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Description 

FIELD  OF  THE  INVENTION 

This  invention  relates  generally  to  suspension 
systems  for  vibration  and  acceleration  isolation  be- 
tween  members  such  as  for  vehicles  between 
wheels  and  the  chassis.  More  particularly,  but  not 
by  way  of  limitation,  this  invention  relates  to  a 
resilient,  damped  suspension  system  for  vehicles. 

BACKGROUND  OF  THE  INVENTION 

Since  the  advent  of  vehicles,  attempts  have 
been  made  to  provide  a  suspension  system  for 
occupants  and  cargo  carried  by  the  vehicle  that 
isolate  the  loads  from  the  rough  roads  over  which 
the  vehicle  travels.  Also,  and  more  recently  with 
the  advent  of  high  speed  vehicles,  it  is  desirable  to 
provide  a  suspension  system  which  permits  the 
vehicle  to  corner  at  relatively  high  rates  while  main- 
taining  the  vehicle  in  a  essentially  level  position.  It 
is  also  desirable  during  either  acceleration  or  stop- 
ping  to  maintain  the  vehicle  in  an  essentially  level 
position.  In  terms  of  art,  it  is  highly  desirable  to  be 
able  to  control,  if  not  avoid  entirely,  the  roll  and 
pitch  that  occurs  as  the  vehicle  maneuvers. 

It  is  not  only  desirable  to  provide  an  active 
suspension  system  that  functions  to  negate  move- 
ments  of  the  vehicle  away  from  the  level,  but  to 
provide  a  relatively  comfortable  system  of  suspen- 
sion  including  damping  of  vibrations  or  movements 
between  the  suspended  and  non-suspended  por- 
tions  of  the  vehicle  while  providing  a  soft  resilient 
ride  for  the  passengers  and  cargo  of  the  vehicle. 

Lotus  Motor  Company  has  developed  for  their 
motorcars  an  active  spring  rate  control  which  uti- 
lizes  a  hydraulic  system  with  electrohydraulic  ser- 
vocontrol  valves  and  hydraulic  linear  actuators  that 
are  controlled  by  a  computer  system  responding  to 
an  accelerometer  and  gyrosensor  mounted  on  the 
vehicle.  Such  system  is  necessarily  complex  and 
extremely  expensive. 

The  object  of  this  invention  is  to  provide  a 
practical  means  of  providing  an  active  suspension 
system  that  is  less  complex  and  expensive  than 
other  systems  and  one  that  provides  an  enhanced 
ride  as  compared  to  the  damper  controlled  sys- 
tems  that  are  currently  in  production  on  vehicles. 

DE-A-2  050  831,  which  corresponds  generally 
to  the  preamble  of  claim  1,  discloses  a  leveling 
system  including  hydraulic  means  for  providing  re- 
silient  support  between  suspended  and  unsuspen- 
ded  parts  of  a  mass  system  A  flow  means,  which 
includes  a  pump-motor  combination,  provides  hy- 
draulic  fluid  flow  to  and  from  the  hydraulic  means. 
DE-A-2  050  831  teaches  the  use  of  a  fixed  dis- 
placement  pump  which  produces  a  fixed  flow  rate 

unless  the  pump  speed  is  changed.  An  accumula- 
tor  means  communicates  with  the  flow  means  to 
provide  a  closed  pressure  system.  Reversing  the 
pump  motor  direction  or  activating  a  complex  fluid 

5  reversal  network  permits  fluid  flow  from  the  hydrau- 
lic  means  when  the  hydraulic  means  is  com- 
pressed  and  to  the  hydraulic  means  when  the 
hydraulic  means  is  extended.  No  flow  occurs  when 
the  hydraulic  means  is  in  a  neutral  position.  Fixed 

io  displacement  pumps  are  particularly  beneficial  for 
leveling  systems  and  rate  control  systems  as 
taught  in  DE-A-2  050  831  . 

One  disadvantage  of  the  DE-A-2  050  831  level- 
ing  system  is  that  the  fixed  displacement  pumps 

75  are  not  operable  from  a  common  drive  shaft.  The 
pumps  must  operate  at  variable  speeds.  Thus,  the 
entire  leveling  system  cannot  be  driven  by  a  single 
power  take  off  from  the  vehicle  engine.  Instead, 
each  pump  requires  its  own  bidirectional  drive  mo- 

20  tor. 
Another  disadvantage  is  that  the  disclosed  lev- 

eling  system  must  include  either  a  reversible  pump 
or  a  complex  fluid  routing  network  to  permit 
bidirectional  fluid  flow  from  the  hydraulic  means  to 

25  the  accumulator.  The  energy  represented  by  return 
fluid  is  lost.  The  present  invention  uses  return  fluid 
to  assist  the  operation  of  and  to  reduce  the  total 
power  required  by  each  variable  displacement 
pump. 

30 
SUMMARY  OF  THE  INVENTION 

This  invention  relates  to  suspension  system  as 
claimed  in  claim  1  . 

35 
BRIEF  DESCRIPTION  OF  THE  DRAWING 

FIG.  1  is  a  schematic  view  of  a  vehicle  suspen- 
sion  system  that  is  constructed  in  accordance  with 

40  the  invention. 
FIG.  2  is  an  enlarged  schematic  view  of  a 

portion  of  the  system  of  FIG.  1. 
FIG.  3  is  an  enlarged  view  illustrating  an  accu- 

mulator  that  is  also  constructed  in  accordance  with 
45  the  invention. 

FIG.  4a,  4b  and  4c,  are  views  of  variable  dis- 
placement  pump  and  motor  combinations  that  are 
utilized  in  the  suspension  system  of  FIG.  1. 

FIG.  5  is  a  graph  illustrating  the  effect  of  using 
50  the  suspension  system  constructed  in  accordance 

with  the  invention. 
FIG.  6  is  a  graph  illustrating  energy  utilization 

in  the  suspension  system  of  FIG.  1. 
FIG.  7  is  a  graph  similar  to  FIG.  6,  but  illustrat- 

55  ing  a  suspension  system  that  does  not  include  the 
accumulator  reservoir  of  the  system  of  FIG.  1. 

FIG.  8  is  an  enlarged  schematic  view  of  a 
portion  of  another  embodiment  of  suspension  sys- 
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tern  that  is  also  constructed  in  accordance  with  the 
invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  to  the  drawing  and  to  FIG.  1  in  par- 
ticular,  shown  therein  and  generally  designated  by 
the  reference  character  10  is  a  vehicle  suspension 
system.  The  suspension  system  10  can  be  utilized 
in  any  type  of  vehicle,  for  instance  in  motorcycles, 
tanks,  and  in  an  automobile  to  support  a  chassis  12 
on  wheels  14.  The  chassis  12  and  only  two  wheels 
14  are  illustrated  in  FIG.1.  The  suspension  strut 
assembly  16  is  positioned  in  supporting  arrange- 
ment  between  the  chassis  12  and  the  wheel  14. 

As  shown  in  FIG.  1,  there  are  four  suspension 
strut  assemblies  16,  18,  20  and  22.  Although  only 
two  wheels  14  are  illustrated,  it  will  be  understood 
that  the  strut  assemblies  20  and  22  also  are  posi- 
tioned  between  other  wheels  (not  shown)  of  the 
vehicle  and  the  chassis  12. 

The  strut  assemblies  16,  18,  20  and  22  are 
interconnected  by  appropriate  hydraulic  circuits, 
which  will  be  described,  to  a  pump/motor  assembly 
that  is  generally  designated  by  the  reference  char- 
acter  24.  The  pump/motor  assembly  24  is  in  turn 
connected  to  an  accumulator  assembly  26  that  also 
functions  as  a  reservoir  for  the  hydraulic  system. 
Interposed  between  the  strut  assemblies  16,  18,  20 
and  22  and  the  pump/motor  assembly  24  are  con- 
trol  assemblies  28,  30,  32,  and  34,  respectively. 
The  control  assemblies  and  strut  assemblies  are 
similar  in  function  and  only  the  strut  assembly  18 
and  control  assembly  30  will  be  described  more 
fully  in  connection  with  the  enlarged,  fragmentary 
schematic  view  of  FIG.  2. 

As  shown  more  clearly  therein,  the  suspension 
strut  assembly  18  includes  a  hollow  body  36  which 
has  a  generally  cylindrical  bore  38  therein.  Located 
in  the  bore  38  and  positioned  for  reciprocation 
therein  is  a  piston  40  having  a  piston  rod  42 
extending  from  one  end  of  the  body  36.  The  strut 
assembly  may  be  described  as  a  single  acting 
linear  actuator. 

The  strut  is  designed  with  both  ends  of  the 
linear  actuator  interconnected.  Compression  of  the 
strut  results  in  a  net  fluid  displacement  equal  to  the 
rod  area  times  the  compression  distance.  This  fluid 
is  displaced  into  the  accumulator  which  in  turn 
compresses  the  gas  thereby  increasing  the  gas 
pressure.  The  increased  gas  pressure  is  reflected 
in  increased  fluid  pressure  which  acts  on  both  ends 
of  the  cylinder.  The  net  result  being  pressure  which 
acts  on  the  rod  area  which  supports  the  externally 
applied  load.  The  function  of  the  piston  is  to  pro- 
vide  controlled  fluid  flow  (no  leakage  past  the  pis- 
ton)  for  damping. 

The  control  assembly  30,  as  illustrated  in  FIG. 
2,  includes  a  conduit  44  located  on  one  side  of  the 
piston  40  and  conduit  46  located  on  the  opposite 
side  thereof.  The  conduits  44  and  46  are  in  com- 

5  munication  with  the  bore  38.  Connected  in  parallel 
relationship  to  the  conduit  44  is  a  check  valve  48,  a 
variable  orifice  valve  50  and  a  relief  valve  52. 

Similarly,  the  conduit  46  is  connected  to  a 
check  valve  54,  a  variable  orifice  56,  and  a  pres- 

io  sure  relief  valve  58  which  are  also  arranged  in 
parallel  relationship.  The  check  valves  48  and  54 
are  arranged  to  permit  fluid  flow  toward  the  strut 
assembly  18  while  preventing  flow  in  the  opposite 
direction.  The  variable  orifice  valves  50  and  56  are 

is  provided  to  produce  a  controlled  pressure  drop 
across  the  proportional  to  the  fluid  flow  rate 
through  them  to  dampen  the  movement  of  the 
piston  40  in  the  bore  38.  Relief  valves  52  and  58 
are  arranged  to  open  at  a  preset  pressure  in  the 

20  conduits  44  and  46,  respectively. 
Conduit  60  connects  the  valve  48,  orifice  50 

and  relief  valve  52  in  parallel  with  the  valve  54, 
orifice  56  and  relief  valve  58.  A  branch  conduit  62 
extends  to  a  small  gas  over  hydraulic  accumulator 

25  64  that  includes  a  compressible  gas  filled  chamber 
66  and  a  hydraulic  fluid  chamber  68  therein.  The 
accumulator  64  provides  resiliency  to  the  strut  as- 
sembly  18.  For  example,  if  the  accumulator  64  with 
the  compressible  gas  therein  were  not  provided, 

30  and  the  body  36  filed  with  fluid,  the  piston  40 
would  be  rigidly  positioned  in  the  cylinder  and 
could  not  move  unless  fluid  on  one  side  or  the 
other  thereof  were  displaced.  Since  the  fluid  is 
essentially  incompressible,  an  arrangement  of  this 

35  type  would  provide  virtually  rigid  connection  be- 
tween  the  chassis  12  and  the  wheels  14. 

However,  because  of  the  compressible  gas  in 
the  accumulator  64,  hydraulic  fluid  on  the  appro- 
priate  side  of  the  piston  40  can  be  displaced  into 

40  the  accumulator  64  compressing  the  gas  contained 
therein  and  permitting  movement  of  the  piston  44 
and  causing  the  restoration  of  the  piston  40  to  its 
initial  position. 

Only  one  of  the  control  assemblies  which  are 
45  connected  with  the  suspension  strut  assemblies 

has  been  described  in  detail.  However,  it  will  be 
understood  that  all  of  the  assemblies  may  be  iden- 
tical. 

Extending  from  the  conduit  60  is  a  hydraulic 
50  conduit  78  that  connects  the  control  system  30  with 

a  variable  displacement  pump/motor  80  which 
forms  part  of  the  pump/motor  assembly  24.  Simi- 
larly,  the  control  assembly  28  is  connected  by  a 
conduit  74  which  connects  the  strut  assembly  16 

55  with  a  variable  displacement  pump/motor  76  that 
also  forms  a  part  of  the  pump/motor  assembly  24. 
Conduit  70  extends  from  the  strut  assembly  20  to  a 
variable  displacement  pump/motor  72  and  conduit 
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81  extends  from  the  strut  assembly  22  to  a  variable 
displacement  pump/motor  82.  The  variable  dis- 
placement  pumps/motors  72  and  82  also  form  part 
of  the  pump  assembly  24.  As  will  be  more  fully 
described  in  connection  with  FIGs.  4a,  4b  and  4c, 
the  pumps  are  preferably  vane-type,  variable  dis- 
placement  pump  which  upon  a  reversal  flow,  may 
also  act  as  a  motor. 

As  illustrated  in  FIG.  1,  all  of  the  pumps  72,  76, 
80  and  82  are  driven  by  a  common  shaft  84.  The 
advantage  of  the  single  shaft  drive  is  that  a  single 
power  takeoff  from  the  vehicle  engine  can  be  uti- 
lized  to  drive  the  entire  suspension  system  thereby 
reducing  the  size,  weight  and  cost  of  the  system. 
An  electric  motor  or  other  prime  mover  could  be 
utilized  for  driving  the  pumps  if  desired.  Further, 
the  pumps  24  could  be  individually  driven  but  such 
an  arrangement  could  overly  complicate  the  sys- 
tem  and  increase  its  size  and  cost. 

Conduits  86,  88,  90  and  92  connect  the  pumps 
72,  80,  82  and  86,  respectively,  with  the  accumula- 
tor  assembly  26.  The  accumulator  assembly  26  is 
shown  in  more  detail  in  FIG.  3.  This  same  figure  is 
representative  of  the  accumulators  used  with  each 
individual  strut. 
As  illustrated  therein,  the  accumulator  assembly  26 
includes  a  hollow  housing  94  having  a  bellows  96 
located  therein.  The  bellows  96  forms  a  divider  in 
the  housing  94  defining  a  gas  chamber  98  and  a 
liquid  chamber  100.  The  gas  chamber  98  is  filled 
with  compressible  gas  such  as  nitrogen  and  hy- 
draulic  fluid  utilized  in  the  suspension  system  10 
occupies  the  chamber  100. 

The  bellows  96  is  preferably  constructed  from 
metal  to  insure  longevity.  Also,  it  should  be  pointed 
out  that  the  volume  occupied  by  the  liquid  filling 
the  bellows  96  is  somewhat  greater  than  the  vol- 
ume  occupied  by  the  gas  since  the  accumulator 
assembly  26  also  serves  as  a  reservoir  for  such 
fluid.  The  relatively  large  volume  of  the  bellows 
used  for  the  hydraulic  fluid  provides  for  the  storage 
of  a  considerable  amount  of  reserve  hydraulic  fluid 
that  is  required  to  provide  adequate  resiliency  for 
each  of  the  strut  assemblies. 

The  primary  function  of  the  accumulator  reser- 
voir  assembly  26  is  to  impose  fluid  pressure  on  the 
entire  system  10  so  that  the  pressure  differential 
between  the  reservoir  26  pressure  and  any  steady 
or  static  individual  strut  pressure  required  to  sup- 
port  the  chassis  12  is  minimized.  It  is  intended  that 
the  pistons  40  and  rods  42  be  positioned  in  the 
strut  assemblies  in  intermediate  positions  to  permit 
movement  of  the  pistons  40  and  rods  42  in  either 
direction. 

FIGs.  6  and  7  will  describe  the  reasons  for  this 
imposed  pressure. 

FIGs.  4a,  4b,  and  4c  illustrates  a  typical  vari- 
able  displacement  pump/motor  72  that  may  be 

utilized  in  the  system  10.  FIG.  4b  illustrates  the 
position  of  a  the  rotor  87  when  there  is  no  fluid  flow 
to  or  from  conduit  70.  In  this  condition,  no  pump- 
ing/motoring  action  occurs  and  fluid  is  simply  cir- 

5  culated  by  vanes  89  when  the  pump/motor  is  in 
operation.  When  the  suspension  system  is  inactive 
and  the  pump/motor  is  in  the  no-flow  position,  a 
valve  may  be  provided  in  conduit  70  to  completely 
block  the  strut  flow  path.  In  this  case,  no  strut 

io  leakdown  will  be  possible.  The  valve(s)  may  be 
pilot  operated,  solenoid  operated,  or  operated  by 
some  other  source  indicative  of  system  actuation. 
When  functioning  to  provide  flow  to  the  conduit  70, 
the  center-line  of  the  rotor  87  is  displaced  as 

is  illustrated  in  FIG.  4a  so  that  fluid  is  swept  by  the 
vanes  89  from  the  conduit  86  through  the  pump  72 
and  outwardly  through  the  conduit  70  toward  the 
strut  assembly  20. 

FIG.  4c  illustrates  the  condition  of  the 
20  pump/motor  72  when  fluid  from  strut  20  passes  to 

the  accumulator  assembly  26.  In  this  condition,  the 
center-line  of  the  rotor  87  has  been  displaced  to 
the  left  and  fluid  flowing  from  the  conduit  70  drives 
the  vanes  89  and  the  rotor  87  in  a  direction  so  that 

25  the  fluid  will  return  through  the  conduit  86  to  the 
accumulator  assembly  26. 

OPERATION  OF  THE  EMBODIMENT  OF  FIG.  1 

30  With  the  vehicle  in  operation,  the  pump/motor 
assembly  24  is  also  in  operation.  Assuming  that  the 
vehicle  is  either  sitting  still  or  on  a  very  level  road 
the  rotor  89  of  the  pump  72  is  in  the  general 
position  shown  in  FIG.  4b  with  no  fluid  being  dis- 

35  placed. 
If  the  vehicle  is  caused  to  roll  about  its  longitu- 

dinal  center-line,  such  as  when  making  a  turn  or 
driving  along  a  hillside,  the  force  applied  to  the 
strut  on  the  low  side  (outside  of  the  turning  vehicle) 

40  increases  and  the  force  applied  to  the  strut  on  the 
uphill  side  decreases.  Accordingly,  the  pressure 
increases  on  the  downhill  side  and  decreases  on 
the  uphill  side.  The  pressure  increases  in  strut 
assemblies  16  and  22,  if  the  right  side  of  the 

45  vehicle  is  lower  and  decreases  in  the  strut  assem- 
blies  18  and  20,  assuming  the  left  side  is  higher. 

The  pumps/motors  76  and  82  have  the  rotors 
87  therein  repositioned  as  illustrated  in  FIG.  4a 
upon  sensing  the  compression  in  the  strut  assem- 

50  blies  16  and  22  so  that  fluid  is  directed  to  the 
downhill  strut  assemblies  16  and  22.  Simultaneous- 
ly,  the  extension  in  the  strut  assemblies  18  and  20 
is  sensed  and  pumps/motors  72  and  80  which  have 
the  rotors  87  therein  are  moved  to  the  position 

55  illustrated  in  FIG.  4c  so  that  fluid  flow  is  toward  the 
accumulator  26.  The  arrangement  is  such  then  that 
upon  sensing  extension  or  compression  of  the 
struts  on  one  side  of  the  vehicle  as  compared  to 

4 
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the  other,  the  appropriate  pumps/motors  72,  76,  80 
and  82  automatically  react  to  provide  additional 
fluid  to  the  compressed  side  while  receiving  fluid 
from  the  extended  side,  thus  restoring  the  vehicle 
chassis  to  the  normal  level  position  with  respect  to 
the  wheels  14.  Indeed,  the  system  reacts  suffi- 
ciently  fast  so  that  the  vehicle  virtually  remains  in 
the  neutral  position. 

The  forgoing  description  has  been  made  in 
conjunction  with  a  vehicle  operating  on  the  side  of 
a  hill,  but  it  can  be  appreciated  that  such  also 
applies  to  vehicles  making  a  turn  since  the  side  of 
the  vehicle  away  from  the  center  of  the  turn  is 
loaded  as  was  the  downhill  side  of  the  vehicle  on 
the  hill  side.  Thus,  the  reaction  of  the  system  10 
maintains  the  vehicle  in  the  normal,  level  position. 

Also,  it  will  be  appreciated  that  all  of  the  com- 
ponents  of  the  system  10  are  interconnected  so 
that,  should  pitch  occur  from  either  acceleration  of 
the  vehicle  or  sudden  deceleration  thereof,  the 
appropriate  pumps/motors  operate  to  provide  addi- 
tional  fluid  to  the  compressed  end  of  the  vehicle 
while  receiving  fluid  from  the  other  end  of  the 
vehicle.  Thus,  the  system  10  maintains  the  normal 
level  position  of  the  vehicle  against  pitching  forces. 

The  aforesaid  relationships  can  be  seen  in  the 
chart  of  FIG.  5.  As  illustrated  therein,  the  force 
increase  A-C  in  the  struts  attempts  to  move  the 
piston  40  therein  from  position  C  to  B.  The  system 
10  operates  to  prevent  the  movement  or  deflection 
of  the  piston  40  and  rod  42  from  B  to  C  which 
would  normally  occur  because  the  system  10  has 
almost  immediately  provided  fluid  flow  to  the  load- 
ed  strut.  The  appropriate  amount  of  fluid  to  accom- 
plish  this  is  automatically  provided  by  the  variable 
displacement  pump/motor  assembly  24  described. 

The  system  10  also  provides  additional  bene- 
fits  as  may  be  appreciated  by  comparing  the 
charts  of  FIGs.  6  and  7.  FIG.  6  illustrates  a  system, 
such  as  the  system  10,  wherein  the  accumulator 
assembly  26  is  not  utilized.  That  is,  the  system  is 
not  preloaded  with  the  static  Pressure  near  the 
strut  pressure  required  to  support  the  weight  of  the 
suspended  parts  of  the  vehicle.  During  a  turn  as 
illustrated  in  FIG.  6,  the  energy  necessary  to  ex- 
tend  the  outside  inside  strut  area  99  and  the  en- 
ergy  recovered  to  compress  the  inside  strut  area 
100  are  shown  by  the  cross-sectioned  areas  under 
the  curve.  The  total  energy  required  is  the  dif- 
ference  of  those  two  areas. 

Positioning  the  rotor  87  of  the  pump/motor  24 
to  allow  fluid  flow  from  the  strut  20  to  flow  to  the 
reservoir  allows  the  recovery  of  energy  indicated 
by  area  100.  Recovering  this  energy  minimizes,  to 
the  extent  possible,  the  total  energy  requirement  of 
the  system. 

After  the  turn,  energy  (area  100)  is  required  to 
extend  the  inside  strut  and  energy  (area  99)  is 

recovered  during  compression  of  the  outside  strut. 
Thus,  the  total  theoretical  energy  requirement  of 
the  system  10  is  zero.  This  is  a  result  of  the  ability 
of  the  pump/motor  24  to  allow  fluid  flow  from  the 

5  strut  20  to  flow  to  the  reservoir  while  the 
pump/motor  is  displaced  toward  the  motor  position. 

In  FIG.  7,  the  same  curve  is  illustrated,  but  in  a 
system  such  as  the  system  10  which  utilizes  the 
accumulator  assembly  26.  In  this  system,  the  static 

io  preload  force,  that  is,  the  pressure  equal  to  the 
strut  pressure  required  to  support  the  suspended 
weight  of  the  vehicle  is  provided  by  the  accumula- 
tor  assembly  26.  Accordingly,  the  energy  required 
to  extend  the  outside  strut  is  illustrated  by  the 

is  small  triangular  area  103.  The  energy  required  to 
compress  the  inside  strut  shown  by  the  remaining 
cross-sectioned  triangular  area  101.  The  total  en- 
ergy  required  is  the  sum  of  the  areas  101  and  103. 
The  theoretical  energy  required  for  the  suspension 

20  system  10  with  or  without  an  accumulator  26  acting 
as  the  reservoir  for  the  pump/motor  24  is  identical. 
The  operating  efficiency  of  the  system  10  without 
the  accumulator  26  will  be  lower  than  with  the 
accumulator  26  because  the  increased  differential 

25  pressure  across  the  pump/motor  will  be  higher.  All 
pump/motor  devices  have  lower  efficiencies  with 
higher  differential  pressures. 

In  either  of  the  above  examples,  most  of  the 
energy  expended  is  recovered  after  the  turn  or 

30  after  the  imbalance  of  the  vehicle  has  been  re- 
stored.  It  should  be  pointed  out  that  two  advan- 
tages  are  provided  by  introducing  the  static  preload 
pressure  into  the  system.  Those  advantages  are: 
(1)  substantially  less  time  is  required  for  the  sys- 

35  tern  to  react  to  the  imbalance  and  be  certain  that 
the  vehicle  remains  essentially  at  the  normal  level 
and  position;  and  (2)  that  the  pumps  operate  more 
efficiently  and  will  last  substantially  longer.  The 
longer  life  is  due  to  reduction  of  the  pressure 

40  differential  across  the  pumps.  As  can  be  seen  from 
comparing  FIGs.  6  and  7,  the  pressure  does  not 
need  to  be  raised  from  virtually  zero  to  the  maxi- 
mum  required  for  restoration  when  using  the  accu- 
mulator  assembly  26  since  the  preload  pressure  is 

45  already  in  the  system  10.  At  static  normal  level 
operation  the  vehicle,  the  differential  across  the 
pump  assembly  24  is  nil.  The  pump  assembly  24 
is  operating  in  an  environment  wherein  the  differen- 
tial  pressure  thereacross  is  substantially  reduced 

50  as  compared  to  a  system  that  does  not  include  the 
accumulator  assembly  26. 

From  the  foregoing,  it  will  be  appreciated  that 
the  preferred  embodiment  of  suspension  system 
10,  an  active  suspension  system  that  is  less  com- 

55  plex  and  expensive  than  other  systems  and  one 
that  provides  an  enhanced  ride  due  to  the  resil- 
iency  provided  under  damped  conditions  and  due 
to  the  ability  of  the  system  10  to  maintain  the 

5 
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normal  level  attitude  of  the  vehicle. 

EMBODIMENT  OF  FIG.  8 

FIG.  8  is  a  partial  schematic  of  a  suspension 
system  that  is  generally  designated  by  the  refer- 
ence  character  200.  In  FIG.  8,  identical  parts  have 
been  identified  by  the  same  reference  characters 
as  used  in  the  description  of  the  embodiment  10. 

Although  not  shown,  it  will  be  understood  that 
the  conduit  70  is  connected  to  the  suspension 
assembly  20  as  was  previously  described.  The 
opposite  end  of  the  conduit  70,  in  this  instance,  is 
connected  to  a  solenoid  controlled  multi-port  valve 
102  which  is  in  turn  connected  by  a  conduit  104 
with  a  fixed  displacement  pump  106.  Although  not 
illustrated,  a  valve  102  and  a  pump  106  will  be 
provided  for  each  strut  assembly  16,  18,  20  and 
22. 

The  valve  102  is  connected  by  a  conduit  108 
with  the  accumulator  assembly  26.  Accumulator 
assembly  26  is  connected  by  a  conduit  110  with 
the  inlet  to  the  pump  106. 

As  illustrated,  the  valve  102,  in  addition  to  pilot 
operators  112  and  114,  is  provided  with  a  neutral 
position  (N)  wherein  fluid  is  delivered  from  the 
pump  106  through  the  conduit  104,  through  port 
105  to  a  conduit  108.  The  fluid  flows  through 
conduit  110  back  to  the  pump  106.  As  shown 
therein,  in  the  neutral  position  (N),  the  conduit  70  is 
closed  off  and  no  fluid  is  flowing  to  the  strut 
assembly  20. 

The  valve  102  is  also  provided  with  a  position 
(C)  which  is  ported  in  such  a  manner  that  fluid  is 
circulated  from  the  fixed  displacement  pump  106 
through  the  conduit  104  into  the  conduit  115  and 
into  conduit  108  to  the  reservoir  accumulator  as- 
sembly  26  and  through  the  conduit  110  returning  to 
the  pump  106.  A  parallel  port  116  is  connected  to 
the  conduit  70  providing  hydraulic  fluid  from  the 
strut  assembly  20  to  the  accumulator  reservoir. 
When  in  this  position,  the  strut  20  can  compress 
due  to  the  bypassing  of  fluid  as  previously  de- 
scribed. 

When  it  is  desired  to  provide  fluid  from  the 
pump  106  directly  to  the  conduit  70,  the  valve  102 
is  moved  to  a  position  (E)  which  has  a  port  118 
that  extends  directly  from  the  connection  with  the 
conduit  104  to  the  conduit  70  blocking  off  the 
pump  flow  path  to  the  conduit  108.  When  in  this 
position,  fluid  flows  directly  to  the  strut  assembly 
20. 

While  the  system  100  operates,  it  is  less  desir- 
able  than  the  system  10  because  it  is  necessary  to 
constantly  reposition  the  valve  102  to  provide  prop- 
er  flow  control  to  the  strut  assembly  20  depending 
on  the  loading  conditions  thereof. 

Various  types  of  pumps  could  be  utilized  in  the 
systems  10  and  100,  but  the  variable  displacement 
pumps  described  in  connection  with  the  embodi- 
ment  of  FIG.  1  are  preferred. 

5  Many  changes  and  modification  can  be  made 
to  the  embodiments  described  in  detail  herein- 
before  without  departing  from  the  scope  of  the 
invention  as  defined  in  the  appended  claims. 

w  Claims 

1.  A  suspension  system  (10)  comprising:  hydrau- 
lic  suspension  strut  means  (16,  18,  20,  22)  for 
resiliently  supporting  and  damping  movement 

is  between  suspended  and  unsuspended  parts 
(12,  14)  of  a  mass  or  energy  system;  flow 
means  (24,  70,  74,  78,  81)  for  providing  hy- 
draulic  fluid  flow  to/from  said  strut  means, 
whereby  said  flow  means  includes  pump/motor 

20  means  (24)  permitting  reverse  flow  thereth- 
rough  to  allow  fluid  flow  from  said  strut  means 
when  said  strut  is  to  be  compressed,  permit- 
ting  forward  flow  to  said  strut  means  when  said 
strut  is  to  be  extended  and  producing  no  flow 

25  when  said  strut  means  is  in  a  neutral  position; 
accumulator  means  (26)  connected  with  said 
flow  means,  characterized  in  that,  said 
pump/motor  means  comprises  a  plurality  of 
variable  displacement  pumps  (72,  76,  80,  82) 

30  each  pump  being  associated  with  a  hydraulic 
strut  means  and  functioning  as  a  motor  during 
reverse  flow,  and  in  that  each  of  said  pumps 
comprises  a  pump  chamber  and  a  rotor  (87) 
the  axis  of  which  is  displaced  relative  to  the 

35  central  axis  of  said  pump  chamber  in  response 
to  extension  or  compression  of  said  associated 
strut  means  to  either  pump  fluid  to  said  strut 
means  or  allow  fluid  to  return  from  said  strut 
means. 

40 
2.  The  device  according  to  claim  1,  character- 

ized  in  that  each  said  displacement 
pump/motor  variable  displacement  pump  (72, 
76,  80,  82)  includes  a  vane  type  pump  which 

45  functions  as  a  motor  during  reverse  flow. 

3.  The  device  according  the  claim  1,  character- 
ized  in  that  each  of  said  plurality  of  variable 
displacement  pumps  (72,  76,  80,  82)  includes 

50  said  pump  chamber  with  a  centerline  and  said 
rotor  (87)  with  a  centerline  which  respond  to 
fluid  pressure  changes  from  a  corresponding 
one  of  said  strut  means  (16,  18,  20,  22)  to 
either  pump  fluid  to  or  allow  fluid  to  return 

55  from  said  corresponding  one  of  said  strut 
means. 

6 
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4.  The  device  according  to  claim  1,  character- 
ized  by  an  accumulator  means  (26,  28,  30,  32, 
34)  for  pressuring  said  hydraulic  fluid,  a  gas 
over  hydraulic  accumulator  located  at  said 
strut  means  (16,  18,  20,  22)  and  connected 
with  said  flow  means  (24,  70,  74,  78,  81) 
wherein  that  said  accumulator  means  is  con- 
nected  to  pressurize  said  system  (10)  to  resil- 
iency  support  said  suspended  parts  (12)  in  the 
static  condition  and  to  pressurize  said  flow 
means  to  reduce  the  pressure  thereacross. 

5.  The  device  according  to  claim  1,  character- 
ized  in  that  said  hydraulic  strut  means  (16,  18, 
20,  22)  includes: 

a  body  member  (36)  having  a  generally 
cylindrical  bore(38)  and  mounted  on  one  of 
said  parts  (14); 

a  piston  (40)  including  a  piston  rod  (42) 
located  in  said  bore  (38)  for  reciprocating 
movement  and  having  said  piston  rod  con- 
nected  with  the  other  of  said  parts  (12);  and 

control  means  (28,  30,  32,  34)  connected 
with  said  pump/motor  means  (24)  and  with 
said  body  member  for  controlling  the  flow  of 
said  pressurized  hydraulic  fluid  into  and  out  of 
said  bore  on  both  sides  of  said  piston. 

6.  The  device  according  to  claim  5,  character- 
ized  in  that  said  control  means  (28,  30,  32,  34) 
includes: 

a  check  valve  (48,  54)  for  permitting  fluid 
flow  into  said  bore  and  preventing  flow  in  the 
opposite  direction; 

a  variable  orifice  (50,  56)  connected  in  a 
parallel  flow  arrangement  with  said  check  valve 
for  damping  flow  therethrough;  and 

a  pressure  relief  valve  (52,  58)  connected 
in  a  parallel  flow  arrangement  with  said  check 
valve  and  variable  orifice  for  permitting  flow 
through  said  relief  valve  when  the  pressure  in 
said  bore  exceeds  a  predetermined  value. 

7.  The  device  according  to  claim  6,  character- 
ized  in  that  said  control  means  (28,  30,  32,  34) 
includes  an  accumulator  (64)  connected  with 
said  control  means,  said  accumulator  including 
a  compressible  gas  whereby  said  piston  (40) 
and  piston  rod  (42)  are  resiliently  supported  by 
said  fluid  in  said  bore  (38)  providing  resiliency 
between  said  parts.  (12,  14). 

8.  The  device  according  to  claim  7,  character- 
ized  in  that  said  hydraulic  fluid  is  essentially 
incompressible. 

9.  The  device  according  to  claim  1,  character- 
ized  by  said  plurality  of  variable  displacement 

pumps  (72,  76,  80,  82)  with  a  common  drive 
means  (84). 

10.  A  suspension  system  (10)  according  to  one  of 
5  claims  1  to  9,  characterized  in  that  the  flow 

means  (24,  70,  74,  78,  81)  includes  said 
pump/motor  means  (24)  including  said  plurality 
of  variable  displacement  pumps  (72,  76,  80, 
82)  which  permit  flow  to  and  from  said  strut 

io  means  as  said  strut  means  are  compressed  or 
extended,  and  includes  a  common  drive 
means  (84)  for  said  pumps. 

Patentanspruche 
15 

1.  Aufhangungsanordnung  (10)  mit:  Hydraulikauf- 
hangungs-Stempeleinrichtungen  (16,  18,  20, 
22)  zum  nachgibiegen  Halten  und  Dampfen 
der  Bewegung  zwischen  aufgehangten  und 

20  nichtaufgehangten  Teilen  (12,  14)  einer  Masse 
oder  eines  Energiesystems;  Stromungsmitteln 
(24,  70,  74,  78,  81)  zum  Zufuhren  von  Hydrau- 
likfluidstromung  zu/von  den  Stempeleinrichtun- 
gen,  wobei  das  Stromungsmittel  eine 

25  Pump/Motoreinrichtung  (24)  einschlieBt,  die 
eine  Umkehrstromung  hindurch  erlaubt,  damit 
eine  Fluidstromung  von  der  Stempeleinrich- 
tung  zugelassen  wird,  wenn  der  Stempel  zu- 
sammengedruckt  wird,  und  wobei  eine  Vor- 

30  wartsstromung  zu  der  Sempeleinrichtung  mog- 
lich  ist,  wenn  der  Stempel  ausgefahren  ist,  und 
wobei  keine  Stromung  erfolgt,  wenn  die  Stem- 
peleinrichtung  in  neutraler  Position  steht;  mit 
Sammlermitteln  (26),  die  an  die  Stromungsmit- 

35  tel  angeschlossen  sind,  dadurch  gekenn- 
zeichnet,  dal3  die  Pumpen/Motoreinrichtung 
eine  Anzahl  von  veranderlichen  Verdranger 
Pumpen  (72,  76,  80,  82)  aufweist,  wobei  jede 
Pumpe  einer  hydraulischen  Stempeleinrichtung 

40  zugeordnet  ist  und  als  Motor  wahrend  der  Um- 
kehrstromung  arbeitet,  und  das  jede  der  Pum- 
pen  eine  Pumpenkammer  und  einen  Rotor  (87) 
aufweist,  dessen  Achse  in  bezug  auf  die  Mittel- 
achse  der  Pumpenkammer  in  Abhangigkeit 

45  von  dem  Ausfahren  oder  Zusammendrucken 
der  zugehorigen  Stempeleinrichtung  versetzt 
ist,  urn  entweder  Fluid  zu  der  Stempeleinrich- 
tung  zu  pumpen  oder  urn  Fluid  von  der  Stem- 
peleinrichtung  zuruckstromen  zu  lassen. 

50 
2.  Vorrichtung  nach  Anspruch  1,  dadurch  ge- 

kennzeichnet,  dal3  die  veranderliche  Verdran- 
gerpumpe  (72,  76,  80,  82)  der  Verdrangerpum- 
pen/Motor-Anordnung  eine  Flugelpumpe  urn- 

55  fafit,  die  wahrend  der  Umkehrstromung  als 
Motor  arbeitet. 

7 
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3.  Vorrichtung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  die  Anzahl  der  veranderli- 
chen  Verdrangerpumpen  (72,  76,  80,  82)  die 
Pumpenkammer  mit  einer  Mittellinie  und  den 
Rotor  (87)  mit  einer  Mittellinie  umfaBt,  die  auf 
Fluiddruckveranderungen  von  einer  zugehori- 
gen  Stempeleinrichtung  (16,  18,  20,  22)  an- 
sprechen,  urn  entweder  Fluid  zu  der  entspre- 
chenden  Stempeleinrichtung  zu  pumpen  oder 
urn  Fluid  von  dieser  zuruckstromen  zu  lassen. 

4.  Vorrichtung  nach  Anspruch  1,  gekennzelch- 
net  durch  eine  Sammlereinrichtung  (26,  28, 
30,  32,  34),  urn  das  Hydraulikfluid  unter  Druck 
zu  setzen,  wobei  ein  Gas  uber  dem  Hydraulik- 
sammler  an  den  Stempeleinrichtungen  (16,  18, 
20,  22)  angeordnet  und  mit  den  Stromungsmit- 
teln  (24,  70,  74,  78,  81)  verbunden  ist,  wobei 
die  Sammlereinrichtung  angeschlossen  ist,  urn 
das  System  (10)  mit  Druck  zu  versehen,  urn 
die  aufgehangten  Teile  (12)  im  statischen  Zu- 
stand  nachgiebig  zu  halten  und  urn  die  Stro- 
mungseinrichtungen  mit  Druck  zu  versorgen, 
urn  den  Druck  daruber  zu  reduzieren. 

5.  Vorrichtung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  die  Hydraulikstempelein- 
richtung  (16,  18,  20,  22)  aufweist: 

ein  Korperteil  (36)  mit  einer  im  allgemei- 
nen  zylinderischen  Bohrung  (38),  dal3  auBer- 
dem  auf  einem  der  Teile  (14)  montiert  ist; 

einem  Kolben  (40)  mit  einer  Kolbenstange 
(42),  die  in  der  Bohrung  (38)  sitzt,  urn  sich  hin 
und  her  zu  bewegen  und  mit  der  die  Kolben- 
stange  mit  dem  anderen  der  Teile  (12)  verbun- 
den  ist;  und  mit 

Steuermitteln  (28,  30,  32,  34)  die  an  die 
Pumpen/Motor-Einrichtung  (24)  angeschlossen 
sind  und  wobei  das  Korperteil  dazu  dient,  die 
Stromung  des  unterdruckstehenden  Hydraulik- 
fluids  in  und  aus  der  Bohrung  an  beiden  Seiten 
des  Kolbens  zu  steuern. 

6.  Vorrichtung  nach  Anspruch  5,  dadurch  ge- 
kennzeichnet,  dal3  das  Steuermittel  (28,  30, 
32,  34)  aufweist: 

ein  Ruckschlagventil  (48,  54),  urn  Fluid- 
stromung  in  die  Bohrung  zu  zu  lassen  und  urn 
Stromung  in  entgegengesetzter  Richtung  zu 
verhindern; 

eine  veranderliche  Offnung  (50,  56),  die  in 
parallel  Stromungsanordnung  mit  dem  Ruck- 
schlagventil  liegt,  urn  die  Stromung  durch  die- 
ses  zu  dampfen;  und  mit 

einem  DruckablaBventil  (52,  58),  das  in 
Parallelstromungsanordnung  mit  dem  Ruck- 
schlagventil  und  der  veranderlichen  Offnung 
liegt,  urn  eine  Stromung  durch  das  AbblaBven- 

til  zu  zu  lassen,  wenn  der  Druck  in  der  Boh- 
rung  einen  vorgegebenen  Wert  uberschreitet. 

7.  Vorrichtung  nach  Anspruch  6,  dadurch  ge- 
5  kennzeichnet,  dal3  das  Steuermittel  (28,  30, 

32,  34)  einen  Sammler  (64)  aufweist,  der  mit 
dem  Steuermittel  verbunden  ist,  wobei  der 
Sammler  ein  komprimierbares  Gas  enthalt, 
durch  welches  der  Kolben  (40)  und  die  Kolben- 

io  stange  (42)  nachgiebig  von  dem  Fluid  in  der 
Bohrung  (38)  gehalten  sind,  urn  eine  Federung 
zwischen  diesen  Teilen  (12,  14)  zu  schaffen. 

8.  Vorrichtung  nach  Anspruch  7,  dadurch  ge- 
15  kennzeichnet,  dal3  das  Hydraulikfluid  prak- 

tisch  unkomprimierbar  ist. 

9.  Vorrichtung  nach  Anspruch  1,  gekennzelch- 
net  durch,  eine  Anzahl  von  veranderlichen 

20  Verdrangerpumpen  (72,  76,  80,  82)  mit  einer 
gemeisamen  Antriebseinrichtung  (84). 

10.  Aufhangungssystem  (10)  nach  einem  der  An- 
spruche  1  bis  9,  dadurch  gekennzeichnet, 

25  daf3  das  Stromungsmittel  (24,  70,  74,  78,  81) 
die  Pumpen/Motoranordnung  (24)  aufweist,  die 
eine  Anzahl  von  veranderlichen  Verdranger- 
pumpen  (72,  76,  80,  82)  einschlieBt,  welche 
Stromung  zu  und  von  der  Stempeleinrichtung 

30  zulassen,  wenn  die  Stempeleinrichtung  zusam- 
mengedruckt  oder  ausgefahren  ist,  und  die 
eine  gemeisame  Antriebseinrichtung  (84)  fur 
die  Pumpen  aufweist. 

35  Revendicatlons 

1.  Ensemble  de  duspension  (10)  comprenant  des 
dispositifs  (16,  18,  20,  22)  a  jambe  de  force  de 
suspension  hydraulique  destines  a  supporter 

40  elastiquement  les  parties  suspendue  et  non 
suspendue  (12,  14)  d'un  ensemble  de  masse 
ou  d'energie  et  a  amortir  leur  deplacement, 
des  dispositifs  (24,  70,  74,  78,  81)  de  circula- 
tion  destines  a  assurer  la  circulation  du  fluide 

45  hydraulique  depuis  et  vers  les  dispositifs  a 
jambe  de  force,  tels  que  les  dispositifs  de 
circulation  comprennent  des  dispositifs  a  mo- 
teur-pompe  (24)  permettant  la  circulation  en 
sens  inverse  afin  que  le  fluide  puisse  circuler  a 

50  partir  du  dispositif  a  jambe  de  force  lorsque 
celui-ci  doit  etre  comprime,  en  permettant  la 
circulation  vers  I'avant  vers  le  dispositif  a  jam- 
be  de  force  lorsque  la  jambe  de  force  s'allon- 
ge,  et  sans  circulation  lorsque  le  dispositif  a 

55  jambe  de  force  est  en  position  neutre,  et  un 
dispositif  accumulateur  (26)  connecte  aux  dis- 
positifs  de  circulation,  caracterise  en  ce  que 
les  dispositifs  a  moteur-pompe  comportent 
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plusieurs  pompes  a  cylindree  variable  (72,  76, 
80,  82),  chaque  pompe  etant  associee  a  un 
dispositif  a  jambe  de  force  hydraulique  et 
jouant  le  role  de  moteur  pendant  la  circulation 
en  sens  inverse,  et  en  ce  que  chacune  des 
pompes  comprend  une  chambre  de  pompage 
et  un  rotor  (87)  dont  I'axe  est  deplace  par 
rapport  a  I'axe  central  de  la  chambre  de  pom- 
page  lors  de  I'allongement  ou  de  la  compres- 
sion  du  dispositif  associe  a  jambe  de  force  afin 
que  le  fluide  soit  pompe  vers  le  dispositif  a 
jambe  de  force  ou  que  le  fluide  puisse  revenir 
du  dispositif  a  jambe  de  force. 

2.  Ensemble  de  suspension  selon  la  revendica- 
tion  1  ,  caracterise  en  ce  que  chaque  pompe  a 
cylindree  variable  (72,  76,  80,  82)  d'un  disposi- 
tif  a  moteur-pompe  comprend  une  pompe  a 
palettes  qui  joue  le  role  d'un  moteur  lors  de  la 
circulation  en  sens  inverse. 

3.  Ensemble  de  suspension  selon  la  revendica- 
tion  1,  caracterise  en  ce  que  chacune  de  plu- 
sieurs  pompes  a  cylindree  variable  (72,  76,  80, 
82)  comprend  une  chambre  de  pompage  ayant 
un  axe  central  et  le  rotor  (87)  a  un  axe  central 
et  repond  au  changement  de  la  pression  du 
fluide  provenant  d'une  jambe  de  force  corres- 
pondante  (16,  18,  20,  22)  en  pompant  le  fluide 
vers  le  dispositif  a  jambe  de  force  ou  en 
permettant  au  fluide  de  revenir  de  ce  dispositif 
correspondant  a  jambe  de  force. 

4.  Ensemble  de  suspension  selon  la  revendica- 
tion  1,  caracterise  par  un  dispositif  accumula- 
teur  (26,  28,  30,  32,  34)  destine  a  mettre  sous 
pression  le  fluide  hydraulique,  un  accumulateur 
a  gaz  au-dessus  du  fluide  hydraulique,  place 
dans  le  dispositif  a  jambe  de  force  (16,  18,  20, 
22)  et  raccorde  au  dispositif  de  circulation  (24, 
70,  74,  78,  81),  le  dispositif  a  accumulateur 
etant  raccorde  de  maniere  qu'il  mette  sous 
pression  la  suspension  (10)  afin  que  les  parties 
suspendues  (12)  soient  supportees  elastique- 
ment  a  I'etat  statique  et  que  les  dispositifs  de 
circulation  soient  mis  sous  pression  pour  redui- 
re  la  pression  de  part  et  d'autre  de  ces  dispo- 
sitifs  soit  reduite. 

5.  Ensemble  de  suspension  selon  la  revendica- 
tion  1,  caracterise  en  ce  que  les  dispositifs  a 
jambe  de  force  hydraulique  (16,  18,  20,  22) 
comprennent  : 

un  organe  de  corps  (36)  ayant  un  alesage 
pratiquement  cylindrique  (38)  et  monte  sur 
I'une  desdites  parties  (14), 

un  piston  (40)  ayant  une  tige  (42)  de  pis- 
ton  place  dans  I'alesage  (38)  et  destine  a  se 

deplacer  alternativement,  la  tige  du  piston 
etant  raccordee  a  I'autre  desdites  parties  (12), 
et 

un  dispositif  de  commande  (28,  30,  32,  34) 
5  raccorde  au  dispositif  a  moteur-pompe  (24)  et 

a  I'organe  de  corps  afin  qu'il  regie  la  circula- 
tion  du  fluide  hydraulique  sous  pression  vers 
I'alesage  et  a  partir  de  celui-ci  des  deux  cotes 
du  piston. 

10 
6.  Ensemble  de  duspension  selon  la  revendica- 

tion  5,  caracterise  en  ce  que  le  dispositif  de 
commande  (28,  30,  32,  34)  comprend  : 

un  clapet  de  retenue  (48,  54)  destine  a 
is  permettre  la  circulation  du  fluide  vers  I'alesage 

et  a  empecher  la  circulation  dans  le  sens 
oppose, 

un  orifice  variable  (50,  56)  raccorde  sui- 
vant  un  agencement  de  circulation  en  parallele 

20  avec  le  clapet  de  maniere  que  la  circulation  du 
courant  soit  amortie  au  travers  de  celui-ci,  et 

une  soupape  de  decharge  de  pression  (52, 
58)  raccordee  en  parallele  avec  le  clapet  de 
retenue  et  I'orifice  variable  afin  qu'ils  permet- 

25  tent  une  circulation  dans  cette  soupape  de 
decharge  lorsque  la  pression  dans  I'alesage 
depasse  une  valeur  predetermined. 

7.  Ensemble  de  suspension  selon  la  revendica- 
30  tion  6,  caracterise  en  ce  que  le  dispositif  de 

commande  (28,  30,  32,  34)  comporte  un  ac- 
cumulateur  (64)  raccorde  au  dispositif  de  com- 
mande,  I'accumulateur  comprenant  un  gaz 
compressible  afin  que  le  piston  (40)  et  la  tige 

35  (42)  du  piston  soient  supportes  elastiquement 
par  le  fluide  dans  I'alesage  (38)  en  donnant 
une  elasticite  entre  lesdites  parties  (12,  14). 

8.  Ensemble  de  suspension  selon  la  revendica- 
40  tion  7,  caracterise  en  ce  que  le  fluide  hydrauli- 

que  est  essentiellement  incompressible. 

9.  Ensemble  de  suspension  selon  la  revendica- 
tion  1,  caracterisee  par  plusieurs  pompes  a 

45  cylindree  variable  (72,  76,  80,  82)  ayant  un 
dispositif  commun  d'entraTnement  (84). 

10.  Ensemble  de  suspension  (10)  selon  I'une  quel- 
conque  des  revendications  1  a  9,  caracterise 

50  en  ce  que  les  dispositifs  de  circulation  (24,  70, 
74,  78,  81)  comportent  des  dispositifs  a  mo- 
teur-pompe  (24)  comprenant  plusieurs  pompes 
a  cylindree  variable  (72,  76,  80,  82)  permettant 
la  circulation  vers  le  dispositif  a  jambe  de 

55  force  et  a  partir  de  celui-ci  lorsque  le  dispositif 
a  jambe  de  force  est  comprime  ou  allonge,  et 
comportent  un  dispositif  commun  d'entraTne- 
ment  (84)  des  pompes. 

9 



EP  0  427  046  B1 

10 



EP  0  427  046  B1 

STATIC  DYNAMIC 
DEFLECTION  DEFLECTION 

SPRING  DEFLECTION 

11 





EP  0  427  046  B1 

C_5 
o  

cm 
Q_ m  

OUTSIDE  WHEEL 
DYNAMIC  FORCE 

STATIC 
PRELOAD 

FORCE 

INSIDE  WHEEL 
DYNAMIC  FORCE 

ENERGY  RECOVERED  TO  COMPRESS 
INSIDE  STRUT  WITHOUT  ACCUMULATOR 
RESERVOIR  (RECOVERED  AFTER  TURN) 

ENERGY  REQUIRED  TO 
EXTEND  OUTSIDE  STRUT 
WITHOUT  ACCUMULATOR 
RESERVOIR  (RECOVERED 
AFTER  TURN) 

F I G .   6  

INSIDE  WHEEL  STATIC  OUTSIDE  WHEEL 
PASSIVE  PRELOAD  PASSIVE 

DEFLECTION  DEFLECTION  DEFLECTION 

SPRING  DEFLECTION 

OUTSIDE  WHEEL 
DYNAMIC  FORCE 

§   STATIC 
^   PRELOAD 
S£  FORCE 
cE 
t/5  INSIDE  WHEEL 

DYNAMIC  FORCE 

o  
o  

ENERGY  REQUIRED  TO  COMPRESS 
INSIDE  STRUT  WITH  ACCUMULATOR 
RESERVOIR  (RECOVERED  AFTER  TURN) 

ENERGY  REQUIRED  TO 
EXTEND  OUTSIDE  STRUT 
(RECOVERED  AFTER 
TURN) 

F I G .   7  

INSIDE  WHEEL  STATIC  OUTSIDE  WHEEL 
PASSIVE  PRELOAD  PASSIVE 

DEFLECTION  DEFLECTION  DEFLECTION 

SPRING  DEFLECTION 

F I G .   8  

200 

13 


	bibliography
	description
	claims
	drawings

