteristics  optimal  when  25 
the  vehicle  is  turning,  it  is  difficult  to  make  the 
steering  stability  optimal  while  the  vehicle  is 
subject  to  a  side  wind,  while  on  the  contrary,  if  in 
order  to  improve  the  steering  stability  while  the 
vehicle  is  subject  to  a  side  wind,  the  ratio  between  30 
the  front  and  rear  wheels  of  the  supporting  forces 
is  set  so  as  to  make  the  steering  characteristics 
optimal  when  the  vehicle  is  subject  to  a  side  wind, 
it  is  difficult  to  make  the  steering  stability  optimal 
while  the  vehicle  is  turning  and  to  obtain  a  35 
satisfactory  steering  stability. 

Thus,  according  to  another  embodiment  of  the 
suspension  system  said  left  side  wheel  comprises 
a  front  left  side  wheel  and  a  rear  left  side  wheel, 
said  right  side  wheel  comprises  a  front  right  side  40 
wheel  and  a  rear  right  side  wheel,  said  left  side 
actuator  comprises  a  front  left  side  actuator  and  a 
rear  left  side  actuator,  and  said  right  side  actuator 
comprises  a  front  right  side  actuator  and  a  rear 
right  side  actuator,  said  control  means  further  45 
comprising  first  distributing  means  for  distribut- 
ing  said  first  signal  toward  and  between  a  combi- 
nation  of  said  front  left  side  actuator  and  said 
front  right  side  actuator  and  a  combination  of  said 
rear  left  side  actuator  and  said  rear  right  side  50 
actuator  at  a  first  distribution  ratio,  and  second 
distributing  means  for  distributing  said  second 
signal  toward  and  between  a  combination  of  said 
front  left  side  actuator  and  said  front  right  side 
actuator  and  a  combination  of  said  rear  left  side  55 
actuator  and  said  rear  right  side  actuator  at  a 
second  distribution  ratio  different  from  said  first 
distribution  ratio. 

Thus  when  the  vehicle  is  turning  or  the  vehicle 
is  subject  to  a  side  wind  the  attitude  of  the  vehicle  60 
body  can  be  maintained  in  an  appropriate 
attitude,  in  the  cases  where  the  vehicle  is  turning 
or  the  vehicle  is  subject  to  a  side  wind  the  ratios  of 
the  supporting  forces  of  front  and  rear  wheels  can 
be  set  mutually  independently  and  can  be  set  to  65 
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piston  6  presented  to  the  lower  pressure  chamber 
8,  which  would  mean  that  the  force  exerted  on  the 
piston  6  in  the  downward  direction  in  the  figure 
would  be  proportional  to  the  pressure  in  said 

5  upper  pressure  chamber  7,  with  a  somewhat 
greater  proportionality  constant,  than  the  pro- 
portionality  constant  with  which  the  force  exerted 
on  the  piston  6  in  the  upward  direction  in  the 
figure  would  be  proportional  to  the  pressure  in 

m  said  lower  pressure  chamber  8.  The  present 
invention  would  still  be  applicable  to  such  a 
construction,  mutatis  mutandis. 

The  upper  pressure  chamber  7  is  connected  by 
a  hydraulic  conduit  10  to  an  electrical-hydraulic 

is  servo  valve  12,  and  similarly  the  lower  pressure 
chamber  8  is  connected  by  another  hydraulic 
conduit  1  1  to  said  electrical-hydraulic  servo  valve 
12.  Hereinafter  the  pressure  within  the  upper 
pressure  chamber  7  will  be  referred  to  as  P1,  and 

20  the  pressure  within  the  lower  pressure  chamber  8 
will  be  referred  to  as  P2;  and  vitually  always 
during  the  operation  of  the  vehicle  as  a  matter  of 
course  P1  is  greater  than  P2,  in  order  properly  to 
support  the  vehicle  above  the  road  surface.  The 

25  electrical-hydraulic  servo  valve  12  may  be  of  a 
construction  which  is  per  se  known,  and  exemp- 
larily  functions  by  receiving  a  constant  supply  of 
high  pressure  hydraulic  fluid  produced  by  a 
hydraulic  fluid  pressurizing  device  14  such  as  a 

30  pump  which  sucks  up  said  hydraulic  fluid  from  a 
sump  13,  then  passing  said  pressurized  hydraulic 
fluid  through  an  internal  variable  orifice,  said  fluid 
finally  being  returned  back  to  said  sump  13;  in 
any  case,  functionally,  this  electrical-hydraulic 

35  servo  valve  12,  via  the  conduits  10  and  11, 
controls  the  pressure  difference  (P1-P2)  between 
the  pressures  in  the  upper  and  lower  chambers  7 
and  8  to  be  any  arbitrary  desired  value,  according 
to  a  control  signal  which  said  electrical-hydraulic 

40  servo  valve  12  receives. 
In  the  shown  first  preferred  embodiment,  this 

control  signal  is  an  electrical  voltage  signal,  and  is 
furnished,  via  an  amplifier  16,  from  an  adder  15. 
As  will  be  described  in  detail  hereinafter,  when 

45  the  control  voltage  signal  supplied  from  said 
adder  15  to  the  elctrical-hydraulic  servo  valve  12 
is  substantially  zero,  (which  as  will  be  seen  later  is 
the  case  when  the  signals  inputted  to  the  adder  1  5 
are  such  that  F=FO  and  Fa=Fb=Fc=0),  then  said 

so  electrical-hydraulic  servo  valve  12  controls  the 
pressure  difference  (P1-P2)  between  the 
pressures  in  the  upper  and  lower  chambers  7  and 
8  of  the  cylinder-piston  device  4  so  as  to  cause  the 
product  of  said  pressure  difference  (P1  -P2)  multi- 

55  plied  by  the  effective  pressure  receiving  area  of 
the  piston  6  (which  product  in  general  is  the  force 
exerted  by  said  cylinder-piston  device  4)  to  be 
substantially  equal  to  the  portion  of  the  weight  of 
the  vehicle  which  is  imposed  on  this  particular 

60  wheel  2  when  the  vehicle  is  stationary  and  level. 
These  weight  portions  will  hereinafter  be  referred 
to  as  Pfr,  Pfl,  Prr,  and  Prl,  respectively  corre- 
sponding  to  the  front  right  wheel,  the  front  left 
wheel,  the  rear  right  wheel,  and  the  rear  left  wheel 

65  of  the  vehicle.  On  the  other  hand,  when  the 

particularly  shown;  and  in  Fig.  2  an  exemplary 
one  of  these  servo  actuators  1  is  shown  in  detail, 
also  in  block  diagrammatic  view,  along  with  its 
associated  wheel,  which  is  denoted  as  2. 

Referring  to  Fig.  1,  the  four  servo  actuators  for 
the  four  wheels  of  the  vehicle  are  therein  referred 
to  as  1fl,  1fr,  1rl,  and  1rr;  the  servo  actuator  1fr  is 
the  actuator  for  the  front  right  wheel  of  the 
vehicle,  the  servo  actuator  1fl  is  the  actuator  for 
the  front  left  wheel  of  the  vehicle,  the  servo 
actuator  1  rr  is  the  actuator  for  the  rear  right  wheel 
of  the  vehicle,  and  the  servo  actuator  1rl  is  the 
actuator  for  the  rear  left  wheel  of  the  vehicle.  As 
seen  in  Fig.  2,  each  of  these  actuators  1  comprises 
a  drive  unit  4  which  is  mounted  between  the 
relevant  vehicle  wheel  2  and  the  body  of  the 
vehicle,  designated  as  3,  and  exerts  a  variable 
force  to  bias  the  wheel  2  downwards  with  respect 
to  the  body  3,  so  as  to  provide  suspension  action. 
The  drive  unit  4  is,  in  the  shown  first  preferred 
embodiment,  a  hydraulic  type  cylinder-piston 
device,  and  comprises  a  cylinder  5  with  a  piston  6 
slidably  inserted  into  it,  so  that  said  piston  6  can 
move  with  respect  to  said  cylinder  5  substantially 
only  in  their  mutual  longitudinal  direction.  The 
cylinder  5  and  the  piston  6  together  define  upper 
and  lower  pressure  chambers  7  and  8  on  opposite 
sides  of  said  piston  6,  and  these  chambers  are 
made  to  be  substantially  liquid  tight  by  means  of 
seals  or  the  like,  not  particularly  shown.  A  rod  9 
couples  the  piston  6  to  a  support  member  (not 
shown)  for  the  particular  vehicle  wheel  2  corre- 
sponding  to  this  cylinder—  piston  device  4  with 
respect  to  movement  in  the  vertical  direction,  said 
wheel  2  being  of  course  rotatable  with  respect  to 
the  rod  9  and  the  vehicle  body  3  as  a  whole  about 
an  axis  substantially  perpendicular  to  the  drawing 
paper  in  Fig.  2.  And  the  cylinder  5  is  mounted  to 
the  vehicle  body  3  so  as  to  be  substantially 
immovable  with  respect  thereto. 

In  the  shown  first  preferred  embodiment,  the 
construction  is  such  that  the  rod  9  passes,  not 
only  of  course  downwards  in  the  figure  out  of  the 
lower  pressure  chamber  8  through  a  seal  (not 
particularly  shown)  to  be  connected  to  the  mount- 
ing  member  for  the  vehicle  wheel,  but  also 
upwards  in  the  figure  out  of  the  upper  pressure 
chamber  7  through  another  seal  (also  not  shown) 
to  remain  free.  This  is  in  order  that  the  effective 
pressure  receiving  area  of  the  piston  6  presented 
to  the  upper  pressure  chamber  7  should  be  equal 
to  the  effective  pressure  receiving  area  of  said 
piston  6  presented  to  the  lower  pressure  chamber 
8,  which  ensures  that  the  force  exerted  on  the 
piston  6  is  proportional  to  the  difference  between 
the  pressures  in  said  upper  and  lower  pressure 
chambers  7  and  8.  In  another  variant  construc- 
tion,  however,  it  would  be  quite  possible  for  the 
rod  9  not  to  extend  upwards  in  the  figure  above 
the  piston  6,  and  not  to  be  substantially  continued 
within  the  upper  pressure  chamber  7  at  all.  This 
would  mean  that  the  effective  pressure  receiving 
area  of  the  piston  6  presented  to  the  upper 
pressure  chamber  7  would  be  somewhat  greater 
than  the  effective  pressure  receiving  area  of  said 
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control  voltage  signal  supplied  from  the  adder  15 
to  the  electrical-hydraulic  servo  valve  12  is  posi- 
tive  or  negative,  respectively,  then  said  pressure 
difference  P1-P2)  is  increased  or  is  decreased 
respectively,  and  by  an  amount  corresponding  to 
the  absolute  value  of  said  voltage. 

Between  each  of  the  drive  units  4  and  the 
vehicle  body  3  there  is  fitted  a  load  sensor  17, 
which  detects  the  load  force  acting  between  said 
one  of  said  drive  units  4  and  said  vehicle  body,  i.e. 
the  amount  of  load  currently  being  borne  by  the 
corresponding  vehicle  wheel  2,  and  outputs  a 
signal  representative  thereof,  which  in  this  shown 
first  preferred  embodiment  of  the  present  inven- 
tion  is  a  voltage  signal  F  and  is  inputted  to  a 
minus  terminal  of  the  adder  15.  It  should  be  noted 
that,  as  alternative  possibilities  for  other  embodi- 
ments,  the  drive  units  4  could  be  connected  in 
reverse  to  the  arrangement  shown  in  Fig.  2,  with 
the  rod  9  being  connected  to  the  vehicle  body  and 
with  the  cylinder  5  being  connected  to  the  support 
member  for  the  vehicle  wheel  2.  The  hydraulic 
fluid  pressurizing  device  14  and  the  sump  13  also 
may  of  course  be  common  to  all  the  four  drive 
units  4  for  the  four  vehicle  wheels  2,  and  the 
hydraulic  fluid  utilized  may  be  oil  or  may  be  some 
other  fluid,  provided  that  said  fluid  is  substantially 
incompressible. 

Referring  again  to  Fig.  1,  19  is  a  lateral  accelera- 
tion  sensor,  20  is  a  roll  angle  acceleration  sensor, 
and  21  is  a  longitudinal  acceleration  sensor.  All  of 
these  are  provided  at  locations  at  or  close  to  the 
center  of  gravity  of  the  vehicle  body.  The  lateral 
acceleration  sensor  19  detects  the  current  value  of 
the  lateral  acceleration  of  the  vehicle  and  outputs 
a  signal  "a"  representative  thereof;  the  roll  angle 
acceleration  sensor  20  detects  the  current  value  of 
the  roll  angle  acceleration  of  the  vehicle  and 
outputs  a  signal  "c"  representative  thereof;  and 
the  longitudinal  acceleration  sensor  21  detects 
the  current  value  of  the  longitudinal  acceleration 
of  the  vehicle  and  outputs  a  signal  "b"  repre- 
sentative  thereof.  In  the  shown  first  preferred 
embodiment,  in  fact,  these  signals  are  electrical 
voltage  signals,  and:  the  signal  "a"  output  by  the 
lateral  acceleration  sensor  19  has  an  absolute 
magnitude  proportional  to  the  lateral  acceleration 
of  the  vehicle,  and  is  positive  or  negative  accord- 
ing  as  to  whether  said  vehicle  is  being  accelerated 
to  the  right  or  the  left  respectively  as  seen  from 
the  rear  of  the  vehicle;  the  signal  "c"  output  by 
the  roll  angle  acceleration  sensor  20  has  an 
absolute  magnitude  proportional  to  the  roll  angle 
acceleration  of  the  vehicle,  and  is  positive  or 
negative  according  as  to  whether  said  vehicle  is 
being  accelerated  in  the  clockwise  direction  or  the 
anticlockwise  direction  respectively,  again  as 
seen  from  the  rear  of  the  vehicle;  and  the  signal 
"b"  output  by  the  longitudinal  acceleration  sen- 
sor  21  has  an  absolute  magnitude  proportional  to 
the  longitudinal  acceleration  of  the  vehicle,  and  is 
positive  or  negative  according  as  to  whether  said 
vehicle  is  being  accelerated  forwards  or  back- 
wards,  respectively. 

The  signals  a  and  c  respectively  outputted  from 

the  lateral  acceleration  sensor  19  and  from  the  roll 
angle  acceleration  sensor  20  are  respectively 
multiplied  by  the  factors  k1  and  k2  in  amplifiers  22 
and  23  respectively,  to  produce  signals  of  values 

5  a.k1  and  c.k2  respectively,  and  these  resultant 
signals  are  inputted  to  a  changeover  switch  24. 
The  changeover  switch  24,  as  will  be  explained  in 
detail  hereinbelow,  passes  selectively  one  of 
these  input  signals  while  intercepting  the  other, 

to  and  the  selected  signal  is  then  fed  to  the  inputs  of 
two  distributors  25  and  26.  These  distributors  25 
and  26  cooperate  so  as  to  distribute  the  signal 
inputted  to  them  both  as  output  signals  with  a 
voltage  ratio  Nf:Nr,  where  Nf  and  Nr  are  both 

is  positive  and  Nf+Nr=1. 
The  output  signal  of  the  distributor  Nf  is  fed 

directly  to  the  servo  actuator  1fr  for  the  front  right 
vehicle  wheel  (actually  as  an  input  to  an  add 
terminal  of  the  adder  15,  thereof,  as  suggested  in 

20  Fig.  2)  and  also  via  an  invertor  NOT  gate  27  to  the 
servo  actuator  1fl  for  the  front  left  vehicle  wheel 
(again,  actually,  as  an  input  to  an  add  terminal  of 
the  adder  15  thereof).  And,  similarly,  the  output 
signal  of  the  distributor  Nr  is  fed  directly  to  the 

25  servo  actuator  1  rr  for  the  rear  right  vehicle  wheel 
(similarly,  actually  as  an  input  to  an  add  terminal 
of  the  adder  15  thereof)  and  also  via  an  inverter  28 
to  the  servo  actuator  1rl  for  the  rear  left  vehicle 
wheel  (yet  again,  actually  as  an  input  to  an  add 

30  terminal  of  the  adder  15  thereof).  In  other  words, 
the  output  signal  of  the  distributor  Nf  is  equal 
either  to  Nf.a.ki  or  to  Nf.c.k2,  depending  upon  the 
setting  of  the  changeover  switch  24,  while  the 
output  signal  of  the  distributor  Nr  is  similarly 

35  equal  either  to  Nr.a.ki  or  Nr.c.k2;  and  accord- 
ingly,  if  the  changeover  switch  24  is  set  so  as  to 
pass  the  signal  from  the  lateral  acceleration  sen- 
sor  19  while  intercepting  the  signal  from  the  roll 
angle  acceleration  sensor  20,  then  the  signal  fed 

40  to  the  plus  terminal  of  the  adder  15  of  the  servo 
actuator  1fr  for  the  front  right  vehicle  wheel  is 
equal  to  Nf.a.ki  ,  the  signal  fed  to  the  plus  terminal 
of  the  adder  15  of  the  servo  actuator  1fl  for  the 
front  left  vehicle  wheel  is  equal  to  -Nf.a.ki,  the 

45  signal  fed  to  the  plus  terminal  of  the  adder  15  of 
the  servo  actuator  1rr  for  the  rear  right  vehicle 
wheel  is  equal  to  Nr.a.ki,  and  the  signal  fed  to  the 
plus  terminal  of  the  adder  15  of  the  servo  actuator 
1rl  for  the  rear  left  vehicle  wheel  is  equal  to 

so  -Nr.a.ki.  On  the  other  hand,  if  the  changeover 
switch  24  is  set  the  other  way,  so  as  to  intercept 
the  signal  from  the  lateral  acceleration  sensor  19 
while  passing  the  signal  from  the  roll  angle 
acceleration  sensor  20,  then  the  signal  fed  to  the 

55  plus  terminal  of  the  adder  15  of  the  servo  actuator 
1fr  for  the  front  right  vehicle  wheel  is  equal  to 
Nf.c.k2,  the  signal  fed  to  the  plus  terminal  of  the 
adder  15  of  the  servo  actuator  1fl  for  the  front  left 
vehicle  wheel  is  equal  to  -Nf.c.k2,  the  signal  fed 

60  to  the  plus  terminal  of  the  adder  15  of  the  servo 
actuator  1rr  for  the  rear  right  vehicle  wheel  is 
equal  to  Nr.c.k2,  and  the  signal  fed  to  the  plus 
terminal  of  the  adder  15  of  the  servo  actuator  Irl 
for  the  rear  left  vehicle  wheel  is  equal  to  -Nr.c.k2. 

65  In  any  case,  this  value  inputted  to  this  plus 
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inputted  to  the  input  terminal  34  from  the  ampli- 
fier  23  is  inputted  to  a  gate  40  and  to  a  comparator 
41.  The  other  inputs  of  the  comparators  37  and  41 
are  supplied  with  a  standard  voltage  for  compari- 
son  of  said  input  signals  therewith;  in  the  shown 
preferred  embodiment,  this  voltage  is  just  ground 
voltage.  The  output  of  the  comparator  37  is  fed 
both  to  an  input  terminal  of  an  AND  gate  38  and 
also  to  an  input  terminal  of  a  NOR  gate  39.. 
Similarly,  the  output  of  the  other  comparator  41  is 
fed  both  to  the  other  input  terminal  of  said  AND 
gate  38  and  also  to  the  other  input  terminal  of  said 
NOR  gate  39.  The  outputs  of  said  AND  gate  38  and 
said  NOR  gate  39  are  fed  to  the  inputs  of  an  OR 
gate  42,  whose  output  is  fed  directly  to  control  the 
gate  36  and  via  an  inverter  or  NOT  gate  43  to 
control  the  other  gate  40.  Thus  it  is  seen  that 
exactly  one  of  the  two  gates  36  and  40  is  open  at 
any  time.  The  outputs  of  the  two  gates  36  and  40 
are  coupled  together  and  are  fed  to  the  output 
terminal  35  to  be  supplied  to  the  inputs  of  the 
distributors  25  and  26  as  mentioned  above. 

This  changeover  switch  24  operates  as  will  now 
be  explained,  to  feed  the  signal  received  at  one 
and  only  one  of  the  input  terminals  33  and  34  to 
the  output  terminal  35  and  thence  to  the  dis- 
tributors  25  and  26.  The  signal  from  the  amplifier 
22  input  through  the  input  terminal  33  is  com- 
pared  with  a  signal  of  zero  voltage  value  in  the 
comparator  37,  and,  if  and  only  if  said  input  signal 
is  greater  than  said  zero  signal  (i.e.  is  positive) 
then  the  output  of  said  comparator  37  is  a  ON 
signal.  Similarly,  the  signal  from  the  amplifier  23 
input  through  the  input  terminal  34  is  compared 
with  a  signal  of  zero  voltage  value  in  the  com- 
parator  41,  and,  if  and  only  if  said  input  signal  is 
greater  than  said  zero  signal  (i.e.  is  positive)  then 
the  output  of  said  comparator  41  is  a  ON  signal. 
The  output  signals  from  the  two  comparators  37 
and  41  are  fed  as  input  signals  to  the  AND  gate  38, 
and  only  in  the  case  that  both  said  output  signals 
are  ON  is  an  ON  signal  outputted  from  said  AND 
gate  38.  Similarly,  said  output  signals  from  said 
two  comparators  37  and  41  are  likewise  fed  as 
input  signals  to  the  NOR  gate  39,  and  only  in  the 
case  that  both  said  output  signals  are  OFF  is  an 
ON  signal  outputted  from  said  NOR  gate  39. 
Accordingly,  only  in  the  case  that  the  signs  of 
both  the  input  signals  fed  to  the  input  terminals 
33  and  34  of  this  changeover  switch  24  are  the 
same,  i.e.  that  said  input  signals  are  both  positive 
or  are  both  negative,  is  either  of  the  two  inputs  of 
the  OR  gate  42  provided  with  an  ON  signal.  Thus, 
when  the  signs  of  both  the  input  signals  fed  to  the 
input  terminals  33  and  34  agree,  the  output  of  the 
OR  gate  42  is  an  ON  signal,  and  this  causes  the 
gate  36  to  be  opened  while,  because  of  the 
inverting  action  of  the  NOT  gate  43,  the  other  gate 
40  is  closed,  in  this  case,  the  input  signal  fed  to 
the  input  terminal  33  is  supplied  to  the  output 
terminal  35,  while  the  input  signal  fed  to  the  other 
input  terminal  34  is  intercepted.  On  the  other 
hand,  when  the  signs  of  the  input  signals  fed  to 
the  input  terminals  33  and  34  disagree,  one  being 
positive  and  the  other  negative,  the  output  of  the 

terminal  of  each  adder  15  is  designated  as  "Fa  or 
Fc"  in  Fig.  2. 

Further,  the  signal  outputted  from  the  longi- 
tudinal  acceleration  sensor  21  is  multiplied  by  the 
factor  k3  in  an  amplifier  29,  to  produce  a  signal  of  5 
value  b.k3,  and  this  resultant  signal  is  directly 
inputted  to  another  plus  terminal  of  each  of  the 
two  adders  15  of  the  servo  actuators  1fr  for  the 
front  right  vehicle  wheel  and  1fl  for  the  front  left 
vehicle  wheel,  while  further  said  signal,  after  10 
being  inverted  by  the  inverters  30  and  31  respec- 
tively,  is  inputted  to  another  plus  terminal  of  each 
of  the  two  adders  1  5  of  the  servo  actuators  1  rr  for 
the  rear  right  vehicle  wheel  and  1rl  for  the  rear  left 
vehicle  wheel.  In  any  case,  this  value  inputted  to  w 
this  plus  terminal  of  each  adder  15  is  designated 
as  "Fb"  in  Fig.  2. 

Further,  to  another  plus  terminal  of  each  of  the 
adders  15  for  the  four  servo  actuators  1fr,  1fl,  1rr, 
and  1rl  for  the  four  vehicle  wheels,  there  is  20 
supplied  a  constant  voltage  signal  F0  (the  value  of 
F0  varies  between  the  vehicle  wheels)  of  mag- 
nitude  corresponding  to  the  portion  of  the  weight 
of  the  vehicle  which  is  imposed  on  the  corre- 
sponding  wheel  2  when  the  vehicle  is  stationary  25 
or  moving  at  a  constant  velocity  and  is  level,  i.e. 
to  the  values  Pfr,  Pfl,  Prr,  and  Prl  respectively 
corresponding  to  the  front  right  wheel,  the  front 
left  wheel,  the  rear  right  wheel,  and  the  rear  left 
wheel  defined  hereinabove.  30 

The  amplifiers  22  and  23,  the  distributors  25 
and  26,  the  inverters  27  and  28,  the  amplifier  29, 
the  inverters  30  and  30,  and  the  adder  15  and  the 
amplifier  16  of  each  of  the  four  servo  actuators 
1fr,  1fl,  Irr,  and  1rl  for  the  four  vehicle  wheels  may  35 
all  themselves  be  per  se  known  components,  and 
in  combination  with  the  changeover  switch  24, 
described  below,  they  constitute  a  calculating 
control  system  which,  as  will  be  described  in 
detail  hereinbelow,  functions  by  calculating,  <to 
based  upon  the  output  signals  from  the  lateral 
acceleration  sensor  19,  the  roll  angle  acceleration 
sensor  20,  and  the  longitudinal  acceleration  sen- 
sor  21  and  the  load  sensors  17  for  the  four  wheels, 
the  fluctuation  in  load  acting  between  each  45 
vehicle  wheel  2  and  the  body  3  of  the  vehicle  due 
to  the  acceleration  of  the  vehicle  body,  and,  based 
upon  the  results  of  these  calculations,  outputs 
appropriate  control  signals  to  the  four  electrical- 
hydraulic  servo  valves  12.  The  amplification  fac-  50 
tors  k1,  k2,  and  k3  appropriate  for  the  amplifiers 
22,  23,  and  29  are  constants  which  may  for 
example  be  determined  in  any  particular  practical 
example  by  calculation  or  by  experiment. 

Now,  the  details  of  the  structure  and  function  of  55 
the  changeover  switch  24  will  be  explained,  with 
reference  to  the  block  diagram  thereof  shown  in 
Fig.  3.  This  switch  24  has  three  terminals  33,  34, 
and  35;  the  terminal  33  is  connected  to  the  output 
of  the  amplifier  22,  the  terminal  34  is  connected  to  60 
the  output  of  the  amplifier  23,  and  the  terminal  35 
is  connected  to  the  inputs  of  the  distributors  25 
and  26.  The  signal  inputted  to  the  input  terminal 
33  from  the  amplifier  22  is  inputted  to  a  gate  36 
and  to  a  comparator  37.  Similarly,  the  signal  65 
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constant  velocity,  then  the  lateral  acceleration, 
the  roll  angle  acceleration,  and  the  longitudinal 
acceleration  of  the  vehicle  body  3  are  all  zero,  and 
therefore  the  outputs  of  the  sensors  19,  20,  and  21 

5  are  all  zero.  Accordingly,  the  signals  in  the  Fig.  1 
structure  are  all  zero,  and  for  each  wheel  2, 
referring  to  Fig.  2,  the  signals  "Fa  or  Fc"  and  "Fb" 
in  the  drive  unit  4  therefor  are  both  zero.  Further, 
since  the  force  F  senses  by  the  load  sensor  is 

w  substantially  equal  to  the  standard  force  F0  for 
that  wheel,  therefore  the  output  of  the  adder  15  is 
substantially  zero,  and  thus  the  signal  transmitted 
through  the  amplifier  16  to  the  electrical-hydraulic 
servo  valve  12  is  substantially  zero.  Thereby,  by 

15  the  above  described  system  of  feedback  control, 
the  pressure  difference  (P1-P2)  between  the 
pressures  in  the  upper  and  lower  chambers  7  and 
8  of  each  drive  unit  4  for  each  vehicle  wheel  2  is 
maintained  substantially  at  the  respective  one  of 

20  the  constant  values  Pfr,  Pfl,  Prr,  and  Prl  defined 
above,  and  thus  the  attitude  of  the  vehicle  body  is 
maintained  in  a  predetermined  appropriate  state. 
Now,  if  in  this  operational  condition,  while  the 
vehicle  is  running  at  a  constant  velocity,  one  of 

25  the  wheels  runs  over  a  bump  or  other  road 
obstruction,  then  the  force  received  by  said  wheel 
from  the  road  surface  will  temporarily  change; 
but  in  this  case,  also,  the  pressure  difference 
(P1-P2)  sustained  in  the  drive  unit  4  for  this 

30  vehicle  wheel  2  will  be  maintained  constant,  and 
therefore  the  force  produced  between  this  drive 
unit  4  and  the  vehicle  body  3,  in  other  words  the 
supporting  force  for  the  vehicle  body,  is  also 
maintained  constant.  Therefore,  the  position  of 

35  the  piston  6  of  this  drive  unit  4  will  change  relative 
to  the  cylinder  5  thereof,  according  to  change  of 
the  vertical  position  of  the  vehicle  wheel  2  as  it 
passes  over  the  bump,  but  the  vertical  position  of 
the  portion  of  the  vehicle  body  3  to  which  this 

40  drive  unit  4  is  attached  will  not  change,  and 
accordingly  the  attitude  of  the  vehicle  will  remain 
in  its  abovementioned  predetermined  approp- 
riate  state. 

Next,  the  case  that  the  vehicle  is  turning  around 
45  a  curve  will  be  explained.  In  this  case,  so  called 

centrifugal  force  (of  course  not  actually  a  force) 
acts  on  the  body  3  of  the  vehicle  in  the  direction 
radially  outwards  to  the  turn,  and  thereby  the 
vehicle  body  will  roll  in  the  direction  outwards  to 

so  the  turn.  Thus,  lateral  acceleration  IS  detected  by 
the  lateral  acceleration  sensor  19  and  similar  by 
roll  angle  acceleration  is  detected  by  the  roll  angle 
acceleration  sensor  20.  In  this  case,  the  mag- 
nitude  of  the  fluctuation  of  the  load  acting 

55  between  each  vehicle  wheel  2  and  the  vehicle 
body  3  will  be  independent  of  the  direction  of 
turning  of  the  vehicle  and  will  be  substantially 
proportional  to  the  acceleration  of  the  vehicle 
body.  Also,  with  respect  to  an  arbitrary  portion  of 

60  the  vehicle  body  3  above  the  center  of  gravity  of 
said  vehicle  body,  the  direction  of  the  vehicle 
lateral  acceleration  (the  centripetal  acceleration) 
and  the  direction  of  the  roll  angle  acceleration  will 
be  mutually  opposite.  As  a  result  of  this,  the  signs 

65  of  the  output  signals  from  the  amplifiers  22  and 

OR  gate  42  is  an  OFF  signal,  and  this  causes  the 
gate  36  to  be  closed  while  the  other  gate  40  is 
opened.  In  this  case,  the  input  signal  fed  to  the 
input  terminal  34  is  supplied  to  the  output  ter- 
minal  35,  while  the  input  signal  fed  to  the  input 
terminal  33  is  intercepted. 

Thus,  in  summary,  this  changeover  switch  24 
supplies  the  signal  of  value  a.k1  from  the  output 
of  the  amplifier  22  to  the  inputs  of  the  distributors 
25  and  26,  when  the  sign  of  the  signal  from  the 
lateral  acceleration  sensor  19  and  the  sign  of  the 
signal  from  the  roll  angle  acceleration  sensor  20 
agree,  and  on  the  other  hand  supplies  the  signal 
of  value  c.k2  from  the  output  of  the  amplifier  23  to 
the  inputs  of  the  distributors  25  and  26,  when  the 
sign  of  said  signal  from  said  lateral  acceleration 
sensor  19  and  the  sign  of  said  signal  from  said  roll 
angle  acceleration  sensor  20  differ. 

Referring  to  Fig.  2,  the  adder  15  for  the  drive 
unit4foreach  of  the  vehicle  wheels  2:  (a)  receives 
at  its  minus  terminal  the  signal  F  of  voltage 
magnitude  corresponding  to  the  actual  load  force 
acting  between  said  one  of  said  drive  units  4  and 
said  vehicle  body,  i.e.  the  amount  of  load  cur- 
rently  being  borne  by  the  corresponding  vehicle 
wheel  2,  outputted  by  the  corresponding  load 
sensor  17;  and  further  receives  at  its  three  plus 
terminals:  (b)  the  signal  F0  of  voltage  magnitude 
corresponding,  as  stated  above,  to  the  portion  of 
the  weight  of  the  vehicle  which  is  imposed  on  the 
corresponding  wheel  2  when  the  vehicle  is 
stationary;  (c)  the  signal  Fb  which  is  equal  to 
either  plus  or  minus  the  value  b.k3,  according  as 
to  which  wheel  is  involved,  as  explained  above; 
and  (d)  the  signal  "Fa  or  Fc",  which,  according  as 
to  whether  or  not  the  signs  of  the  values  a  and  c 
for  the  vehicle  lateral  acceleration  and  the  vehicle 
roll  angle  acceleration  agree  or  not,  either  is  equal 
to  either  plus  or  minus  either  the  value  Nf.a.ki  or 
the  value  Nr.a.ki  according  as  to  which  wheel  is 
involved,  or  alternatively  is  equal  to  either  plus  or 
minus  either  the  value  Nf.c.k2  or  the  value  Nr.c.k2 
again  according  as  to  which  wheel  is  involved. 
Therefore,  the  pressure  difference  (P1-P2) 
between  the  pressures  in  the  upper  and  lower 
chambers  7  and  8  of  each  drive  unit  4  for  each 
vehicle  wheel  2  is  controlled  by  a  feedback  pro- 
cess,  so  as  to  bring  the  value  F  to  be  equal  to 
Fb+F0+"Fa  or  Fc"  (as  above  for  the  relevant 
wheel). 

In  an  alternative  possible  embodiment,  not 
particularly  discussed  herein  because  based  upon 
the  explanation  in  this  specification  the  details 
thereof  will  be  clear  to  one  of  ordinary  skill  in  the 
relevant  art  without  undue  explanation,  the  con- 
trol  of  F  could  be  performed  by  open  loop  control, 
and  in  such  a  case  the  load  sensor  17  and  the 
input  path  for  the  signal  F0  could  be  omitted, 
without  departing  from  the  principle  of  the 
present  invention. 

Now,  the  operation  of  this  first  preferred 
embodiment  of  the  present  invention  in  various 
different  operational  circumstances  will  be 
explained. 

First,  if  the  vehicle  is  stationary  or  is  moving  at  a 
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acceleration  a  of  the  vehicle  body  3,  i.e.  corre- 
sponding  to  the  decrease  in  load  acting  between 
this  front  left  wheel  2  and  the  vehicle  body  3, 
according  to  the  operation  of  the  electrical- 

5  hydraulic  servo  valve  12  of  this  front  left  drive  unit 
4.  This  operation  of  the  two  front  drive  units  4 
substantially  prevents  the  front  of  the  vehicle 
from  undergoing  roll  action  during  this  left  turn. 
Similarly,  the  same  signal  a.k1  is  modified  by  the 

10  distributor  26  for  the  rear  wheels  by  multiplication 
by  the  factor  Nr,  so  that  a  positive  signal  Fa  of 
value  a.ki.Nr  is  supplied  to  the  adder  15  of  the 
drive  unit  4  of  the  servo  actuator  1rr  for  the  rear 
right  wheel  2,  thus  causing  the  pressure  differ- 

15  ence  (P1  -P2)  between  the  pressures  in  the  upper 
and  lower  chambers  7  and  8  of  this  Fear  right 
drive  unit  4  for  this  rear  right  vehicle  wheel  2  to  be 
increased  from  the  value  Prr  by  an  amount  corre- 
sponding  to  the  value  of  the  lateral  acceleration  a 

20  of  the  vehicle  body  3,  i.e.  corresponding  to  the 
increase  in  load  acting  between  this  rear  right 
wheel  2  and  the  vehicle  body  3,  according  to  the 
operation  of  the  electrical-hydraulic  servo  valve 
12  of  this  rear  right  drive  unit  4.  On  the  other 

25  hand,  this  same  signal  of  value  a.k1  .Nr  is  inverted 
by  the  inverter  28  to  produce  a  negative  signal  Fa 
of  value  -a.k1.Nr  which  is  supplied  to  the  adder 
15  of  the  drive  unit  4  of  the  servo  actuator  1rl  for 
the  rear  left  wheel  2,  thus  causing  the  pressure 

30  difference  (P1-P2)  between  the  pressures  in  the 
upper  and  lower  chambers  7  and  8  of  this  rear  left 
drive  unit  4  for  this  rear  left  vehicle  wheel  2  to  be 
decreased  from  the  value  P,l  again  by  an  amount 
corresponding  to  the  value  of  the  lateral  accelera- 

35  tion  a  of  the  vehicle  body  3,  i.e.  corresponding  to 
the  decrease  in  load  acting  between  this  rear  left 
wheel  2  and  the  vehicle  body  3,  according  to  the 
operation  of  the  electrical-hydraulic  servo  valve 
12  of  this  rear  left  drive  unit  4.  This  operation  of 

40  the  two  rear  drive  units  4  thus  likewise  sub- 
stantially  prevents  the  rear  of  the  vehicle  from 
undergoing  roll  action  in  the  clockwise  direction 
as  seen  from  the  rear  of  the  vehicle  during  this  left 
turn. 

45  On  the  other  hand,  if  the  vehicle  is  turning  to 
the  right,  then  the  direction  of  the  acceleration  of 
the  vehicle  body  3  is,  as  seen  from  the  rear  of  the 
vehicle,  to  the  right,  and  further  the  direction  of 
the  roll  angle  acceleration  of  said  vehicle  body  3 

so  is,  also  as  seen  from  the  rear  of  the  vehicle, 
anticlockwise  —  in  other  words,  from  the  point  of 
view  of  any  part  of  the  vehicle  body  3  above  the 
center  of  gravity  thereof,  is  to  the  left;  and 
accordingly  the  signal  a  outputted  by  the  lateral 

55  acceleration  sensor  19  and  also  the  signal  c 
outputted  by  the  roll  angle  acceleration  sensor  20 
will  both  be  negative.  Accordingly,  again  in  this 
case,  the  signal  Fa  equal  to  a.k1  based  upon  said 
signal  a  outputted  from  the  lateral  acceleration 

60  sensor  19  as  amplified  by'  the  amplifier  22,  which 
is  in  this  case  a  negative  signal,  is  the  one  which  is 
inputted,  via  the  changeover  switch  24  and  via  the 
distributors  25  and  26  after  appropriate  modifi- 
cation  thereby,  in  two  cases  as  further  modified 

65  by  the  inverters  27  and  28,  to  the  adder  1  5  of  each 

23  of  the  Fig.  1  structure  which  are  input  to  the 
changeover  switch  24  will  be  the  same,  and 
therefore  in  this  case  the  signal  Fa  based  upon  the 
signal  a  outputted  from  the  lateral  acceleration 
sensor  1  9  is  inputted  via  the  distributors  25  and  26 
after  appropriate  modification  thereby  to  the 
adder  of  each  of  the  servo  actuators  1,  with  as 
explained  above  its  sign  being  reversed  for  the 
servo  actuators  1fl  and  1rl  while  being  left  undis- 
turbed  for  the  servo  actuators  Ifr  and  1rr;  while 
on  the  other  hand  the  signal  Fc  which  is  based 
upon  the  signal  c  outputted  from  the  roll  angle 
acceleration  sensor  20  is  intercepted. 

Thus,  if  the  vehicle  is  turning  to  the  left,  then  the 
direction  of  the  acceleration  of  the  vehicle  body  3 
is,  as  seen  from  the  rear  of  the  vehicle,  to  the  left, 
and  further  the  direction  of  the  roll  angle  accelera- 
tion  of  said  vehicle  body  3  is,  also  as  seen  from 
the  rear  of  the  vehicle,  clockwise  —  in  other  words, 
from  the  point  of  view  of  any  part  of  the  vehicle 
body  3  above  the  center  of  gravity  thereof,  is  to 
the  right;  and  accordingly  the  signal  a  outputted 
by  the  lateral  acceleration  sensor  19  and  also  the 
signal  c  outputted  by  the  roll  angle  acceleration 
sensor  20  will  both  be  positive.  Accordingly,  in 
this  case,  the  signal  Fa  equal  to  a.k1  based  upon 
said  signal  a  outputted  from  the  lateral  accelera- 
tion  sensor  19  as  amplified  by  the  amplifier  22, 
which  is  a  positive  signal,  is  the  one  which  is 
inputted,  via  the  changeover  switch  24  and  via  the 
distributors  25  and  26  after  appropriate  modifi- 
cation  thereby,  in  two  cases  as  further  modified 
by  the  inverters  27  and  28,  to  the  adder  1  5  of  each 
of  the  four  servo  actuators  1  for  the  four  vehicle 
wheels,  while  on  the  other  hand  the  signal  Fc 
equal  to  c.k2  based  upon  the  signal  c  outputted 
from  the  roll  angle  acceleration  sensor  20  as 
amplified  by  the  amplifier  23  is  the  one  which  is 
intercepted  at  said  changeover  switch  24.  In  more 
detail,  this  positive  signal  a.k1  is  modified  by  the 
distributor  25  for  the  front  wheels  by  multiplica- 
tion  by  the  factor  Nf,  so  that  a  positive  signal  Fa  of 
value  a.ki.Nf  is  supplied  to  the  adder  15  of  the 
drive  unit  4  of  the  servo  actuator  1fr  for  the  front 
right  wheel  2,  thus  causing  the  pressure  differ- 
ence  (P1-P2)  between  the  pressures  in  the  upper 
and  lower  chambers  7  and  8  of  this  front  right 
drive  unit  4  for  this  front  right  vehicle  wheel  2  to 
be  increased  from  the  value  Pfr  by  an  amount 
corresponding  to  the  value  of  the  lateral  accelera- 
tion  a  of  the  vehicle  body  3,  i.e.  corresponding  to 
the  increase  in  load  acting  between  this  front  right 
wheel  2  and  the  vehicle  body  3,  according  to  the 
operation  of  the  electrical-hydraulic  servo  valve 
12  of  this  front  right  drive  unit  4.  On  the  other 
hand,  this  same  signal  of  value  a.k1  .Nf  is  inverted 
by  the  inverter  27  to  produce  a  negative  signal  Fa 
of  value  -a.k1.Nf  which  is  supplied  to  the  adder 
15  of  the  drive  unit  4  of  the  servo  actuator  1fl  for 
the  front  left  wheel  2,  thus  causing  the  pressure 
difference  (P1-P2)  between  the  pressures  in  the 
upper  and  lower  chambers  7  and  8  of  this  front 
left  drive  unit  4  for  this  front  left  vehicle  wheel  2  to 
be  decreased  from  the  value  Pfl,  again  by  an 
amount  corresponding  to  the  value  of  the  lateral 
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of  the  four  servo  actuators  1  for  the  four  vehicle 
wheels,  while  on  the  other  hand  the  signal  Fc 
equal  to  c.k2  based  upon  the  signal  c  outputted 
from  the  roll  angle  acceleration  sensor  20  as 
amplified  by  the  amplifier  23  again  is  the  one  5 
which  is  intercepted  at  said  changeover  switch  24. 
In  more  detail,  this  negative  signal  a.k1  is  modifed 
by  the  distributor  25  for  the  front  wheels  by 
multiplication  by  the  factor  Nf,  so  that  a  negative 
signal  Fa  of  value  a.k1  .Nf  is  supplied  to  the  adder  w 
15  of  the  drive  unit  4  of  the  servo  actuator  1fr  for 
the  front  right  wheel  2,  thus  causing  the  pressure 
difference  (P1  -P2)  between  the  pressures  in  the 
upper  and  lower  chambers  7  and  8  of  this  front 
right  drive  unit  4  for  this  front  right  vehicle  wheel  15 
2  to  be  decreased  from  the  value  Pfr  by  an 
amount  corresponding  to  the  value  of  the  lateral 
acceleration  a  of  the  vehicle  body  3,  i.e.  corre- 
sponding  to  the  decrease  in  load  acting  between 
this  front  right  wheel  2  and  the  vehicle  body  3,  20 
according  to  the  operation  of  the  electrical- 
hydraulic  servo  valve  12  of  this  front  right  drive 
unit  4.  On  the  other  hand,  this  same  signal  of 
value  a.ki.Nf  is  inverted  by  the  inverter  27  to 
produce  a  positive  signal  Fa  of  value  -a.k1.Nf  25 
which  is  supplied  to  the  adder  15  of  the  drive  unit 
4  of  the  servo  actuator  1fl  for  the  front  left  wheel 
2,  thus  causing  the  pressure  difference  (P1-P2) 
between  the  pressures  in  the  upper  and  lower 
chambers  7  and  8  of  this  front  left  drive  unit  4  for  30 
this  front  left  vehicle  wheel  2.to  be  increased  from 
the  value  Pfl,  again  by  an  amount  corresponding 
to  the  value  of  the  lateral  acceleration  a  of  the 
vehicle  body  3,  i.e.  corresponding  to  the  increase 
in  load  acting  between  this  front  left  wheel  2  and  35 
the  vehicle  body  3,  according  to  the  operation  of 
the  electrical-hydraulic  servo  valve  12  of  this  front 
left  drive  unit  4.  This  operation  of  the  two  front 
drive  units  4  substantially  prevents  the  front  of 
the  vehicle  from  undergoing  roll  action  during  40 
this  right  turn.  Similarly,  the  same  negative  signal 
a.k1  is  modified  by  the  distributor  26  for  the  rear 
wheels  by  multiplication  by  the  factor  Nr,  so  that  a 
negative  signal  Fa  of  value  a.ki.Nr  is  supplied  to 
the  adder  15  of  the  drive  unit  4  of  the  servo  45 
actuator  1rr  for  the  rear  right  wheel  2,  thus 
causing  the  pressure  difference  (P1-P2)  between 
the  pressures  in  the  upper  and  lower  chambers  7 
and  8  of  this  rear  right  drive  unit  4  for  this  rear 
right  vehicle  wheel  2  to  be  decreased  from  the  so 
value  Prr  by  an  amount  corresponding  to  the 
value  of  the  lateral  acceleration  a  of  the  vehicle 
body  3,  i.e.  corresponding  to  the  decrease  in  load 
acting  between  this  rear  right  wheel  2  and  the 
vehicle  body  3,  according  to  the  operation  of  the  55 
electrical-hydraulic  servo  valve  12  of  this  rear 
right  drive  unit  4.  On  the  other  hand,  this  same 
signal  of  value  a.ki.Nr  is  inverted  by  the  inverter 
28  to  produce  a  positive  signal  Fa  of  value 
-a.k1  .Nr  which  is  supplied  to  the  adder  1  5  of  the  eo 
drive  unit  4  of  the  servo  actuator  1rl  for  the  rear 
left  wheel  2,  thus  causing  the  pressure  difference 
(P1-P2)  between  the  pressures  in  the  upper  and 
lower  chambers  7  and  8  of  this  rear  left  drive  unit 
4  for  this  rear  left  vehicle  wheel  2  to  be  increased  65 

from  the  value  Prl,  again  by  an  amount  corre- 
sponding  to  the  value  of  the  lateral  acceleration  a 
of  the  vehicle  body  3,  i.e.  corresponding  to  the 
increase  in  load  acting  between  this  rear  left 
wheel  2  and  the  vehicle  body  3,  according  to  the 
operation  of  the  electrical-hydraulic  servo  valve 
12  of  this  rear  left  drive  unit  4.  This  operation  of 
the  two  rear  drive  units  4  thus  likewise  sub- 
stantially  prevents  the  rear  of  the  vehicle  from 
undergoing  roil  action  in  the  anticlockwise  direc- 
tion  as  seen  from  the  rear  of  the  vehicle  during 
this  right  turn. 

By  setting  the  distribution  ratio  between  the 
signals  from  the  distributors  25  and  26,  i.e.  the 
ratio  Nf:Nr,  appropriately,  it  is  possible  appro- 
priately  to  tailor  the  steering  characteristics  of  the 
vehicle  which  it  is  turning.  Specifically,  if  this  ratio 
Nf  :Nr  is  set  equal  to  unit,  so  that  Nf=Nr=0.5,  then 
the  fluctuation  in  load  acting  between  the  vehicle 
wheels  and  the  vehicle  body  as  a  result  of  the 
centrifugal  force  acting  upon  the  vehicle  will  be 
borne  equally  by  the  front  wheels  and  by  the  rear 
wheels,  and  the  vehicle  steering  characteristics 
will  be  substantially  neutral.  Further,  if  this  ratio 
Nf:Nr  is  set  equal  to  greater  than  unity,  so  that  Nf 
is  greater  than  0.5  and  Nris  less  than  0.5,  then  the 
fluctuation  in  load  acting  between  the  vehicle 
wheels  and  the  vehicle  body  as  a  result  of  the 
centrifugal  force  acting  upon  the  vehicle  will  be 
borne  more  by  the  front  wheels  than  by  the  rear 
wheels,  and  the  vehicle  steering  characteristics 
will  be  those  of  understeer.  On  the  other  hand,  if 
the  ratio  Nf:Nr  is  set  equal  to  less  than  unity,  so 
that  Nf  is  less  than  0.5  and  Nr  is  greater  than  0.5, 
then  the  fluctuation  in  load  acting  between  the 
vehicle  wheels  and  the  vehicle  body  as  a  result  of 
the  centrifugal  force  acting  upon  the  vehicle  will 
be  borne  less  by  the  front  wheels  than  by  the  rear 
wheels,  and  the  vehicle  steering  characteristics 
will  be  those  of  oversteer. 

Next,  the  case  that  the  vehicle  is  subjected  to  a 
relatively  strong  sideways  force  such  as  a  gust  of 
wind  will  be  explained.  In  this  case,  the  vehicle 
body  3  is  driven  in  the  downwind  or  lee  direction 
by  the  pressure  of  the  wind  upon  it,  and  thus  a  roll 
effect  is  obtained,  with  the  upper  part  of  said 
vehicle  body  3  moving  relative  to  the  center  of 
gravity  thereof  in  said  downwind  direction.  There- 
fore,  the  vehicle  body  3  behaves  substantially  in 
the  same  way  as  when  subjected  to  centrifugal 
force  when  the  vehicle  is  turning  around  a  curve. 
In  this  case,  the  fluctuation  in  the  load  acting 
between  the  vehicle  wheels  2  and  the  vehicle 
body  3  is  proportional  to  the  pressure  force  due  to 
the  side  wind  acting  upon  said  vehicle  body  3, 
and  therefore  is  substantially  proportional  to  the 
roll  angle  acceleration  of  said  vehicle  body  3. 
Whereas,  however,  when  the  vehicle  is  turning 
around  a  curve,  the  direction  of  the  vehicle  lateral 
acceleration  as  detected  by  the  vehicle  lateral 
acceleration  sensor  19  is  the  same  as  the  direction 
of  the  vehicle  roll  angle  acceleration  as  detected 
by  the  vehicle  roll  angle  acceleration  sensor  20  as 
described  above,  on  the  other  hand,  when  the 
vehicle  is  suffering  from  being  blown  sideways  by 
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value  Pfr  by  an  amount  corresponding  to  the 
value  of  the  roll  angle  acceleration  c  of  the  vehicle 
body  3,  i.e.  corresponding  to  the  increase  in  load 
acting  between  this  front  right  wheel  2  and  the 

5  vehicle  body  3,  according  to  the  operation  of  the 
electrical-hydraulic  servo  valve  12  of  this  front 
right  drive  unit  4.  "On  the  other  hand,  this  same 
signal  of  value  c.k2.Nf  is  inverted  by  the  inverter 
27  to  produce  a  negative  signal  Fc  of  value 

w  -c.k2.Nf  which  is  supplied  to  the  adder  15  of  the 
drive  unit  4  of  the  servo  actuator  1fl  for  the  front 
left  wheel  2,  thus  causing  the  pressure  difference 
(P1  P2)  between  the  pressures  in  the  upper 
and  lower  chambers  7  and  8  of  this  front  left  drive 

15  unit  4  for  this  front  left  vehicle  wheel  2  to  be 
decreased  from  the  value  Pfl,  again  by  an  amount 
corresponding  to  the  value  of  the  roll  angle 
acceleration  c  of  the  vehicle  body  3,  i.e.  corre- 
sponding  to  the  decrease  in  load  acting  between 

20  this  front  left  wheel  2  and  the  vehicle  body  3, 
according  to  the  operation  of  the  electrical- 
hydraulic  servo  valve  12  of  this  front  left  drive  unit 
4.  This  operation  of  the  two  front  drive  units  4 
substantially  prevents  the  front  of  the  vehicle 

25  from  undergoing  roll  action  during  the  impact  of 
this  gust  from  the  left  side  of  the  vehicle. 
Similarly,  the  same  positive  signal  c.k2  is  modi- 
fied  by  the  distributor  26  for  the  rear  wheels  by 
multiplication  by  the  factor  Nr,  so  that  a  positive 

30  signal  Fc  of  value  c.k2.Nr  is  supplied  to  the  adder 
15  of  the  drive  unit  4  of  the  servo  actuator  1rr  for 
the  rear  right  wheel  2,  thus  causing  the  pressure 
difference  (P1-P2)  between  the  pressures  in  the 
upper  and  lower  chambers  7  and  8  of  this  rear 

35  right  drive  unit  4  for  this  rear  right  vehicle  wheel  2 
to  be  increased  from  the  value  Prr  by  an  amount 
corresponding  to  the  value  of  the  roll  angle 
acceleration  c  of  the  vehicle  body  3,  i.e.  corre- 
sponding  to  the  increase  in  load  acting  between 

40  this  rear  right  wheel  2  and  the  vehicle  body  3, 
according  to  the  operation  of  the  electrical- 
hydraulic  servo  valve  12  of  this  rear  right  drive 
unit  4.  On  the  other  hand,  this  same  signal  of 
value  c.k2.Nr  is  inverted  by  the  inverter  28  to 

45  produce  a  negative  signal  Fc  of  value  -c.k2.Nr 
which  is  supplied  to  the  adder  15  of  the  drive  unit 
4  of  the  servo  actuator  1  rl  for  the  rear  left  wheel  2, 
thus  causing  the  pressure  difference  (P1-P2) 
between  the  pressures  in  the  upper  and  lower 

so  chambers  7  and  8  of  this  rear  left  drive  unit  4  for 
this  rear  left  vehicle  wheel  2  to  be  decreased  from 
the  value  Prl,  again  by  an  amount  corresponding 
to  the  value  of  the  roll  angle  acceleration  c  of  the 
vehicle  body  3,  i.e.  corresponding  to  the  decrease 

55  in  load  acting  between  this  rear  left  wheel  2  and 
the  vehicle  body  3,  according  to  the  operation  of 
the  electrical-hydraulic  servo  valve  12  of  this  rear 
left  drive  unit  4.  This  operation  of  the  two  rear 
drive  units  4  thus  likewise  substantially  prevents 

60  the  rear  of  the  vehicle  from  undergoing  roll  action 
in  the  clockwise  direction  as  seen  from  the  rear  of 
the  vehicle  during  this  impact  of  a  gust  from  the 
left  side  of  the  vehicle. 

On  the  other  hand,  if  the  vehicle  is  subjected  to 
65  a  gust  of  wind  coming  from  its  right  side,  then  the 

a  gust  of  wind  or  the  like,  these  directions  are 
opposite.  Thus  by  comparing  the  sign  of  the 
output  signal  a  of  the  vehicle  lateral  acceleration 
sensor  1  9  and  the  sign  of  the  output  signal  c  of  the 
vehicle  roll  angle  acceleration  sensor  20,  as 
described  above  with  respect  to  the  operation  of 
the  changeover  switch  24,  it  is  possible  to  detect 
whether  the  vehicle  is  turning  around  a  curve  or  is 
being  blown  sideways  by  a  gust  of  wind,  accord- 
ing  as  to  whether  or  not,  respectively,  these  signs 
agree.  Further,  when  the  vehicle  is  being  blown 
sideways  by  a  gust  of  wind,  the  amount  of 
movement  of  the  vehicle  body  3  in  the  downwind 
direction  is  very  small,  but  on  the  other  hand  the 
fluctuation  in  the  load  acting  between  the  vehicle 
wheels  2  and  the  vehicle  body  3  is  substantial  and 
is  proportional  to  the  pressure  force  due  to  the 
side  wind  acting  upon  said  vehicle  body  3,  i.e.  is 
proportional  to  the  roll  angle  acceleration  of  said 
vehicle  body  3  which  is  substantial.  Therefore,  in 
this  case,  it  is  desirable  that  the  regulation  of  the 
pressure  difference  (P1-P2)  between  the 
pressures  in  the  upper  and  lower  chambers  7  and 
8  of  each  of  the  drive  units  4  for  each  of  the 
vehicle  wheels  2  should  be  performed  based 
upon  the  value  of  the  roll  angle  acceleration  of  the 
vehicle  body  3,  not  upon  the  value  of  the  lateral 
acceleration  thereof. 

Thus,  if  the  vehicle  is  subjected  to  a  gust  of 
wind  coming  from  its  left  side,  then  the  direction 
of  the  acceleration  of  the  vehicle  body  3  is,  as 
seen  from  the  rear  of  the  vehicle,  to  the  right,  and 
further  the  direction  of  the  roll  angle  acceleration 
of  said  vehicle  body  3  is,  also  as  seen  from  the 
rear  of  the  vehicle,  clockwise  —  in  other  words, 
from  the  point  of  view  of  any  part  of  the  vehicle 
body  3  above  the  center  of  gravity  thereof,  is  to 
the  right;  and  accordingly  the  signal  a  outputted 
by  the  lateral  acceleration  sensor  19  will  be 
negative,  while  the  signal  c  outputted  by  the  roll 
angle  acceleration  sensor  20  will  be  positive. 
Accordingly,  in  this  case,  the  signal  Fc  equal  to 
c.k2  based  upon  the  signal  c  outputted  from  the 
roll  angle  acceleration  sensor  20  as  amplified  by 
the  amplifier  23,  which  is  a  positive  signal,  is  the 
one  which  is  inputted,  via  the  changeover  switch 
24  and  via  the  distributors  25  and  26  after  approp- 
riate  modification  thereby,  in  two  cases  as  further 
modified  by  the  inverters  27  and  28,  to  the  adder 
15  of  each  of  the  four  servo  actuators  1  for  the 
four  vehicle  wheels,  while  on  the  other  hand  the 
signal  Fa  equal  to  a.k1  based  upon  said  negative 
signal  a  outputted  from  the  lateral  acceleration 
sensor  19  as  amplified  by  the  amplifier  22  is  the 
one  which  is  intercepted  at  said  changeover 
switch  24.  In  more  detail,  this  positive  signal  c.k2 
is  modified  by  the  distributor  25  for  the  front 
wheels  by  multiplication  by  the  factor  Nf,  so  that  a 
positive  signal  Fc  of  value  c.k2.Nf  is  supplied  to 
the  adder  15  of  the  drive  unit  4  of  the  servo 
actuator  1fr  for  the  front  right  wheel  2,  thus 
causing  the  pressure  difference  (P1-P2)  between 
the  pressures  in  the  upper  and  lower  chambers  7 
and  8  of  this  front  right  drive  unit  4  for  this  front 
right  vehicle  wheel  2  to  be  increased  from  the 
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actuator  1rr  for  the-  rear  right  wheel  2,  thus 
causing  the  presssure  difference  (P1-P2) 
between  the  pressures  in  the  upper  and  lower 
chambers  7  and  8  of  this  rear  right  drive  unit  4  for 
this  rear  right  vehicle  wheel  2  to  be  decreased 
from  the  value  Prr  by  an  amount  corresponding  to 
the  value  of  the  roll  angle  acceleration  c  of  the 
vehicle  body  3,  i.e.  corresponding  to  the  decrease 
in  load  acting  between  this  rear  right  wheel  2  and 
the  vehicle  body  3,  according  to  the  operation  of 
the  electrical-hydraulic  servo  valve  12  of  this  rear 
right  drive  unit  4.  On  the  other  hand,  this  same 
signal  of  value  c.k2.Nr  is  inverted  by  the  inverter 
28  to  produce  a  positive  signal  Fc  of  value 
-c.k2.Nr  which  is  supplied  to  the  adder  15  of  the 
drive  unit  4  of  the  servo  actuator  1rl  for  the  rear 
left  wheel  2,  thus  causing  the  pressure  difference 
(P1-P2)  between  the  pressures  in  the  upper  and 
lower  chambers  7  and  8  of  this  rear  left  drive  unit 
4  for  this  rear  left  vehicle  wheel  2  to  be  increased 
from  the  value  Prl,  again  by  an  amount  corre- 
sponding  to  the  value  of  the  roll  angle  accelera- 
tion  c  of  the  vehicle  body  3,  i.e.  corresponding  to 
the  increase  in  load  acting  between  this  rear  left 
wheel  2  and  the  vehicle  body  3,  according  to  the 
operation  of  the  electrical-hydraulic  servo  valve 
12  of  this  rear  left  drive  unit  4.  This  operation  of 
the  two  rear  drive  units  4  thus  likewise  sub- 
stantially  prevents  the  rear  of  the  vehicle  from 
undergoing  roll  action  in  the  anticlockwise  direc- 
tion  as  seen  from  the  rear  of  the  vehicle  during 
this  impact  of  a  gust  from  the  right  side  of  the 
vehicle. 

Next,  the  case  that  the  vehicle  is  accelerating  or 
is  decelerating  will  be  explained.  In  the  case  of 
vehicle  acceleration,  the  vehicle  body  3  performs 
a  motion  with  acceleration  in  the  longitudinal 
direction  of  the  vehicle,  and  a  so  called  inertia! 
force  (in  reality  of  course  not  a  force)  acts  upon 
the  vehicle  body  in  the  direction  opposite  to  the 
direction  of  motion  thereof,  i.e.  in  the  rearwards 
direction.  As  a  result  of  this,  the  loads  acting 
between  both  the  left  and  the  right  front  wheel 
and  the  vehicle  body  are  diminished,  while  on  the 
other  hand  the  loads  acting  between  both  the  left 
and  the  right  rear  wheel  and  the  vehicle  body  are 
increased.  This  tends  to  cause  vehicle  squat.  On 
the  other  hand,  in  the  case  of  vehicle  deceleration, 
the  vehicle  body  3  performs  a  motion  with  decel- 
eration  in  the  longitudinal  direction  of  the  vehicle, 
and  a  so  called  inertial  force  acts  upon  the  vehicle 
body  in  the  direction  of  motion  thereof,  i.e.  in  the 
forwards  directions.  As  a  result  of  this,  the  loads 
acting  between  both  the  left  and  the  right  front 
wheel  and  the  vehicle  body  are  increased,  while 
on  the  other  hand  the  loads  acting  between  both 
the  left  and  the  right  rear  wheel  and  the  vehicle 
body  are  diminished.  This  tends  to  cause  vehicle 
nosediving.  In  both  of  these  cases,  irrespective  of 
whether  the  vehicle  is  accelerating  or  is  decelerat- 
ing,  the  fluctuations  in  the  loads  acting  between 
the  vehicle  wheels  and  the  vehicle  body  are 
substantially  proportional  to  the  value  of  the 
acceleration  of  the  vehicle  body. 

Thus,  if  the  vehicle  is  accelerating,  then  the 

direction  of  the  acceleration  of  the  vehicle  body  3 
is,  as  seen  from  the  rear  of  the  vehicle,  to  the  left, 
and  further  the  direction  of  the  roll  angle  accelera- 
tion  of  said  vehicle  body  3  is,  also  as  seen  from 
the  rear  of  the  vehicle,  anticlockwise  —  in  other  5 
words,  from  the  point  of  view  of  any  part  of  the 
vehicle  body  3  above  the  center  of  gravity  thereof, 
is  to  the  left;  and  accordingly  the  signal  a  output- 
ted  by  the  lateral  acceleration  sensor  19  will  be 
positive,  while  the  signal  c  outputted  by  the  roll  10 
angle  acceleration  sensor  20  will  be  negative. 
Accordingly,  in  this  case,  again  the  signal  Fc  equal 
to  c.k2  based  upon  the  signal  c  outputted  from  the 
roll  angle  acceleration  sensor  20  as  amplified  by 
the  amplifier  23,  which  is  a  negative  signal,  is  the  is 
one  which  is  inputted,  via  the  changeover  switch 
24  and  via  the  distributors  25  and  26  after  approp- 
riate  modification  thereby,  in  two  cases  as  further 
modified  by  the  inverters  27  and  28,  to  the  adder 
15  of  each  of  the  four  servo  actuators  1  for  the  20 
four  vehicle  wheels,  while  on  the  other  hand  the 
signal  Fa  equal  to  a.k1  based  upon  said  positive 
signal  a  outputted  from  the  lateral  acceleration 
sensor  19  as  amplified  by  the  amplifier  22  is  the 
one  which  is  intercepted  at  said  changeover  25 
switch  24.  In  more  detail,  this  negative  signal  c.k2 
is  modified  by  the  distributor  25  for  the  front 
wheels  by  multiplication  by  the  factor  Nf,  so  that  a 
negative  signal  Fc  of  value  c.k2.Nf  is  supplied  to 
the  adder  15  of  the  drive  unit  4  of  the  servo  30 
actuator  1fr  for  the  front  right  wheel  2,  thus 
causing  the  pressure  difference  (P1-P2)  between 
the  pressures  in  the  upper  and  lower  chambers  7 
and  8  of  this  front  right  drive  unit  4  for  this  front 
right  vehicle  2  to  be  decreased  from  the  value  Pfr  35 
by  an  amount  corresponding  to  the  value  of  the 
roll  angle  acceleration  c  of  the  vehicle  body  3,  i.e. 
corresponding  to  the  decrease  in  load  acting 
between  this  front  right  wheel  2  and  the  vehicle 
body  3,  according  to  the  operation  of  the  electri-  40 
cal-hydraulic  servo  valve  12  of  this  front  right 
drive  unit  4.  On  the  other  hand,  this  same  signal 
of  value  c.k2.Nf  is  inverted  by  the  inverter  27  to 
produce  a  positive  signal  Fc  of  value  -c.k2.Nf 
which  is  supplied  to  the  adder  15  of  the  drive  unit  45 
4  of  the  servo  actuator  1fl  for  the  front  left  wheel 
2,  thus  causing  the  pressure  difference  (P1-P2) 
between  the  pressures  in  the  upper  and  lower 
chambers  7  and  8  of  this  front  left  drive  unit  4  for 
this  front  left  vehicle  wheel  2  to  be  increased  from  so 
the  value  Pfl,  again  by  an  amount  corresponding 
to  the  value  of  the  roll  angle  acceleration  c  of  the 
vehicle  body  3,  i.e.  corresponding  to  the  increase 
in  load  acting  between  this  front  left  wheel  2  and 
the  vehicle  body  3,  according  to  the  operation  of  ss 
the  electrical-hydraulic  servo  valve  12  of  this  front 
left  drive  unit  4.  This  operation  of  the  two  front 
drive  units  4  substantially  prevents  the  front  of 
the  vehicle  from  undergoing  roll  action  during  the 
impact  of  this  gust  from  the  right  side  of  the  60 
vehicle.  Similarly,  the  same  negative  signal  c.k2  is 
modified  by  the  distributor  26  for  the  rear  wheels 
by  multiplication  by  the  factor  Nr,  so  that  a 
negative  signal  Fc  of  value  c.k2.  Nr  is  supplied  to 
the  adder  15  of  the  drive  unit  4  of  the  servo  ss 
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23  of  the  Fig.  1  structure  which  are  input  to  the 
changeover  switch  24  will  be  the  same,  and 
therefore  in  this  case  the  signal  Fa  based  upon  the 
signal  a  outputted  from  the  lateral  acceleration 
sensor  19  is  inputted  via  the  distributors  25  and  26  5 
after  appropriate  modification  thereby  to  the 
adder  of  each  of  the  servo  actuators  1,  with  as 
explained  above  its  sign  being  reversed  for  the 
servo  actuators  1fl  and  1rl  while  being  left  undis- 
turbed  for  the  servo  actuators  1fr  and  1rr;  while  io 
on  the  other  hand  the  signal  Fc  which  is  based 
upon  the  signal  c  outputted  from  the  roll  angle 
acceleration  sensor  20  is  intercepted. 

Thus,  if  the  vehicle  is  turning  to  the  left,  then  the 
direction  of  the  acceleration  of  the  vehicle  body  3  15 
is,  as  seen  from  the  rear  of  the  vehicle,  to  the  left, 
and  further  the  direction  of  the  roll  angle  accelera- 
tion  of  said  vehicle  body  3  is,  also  as  seen  from 
the  rear  of  the  vehicle,  clockwise  —  in  other  words, 
from  the  point  of  view  of  any  part  of  the  vehicle  20 
body  3  above  the  center  of  gravity  thereof,  is  to 
the  right;  and  accordingly  the  signal  a  outputted 
by  the  lateral  acceleration  sensor  19  and  also  the 
signal  c  outputted  by  the  roll  angle  acceleration 
sensor  20  will  both  be  positive.  Accordingly,  in  25 
this  case,  the  signal  Fa  equal  to  a.k1  based  upon 
said  signal  a  outputted  from  the  lateral  accelera- 
tion  sensor  19  as  amplified  by  the  amplifier  22, 
which  is  a  positive  signal,  is  the  one  which  is 
inputted,  via  the  changeover  switch  24  and  via  the  30 
distributors  25  and  26  after  appropriate  modifi- 
cation  thereby,  in  two  cases  as  further  modified 
by  the  inverters  27  and  28,  to  the  adder  15  of  each 
of  the  four  servo  actuators  1  for  the  four  vehicle 
wheels,  while  on  the  other  hand  the  signal  Fc  35 
equal  to  c.k2  based  upon  the  signal  c  outputted 
from  the  roll  angle  acceleration  sensor  20  as 
amplified  by  the  amplifier  23  is  the  one  which  is 
intercepted  at  said  changeover  switch  24.  In  more 
detail,  this  positive  signal  a.k1  is  modified  by  the  40 
distributor  25  for  the  front  wheels  by  multiplica- 
tion  by  the  factor  Nf,  so  that  a  positive  signal  Fa  of 
value  a.ki.Nf  is  supplied  to  the  adder  15  of  the 
drive  unit  4  of  the  servo  actuator  1fr  for  the  front 
right  wheel  2,  thus  causing  the  pressure  differ-  45 
ence  (P1-P2)  between  the  pressures  in  the  upper 
and  lower  chambers  7  and  8  of  this  front  right 
drive  unit  4  for  this  front  right  vehicle  wheel  2  to 
be  increased  from  the  value  Pfr  by  an  amount 
corresponding  to  the  value  of  the  lateral  accelera-  so 
tion  a  of  the  vehicle  body  3,  i.e.  corresponding  to 
the  increase  in  load  acting  between  this  front  right 
wheel  2  and  the  vehicle  body  3,  according  to  the 
operation  of  the  electrical-hydraulic  servo  valve 
12  of  this  front  right  drive  unit  4.  On  the  other  55 
hand,  this  same  signal  of  value  a.ki.Nf  is  inverted 
by  the  inverter  27  to  produce  a  negative  signal  Fa 
of  value  -a.k1.Nf  which  is  supplied  to  the  adder 
15  of  the  drive  unit  4  of  the  servo  actuator  1fl  for 
the  front  left  wheel  2,  thus  causing  the  pressure  60 
difference  (P1-P2)  between  the  pressures  in  the 
upper  and  lower  chambers  7  and  8  of  this  front 
left  drive  unit  4  for  this  front  left  vehicle  wheel  2  to 
be  decreased  from  the  value  Pfl,  again  by  an 
amount  corresponding  to  the  value  of  the  lateral  65 

acceleration  a  of  the  vehicle  body  3,  i.e.  corre- 
sponding  to  the  decrease  in  load  acting  between 
this  front  left  wheel  2  and  the  vehicle  body  3, 
according  to  the  operation  of  the  electrical- 
hydraulic  servo  valve  12  of  this  front  left  drive  unit 
4.  This  operation  of  the  two  front  drive  units  4 
substantially  prevents  the  front  of  the  vehicle 
from  undergoing  roll  action  during  this  left  turn. 
Similarly,  the  same  signal  a.k1  is  modified  by  the 
distributor  26  for  the  rear  wheels  by  multiplication 
by  the  factor  Nr,  so  that  a  positive  signal  Fa  of 
value  a.ki.Nr  is  supplied  to  the  adder  15  of  the 
drive  unit  4  of  the  servo  actuator  Irr  for  the  rear 
right  wheel  2,  thus  causing  the  pressure  differ- 
ence  (P1-P2)  between  the  pressures  in  the  upper 
and  lower  chambers  7  and  8  of  this  rear  right 
drive  unit  4  for  this  rear  right  vehicle  wheel  2  to  be 
increased  from  the  value  Prr  by  an  amount  corre- 
sponding  to  the  value  of  the  lateral  acceleration  a 
of  the  vehicle  body  3,  i.e.  corresponding  to  the 
increase  in  load  acting  between  this  rear  right 
wheel  2  and  the  vehicle  body  3,  according  to  the 
operation  of  the  electrical-hydraulic  servo  valve 
12  of  this  rear  right  drive  unit  4.  On  the  other 
hand,  this  same  signal  of  value  a.ki.Nr  is  inverted 
by  the  inverter  28  to  produce  a  negative  signal  Fa 
of  value  -a.k1.Nr  which  is  supplied  to  the  adder 
15  of  the  drive  unit  4  of  the  servo  actuator  1  rl  for 
the  rear  left  wheel  2,  thus  causing  the  pressure 
difference  (P1-P2)  between  the  pressures  in  the 
upper  and  lower  chambers  7  and  8  of  this  rear  left 
drive  unit  4  for  this  rear  left  vehicle  wheel  2  to  be 
decreased  from  the  value  P,l  again  by  an  amount 
corresponding  to  the  value  of  the  lateral  accelera- 
tion  a  of  the  vehicle  body  3,  i.e.  corresponding  to 
the  decrease  in  load  acting  between  this  rear  left 
wheel  2  and  the  vehicle  body  3,  according  to  the 
operation  of  the  electrical-hydraulic  servo  valve 
12  of  this  rear  left  drive  unit  4.  This  operation  of 
the  two  rear  drive  units  4  thus  likewise  sub- 
stantially  prevents  the  rear  of  the  vehicle  from 
undergoing  roll  action  in  the  clockwise  direction 
as  seen  from  the  rear  of  the  vehicle  during  this  left 
turn. 

On  the  other  hand,  if  the  vehicle  is  turning  to 
the  right,  then  the  direction  of  the  acceleration  of 
the  vehicle  body  3  is,  as  seen  from  the  rear  of  the 
vehicle,  to  the  right,  and  further  the  direction  of 
the  roll  angle  acceleration  of  said  vehicle  body  3 
is,  also  as  seen  from  the  rear  of  the  vehicle, 
anticlockwise  —  in  other  words,  from  the  point  of 
view  of  any  part  of  the  vehicle  body  3  above  the 
center  of  gravity  thereof,  is  to  the  left;  and 
accordingly  the  signal  a  outputted  by  the  lateral 
acceleration  sensor  19  and  also  the  signal  c 
outputted  by  the  roll  angle  acceleration  sensor  20 
will  both  be  negative.  Accordingly,  again  in  this 
case,  the  signal  Fa  equal  to  a.k1  based  upon  said 
signal  a  outputted  from  the  lateral  acceleration 
sensor  19  as  amplified  bythe  amplifier  22,  which 
is  in  this  case  a  negative  signal,  is  the  one  which  is 
inputted,  via  the  changeover  switch  24  and  via  the 
distributors  25  and  26  after  appropriate  modifi- 
cation  thereby,  in  two  cases  as  further  modified 
by  the  inverters  27  and  28,  to  the  adder  1  5  of  each 
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decelerating,  is  turning  around  a  curve,  or  is 
subjected  to  a  side  wind,  and  in  ail  these  indivi- 
dual  opational  conditions  or  in  any  combination 
of  them,  the  vehicle  body  is  stabilized  against  any 
relatively  large  swaying  or  tilting  movements,  5 
and  against  squat  and  nosediving,  and  thus  rela- 
tively  large  deviations  of  the  attitude  of  the 
vehicle  body  from  the  ideal  or  preset  attitude  are 
prevented,  thus  improving  the  ride  comfort  and 
the  drivability  of  the  vehicle.  Furthermore,  as  w 
explained  hereinabove,  according  to  this  first 
preferred  embodiment,  the  steering  characteris- 
tics  of  the  vehicle  can  be  tailored  to  be  neutral,  or 
to  provide  understeer  or  oversteer,  as  desired. 

Now  with  reference  to  Figs.  4  and  5,  the  second  is 
preferred  embodiment  of  the  suspension  system 
of  the  present  invention  will  be  described.  The 
arrangements  relating  to  the  construction  of  the 
drive  units  4  for  the  suspension  of  the  vehicle 
wheels  2,  in  this  second  preferred  embodiment,  20 
are  quite  the  same  as  in  the  first  preferred 
embodiment,  and  accordingly  Fig.  2  applies  to 
this  second  embodiment  as  well  as  to  the  first. 
However,  the  overall  construction  of  this  second 
preferred  embodiment,  as  shown  in  Fig.  4,  is  25 
rather  different  from  the  first,  and  so  are  the 
associated  structure  and  function  of  the 
changeover  switch  24. 

Referring  to  Fig.  4,  again,  19  is  a  lateral  acceler- 
ation  sensor,  20  is  a  roll  angle  acceleration  sen-  30 
sor,  and  21  is  a  longitudinal  acceleration  sensor, 
all  being  provided  at  locations  at  or  close  to  the 
center  of  gravity  of  the  vehicle  body.  As  before: 
the  lateral  acceleration  sensor  19  detects  the 
current  value  of  the  lateral  acceleration  of  the  35 
vehicle  and  outputs  a  signal  "a"  representative 
thereof;  the  roll  angle  acceleration  sensor  20 
detects  the  current  value  of  the  roll  angle  acceler- 
ation  of  the  vehicle  and  outputs  a  signal  "c" 
representative  thereof;  and  the  longitudinal  accel-  40 
eration  sensor  21  detects  the  current  value  of  the 
longitudinal  acceleration  of  the  vehicle  and  out- 
puts  a  signal  "b"  representative  thereof.  In  the 
shown  second  preferred  embodiment,  again, 
these  signals  are  electrical  voltage  signals,  and  45 
the  meanings  and  polarities  of  these  signals  "a", 
"c",  and  "b"  are  as  before. 

The  signals  a  and  b  respectively  outputted  from 
the  lateral  acceleration  sensor  19  and  from  the  roll 
angle  acceleration  sensor  20  are  respectively  so 
multiplied  by  the  factors  k1  and  k2  in  amplifiers  22 
and  23  respectively,  to  produce  signals  of  values 
a.k1  and  c.k2  respectively,  and  these  resultant 
signals  are  inputted  to  terminals  33  and  34  of  a 
changeover  switch  24.  This  changeover  switch  24,  55 
as  will  be  explained  in  detail  hereinbelow,  passes 
selectively  one  of  these  input  signals  while  inter- 
cepting  the  other,  and  the  selected  signal  is  then 
fed  either  to  the  inputs  of  two  distributors  25  and 
26  or  to  the  inputs  of  two  other  distributors  45  and  60 
46,  according  as  to  which  signal  was  selected. 
These  arrangements  are  is  in  contrast  to  the  first 
preferred  embodiment. 

The  distributors  25  and  26  cooperate  so  as  to 
distribute  any  signal  inputted  to  them  both  as  65 

output  signals  with  a  voltage  ratio  Nf:Nr,  where 
Nf  and  Nr  are  both  positive  and  Nf+Nr=1.  On  the 
other  hand,  the  distributors  45  and  46  cooperates 
so  as  to  distribute  any  signal  inputted  to  them 
both  as  output  signals  with  a  voltage  ratio  NF': 
Nr',  where  similarly  Nf  and  Nr'  are  both  positive 
and  Nf'+Nr'=1.  The  output  signal  of  the  dis- 
tributor  Nf  and  the  output  signal  of  the  distributor 
Nf  are  both  fed  to  be  input  to  an  adder  47; 
actually,  one  and  only  one  of  these  two  output 
signal  is  present  at  any  time,  as  will  be  under- 
stood  from  the  following  descriptions.  Similarly, 
the  output  signal  of  the  distributor  Nr  and  the 
output  signal  of  the  distributor  Nr'  are  both  fed  to 
be  input  to  an  adder  48,  and  again  one  and  only 
one  of  these  two  output  signals  is  present  at  any 
time. 

The  output  signal  of  the  adder  47  is  fed  directly 
to  the  servo  actuator  1fr  for  the  front  right  vehicle 
wheel  (actually  as  an  input  to  an  add  terminal  of 
the  adder  15  thereof)  and  also  via  an  inverter  or 
NOT  gate  27  to  the  servo  actuator  1fl  for  the  front 
left  vehicle  wheel  (again,  actually,  as  an  input  to 
an  add  terminal  of  the  adder  15  thereof).  And, 
similarly,  the  output  signal  of  the  adder  48  is  fed 
directly  to  the  servo  actuator  1  rr  for  the  rear  right 
vehicle  wheel  (similarly,  actually  as  an  input  to  an 
add  terminal  of  the  adder  15  thereof)  and  also  via 
an  inverter  28  to  the  servo  actuator  1  rl  for  the  rear 
left  vehicle  wheel  (yet  again,  actually  as  an  input 
to  an  add  terminal  of  the  adder  15  thereof).  In 
other  words,  the  output  signal  of  the  adder  47  is 
equal  either  to  Nf.a.ki  or  to  Nf.c.k2,  depending 
upon  the  setting  of  the  changeover  switch  24, 
while  the  output  signal  of  the  distributor  Nr  is 
similarly  equal  either  to  Nr.a.ki  or  to  Nr'.c.k2;  and 
accordingly,  if  the  changeover  switch  24  is  set  so 
as  to  pass  the  signal  from  the  lateral  acceleration 
sensor  19  while  intercepting  the  signal  from  the 
roll  angle  acceleration  sensor  20,  then  the  signal 
fed  to  the  plus  terminal  of  the  adder  15  of  the 
servo  actuator  1f  r  for  the  front  right  vehicle  wheel 
is  equal  to  Nf.a.ki,  the  signal  fed  to  the  plus 
terminal  of  the  adder  15  of  the  servo  actuator  1fl 
for  the  front  left  vehicle  wheel  is  equal  to 
-Nf.a.ki,  the  signal  fed  to  the  plus  terminal  of  the 
adder  1  5  of  the  servo  actuator  1  rr  for  the  rear  right 
vehicle  wheel  is  equal  to  Nr.a.ki,  and  the  signal 
fed  to  the  plus  terminal  of  the  adder  15  of  the 
servo  actuator  1  rl  for  the  rear  left  vehicle  wheel  is 
equal  to  -Nr.a.ki.  On  the  other  hand,  if  the 
changeover  switch  24  is  set  the  other  way,  so  as 
to  intercept  the  signal  from  the  lateral  accelera- 
tion  sensor  19  while  passing  the  signal  from  the 
roll  angle  acceleration  sensor  20,  then  the  signal 
fed  to  the  plus  terminal  of  the  adder  15  of  the 
servo  actuator  1f  r  for  the  front  right  vehicle  wheel 
is  equal  to  Nf'.c.k2,  the  signal  fed  to  the  plus 
terminal  of  the  adder  15  of  the  servo  actuator  1fl 
for  the  front  left  vehicle  wheel  is  equal  to 
-Nf'.c.k2,  the  signal  fed  to  the  plus  terminal  of  the 
adder  1  5  of  the  servo  actuator  1  rr  for  the  rear  right 
vehicle  wheel  is  equal  to  Nr'.c.k2,  and  the  signal 
fed  to  the  plus  terminal  of  the  adder  15  of  the 
servo  actuator  1  rl  for  the  rear  left  vehicle  wheel  is 
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inputted  to  a  gate  36  and  to  a  comparator  37. 
Similarly,  the  signal  inputted  to  the  input  terminal 
34  from  the  amplifier  23  is  inputted  to  a  gate  40 
and  to  a  comparator  41.  The  other  inputs  of  the 

5  comparators  37  and  41  are  supplied  with  a  stan- 
dard  voltage  for  comparison  of  said  input  signals 
therewith;  in  the  shown  second  preferred 
embodiment,  this  voltage  again  is  just  ground 
voltage.  The  output  of  the  comparator  37  is  fed 

10  both  to  an  input  terminal  of  a  NAND  gate  38  and 
also  to  an  input  terminal  of  a  NOR  gate  39. 
Similarly,  the  output  of  the  other  comparator  41  is 
fed  both  to  the  other  input  terminal  of  said  AND 
gate  38  and  also  to  the  other  input  terminal  of  said 

w  NOR  gate  39.  The  outputs  of  said  AND  gate  38  and 
said  NOR  gate  39  are  fed  to  the  inputs  of  an  OR 
gate  42,  whose  output  is  fed  directly  to  control  the 
gate  36  and  via  an  inverter  or  NOT  gate  43  to 
control  the  other  gate  40.  Thus  it  is  seen  that 

20  exactly  one  of  the  two  gates  36  and  40  is  open  at 
any  time.  The  outputs  of  the  two  gates  36  and  40 
are  not  coupled  together,  in  this  second  preferred 
embodiment,  but  are  fed,  respectively,  to  the 
output  terminal  35  to  be  supplied  to  the  inputs  of 

25  the  distributors  25  and  26,  and  to  the  output 
terminal  44  to  be  supplied  to  the  inputs  of  the 
distributors  45  and  46. 

This  changeover  switch  24  operates  as  will  now 
be  explained,  to  feed  the  signal  received  at  one 

30  and  only  one  of  the  input  terminals  33  and  34  to 
the  output  terminal  35  and  thence  to  the  dis- 
tributors  25  and  26,  or  to  the  output  terminal  44 
and  thence  to  the  distributors  45  and  46.  The 
signal  from  the  amplifier  22  input  through  the 

35  input  terminal  33  is  compared  with  a  signal  of 
zero  voltage  value  in  the  comparator  37,  and,  if 
and  only  if  said  input  signal  is  greater  than  said 
zero  signal  (i.e.  is  positive)  then  the  output  of  said 
comparator  37  is  a  ON  signal.  Similarly,  the  signal 

40  from  the  amplifier  23  input  through  the  input 
terminal  34  is  compared  with  a  signal  of  zero 
voltage  value  in  the  comparator  41,  and,  if  and 
only  if  said  input  signal  is  greater  than  said  zero 
signal  (i.e.  is  positive)  then  the  output  of  said 

45  comparator  41  is  a  ON  signal.  The  output  signals 
from  the  two  comparators  37  and  41  are  fed  as 
input  signals  to  the  AND  gate  38,  and  only  in  the 
case  that  both  said  output  signals  are  ON  is  an  ON 
signal  outputted  from  said  AND  gate  38. 

so  Similarly,  said  output  signals  from  said  two  com- 
parators  37  and  41  are  likewise  fed  as  input 
signals  to  the  NOR  gate  39,  and  only  in  the  case 
that  both  said  output  signals  are  OFF  is  an  ON 
signal  outputted  from  said  NOR  gate  39.  Accord- 

55  ingly,  only  in  the  case  that  the  signs  of  both  the 
input  signals  fed  to  the  input  terminals  33  and  34 
of  this  changeover  switch  24  are  the  same,  i.e. 
that  said  input  signals  are  both  positive  or  are 
both  negative,  is  either  of  the  two  inputs  of  the  OR 

60  gate  42  provided  with  an  ON  signal.  Thus,  when 
the  signs  of  both  the  input  signals  fed  to  the  input 
terminals  33  and  34  agree,  the  output  of  the  OR 
gate  42  is  an  ON  signal,  and  this  causes  the  gate 
36  to  be  opened  while,  because  of  the  inverting 

65  action  of  the  NOT  gate  43,  the  other  gate  40  is 

equal  to  -Nr'.c.k2.  In  any  case,  this  value  inputted 
to  this  plus  terminal  of  each  adder  1  5  is  that  input 
thereto  designated  as  "Fa  or  Fc"  in  Fig.  2. 

Further,  the  signal  outputted  from  the  longi- 
tudinal  acceleration  sensor  21  is,  as  before,  multi- 
plied  by  the  factor  k3  in  an  amplifier  29,  to 
produce  a  signal  of  value  b.k3,  and  this  resultant 
signal  is  directly  inputted  to  another  plus  terminal 
of  each  of  the  two  adders  15  of  the  servo  actu- 
ators  1fr  for  the  front  right  vehicle  wheel  and  1fl 
for  the  front  left  vehicle  wheel,  while  further  said 
signal,  after  being  inverted  by  the  inverters  30  and 
31  respectively,  is  inputted  to  another  plus  ter- 
minal  of  each  of  the  two  adders  15  of  the  servo 
actuators  Irr  for  the  rear  right  vehicle  wheel  and 
1  rl  for  the  rear  left  vehicle  wheel.  In  any  case,  this 
value  inputted  to  this  plus  terminal  of  each  adder 
15  is  that  input  thereto  designated  as  "Fb"  in  Fig. 
2. 

As  before,  to  another  plus  terminal  of  each  of 
the  adders  15  for  the  four  servo  actuators  1fr,  1fl, 
1rr,  and  1  rl  for  the  four  vehicle  wheels,  there  is 
supplied  a  constant  voltage  signal  F0  (the  value  of 
F0  varies  between  the  vehicle  wheels)  of  mag- 
nitude  corresponding  to  the  portion  of  the  weight 
of  the  vehicle  which  is  imposed  on  the  corre- 
sponding  wheel  2  when  the  vehicle  is  stationary 
or  moving  at  a  constant  velocity  and  is  level,  i.e. 
to  the  values  Pfr,  Pfl,  Prr,  and  Prl  respectively 
corresponding  to  the  front  right  wheel,  the  front 
left  wheel,  the  rear  right  wheel,  and  the  rear  left 
wheel;  and  these  constant  voltage  signals  may  be 
generated  by  a  constant  voltage  generating 
means  of  a  per  se  known  sort,  as  also  holds  for 
the  first  preferred  embodiment  described  above. 

As  in  the  first  preferred  embodiment,  these 
various  components  constitute  a  calculating  con- 
trol  system  which,  as  will  be  described  in  detail 
hereinbelow,  functions  by  calculating,  based 
upon  the  output  signals  from  the  lateral  accelera- 
tion  sensor  19,  the  roll  angle  acceleration  sensor 
20,  and  the  longitudinal  acceleration  sensor  21 
and  the  load  sensors  17  for  the  four  wheels,  the 
fluctuation  in  load  acting  between  each  vehicle 
wheel  2  and  the  body  3  of  the  vehicle  due  to  the 
acceleration  of  the  vehicle  body,  and,  based  upon 
the  results  of  these  calculations,  outputs  approp- 
riate  control  signals  to  the  four  electrical- 
hydraulic  servo  valves  12.  The  amplification  fac- 
tors  k1,  k2,  and  k3  appropriate  for  the  amplifiers 
22,  23,  and  29  are  constants  which  may  be 
determined  in  any  particular  practical  example  by 
calculation  or  by  experiment. 

Now,  the  details  of  the  structure  and  function  of 
the  changeover  switch  24  of  this  second  preferred 
embodiment  will  be  explained,  with  reference  to 
the  block  diagram  thereof  shown  in  Fig.  5.  This 
switch  24  has  four  terminals  33,  34,  35,  and  44. 
The  terminal  33  is  connected  to  the  output  of  the 
amplifier  22,  the  terminal  34  is  connected  to  the 
output  of  the  amplifier  23,  the  terminal  35  is 
connected  to  the  inputs  of  the  distributors  25  and 
26,  and  the  terminal  44  is  connected  to  the  inputs 
of  the  distributors  45  and  46.  The  signal  inputted 
to  the  input  terminal  33  from  the  amplifier  22  is 
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operation  of  the  first  preferred  embodiment,  with 
some  crucial  changes  however.  The  important 
difference  over  the  first  preferred  embodiment  is 
that  the  optimum  steering  characteristics  for  the 
vehicle,  when  it  is  turning  around  a  curve,  and 
when  it  is  subjected  to  a  gust  of  wind  from  the 
side,  can  be  set  mutually  independently. 

As  before,  if  the  vehicle  is  stationary  or  is 
moving  at  a  constant  velocity,  then  the  lateral 
acceleration,  the  roll  angle  acceleration,  and  the 
longitudinal  acceleration  of  the  vehicle  body  3  are 
all  zero,  and  the  attitude  of  the  vehicle  body  is 
maintained  in  a  predetermined  appropriate  state. 
Again  if,  in  this  operational  condition  while  the 
vehicle  is  running  at  a  constant  velocity,  one  of 

.  the  wheels  runs  over  a  bump,  then  the  force 
received  by  said  wheel  from  the  road  surface  will 
temporarily  change;  but  in  this  case,  still,  the 
supporting  force  for  the  vehicle  body  is  main- 
tained  constant.  Therefore,  as  before,  the  vertical 
position  of  the  portion  of  the  vehicle  body  3  to 
which  this  wheel  2  is  mounted  will  not  sub- 
stantially  change,  and  accordingly,  the  attitude  of 
the  vehicle  will  remain  in  its  abovementioned 
predetermined  appropriate  state. 

Next,  the  case  that  the  vehicle  is  turning  around 
a  curve  will  be  explained.  As  explained  with 
regard  to  the  first  preferred  embodiment,  in  this 
case,  the  signs  of  the  output  signals  from  the 
amplifiers  22  and  23  of  the  Fig.  4  structure  which 
are  input  to  the  changeover  switch  24  will  be  the 
same,  and  therefore  in  this  case  the  signal  Fa 
based  upon  the  signal  a  outputted  from  the  lateral 
acceleration  sensor  19  is  inputted  via  the  dis- 
tributors  25  and  26  after  appropriate  modification 
thereby  in  the  ratio  Nf:Nr  to  the  adder  of  each  of 
the  servo  actuators  1,  with  as  explained  above  its 
sign  being  reversed  for  the  servo  actuators  1fl  and 
1rl  while  being  left  undisturbed  for  the  servo 
actuators  1fr  and  1rr;  while  on  the  other  hand  the 
signal  Fc  which  is  based  upon  the  signal  c 
outputted  from  the  roll  angle  acceleration  sensor 
20  is  intercepted.  The  detailed  description  will  be 
omitted  since  it  is  the  same  as  in  the  case  of  the 
first  preferred  embodiment;  thus,  it  will  be  clear 
that  anti  roll  action  for  the  vehicle  is  obtained, 
based  upon  the  value  of  the  vehicle  lateral  accel- 
eration  as  detected  by  the  sensor  19  therefor.  By 
setting  the  distribution  ratio  between  the  signals 
from  the  distributors  25  and  26,  i.e.  the  ratio 
Nf:Nr,  appropriately,  it  is  possible  appropriately 
to  tailor  the  steering  characteristics  of  the  vehicle 
while  it  is  turning.  Specifically,  as  before,  if  this 
ratio  Nf:Nr  is  set  equal  to  unity,  then  the  vehicle 
steering  characteristics  will  be  substantially  neut- 
ral;  if  this  ratio  Nf:Nr  is  set  equal  to  greater  than 
unity,  then  the  vehicle  steering  characteristics  will 
be  those  of  understeer;  and,  if  the  ratio  Nf:Nr  is 
set  equal  to  less  than  unity,  then  the  vehicle 

.  steering  characteristics  will  be  those  of  oversteer. 
Next,  the  case  that  the  vehicle  is  subjected  to  a 

relatively  strong  sideways  force  such  as  a  gust  of 
wind  will  be  explained.  As  explained  with  regard 
to  the  first  preferred  embodiment,  in  this  case,  the 
signs  of  the  output  signals  from  the  amplifiers  22  ■ 

closed.  In  this  case,  the  input  signal  fed  to  the 
input  terminal  33  is  supplied  to  the  output  ter- 
minal  35,  while  the  input  signal  fed  to  the  other 
input  terminal  34  is  intercepted.  On  the  other 
hand,  when  the  signs  of  the  input  signals  fed  to  s 
the  input  terminals  33  and  34  disagree,  one  being 
positive  and  the  other  negative,  the  output  of  the 
OR  gate  42  is  an  OFF  signal,  and  this  causes  the 
gate  36  to  be  closed  while  the  other  gate  40  is 
opened.  In  this  case,  the  input  signal  fed  to  the  w 
input  terminal  34  is  supplied  to  the  other  output 
terminal  44,  while  the  input  signal  fed  to  the  input 
terminal  33  is  intercepted. 

Thus,  in  summary,  this  changeover  switch  24 
supplies  the  signal  of  value  a.k1  from  the  output  15 
of  the  amplifier  22  to  the  inputs  of  the  distributors 
25  and  26,  when  the  sign  of  the  signal  from  the 
lateral  accelerator  sensor  19  and  the  sign  of  the 
signal  from  the  roll  angle  acceleration  sensor  20 
agree,  and  on  the  other  hand  supplies  the  signal  20 
of  value  c.k2  from  the  output  of  the  amplifier  23  to 
the  inputs  of  the  other  distributors  45  and  46, 
when  the  sign  of  said  signal  from  said  lateral 
acceleration  sensor  19  and  the  sign  of  said  signal 
from  said  roll  angle  acceleration  sensor  20  differ.  25 

As  before,  as  shown  in  Fig.  2,  the  adder  15  for 
the  drive  unit  4  for  each  of  the  vehicle  wheels  2: 
(a)  receives  at  its  minus  terminal  the  signal  F  of 
voltage  magnitude  corresponding  to  the  actual 
load  force  acting  between  said  one  of  said  drive  30 
units  4  and  said  vehicle  body,  i.e.  the  amount  of 
load  currently  being  borne  by  the  corresponding 
vehicle  wheel  2,  outputted  by  the  corresponding 
load  sensor  17;  and  further  receives  at  its  three 
plus  terminals:  (b)  the  signal  F0  of  voltage  mag-  35 
nitude  corresponding  to  the  portion  of  the  weight  . of  the  vehicle  which  is  imposed  on  the  corre- 
sponding  wheel  2  when  the  vehicle  is  stationary; 
(c)  the  signal  Fb  which  is  equal  to  either  plus  or 
minus  the  value  b.k3,  according  as  to  which  wheel  40 
is  involved,  as  explained  above;  and  (d)  the  signal 
"Fa  or  Fc",  which,  according  as  to  whether  or  not 
the  signs  of  the  values  a  and  c  for  the  vehicle 
lateral  acceleration  and  the  vehicle  roil  angle 
acceleration  agree  or  not,  either  is  equal  to  either  45 
plus  or  minus  either  the  value  Nf.a.ki  or  the  value 
Nr.a.ki  according  as  to  which  wheel  is  involved, 
or  alternatively  is  equal  to  either  plus  or  minus 
either  the  value  Nf'.c.k2  or  the  value  Nr'.c.k2 
again  according  as  to  which  wheel  is  involved.  50 
Again,  the  pressure  difference  (P1-P2)  between 
the  pressures  in  the  upper  and  lower  chambers  7 
and  8  of  each  drive  unit  4  for  each  vehicle  wheel  2 
is  controlled  by  a  feedback  process,  so  as  to  bring 
the  value  F  to  be  equal  to  Fb+F0+"Fa  or  Fc"  (as  ss 
above  for  the  relevant  wheel).  And,  as  before,  in 
an  alternative  possible  embodiment  not  particu- 
larly  discussed  herein,  the  control  of  F  could  be 
performed  by  open  loop  control,  and  in  such  a 
case  the  load  sensor  17  and  the  input  path  for  the  60 
signal  F0  could  be  omitted. 

Now,  the  operation  of  this  second  preferred 
embodiment  of  the  present  invention  in  various 
different  operational  circumstances  will  be 
explained  in  brief,  since  it  is  quite  similar  to  the  65 
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being  subjected  to  gusts  of  wind  from  the  side  or 
to  turning  around  a  curve,  then  the  vehicle  lateral 
acceleration  sensor  or  the  vehicle  roll  angle  accel- 
eration  sensor  could  be  omitted,  without  depart- 
ing  from  the  principle  of  the  present  invention, 
and  a  construction  such  that  roll  of  the  vehicle 
body  is  controlled  based  upon  the  signal  from 
only  one  of  these  sensors  could  be  adopted. 
Other  possible  modifications  could  be  conceived 
of.  Accordingly,  the  scope  of  the  present  inven- 
tion,  and  the  protection  desired  to  be  granted  by 
Letters  Patent,  are  to  be  considered  as  being 
delimited,  not  by  any  particular  perhaps  entirely 
fortuitous  details  of  the  disclosed  preferred 
embodiments,  or  of  the  drawings,  but  solely  by 
the  legitimate  and  properly  interpreted  scope  of 
the  accompanying  claims,  which  follow. 

Claims 

1.  A  suspension  system  for  a  vehicle  compris- 
ing  a  body  (3)  and  a  plurality  of  wheels  (2), 
comprising  an  acceleration  sensor  (19,  20),  21) 
detecting  an  acceleration  of  said  body  and  pro- 
ducing  a  signal  representative  thereof,  a  plurality 
of  actuators  (4)  each  supporting  said  body  from 
each  of  said  wheels  and  controllable  to  provide  a 
variable  force  between  said  body  and  each  of  said 
wheels,  a  plurality  of  load  sensors  (17)  each 
detecting  the  load  between  each  of  said  wheels 
and  said  body  and  providing  a  signal  repre- 
sentative  thereof,  and  a  control  means  (12,  15,  16) 
receiving  said  signal  representative  of  the  acceler- 
ation  of  said  body  from  said  acceleration  sensor 
and  said  signals  representative  of  the  respective 
loads  on  said  wheels  from  said  load  sensors  for 
controlling  said  actuators,  characterized  in  that 
said  control  means  (12,  15,  16)  calculates  based 
upon  the  above  received  signals  fluctuation  in  the 
load  acting  between  each  of  said  wheels  (2)  and 
said  body  (3)  caused  by  the  acceleration  of  said 
body,  and  controls  said  actuators  (4)  to  increase 
or  decrease  the  forces  provided  thereby  between 
said  body  (3)  and  said  respective  wheels  (2)  by  a 
feedback  action  including  comparing  the  actual 
fluctuation  in  the  force  between  each  of  said 
wheels  (2)  and  said  body  (3)  as  sensed  by  each  of 
said  load  sensors  (17)  with  the  calculated  value 
therefor  and  bringing  the  difference  there- 
between  to  zero. 

2.  A  suspension  system  according  to  claim  1, 
characterized  in  that  said  acceleration  sensor 
comprises  a  means  (19)  for  detecting  acceleration 
of  said  body  in  lateral  directions  thereof. 

3.  A  suspension  system  according  to  claim  1  or 
2,  characterized  in  that  said  acceleration  sensor 
comprises  a  means  (20)  for  detecting  acceleration 
of  said  body  in  rotational  directions  around  a 
longitudinal  axis  thereof. 

4.  A  suspension  system  according  to  claim  1,  2 
or  3,  characterized  in  that  said  acceleration  sensor 
comprises  a  means  (21)  for  detecting  acceleration 
of  said  body  in  longitudinal  directions  thereof. 

5.  A  suspension  system  according  to  claim  1, 
characterized  in  that  said  plurality  of  actuators 

and  23  of  the  Fig.  4  structure  which  are  input  to 
the  changeover  switch  24  will  be  opposite,  and 
therefore  in  this  case  the  signal  Fc  based  upon  the 
signal  c  outputted  from  the  roll  angle  acceleration 
sensor  20  is  inputted  via  the  distributors  45  and  46  5 
after  appropriate  modification  thereby  in  the  ratio 
Nf':Nr'  to  the  adder  of  each  of  the  servo  actuators 
1,  with  as  explained  above  its  sign  being  reversed 
for  the  servo  actuators  1fl  and  1ri  while  being  left 
undisturbed  for  the  servo  actuators  1fr  and  1rr;  10 
while  on  the  other  hand  the  signal  Fc  which  is 
based  upon  the  signal  c  outputted  from  the  roll 
angle  acceleration  sensor  20  is  intercepted.  The 
detailed  description  will  be  omitted  since  it  is  the 
same  as  in  the  case  of  the  first  preferred  embodi-  is 
ment;  thus,  it  will  be  clear  that  anti  roll  action  for 
the  vehicle  is  again  obtained,  this  time  based 
upon  the  value  of  the  vehicle  roll  angle  accelera- 
tion  as  detected  by  the  sensor  20  therefor.  By 
setting  the  distribution  ratio  between  the  signals  20 
from  the  distributors  45  and  46,  i.e.  the  ratio 
Nf:Nr',  appropriately,  it  is  possible  appropriately 
to  tailor  the  steering  characteristics  of  the  vehicle 
while  it  is  being  blown  sideways.  Specifically,  as 
before,  if  this  ratio  Nf:  Nr'  is  set  equal  to  unity,  25 
then  the  vehicle  steering  characteristics  will  be 
substantially  neutral;  if  this  ratio  Nf':Nr'  is  set 
equal  to  greater  than  unity,  then  the  vehicle 
steering  characteristics  will  be  those  of  under- 
steer;  and,  if  the  ratio  Nf':Nr'  is  set  equal  to  less  30 
than  unity,  then  the  vehicle  steering  characteris- 
tics  will  be  those  of  oversteer. 

The  case  that  the  vehicle  is  accelerating  or  is 
decelerating  will  not  be  particularly  explained, 
since  it  is  quite  the  same  as  in  the  first  preferred  35 
embodiment  described  hereinabove.  Similarly, 
the  case  of  a  combination  of  the  above  outlined 
operational  circumstances  is  handled  by  this 
second  preferred  embodiment  in  the  same  way  as 
in  the  case  of  the  first  preferred  embodiment.  The  40 
particular  merit  of  this  second  preferred  embodi- 
ment  is  that,  since  the  ratios  Nf:Nr  and  Nf':Nr' 
can  be  set  quite  independently,  the  steering 
characteristics  for  the  vehicle  when  it  is  turning 
around  a  curve  can  be  tailored  to  be  most  approp-  45 
riate  by  altering  the  ratio  Nf:Nr  as  is  most  desir- 
able,  and  the  steering  characteristics  for  the 
vehicle  when  it  is  subjected  to  a  gust  of  wind  from 
the  side  can  be  tailored  to  be  most  appropriate  by 
altering  the  ratio  Nf':Nr'  as  is  most  desirable,  so 
quite  mutually  independently.  This  provides  an 
important  additional  benefit. 

Although  the  present  invention  has  been 
shown  and  described  in  terms  of  certain  preferred 
embodiments  thereof,  and  with  reference  to  the  55 
appended  drawings,  it  should  not  be  considered 
as  being  particularly  limited  thereby.  The  details 
of  any  particular  embodiment,  or  of  the  drawings, 
could  be  varied  without,  in  many  cases,  departing 
from  the  ambit  of  the  present  invention.  For  60 
example,  in  the  case  that  it  is  considered  from  the 
point  of  view  of  engineering  design  that  control  of 
attitude  changes  of  the  vehicle  body  can  be 
performed  without  discriminating  as  to  whether 
roll  axis  attitude  change  is  due  to  the  vehicle  65 
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characterized  in  that  said  left  side  wheel  comprises 
a  front  left  side  wheel  and  a  rear  left  side  wheel, 
said  right  side  wheel  comprises  a  front  right  side 
wheel  and  a  rear  right  side  wheel,  said  left  side 

5  actuator  (1fl,  1rl)  comprises  a  front  left  side 
actuator  (1fl)  and  a  rear  left  side  actuator  (1  rl),  and 
said  right  side  actuator  (1fr,  1  rr)  comprises  a  front 
right  side  actuator  (1fr)  and  a  rear  right  side 
actuator  (1  rr),  said  control  means  further  compris- 

w  ing  first  distributing  means  (25,  26)  for  distributing 
said  first  signal  toward  and  between  a  combina- 
tion  of  said  front  left  side  actuator  (1fl)  and  said 
front  right  side  actuator  (1fr)  and  a  combination  of 
said  rear  left  side  actuator  (1rl)  and  said  rear  right 

m  side  actuator  (1rr)  at  a  first  distribution  ratio  (Nf  vs. 
Nr),  and  second  distributing  means  (45,  46)  for 
distributing  said  second  signal  toward  and 
between  a  combination  of  said  front  left  side 
actuator  (1fl)  and  said  front  right  side  actuator  (1fr) 

20  and  a  combination  of  said  rear  left  side  actuator 
(1rl)  and  said  rear  right  side  actuator  (1rr)  at  a 
second  distribution  ratio  (Nf  vs.  Nr')  different 
from  said  first  distribution  ratio. 

8.  A  suspension  system  according  to  claim  6  or 
25  7,  characterized  in  that  a  longitudinal  sensor  (21  )  is 

provided  for  detecting  a  longitudinal  acceleration 
applied  to  said  body  (3)  in  substantially  horizontal 
and  longitudinal  directions  along  said  longitudinal 
axis  of  said  body  and  producing  a  third  signal 

30  representative  thereof,  said  control  means  (12,  15, 
16,  24,  27,  28,  30,  31  )  controlling  said  front  left  side 
and  said  rear  left  side  actuators  (1fl,  1  rl)  and  said 
front  right  side  and  said  rear  right  side  actuators 
(1fr,  1rr)  also  according  to  said  third  signal  so  that 

35  when  said  longitudinal  acceleration  is  oriented 
rearward,  said  control  means  increases  the  force 
exerted  by  said  front  left  side  actuator  (1fl)  and  said 
front  right  side  actuator  (1fr)  and  decreases  the 
force  exerted  by  said  rear  left  side  actuator  {1  rl) 

40  and  said  rear  right  side  actuator  (1  rr)  according  to 
the  magnitude  of  said  longitudinal  acceleration  in 
addition  to  the  control  of  said  front  and  rear  left 
side  actuators  and  said  front  and  rear  right  side 
actuators  according  to  said  first  and  alternatively 

45  said  second  signal,  and  when  said  longitudinal 
acceleration  is  oriented  forward,  said  control 
means  decreases  the  force  exerted  by  said  front 
left  side  actuator  (1fl)  and  said  front  right  side 
actuator  (1fr)  and  increases  the  force  exerted  by 

so  said  rear,  left  side  actuator  (1  rl)  and  said  rear  right 
side  actuator  (1rr)  according  to  the  magnitude  of 
said  longitudinal  acceleration  in  addition  to  the 
control  ofsaidfront  and  rear  leftside  actuators  and 
said  front  and  rear  right  side  actuators  according 

55  to  said  first  and  alternatively  said  second  signal. 

Patentanspriiche 

1.  Radaufhangungssystem  fiir  ein  Fahrzeug  mit 
60  einem  Aufbau  (3)  und  mehreren  Radern  (2),  mit 

einem  Beschleunigungssensor  (19,  20,  21),  der 
eine  Beschleunigung  des  Aufbaus  erfafSt  und  ein 
diesbezugliches  Signal  abgibt,  mit  mehreren  Stell- 
gliedern  (4),  die  jeweils  den  Aufbau  gegen  eines 

65  der  Rader  abstiitzen  und  zum  Aufbringen  einer 

comprise  a  left  side  actuator  (1fl,  1rl)  supporting 
said  body  from  a  leftside  wheel  and  controllable  to 
exert  a  variable  force  between  said  body  and  said 
left  side  wheel  and  a  right  side  actuator  (1fr,  1rr) 
supporting  said  body  from  a  right  side  wheel  and 
controllable  to  exert  a  variable  force  between  said 
body  and  said  right  side  wheel;  said  acceleration 
sensor  comprises  a  first  sensor  (19)  detecting 
lateral  acceleration  applied  to  said  body  in  sub- 
stantially  horizontal  and  lateral  directions  perpen- 
dicular  to  a  longitudinal  axis  of  said  body  and 
producing  a  first  signal  representative  thereof  and 
a  second  sensor  (20)  detecting  rotational  accelera- 
tion  applied  to  said  body  around  said  longitudinal 
axis  of  said  body  and  producing  a  second  signal 
representative  thereof;  and  said  control  means 
(12,  15,  16,  24,  27,  28)  controls  said  left  side  and 
right  side  actuators  according  to  said  first  and 
alternatively  said  second  signal  so  that  (a)  when 
said  lateral  acceleration  is  oriented  leftward  and 
said  rotational  acceleration  is  oriented  clockwise 
as  viewed  from  the  rear  of  said  body,  said  control 
means  increases  the  force  exerted  by  said  right 
side  actuator  (1fr,  1rr)  and  decreases  the  force 
exerted  by  said  leftside  actuator  (1f  1,  1  rl)  according 
to  the  magnitude  of  said  lateral  acceleration;  (b) 
when  said  lateral  acceleration  is  oriented  right- 
ward  and  said  rotational  acceleration  is  oriented 
anticlockwise  as  viewed  from  the  rear  of  said  body, 
said  control  means  increases  the  force  exerted  by 
said  left  side  actuator  (1fl,  1rl)  and  decreases  the 
force  exerted  by  said  right  side  actuator  (1fr,  1rr) 
according  to  the  magnitude  of  said  lateral  acceler- 
ation;  (c)  when  said  lateral  acceleration  is  oriented 
leftward  and  said  rotational  acceleration  is 
oriented  anticlockwise  as  viewed  from  the  rear  of 
said  body,  said  control  means  increases  the  force 
exerted  by  said  left  side  actuator  (1fl,  1  rl)  and 
decreases  the  force  exerted  by  said  right  side 
actuator  (1fr,  1rr)  according  to  the  magnitude  of 
said  rotational  acceleration;  and  (d)  when  said 
lateral  acceleration  is  oriented  rightward  and  said 
rotational  acceleration  is  oriented  clockwise  as 
viewed  from  the  rear  of  said  body,  said  control 
means  increases  the  force  exerted  by  said  right 
side  actuator  (1fr,  1rr)  and  decreases  the  force 
exerted  by  said  left  side  actuator  (1fl,  1  rl)  according 
to  the  magnitude  of  said  rotational  acceleration. 

6.  A  suspension  system  according  to  claim  5, 
characterized  in  that  said  left  side  wheel  comprises 
a  front  left  side  wheel  and  a  rear  left  side  wheel, 
said  right  side  wheel  comprises  a  front  right  side 
wheel  and  a  rear  right  side  wheel,  and  said  left  side 
actuator  (1fl,  1  rl)  comprises  a  front  left,  side 
actuator  (1f  I)  and  a  rear  left  side  actuator  (1  rl),  and 
said  right  side  actuator  (1fr,  1rr)  comprises  a  front 
right  side  actuator  (1fr)  and  a  rear  right  side 
actuator  (1  rr),  said  control  means  further  compris- 
ing  distributing  means  (25,  26)  for  distributing  said 
first  and  alternatively  said  second  signal  toward 
and  between  a  combination  of  said  front  left  side 
actuator  {If  I)  and  said  front  right  side  actuator  (1fr) 
and  a  combination  of  said  rear  left  side  actuator 
(1  rl)  and  said  rear  right  side  actuator  (1rr). 

7.  A  suspension  system  according  to  claim  5, 
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entsprechend  dem  ersten  und/oder  zweiten 
Signal  derart  steuert,  daB 

(a)  dann,  wenn  die  Querbeschleunigung  nach 
links  gerichtet  ist  und  die  Drehbeschieunigung 
von  der  Riickseite  des  Aufbaus  gesehen  im  Uhr- 
zeigersinn  gerichtet  ist,  die  Steuereinrichtung  ent- 
sprechend  der  GroBe  der  Querbeschleunigung 
die  von  dem  rechten  Stellgliedersatz  (1fr,  1rr) 
aufgebrachte  Kraft  verstarkt  und  die  von  dem 
linken  Stellgliedersatz  (1fl,  1rl)  aufgebrachte  Kraft 
verringert, 

(b)  dann,  wenn  die  Querbeschleunigung  nach 
rechts  gerichtet  ist  und  die  Drehbeschieunigung 
von  der  Riickseite  des  Aufbaus  gesehen  entgegen 
dem  Uhrzeigersinn  gerichtet  ist,  die  Steuerein- 
richtung  entsprechend  der  GroBe  der  Querbe- 
schleunigung  die  von  dem  linken  Stellgliedersatz 
(1fl,  1rl)  aufgebrachte  Kraft  verstarkt  und  die  von 
dem  rechten  Stellgliedersatz  (1fr,  Irr)  aufge- 
brachte  Kraft  verringert, 

(c)  dann,  wenn  die  Querbeschleunigung  nach 
links  gerichtet  ist  und  die  Drehbeschieunigung 
von  der  Ruckseite  des  Aufbaus  gesehen  entgegen 
dem  Uhrzeigersinn  gerichtet  ist,  die  Steuerein- 
richtung  entsprechend  der  GroBe  der  Drehbe- 
schieunigung  die  von  dem  linken  Stellgliedersatz 
(1fl,  1rl)  aufgebrachte  Kraft  verstarkt  und  die  von 
dem  rechten  Stellgliedersatz  (1fr,  1rr)  aufge- 
brachte  Kraft  verringert,  und 

(d)  dann,  wenn  die  Querschleunigung  nach 
rechts  gerichtet  ist  und  die  Drehbeschieunigung 
von  der  Ruckseite  des  Aufbaus  gesehen  im  Uhr- 
zeigersinn  gerichtet  ist,  die  Steuereinrichtung  ent- 
sprechend  der  GroBe  der  Drehbeschieunigung 
die  von  dem  rechten  Stellgliedersatz  (1fr,  1rr) 
aufgebrachte  Kraft  verstarkt  und  die  von  dem 
linken  Stellgliedersatz  (1fl,  1rl)  aufgebrachte  Kraft 
verringert. 

6.  Radaufhangungssystem  nach  Anspruch  5, 
dadurch  gekennzeichnet,  daB  der  linke  Radsatz 
aus  dem  linken  Vorderrad  und  dem  linken  Hinter- 
rad  besteht,  der  rechte  Radsatz  aus  dem  rechten 
Vorderrad  und  dem  rechten  Hinterrad  besteht, 
der  linke  Stellgliedersatz  (1fl,  1rl)  aus  einem  vor- 
deren  linken  Stellglied  (1fl)  und  einem  hinteren 
linken  Stellglied  (1rl)  besteht,  der  rechte  Stellglie- 
dersatz  (1fr,  1rr)  aus  einem  vorderen  rechten 
Stellglied  (1fr)  und  einem  hinteren  rechten  Stell- 
glied  (Irr)  besteht  und  die  Steuereinrichtung  fer- 
ner  eine  Verteilereinrichtung  (25,  26)  enthalt,  die 
das  erste  und  alternativ  das  zweite  Signal  einer 
Kombination  aus  dem  vorderen  linken  Stellglied 
(1fl)  und  dem  vorderen  rechten  Stellglied  (1fr) 
und  einer  Kombination  aus  dem  hinteren  linken 
Stellglied  (1rl)  und  dem  hinteren  rechten  Stell- 
glied  (1rr)  zuteilt  und  zwischen  den  Kombinatio- 
nen  aufteilt. 

7.  Radaufhangungssystem  nach  Anspruch  5, 
dadurch  gekennzeichnet,  daB  der  linke  Radsatz 
aus  dem  linken  Vorderrad  und  dem  linken  Hinter- 
rad  besteht,  der  rechte  Radsatz  aus  dem  rechten 
Vorderrad  und  dem  rechten  Hinterrad  besteht, 
der  linke  Stellgliedersatz  (Ifl,  1rl)  aus  einem  vor- 
deren  linken  Stellglied  (Ifl)  und  einem  hinteren 
linken  Stellglied  (Irl)  besteht  und  der  rechte  Stell- 

veranderbaren  Kraft  zwischen  dem  Aufbau  und 
dem  Rad  steuerbarsind,  mitmehreren  Lastsenso- 
ren  (17),  die  jeweils  die  Belastungskraft  zwischen 
einem  der  Rader  und  dem  Aufbau  erfassen  und 
ein  diesbezugliches  Signal  abgeben,  und  mit  5 
einer  Steuereinrichtung  (12,  15,  16),  die  zum 
Steuern  der  Stellglieder  das  die  Beschleunigung 
des  Aufbaus  darstellende  Signal  aus  dem 
Beschleunigungssensor  und  die  die  jeweiligen 
Belastungskrafte  an  den  Radern  darstellenden  w 
Signale  aus  den  Lastsensoren  aufnimmt,  dadurch 
gekennzeichnet,  daB  die  Steuereinrichtung  (12, 
15,  16)  aufgrund  der  aufgenommenen  Signale  die 
durch  die  Beschleunigung  des  Aufbaus  verur- 
sachte  Veranderung  der  zwischen  dem  jeweiligen  15 
Rad  (2)  und  dem  Aufbau  (3)  wirkenden  Bela- 
stungskraft  berechnet  und  die  Stellglieder  (4)  zu 
einer  Verstarkung  oder  Verminderung  der  durch 
die  Stellglieder  zwischen  dem  Aufbau  (3)  und  den 
jeweiligen  Radern  (2)  aufgebrachten  Krafte  durch  20 
einen  Ruckkopplungsvorgang  steuert,  welcher 
das  Vergleichen  der  tatsachlichen  Veranderung 
der  Kraft  zwischen  dem  jeweiligen  Rad  (2)  und 
dem  Aufbau  (3)  gemaB  der  Erfassung  durch  den 
jeweiligen  Lastsensor  (10)  mit  dem  berechnetem  25 
Wert  hierfur  und  das  Ausregeln  der  Differenz 
zwischen  den  Werten  auf  Hull  umfaBt. 

2.  Radaufhangungssystem  nach  Anspruch  1, 
dadurch  gekennzeichnet,  daB  der  Beschleuni- 
gungssensor  eine  Vorrichtung  (19)  zum  Erfassen  30 
einer  Beschleunigung  des  Aufbaus  in  dessen 
Querrichtungen  enthalt. 

3.  Radaufhangungssystem  nach  Anspruch  1 
oder  2,  dadurch  gekennzeichnet,  daB  der 
Beschleunigungssensor  einer  Vorrichtung  (20)  35 
zum  Erfassen  einer  Beschleunigung  des  Aufbaus 
in  Drehrichtungen  urn  dessen  Langsachse  ent- 
halt. 

4.  Radaufhangungssystem  nach  Anspruch  1,  2 
oder  3,  dadurch  gekennzeichnet,  daB  der  40 
Beschleunigungssensor  eine  Vorrichtung  (21) 
zum  Erfassen  einer  Beschleunigung  des  Aufbaus 
in  dessen  Langsrichtungen  enthalt. 

5.  Radaufhangungssystem  nach  Anspruch  1, 
dadurch  gekennzeichnet,  daB  die  mehreren  Stell-  45 
glieder  einen  linken  Stellgliedersatz  (Ifl,  1rl),  der 
den  Aufbau  gegen  einen  linken  Radsatz  abstutzt 
und  zum  Aufbringen  einer  veranderbaren  Kraft 
zwischen  dem  Aufbau  und  dem  linken  Radsatz 
steuerbar  ist,  und  einen  rechten  Stellgliedersatz  so 
(1fr,  Irr)  bilden,  der  den  Aufbau  gegen  einen 
rechten  Radsatz  abstutzt  und  zum  Aufbringen 
einer  veranderbaren  Kraft  zwischen  dem  Aufbau 
und  dem  rechten  Radsatz  steuerbar  ist,  daB  der 
Beschleunigungssensor  einen  ersten  Sensor  (19),  55 
der  eine  an  dem  Aufbau  in  im  wesentlichen 
horizontaler  und  seitlicher  Richtung  senkrecht  zu 
einer  Aufbaulangsachse  wirkende  Querbeschleu- 
nigung  erfaBt  und  ein  dieselbe  darstellendes 
erste  Signal  abgibt,  und  einen  zweiten  Sensor  (20)  60 
enthalt,  der  eine  an  dem  Aufbau  um  dessen 
Langsachse  wirkende  Drehbeschieunigung  erfaBt 
und  ein  dieselbe  darstellendes  zweites  Signal 
abgibt,  und  daB  die  Steuereinrichtung  (12,  15,  16, 
24,  27,  28)  den  linken  und  rechten  Stellgliedersatz  65 
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lite  d'organes  d'actionnement  (4)  dont  chacun 
supporte  ladite  carrosserie  par  rapport  a  chacune 
desdites  roues  et  susceptible  d'etre  commande 
de  maniere  a  exercer  une  force  variable  entre 

5  ladite  carrosserie  et  chacune  desdites  roues,  une 
pluralite  de  detecteurs  de  charge  (17)  dont  chacun 
detecte  la  charge  entre  chacune  desdites  roues  et 
ladite  carrosserie  et  produit  un  signal  represen- 
tant  ladite  charge,  ainsi  que  des  moyens  de 

10  commande  ou  de  controle  (12,  15,  16)  qui  regoi- 
vent  ledit  signal  representant  I'acceleration  de 
ladite  carrosserie  et  qui  est  emis  par  ledit  detec- 
teur  d'acceleration,  ainsi  que  lesdits  signaux 
representant  les  charges  respectives  agissant  sur 

15  lesdites  roues  et  qui  sont  emis  par  lesdits  detec- 
teurs  de  charge  pour  commander  lesdits  organes 
d'actionnement,  caracterise  en  ce  que  lesdits 
moyens  de  commande  ou  de  reglage  (12,  15,  16) 
calculent  sur  la  base  des  signaux  recus  les  fluc- 

20  tuations  de  la  charge  exercees  entre  chacune 
desdites  roues  (2)  et  ladite  carrosserie  (3),  et 
provoquees  par  I'acceleration  de  ladite  carros- 
serie,  ledit  moyen  de  commande  ou  de  reglage 
commandant  egalement  lesdits  organes  d'action- 

25  nement  (4)  afin  d'augmenter  ou  de  diminuer  les 
forces  exercees  entre  ladite  carrosserie  (3)  et 
lesdites  roues  (2)  par  une  action  de  reaction  lors 
de  laquelle  on  compare  la  fluctuation  effective  de 
la  force  exercee  entre  chacune  desdites  roues  (2) 

30  et  ladite  carrosserie  (3)  telle  que  detectee  par 
chacun  desdites  detecteurs  de  charge  (17)  avec  la 
valeur  correspondante  calculee  et  on  met  a  zero  la 
difference  entre  ces  deux  valeurs. 

2.  Un  systeme  de  suspension  selon  la  revendi- 
35  cation  1,  caracterise  en  ce  que  ledit  detecteur 

d'acceleration  comporte  des  moyens  (19)  pour 
detecter  I'acceleration  de  ladite  carrosserie  dans 
une  direction  laterale. 

3.  Un  systeme  de  suspension  selon  la  revendi- 
40  cation  1  ou  2,  caracterise  en  ce  que  ledit  detecteur 

d'acceleration  comporte  des  moyens  (20)  pour 
detecter  ('acceleration  de  ladite  carrosserie  dans 
des  directions  angulaires  autour  de  I'axe  longitu- 
dinal  de  ladite  carrosserie. 

45  4.  Un  systeme  de  suspension  selon  I'une  quel- 
conque  des  revendications  1,  2  ou  3,  caracterise 
en  ce  que  ledit  detecteur  d'acceleration  comporte 
des  moyens  (21)  pour  detecter  I'acceleration  de 
ladite  carrosserie  dans  des  directions  longitudi- 

50  nales. 
5.  Un  systeme  de  suspension  selon  la  revendi- 

cation  1,  caracterise  en  ce  que  lesdits  organes 
d'actionnement  component  un  organe  du  cote 
gauche  (1  fl,  1  rl)  supportant  ladite  carrosserie  sur 

55  une  roue  du  cote  gauche  et  susceptible  d'etre 
regie  ou  commande  de  maniere  a  exercer  une 
force  variable  entre  ladite  carrosserie  et  ladite 
roue  de  gauche,  et  un  organe  d'actionnement  du 
cote  droit  (1  fr,  1  rr)  supportant  ladite  carrosserie 

60  au-dessus  d'une  roue  du  cote  droit  et  suspectible 
d'etre  commande  ou  regie  de  maniere  a  exercer 
une  force  variable  entre  iadite  carrosserie  et  ladite 
roue  droite;  ledit  detecteur  d'acceleration  com- 
portant  un  premier  detecteur  (19)  qui  detecte  une 

65  acceleration  laterale  de  ladite  carrosserie  en 

gliedersatz  (1fr,  1rr)  aus  einem  vorderen  rechten 
Stellglied  (1fr)  und  einem  hinteren  rechten  Stell- 
glied  (1rr)  besteht,  wobei  die  Steuereinrichtung 
ferner  eine  erste  Verteilereinrichtung  (25,  26),  die 
das  erste  Signal  in  einem  ersten  Verteilungsver- 
haltnis  (Nf  zu  Nr)  einer  Kombination  aus  dem 
vorderen  linken  Stellglied  (1fl)  und  dem  vorderen 
rechten  Stellglied  (1fr)  und  einer  Kombination  aus 
dem  hinteren  linken  Stellglied  (1  rl)  und  dem 
hinteren  rechten  Stellglied  (1rr)  zuteilt  und 
zwischen  dem  Kombinationen  aufteilt,  und  eine 
zweite  Verteilereinrichtung  (45,  46)  enthalt,  die 
das  zweite  Signal  in  einem  von  dem  ersten 
Verteilungsverhaltnis  verschiedenen  zweiten  Ver- 
teilungsverhaltnis  (Nf  zu  Nr')  einer  Kombination 
aus  dem  vorderen  linken  Stellglied  (1fl)  und  dem 
vorderen  rechten  Stellglied  (fr)  und  einer  Kombi- 
nation  aus  dem  hinteren  iinken  Stellglied  (1  rl)  und 
dem  hinteren  rechten  Stellglied  (1rr)  zuteilt  und 
zwischen  den  Kombinationen  aufteilt. 

8.  Radaufhangungssystem  nach  Anspruch  6 
Oder  7,  dadurch  gekennzeichnet,  daB  ein  Langs- 
richtungssensor  (21)  zum  Erfassen  einer  an  dem 
Aufbau  (3)  in  im  wesentlichen  horizontaler  Langs- 
richtung  entlang  der  Aufbaulangsachse  wirken- 
den  Langsbeschleunigung  und  zum  Abgeben 
eines  dieselbe  darstellenden  dritten  Signals  vor- 
gesehen  ist,  wobei  die  Steuereinrichtung  (12,  15, 
16,  24,  27,  28,  30,  31  )  das  vordere  linke  und  hintere 
linke  Stellglied  (1fl,  1  rl)  und  das  vordere  rechte 
und  hintere  rechte  Stellglied  (1fr,  1rr)  auch  ent- 
sprechend  dem  dritten  Signal  derart  steuert,  dalS 
dann,  wenn  die  Langsbeschleunigung  nach  hin- 
ten  gerichtet  ist,  die  Steuereinrichtung  entspre- 
chend  der  GroBe  der  Langsbeschleunigung 
zusatzlich  zu  der  dem  ersten  und  alternativ  zwei- 
ten  Signal  entsprechenden  Steuerung  des  vorde- 
ren  und  hinteren  linken  Stellglieds  und  des  vorde- 
ren  und  hinteren  rechten  Stellglieds  die  von  dem 
vorderen  linken  Stellglied  (1fl)  und  dem  vorderen 
rechten  Stellglied  (1fr)  aufgebrachte  Kraft  ver- 
starkt  und  die  von  dem  hinteren  linken  Stellglied 
(1rl)  und  dem  hinteren  rechten  Stellglied  (1rr) 
aufgebrachte  Kraft  verringert,  und  dann,  wenn  die 
Langsbeschleunigung  nach  vorne  gerichtet  ist, 
die  Steuereinrichtung  entsprechend  der  GroBe 
der  Langsbeschleunigung  zusatzlich  zu  der  dem 
ersten  und  alternativ  zweiten  Signal  entsprechen- 
den  Steuerung  des  vorderen  und  hinteren  linken 
Stellglieds  und  des  vorderen  und  hinteren  rech- 
ten  Stellglieds  die  von  dem  vorderen  linken  Stell- 
glied  (1fl)  und  dem  vorderen  rechten  Stellglied 
(1fr)  aufgebrachte  Kraft  verringert  und  die  von 
dem  hinteren  linken  Stellglied  (1  rl)  und  dem 
hinteren  rechten  Stellglied  (1rr)  aufgebrachte 
Kraft  verstarkt. 

Revendications 

1.  Un  systeme  de  suspension  pour  un  vehicule 
comportant  une  carrosserie  (3)  et  une  pluralite  de 
roues  (2),  ce  systeme  comprenant  un  detecteur 
d'acceleration  (19,  20,  21)  pour  detecter  une  acce- 
leration  de  ladite  carrosserie  et  pour  produire  un 
signal  representant  ladite  acceleration,  une  plura- 
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ment  avant  droit  (1  fr)  et  a  une  combinaison  dudit 
organe  d'actionnement  arriere  gauche  (1  rl)  et 
dudit  organe  d'actionnement  arriere  droit  (1  rr). 

7.  Un  systeme  de  suspension  selon  la  revendi- 
5  cation  5,  caracterise  en  ce  que  lesdites  routes 

component  une  roue  avant  gauche  et  une  roue 
arriere  gauche  ainsi  qu'une  roue  avant  droite  et 
une  roue  arriere  droite,  cependant  que  lesdits 
organes  d'actionnement  comprenant  un  organe 

io  d'actionnement  avant  gauche  (1  fl)  et  un  organe 
d'actionnement  arriere  gauche  (1  rl),  ainsi  qu'un 
organe  d'actionnement  avant  droit  (1  fr)  et  un 
organe  d'actionnement  arriere  droit  (1  rr),  lesdits 
moyens  de  commande  ou  de  reglage  comportant, 

15  en  outre,  des  premiers  moyens  distributeurs  (25, 
26)  pour  transmettre  ledit  premier  signal  a  une 
combinaison  desdits  organes  d'actionnement 
avant  gauche  et  avant  droit  (1  fl,  1  fr)  et  a  une 
combinaison  desdits  organes  d'actionnement 

20  arriere  gauche  et  arriere  droit  (1  rl,  1  rr)  selon  un 
premier  rapport  de  distribution  (Nf/Nr),  un  second 
moyen  de  distribution  (45,  46)  pour  transmettre 
ledit  second  signal  a  une  combinaison  dudit 
organe  d'actionnement  avant  gauche  (1  fl)  et 

25  dudit  organe  d'actionnement  avant  droit  (1  fr)  et  a 
une  combinaison  dudit  organe  d'actionnement 
arriere  gauche  (1  rl)  et  dudit  organe  d'actionne- 
ment  arriere  droit  (1  rr)  selon  un  second  rapport 
de  distribution  (Nf/Nr')  different  dudit  premier 

30  rapport  de  distribution. 
8.  Un  systeme  de  suspension  selon  la  revendi- 

cation  6  ou  7,  caracterise  en  ce  qu'il  comporte  un 
detecteur  longitudinal  (21)  pour  detecter  une 
acceleration  longitudinale  de  ladite  carrosserie  (3) 

35  dans  une  direction  sensiblement  horizontale  et 
longitudinale  le  long  dudit  axe  longitudinal  de 
ladite  carrosserie,  et  pour  produire  un  troisieme 
signal  representatif  de  cette  acceleration,  lesdits 
moyens  de  commande  ou  de  reglage  (12,  15,  16, 

40  24,  27,  28,  30,  31)  agissant  sur  lesdits  organes 
d'actionnement  avant  et  arriere  gauche  (1  fl,  1  rl) 
et  lesdits  organes  d'actionnement  avant  et  arriere 
droit  (1  fr,  1  rr),  egalement  en  conformite  avec 
ledit  troisieme  signal  de  fagon  telle  que,  lorsque 

45  ladite  acceleration  longitudinale  est  dirigee  vers 
I'arriere,  les  moyens  de  commande  ou  de  reglage 
augmentent  la  force  exercee  par  ledit  organe 
d'actionnement  avant  gauche  (1  fl)  et  par  ledit 
organe  d'actionnement  avant  droit  (1  fr)  et  dimi- 

so  nuent  la  force  exercee  par  ledit  organe  d'action- 
nement  arriere  gauche  (1  rl)  et  par  ledit  organe 
d'actionnement  arriere  droit  (1  rr)  en  fonction  de 
I'amplitude  de  ladite  acceleration  longitudinale, 
en  plus  du  reglage  desdits  organes  d'actionne- 

55  ment  avant  et  arriere  gauche  et  avant  et  arriere 
droit  qui  agissent  selon  la  valeur  dudit  premier' 
signal  et/ou  dudit  second  signal,  cependant  que 
('acceleration  longitudinale  est  dirigee  vers 
I'avant,  lesdits  moyens  de  commande  ou  de 

60  reglage  font  diminuer  la  force  exercee  par  ledit 
organe  d'actionnement  gauche  (1  fl)  et  par  ledit 
organe  d'actionnement  avant  droit  (1  fr)  tout  en 
faisant  augmenter  la  force  exercee  par  ledit 
organe  d'actionnement  arriere  gauche  (1  rl)  et  par 

65  ledit  organe  d'actionnement  arriere  droit  (1  rr)  en 

direction  sensiblement  horizontale  et  laterale  per- 
pendiculaire  a  I'axe  longitudinal  de  ladite  carros- 
serie,  lesdits  detecteurs  produisant  en  outre  un 
premier  signal  representatif  de  ladite  accelera- 
tion,  ainsi  qu'un  second  detecteur  (20)  qui  detecte 
une  acceleration  angulaire  (de  rotation)  de  ladite 
carrosserie  autour  dudit  axe  longitudinal  de  celle- 
ci  et  qui  produit  un  second  signal  representatif  de 
cette  acceleration  angulaire;  lesdits  moyens  de 
commande  ou  de  reglage  (12,  15,  16,  24,  27,  28) 
commandant  lesdits  organes  d'actionnement 
gauche  et  droit  conformement  audit  premier 
signal  et  audit  second  signal  de  fagon  telle  que  (a) 
lorsque  ladite  acceleration  laterale  est  dirigee 
vers  la  gauche  et  que  ladite  acceleration  angulaire 
est  orientee  dans  le  sens  horaire,  telle  que  vu  de 
I'arriere  de  ladite  carrosserie,  lesdits  moyens  de 
commande  ou  de  reglage  provoquent  une  aug- 
mentation  de  la  force  exercee  par  ledit  organe 
d'actionnement  droit  (1  fr,  1  rr)  tout  en  diminuant 
la  force  exercee  par  ledit  organe  d'actionnement 
gauche  (1  fl,  1  rl)  en  fonction  de  I'amplitude  de 
ladite  acceleration  laterale;  (b)  lorsque  ladite 
acceleration  laterale  est  dirigee  vers  la  droite  et 
que  ladite  acceleration  angulaire  est  orientee 
dans  le  sens  antihoraire,  telle  que  vu  de  I'arriere 
de  ladite  carrosserie,  lesdits  moyens  de  com- 
mande  ou  de  reglage  augmentent  la  force  exer- 
cee  par  ledit  organe  d'actionnement  gauche  (1  fl, 
1  rl)  et  diminuent  la  force  exercee  par  ledit  organe 
de  commande  droit  (1  fr,  1  rr)  en  fonction  de 
I'amplitude  de  ladite  acceleration  laterale;  (c) 
lorsque  ladite  acceleration  laterale  est  dirigee 
vers  la  gauche  et  que  ladite  acceleration  angulaire 
est  orientee  dans  le  sens  anti-horaire,  vu  de 
I'arriere  de  ladite  carrosserie,  lesdits  moyens  de 
commande  ou  de  reglage  augmentent  la  force 
exercee  par  ledit  organe  d'actionnement  gauche 
(1  fl,  1  rl)  et  diminuent  la  force  exercee  par  ledit 
organe  d'actionnement  droit  (1  fr,  1  rr)  en  fonction 
de  I'amplitude  de  ladite  acceleration  angulaire;  et 
(d)  lorsque  ladite  acceleration  laterale  est  dirigee 
vers  la  droite  et  ladite  acceleration  angulaire  est 
orientee  dans  le  sens  horaire,  vu  de  I'arriere  du 
ladite  carrosserie,  lesdits  moyens  de  commande 
ou  de  reglage  augmentant  la  force  exercee  par 
ledit  organe  d'actionnement  droit  (1  fr,  1  rr)  et 
diminuent  la  force  exercee  par  ledit  organe  d'ac- 
tionement  gauche  (1  fl,  1  rl)  en  fonction  de 
I'amplitude  de  ladite  acceleration  angulaire. 

6.  Un  systeme  de  suspension  selon  la  revendi: 
cation  5,  caracterise  en  ce  que  lesdites  routes 
comprennent  une  roue  avant  gauche,  une  rouge 
arriere  gauche,  une  roue  avant  droite  et  une  roue 
arriere  droite,  cependant  que  lesdits  organes 
d'actionnement  comprennent  un  organe  d'action- 
nement  avant  gauche  (1  fl),  un  organe  d'actionne- 
ment  arriere  gauche  (1  rl),  un  organe  d'actionne- 
ment  avant  droit  (1  fr)  et  un  organe  d'actionne- 
ment  arriere  droit  (1  rr),  lesdits  moyens  de  com- 
mande  ou  de  reglage  comprenant  par  ailleurs  des 
moyens  distributeurs  (25,  26)  pour  transmettre 
ledit  premier  signal  et/ou  ledit  second  signal  a 
une  combinaison  dudit  organe  d'actionnement 
avant  gauche  (1  fl)  et  dudit  organe  d'actionne- 
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fonction  de  I'amplitude  de  ladite  acceleration 
longitudinale,  en  plus  de  I'action  de  commande 
ou  de  reglage  desdits  organes  d'actionnement 

avant  et  arriere  gauche  et  desdits  organes  d'ac- 
tionnement  avant  et  arriere  droiten  fonction  dudit 
premier  signal  et/ou  dudit  second  signal. 
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