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(54)  Hydraulic  control  sys tems  

(57)  A  vehicle  suspension  system  comprising  a  hy- 
draulic  roll  control  actuator  4  controlled  by  a  hydraulic 
circuit  10.  The  circuit  10  includes  a  valve  block  having 
a  pressure  line  18a  supplied  by  a  pump  12  and  a  return 
line  20a,  and  a  pressure  control  valve  22  for  controlling 
the  flow  of  hydraulic  fluid  from  the  pressure  line  18a  to 
the  return  line  20  to  control  the  hydraulic  pressure  drop 
between  them.  Two  actuation  control  valves  24,  26  allow 

connection  of  the  actuators  between  the  pressure  and 
return  lines  to  control  the  actuating  force  produced  by 
the  actuators.  A  control  unit  30  is  arranged  to  connect 
the  actuators  4  only  when  the  desired  actuating  force  is 
greater  than  a  minimum  value  corresponding  to  a  mini- 
mum  pressure  drop  which  can  be  produced  by  the  pres- 
sure  control  valve  22,  and  to  determine  the  minimum 
pressure  drop  from  measurement  of  the  temperature  of 
a  part  of  the  hydraulic  system 
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Description 

[0001]  The  present  invention  relates  to  hydraulically 
actuated  suspension  control  systems  for  vehicles,  and 
in  particular  for  roll  control  systems. 
[0002]  It  is  known,  for  example  from  WO  98/26948, 
EP  0  512  358  and  US  5,529,324,  to  provide  roll  control 
systems.  In  particular  it  is  known  from  US  5,529,324  to 
disclose  a  vehicle  suspension  system  comprising  a  hy- 
draulic  actuator,  a  source  of  hydraulic  pressure  and  a 
drain,  a  pressure  control  valve  for  controlling  the  flow  of 
hydraulic  fluid  from  the  source  to  the  drain  thereby  to 
control  the  hydraulic  pressure  drop  between  the  source 
and  the  drain,  at  least  one  actuation  control  valve  for 
connecting  the  actuator  between  the  source  and  the 
drain  such  that  said  pressure  drop  controls  the  magni- 
tude  of  an  actuating  force  produced  by  the  actuator,  and 
control  means  arranged  to  operate  the  valves  in  re- 
sponse  to  at  least  one  input  defining  a  desired  actuating 
force. 
[0003]  However  it  can  be  a  problem  with  such  sys- 
tems  that  the  pressure  control  valve,  even  when  fully 
open,  creates  a  minimum  pressure  drop  across  itself  de- 
fined  by  the  cross  section  of  the  flow  path  through  the 
valve  when  open  and  the  viscosity  of  the  fluid.  There  is 
therefore  a  minimum  pressure  which  can  be  applied 
across  the  actuator  and  a  minimum  roll  control  correc- 
tion  force  which  can  therefore  be  applied.  The  present 
invention  aims  to  minimize  this  problem. 
[0004]  The  present  invention  provides  a  vehicle  sus- 
pension  system  comprising  a  hydraulic  actuator,  a 
source  of  hydraulic  pressure  and  a  drain,  a  pressure 
control  valve  for  controlling  the  flow  of  hydraulic  fluid 
from  the  source  to  the  drain  thereby  to  control  the  hy- 
draulic  pressure  drop  between  the  source  and  the  drain, 
at  least  one  actuation  control  valve  for  connecting  the 
actuator  between  the  source  and  the  drain  such  that 
said  pressure  drop  controls  the  magnitude  of  an  actuat- 
ing  force  produced  by  the  actuator,  and  control  means 
arranged  to  operate  the  valves  in  response  to  at  least 
one  input  defining  a  desired  actuating  force,  wherein  the 
control  means  is  arranged  to  connect  the  actuator  only 
when  the  desired  actuating  force  is  greater  than  a  min- 
imum  value  corresponding  to  a  minimum  pressure  drop 
which  can  be  produced  by  the  pressure  control  valve, 
and  to  determine  the  minimum  pressure  drop  from 
measurement  of  the  temperature  of  a  part  of  the  hydrau- 
lic  system. 
[0005]  Preferably  the  control  means  is  arranged  to  ob- 
tain  the  measurement  of  said  temperature  by  monitoring 
a  temperature  dependent  characteristic  of  the  drive  cur- 
rent  by  which  it  controls  at  least  one  of  the  valves,  alter- 
natively  a  separate  thermometer  can  be  provided. 
[0006]  Preferably  the  actuator  is  a  roll  control  actuator 
arranged  to  control  roll  of  a  vehicle  and  the  value  of  the 
minimum  actuating  force  defines  a  deadband  of  low  lat- 
eral  accelerations  for  which  roll  control  cannot  be  pro- 
vided. 

[0007]  Preferred  embodiments  of  the  present  inven- 
tion  will  now  be  described  by  way  of  example  only  with 
reference  to  the  accompanying  drawings  in  which: 

5  Figure  1  is  a  diagrammatic  representation  of  a  hy- 
draulic  control  system  according  to  the  invention, 
and 

Figure  2  shows  the  relationship  between  the  driving 
10  current  supplied  to  a  pressure  control  valve  of  the 

system  of  Figure  1  and  the  pressure  drop  it  produc- 
es, 

Figure  3  shows  the  desired  relationship  between 
is  the  lateral  acceleration  of  the  vehicle  and  the  pres- 

sure  applied  to  the  roll  control  actuators  in  the  sys- 
tem  of  Figure  1  ,  and 

Figure  4  shows  the  functional  operation  of  part  of 
20  the  control  unit  of  the  system  of  Figure  1  . 

[0008]  Referring  to  Figure  1  ,  a  vehicle  1  has  an  active 
roll  control  system  comprising  a  front  roll  bar  2  and  a 
rear  roll  bar  3,  each  divided  into  two  parts  2a,  2b,  3a,  3b 

25  rotatable  relative  to  each  other  under  the  control  of  a 
hydraulic  actuator  4  to  provide  active  roll  control  of  the 
vehicle.  Each  actuator  4  comprises  a  double  acting  ram 
having  working  chambers  5,  6  on  opposite  sides  of  a 
piston  7  which  are  connected  to  a  hydraulic  control  cir- 

30  cuit  10  so  that  the  pressures  in  them  can  be  controlled 
to  produce  roll  control  moments  in  the  front  and  rear  roll 
bars  2,  3. 
[0009]  The  hydraulic  control  circuit  comprises  a  pump 
12  for  supplying  hydraulic  fluid  under  pressure  from  a 

35  reservoir  1  4,  and  a  valve  block  1  6  for  controlling  the  dis- 
tribution  of  hydraulic  fluid  to  the  actuators  4  and  the  re- 
turn  of  fluid  to  the  reservoir  14.  The  valve  block  has  a 
first  port  1  8  for  receiving  pressurised  fluid  from  the  pump 
12  into  a  pressure  line  18a  in  the  block,  and  a  second 

40  drain  port  20  for  the  return  of  fluid  to  the  reservoir  14 
from  a  return  line  20a  in  the  block.  The  pressure  and 
return  lines  18a,  20a  are  interconnected  by  a  diverter 
valve  22  which  can  allow  fluid  to  flow  from  the  pressure 
line  18a  to  the  return  line  20a  to  control  the  pressure 

45  drop  between  the  pressure  and  return  lines  1  8a,  20a  as 
will  be  described  in  more  detail  below.  Two  further  sole- 
noid  valves  24,  26  are  provided  in  the  valve  block  16 
which  can  selectively  connect  the  pressure  and  return 
lines  18a,  20a  to  the  working  chambers  5,  6  of  each  of 

so  the  hydraulic  actuators  4  to  control  the  roll  moments  pro- 
duced. 
[0010]  A  pressure  transducer  28  produces  a  pressure 
signal  indicative  of  the  hydraulic  pressure  in  the  pres- 
sure  line  18a,  and  a  control  unit  30  controls  the  valves 

55  22,  26,  26  in  response  to  the  pressure  signal  to  provide 
closed  loop  pressure  control.  The  control  unit  30  also 
receives  signals  from  accelerometers  32  on  the  vehicle 
which  indicate  the  lateral  acceleration  of  the  vehicle,  and 
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determines  from  these  the  pressure  which  needs  to  be 
applied  across  the  actuators  4  to  control  the  vehicle  roll. 
[0011]  The  pressure  control  valve  22  is  biased  open, 
and  is  closed  for  brief  periods  by  a  pulse  width  modu- 
lated  (PWM)  drive  signal,  the  duty  ratio  of  the  PWM  sig- 
nal  determining  the  proportion  of  the  time  that  the  valve 
is  closed,  and  hence  the  rate  at  which  fluid  can  flow 
through  it.  This  therefore  determines  the  pressure  drop 
across  the  valve  22. 
[0012]  In  Figure  2,  the  pressure  drop  P  across  the 
pressure  control  valve  22  is  shown  as  a  function  of  mean 
drive  current  supplied  to  the  pressure  control  valve. 
Since  the  valve  22  is  biased  open,  zero  current  corre- 
sponds  to  the  valve  being  permanently  open.  However, 
because  the  hydraulic  fluid  has  a  finite  viscosity,  there 
will  always  be  a  finite  minimum  pressure  drop  across 
the  valve  22  when  it  is  fully  and  permanently  open.  This 
minimum  pressure  drop  is  indicated  in  Figure  2  by  the 
point  at  which  the  curve  meets  the  vertical  pressure  axis. 
Because  the  viscosity  of  the  hydraulic  fluid  decreases 
with  increasing  temperature,  the  minimum  pressure 
drop  also  varies  with  temperature.  In  Figure  2,  the  solid 
line  shows  the  oil  pressure  at  relatively  high  tempera- 
tures,  such  as  those  experienced  during  normal  running 
of  the  system,  and  the  broken  line  shows  pressures  at 
a  lower  temperature  such  as  might  be  experienced 
when  the  vehicle  is  first  started  up. 
[0013]  Referring  to  Figure  3,  the  desired  pressure 
drop  across  the  valve  22,  i.e.  the  desired  pressure  P  to 
be  applied  across  the  roll  control  actuators  28,  30,  varies 
in  a  known  manner  with  lateral  acceleration  A  of  the  ve- 
hicle,  depending  on  the  roll  control  characteristics  re- 
quired.  Ideally  the  pressure  would  be  infinitely  variable 
from  zero  up  to  the  maximum  available  from  the  pump 
12.  However,  because  of  the  minimum  pressure  drop 
across  the  pressure  control  valve  22,  pressures  below 
the  minimum  pressure  P0  cannot  be  applied.  The  control 
unit  34  is  therefore  arranged  to  apply  no  pressure  across 
the  actuators  28,  30,  and  therefore  to  provide  no  active 
roll  control,  until  the  lateral  acceleration  reaches  a 
threshold  level  At  i.e.  until  the  desired  roll  compensation 
moment  reaches  the  minimum  level  which  can  be  pro- 
vided.  This  leaves  a  deadband  of  lateral  acceleration, 
and  a  corresponding  deadband  of  roll  control  moment, 
in  which  no  active  roll  control  can  be  provided. 
[001  4]  Therefore,  in  order  to  improve  the  responsive- 
ness  of  the  system,  the  control  unit  34  is  arranged  to 
monitor  the  temperature  of  the  valve  block  to  determine 
the  minimum  pressure  which  can  be  applied  to  the  ac- 
tuators  28,  30,  so  that  it  can  provide  roll  control  right 
down  to  the  minimum  possible  level.  The  manner  in 
which  the  temperature  monitoring  is  carried  out  will  now 
be  described. 
[0015]  Referring  to  Figure  4,  the  control  unit  can  be 
considered  as  a  number  of  functional  blocks.  A  pressure 
control  block  34  receives  a  signal  Pd  indicative  of  the 
desired  pressure  drop  between  the  pressure  line  18a 
and  the  return  line  20a,  and  another  signal  V(P)  which 

is  the  output  signal  from  the  pressure  transducer  28. 
From  the  difference  between  the  measured  pressure 
and  the  desired  pressure  it  produces  a  signal  I  which 
indicates  the  mean  current  which  needs  to  be  supplied 

5  to  the  solenoid  22a  of  the  diverter  valve  22  to  produce 
the  desired  pressure  at  the  first  port  18. 
[0016]  A  current  control  block  36  receives  the  signal 
I  and  also  has  inputs  connected  to  a  battery  voltage 
Vbat.  It  applies  the  battery  voltage  across  the  solenoid 

10  22a  as  a  pulsed  signal,  monitors  the  driving  current  flow- 
ing  through  the  solenoid  as  a  result,  and  modulates  the 
pulse  width  so  as  to  produce  the  total  current  corre- 
sponding  to  the  signal  I  from  the  pressure  control  block. 
The  current  control  block  sends  a  signal  IWS  backto  the 

is  pressure  control  block  indicative  of  the  mark  to  space 
(or  duty)  ratio  of  the  driving  current. 
[0017]  Because  the  electrical  resistance  of  the  sole- 
noid  22a  is  temperature  dependent,  the  duty  ratio  of  the 
solenoid  driving  current  required  to  produce  a  given 

20  mean  current  varies  with  the  temperature  of  the  sole- 
noid.  Therefore,  because  the  valve  block  is  a  good  ther- 
mal  conductor,  and  the  temperature  of  the  hydraulic  fluid 
passing  through  the  pressure  control  valve  22  will  al- 
ways  be  approximately  equal  to  that  of  the  solenoid  22a, 

25  the  pressure  control  block  36  can  determine  the  temper- 
ature  of  the  hydraulic  flu  id  from  the  relationship  between 
the  signal  I  and  the  signal  IWS. 
[0018]  It  will  be  appreciated  that,  as  an  alternative  to 
the  temperature  measurement  method  described 

30  above,  a  separate  thermometer  could  be  provided  for 
determining  the  temperature  of  the  hydraulic  fluid. 

Claims 
35 

1.  A  vehicle  suspension  system  comprising  a  hydrau- 
lic  actuator  (4),  a  source  of  hydraulic  pressure  (12) 
and  a  drain  (20),  a  pressure  control  valve  (22)  for 
controlling  the  flow  of  hydraulic  fluid  from  the  source 

40  to  the  drain  thereby  to  control  the  hydraulic  pressure 
drop  between  the  source  and  the  drain,  at  least  one 
actuation  control  valve  (24,  26)  for  connecting  the 
actuator  between  the  source  and  the  drain  such  that 
said  pressure  drop  controls  the  magnitude  of  an  ac- 

45  tuating  force  produced  by  the  actuator,  and  control 
means  (30)  arranged  to  operate  the  valves  in  re- 
sponse  to  at  least  one  input  defining  a  desired  ac- 
tuating  force,  characterized  in  that  the  control 
means  (30)  is  arranged  to  connect  the  actuator  (4) 

so  only  when  the  desired  actuating  force  is  greater 
than  a  minimum  value  corresponding  to  a  minimum 
pressure  drop  Po  which  can  be  produced  by  the 
pressure  control  valve,  and  to  determine  the  mini- 
mum  pressure  drop  from  measurement  of  the  tem- 

55  perature  of  a  part  of  the  hydraulic  system. 

2.  A  system  according  to  claim  1  wherein  the  control 
means  (30)  is  arranged  to  obtain  the  measurement 

3 
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of  said  temperature  by  monitoring  a  temperature 
dependent  characteristic  of  the  drive  current  by 
which  it  controls  at  least  one  of  the  valves  (22,  24, 
26). 

5 
A  system  according  to  claim  2  wherein  said  at  least 
one  of  the  valves  is  the  pressure  control  valve  (22). 

A  system  according  to  any  foregoing  claim  wherein 
the  actuator  (4)  is  a  roll  control  actuator  arranged  to  10 
control  roll  of  a  vehicle  and  the  value  of  the  minimum 
actuating  force  defines  a  deadband  of  low  lateral 
accelerations  for  which  roll  control  cannot  be  pro- 
vided. 
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