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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  vibration  damper, 
preferably  to  be  used  in  motor  vehicle  wheel  sus- 
pensions,  the  damping  effect  of  which  can  be 
changed  by  the  intensity  of  an  electrical  field  ap- 
plied  to  a  volume  of  a  electrorheological  liquid. 

Modern  motor  vehicles,  in  particular  top-quality 
motor  vehicles,  are  equipped  with  adjustable  vibra- 
tion  dampers  in  order  to  achieve,  on  the  one  hand, 
a  soft  chassis  setting  for  comfort  in  travel  and,  on 
the  other  hand,  a  taut  sports  setting  for  the  range 
of  higher  speeds  of  travel.  It  is  possible,  for  exam- 
ple,  to  equip  the  damper  with  damping  valves  of 
which  the  damping  power  is  adjustable  via  elec- 
tromagnets.  These  damping  valves  are  very  com- 
plicated  in  construction  and  correspondingly  ex- 
pensive  and  sensitive.  Alternatively,  vibration  dam- 
pers  are  known  which  contain  an  electrorheological 
medium  which  changes  its  viscosity  under  the  in- 
fluence  of  a  high  voltage  within  a  capacitor  ar- 
rangement.  The  variable  viscosity  of  the  medium  is 
the  basis  for  the  adjustable  damping.  The  elec- 
trorheological  medium  is  simultaneously  used  as  a 
control  medium  and  as  a  damping  medium. 

STATEMENT  OF  THE  PRIOR  ART 

The  high  costs  and  the  inadequate  resistance 
to  ageing  of  the  electrorheological  medium  led  to  a 
development  which  is  described  in  detail  in  DE-OS 
39  05  639,  namely  the  separation  of  damping  me- 
dium  and  control  medium,  conventional  mineral  oil 
being  used  as  damping  medium.  Outside  its  work- 
ing  chambers,  this  damper  possesses  a  damping 
valve  which  operates  as  a  speed-dependent  throt- 
tling  device  without  the  influence  of  high  voltage 
but  charges  in  its  damping  action  when  a  high 
voltage  is  applied.  In  principle,  the  damping  valve 
has  the  lowest  damping  power  in  the  pressure 
stage  and  the  highest  damping  power  in  the  pulling 
stage  when  the  high  voltage  is  switched  off.  When 
the  high  voltage  is  applied,  the  damping  power 
changes  in  opposite  directions,  i.e.  the  pressure 
stage  damping  power  increases  and  the  pulling 
stage  damping  decreases.  However,  this  character- 
istic  behaviour  does  not  meet  the  requirements  of 
practical  setting  of  damping  power. 

A  further  construction  detail  to  be  improved  is 
that,  during  a  change  of  the  viscosity  of  the  control 
medium  inside  the  control  section,  great  pressure 
differences  arise  within  the  electrorheological  part 
and  in  turn  lead  to  delays  in  the  change  of  damp- 
ing  power.  These  pressure  differences  occur  be- 
cause  a  condenser  arrangement  in  the  control  sec- 
tion  markedly  impedes  the  flowing  movement  of 

the  electrorheological  control  medium  only  over  a 
portion.  The  control  medium  is  compressed  be- 
tween  the  valve  body  and  the  control  section  in 
one  portion  of  the  electrorheological  control  circuit 

5  and  is  relaxed  in  the  other  portion  between  control 
section  and  rear  of  valve  body.  Although  there  is  a 
control  medium  compensating  chamber  with  pres- 
sure  using  a  membrane,  the  membrane  often  has 
to  overcome  the  flow  resistances  of  a  partial  sec- 

io  tion  of  control  medium. 
The  design  of  the  capacitor  for  the  blockable 

control  section  allows  a  long  capacitor  but  the 
spiral  passage  allows  the  windings  to  have  only  a 
relatively  small  mean  radius  which,  in  an  approxi- 

75  mation,  roughly  corresponds  to  the  mean  value 
between  the  smallest  and  the  greatest  winding  ra- 
dius.  However,  the  mean  throughflow  diameter 
should  be  adequately  large  for  achieving  a  maxi- 
mum  increase  in  the  viscosity  of  the  control  me- 

20  dium.  With  the  spiral  design,  moreover,  changing 
states  of  viscosity  observed  over  the  length  of  the 
condenser  can  arise  with  constant  voltage  at  the 
capacitor  faces  owing  to  the  changing  radius.  Con- 
sequently,  the  high  voltage  has  to  be  brought  to  an 

25  excessive  lever  to  ensure  that  the  viscosity  of  the 
control  medium  comes  into  effect  over  the  entire 
length  of  the  capacitor.  Otherwise,  a  vacuum  can 
arise  between  the  valve  body  and  spiral  through- 
flow  section,  ensuring  that  control  medium  is  as- 

30  pirated  from  the  spiral  or  that  the  valve  body  is 
obstructed  in  its  path  of  movement.  The  control 
medium  compensating  chamber  cannot  overcome 
this  drawback  as  it  can  only  act  on  the  valve  body 
in  the  dead  status  (Figure  3  of  DE-OS  39  05  639). 

35  The  arrangement  of  the  damping  device  out- 
side  the  working  chambers  inevitably  leads  to  long 
connecting  channels  for  the  damping  medium. 
Consequently,  an  additional  throttling  effect  occurs 
during  winter  running,  this  throttling  effect  being 

40  difficult  to  estimate  and  having  to  be  taken  into 
consideration  within  a  control  device.  The  damping 
device  also  has  a  relatively  large  number  of  individ- 
ual  parts  which  again  necessitate  very  precise  pro- 
duction. 

45  It  is  noted  that  the  valve  body  area  loaded  by 
the  damping  medium  on  the  pulling  side  is  gen- 
erally  greater  than  the  area  of  the  electrorheolog- 
ical  control  medium.  This  results  in  an  undesirable 
transmission  ratio  as  the  viscosity  of  the  control 

50  medium  has  to  be  increased  over-proportionally. 
According  to  data  from  control  media  producers, 
however,  the  increase  is  currently  limited. 

OBJECT  OF  THE  INVENTION 
55 

An  object  of  the  invention  is  to  provide  a  vibra- 
tion  damper  which  is  simple  in  construction,  has  an 
electrorheological  control  medium  for  an  adjustable 
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damping  valve,  may  be  controlled  rapidly  and  pre- 
cisely,  corresponds  to  the  general  desired  char- 
acteristic  in  its  damping  power  changing  behaviour 
and  allows  for  the  viscosity  increases  in  the  control 
medium. 

SUMMARY  OF  THE  INVENTION 

In  consideration  of  this  object  according  to  this 
invention  a  vibration  damper  of  variable  damping 
effect  is  provided  comprising  a  cylindrical  tube 
member  having  an  axis,  two  ends  and  a  cavity 
between  said  two  ends,  a  piston  rod  member  ex- 
tending  inwards  and  outwards  of  said  cavity 
through  piston  rod  guiding  and  sealing  means  and 
being  movable  along  said  axis,  a  piston  unit  con- 
nected  with  said  piston  rod  member  inside  said 
cavity  and  separating  two  working  chambers  from 
each  other,  said  working  chambers  containing  a 
damping  fluid,  a  damping  fluid  flow  channel  system 
connected  with  said  working  chambers  permitting  a 
flow  of  damping  fluid  there  through  in  response  to 
axial  movement  of  said  piston  rod  member  with 
respect,  to  said  tube  member,  damping  fluid  throt- 
tling  means  allocated  to  said  damping  fluid  flow 
channel  system  for  throttling  said  flow  of  damping 
fluid  and  thereby  damping  said  axial  movement  of 
said  piston  rod  member  with  respect  to  said  tube 
member,  said  damping  fluid  throttling  means  pro- 
viding  an  electrically  controllable  flow  resistance, 
said  flow  resistance  being  controlled  by  a  volume 
of  an  electrorheological  control  fluid  separated  from 
said  damping  fluid,  said  electrorheological  control 
fluid  providing  a  control  signal  for  controlling  said 
flow  resistance,  said  control  signal  being  respon- 
sive  to  the  viscosity  of  said  electrorheological  fluid 
flowing  through  a  control  flow  path,  said  elec- 
trorheological  fluid  being  within  said  control  flow 
path  exposed  to  an  electrical  field  of  variable  field 
intensity,  said  viscosity  being  responsive  to  vari- 
ation  of  said  field  intensity,  variation  of  the  field 
intensity  in  a  predetermined  sense  of  one  of  the 
lowering  sense  and  the  increasing  sense  providing 
a  variation  of  the  damping  effect  in  a  corresponding 
predetermined  sense  of  one  of  the  lowering  sense 
and  the  increasing  sense  irrespective  of  the  direc- 
tion  of  relative  movement  of  said  piston  rod  mem- 
ber  and  said  tube  member. 

Preferably  according  to  claim  2  said  damping 
fluid  throttling  means  comprise  at  least  one  valve 
unit  providing  an  electrically  controllable  flow  resis- 
tance.  Said  valve  unit  has  a  valve  body  movable 
along  a  path  of  movement  in  response  to  fluid 
pressure  forces  acting  thereupon.  Said  valve  body 
is  loadable  by  a  first  pressure  force  exerted  by  said 
damping  fluid  and  a  second  pressure  force  exerted 
by  said  volume  of  electrorheological  control  fluid 
separated  from  said  damping  fluid.  Said  second 

pressure  force  exerted  by  said  volume  of  elec- 
trorheological  control  fluid  is  controllable  by  vari- 
ation  of  the  viscosity  of  said  electrorheological  con- 
trol  fluid  within  said  control  flow  path.  Said  elec- 

5  trorheological  control  fluid  is  within  said  control  flow 
path  exposed  to  said  electrical  field  of  variable  field 
intensity.  Said  viscosity  is  responsive  to  variation  of 
said  field  intensity.  Said  first  pressure  force  acts 
onto  said  valve  body  in  a  first  predetermined  direc- 

io  tion  along  said  path  of  movement.  Said  second 
pressure  force  acts  onto  said  valve  body  in  a 
second  predetermined  direction  along  said  path  of 
movement.  Said  first  and  said  second  predeter- 
mined  directions  of  said  first  pressure  force  and 

is  said  second  pressure  force,  respectively,  are  sub- 
stantially  unchanged  irrespective  of  the  direction  of 
relative  movement  of  said  piston  rod  member  with 
respect  to  said  tube  member. 

The  damping  power  can  simultaneously  be  in- 
20  creased  or  reduced  in  the  pulling  direction  and  in 

the  pressure  direction  according  to  the  require- 
ments  imposed  on  the  chassis  setting  with  respect 
to  the  variation  in  damping  power.  A  decisive  factor 
for  this  possibility  of  damping  power  variation  is 

25  that  hydraulic  opening  forces  directed  in  the  same 
sense  in  the  pulling  direction  and  in  the  pressure 
direction  act  on  tee  valve  body.  A  condition  for  this 
is  that  a  movable  valve  body  be  loaded  by  the 
damping  medium  on  the  valve  seat  side  and  by  the 

30  control  medium  and/or  a  spring  force  on  the  valve 
body  rear.  This  clear  division  between  control  me- 
dium  and  damping  medium  basically  simplifies 
practical  implementation. 

The  viscosity  of  the  control  medium  may  not 
35  be  increased  at  random.  For  a  type  of  hydraulic 

transmission,  the  pressure-loaded  faces  on  the 
valve  body  on  the  damping  medium  side  are  small- 
er  than  or  equal  to  those  on  the  control  medium 
side. 

40  To  avoid  long  flow  paths  for  the  parallel  path  of 
the  damping  medium  between  the  working  cham- 
ber  and  the  damping  medium  compensating  cham- 
ber  there  is  a  connecting  section  which  may  be 
blocked  smoothly  by  a  movable  valve  body  which 

45  is  pressure  loaded  on  the  one  hand  by  the  damp- 
ing  medium  and  on  the  other  hand  by  the  elec- 
trorheological  control  medium.  The  connecting  sec- 
tion  advantageously  also  possesses  only  one 
throughflow  direction  between  the  damping  me- 

50  dium  compensating  chamber  and  the  working 
chambers. 

To  ensure  at  all  times  that  the  adjustable 
damping  valve  can  move  rapidly  into  a  different 
opening  position  when  the  viscosity  of  the  control 

55  medium  decreases  on  reduction  of  the  high  volt- 
age,  the  adjustable  damping  valve  arranged  in  par- 
allel  over  the  flow  path  is  controlled  on  the  one 
hand  by  the  damping  medium  and  on  the  other 
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hand  from  a  series  arrangement  consisting  of  a 
spring  force  and  a  control  medium  pressure  force. 
In  a  variation,  the  adjustable  damping  valve  ar- 
ranged  in  the  flow  path  relay  is  controlled  on  the 
one  hand  by  the  damping  medium  and  on  the 
other  hand  from  a  parallel  arrangement  consisting 
of  a  spring  force  and  a  control  medium  pressure 
force.  To  assist  operation  of  the  movement  of  the 
damping  valve,  a  nonreturn  valve  arranged  in  par- 
allel  with  the  control  section  is  installed  between  a 
control  medium  compensating  chamber  and  the 
adjustable  damping  valve.  The  nonreturn  valve 
opens  in  the  case  of  an  increased  pressure  in  the 
control  medium  compensating  chamber  relative  to 
the  control  section.  In  a  variation,  the  nonreturn 
valve  for  the  control  medium  is  switched  against  a 
spring  load. 

To  avoid  pressure  differences  within  the  control 
section,  the  control  section  is  subjected  to  a  pres- 
sure  bias  by  a  spring  resting  on  a  component  rigid 
with  the  cylinder  and  a  sealing  member.  According 
to  an  advantageous  improvement,  the  control  sec- 
tion  may  also  be  subjected  to  a  gas  pressure.  In  a 
specific  embodiment,  the  end  faces  of  the  control 
section  loaded  by  the  damping  medium  pressure 
are  of  different  sizes.  This  produces  a  type  of 
floating  control  section  containing  temperature 
compensation  for  the  damping  power.  If  the  damp- 
ing  medium  expands  under  the  influence  of  tem- 
perature,  the  static  pressure  within  the  control  me- 
dium  increases  simultaneously  so  that  the  closing 
forces  acting  on  the  damping  valve  also  increase. 
In  a  further  embodiment  of  the  invention,  the  con- 
trol  section  is  separated  from  the  damping  medium 
at  one  end  by  an  axially  movable  sealing  member. 
In  this  embodiment,  the  maximum  damping  power 
exists  when  the  control  section  circuit  is  dead,  and 
this  is  a  significant  safety  feature. 

In  comparison  with  the  prior  art,  the  control 
section  arranged  concentrically  to  the  cylindrical 
tube  allows  clearly  improved  spatial  economy  and 
optimisation  of  the  form  of  the  control  section  with 
respect  to  the  important  characteristics  such  as 
length  of  control  section  and  mean  diameter  of  the 
control  section. 

To  avoid  having  to  reduce  the  quantity  of 
damping  medium  owing  to  the  existing  bulk  of  the 
damper,  the  control  section  is  arranged  outside  the 
working  chambers.  According  to  an  advantageous 
improvement.the  control  section  extends  between  a 
capacitor  tube  and  a  tube  spaced  coaxially  from 
the  cylindrical  tube.  Components  from  a  conven- 
tional  series  damper  may  advantageously  be  used. 
In  view  of  the  small  number  of  parts  and  the  space 
requirement,  it  is  possible  for  the  control  section  to 
extend  between  the  cylinder  and  the  capacitor  and 
to  represent  a  particularly  worthwhile  variation.  In 
embodiments  of  the  invention  in  which  the  control 

section  is  not  arranged  in  a  floating  manner,  a 
compensating  chamber  for  the  control  medium 
which  is  subjected  to  a  pressure  bias  has  to  be 
provided  to  avoid  a  pressure  difference  within  the 

5  control  medium.  According  to  one  possibility,  a 
compensating  chamber  for  the  control  medium 
may  be  formed  between  the  capacitor  tube  and  an 
elastic  membrane.  According  to  a  further  possibil- 
ity,  the  control  medium  compensating  chamber  is 

io  subjected  to  a  gas  cushion  pressure. 
In  a  variation  of  the  invention  which  is  particu- 

larly  worthwhile  for  shock-absorbing  legs  or  single- 
tube  vibration  dampers,  the  damping  valve  with  a 
variable  damping  power  is  arranged  inside  a  hollow 

is  piston  rod.  For  each  working  chamber,  the  piston 
rod  has  an  inlet  channel  to  a  damping  medium 
intermediate  space  in  which  a  spring-loaded  valve 
body  controls  the  throughflow  between  the  two  inlet 
channels.  A  resultant  opening  force  consisting  of  a 

20  working  pressure  multiplied  by  a  flow-on  face  and 
a  pressure  reduced  by  the  throttling  of  the  damp- 
ing  valve  multiplied  by  a  flow-on  face  act  accord- 
ingly  in  the  pressure  stage  direction  with  respect  to 
the  valve  body.  A  resulting  opening  force  consist- 

25  ing  of  a  working  pressure  multiplied  by  a  flow-on 
face  and  a  pressure  reduced  by  the  throttling  of  the 
damping  valve  multiplied  by  a  flow-on  face  act  in 
the  pulling  stage  direction  with  respect  to  the  valve 
body.  The  design  of  the  area  ratios  on  the  valve 

30  body  affords  very  great  flexibility  in  the  design  of 
the  damping  powers. 

According  to  claim  3,  said  first  pressure  force 
acting  onto  said  valve  body  in  said  first  predeter- 
mined  direction  urges  said  valve  body  towards 

35  positions  corresponding  to  an  increased  flow  cross- 
sectional  area  of  said  valve  unit,  whereas  said 
second  pressure  force  acts  onto  said  valve  body  in 
said  second  predetermined  direction  and  resists  to 
movement  of  said  valve  body  towards  said  posi- 

40  tions  corresponding  to  an  increased  flow  cross- 
section  area  of  said  valve  unit. 

According  to  claim  4,  said  volume  of  rheolog- 
ical  control  fluid  is  enclosed  within  a  control  cham- 
ber  having  two  end  portions.  A  restricted  control 

45  flow  path  is  arranged  in  series  between  said  two 
end  portions.  The  pressure  of  said  rheological  con- 
trol  fluid  within  a  first  one  of  said  end  portions 
provides  said  second  pressure  force. 

According  to  claim  5,  a  second  end  portion  of 
50  said  control  chamber  is  adjacent  a  floating  wall 

portion.  Said  floating  wall  portion  is  loaded  by 
resilient  means  such  as  to  increase  the  pressure  of 
said  rheological  control  fluid  within  said  second  end 
portion. 

55  According  to  claim  6,  a  second  end  portion  of 
said  control  chamber  is  adjacent  a  floating  wall 
portion.  Said  floating  wall  portion  is  loaded  by  a 
pressure  exerted  by  said  damping  fluid. 

4 
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According  to  claim  7,  said  second  pressure 
force  acts  onto  said  valve  body  through  resilient 
means. 

According  to  claim  8,  said  valve  body  is  ex- 
posed  to  said  pressure  exerted  by  said  damping 
fluid  within  a  smaller  pressure  receiving  area  and 
said  floating  wall  portion  is  exposed  to  said  pres- 
sure  exerted  by  said  damping  fluid  within  a  larger 
pressure  receiving  area 

According  to  claim  9,  a  second  end  portion  of 
said  control  chamber  has  a  bleed  orifice  opening 
towards  a  storage  space  containing  rheological 
control  fluid. 

According  to  claim  10,  said  storage  space  is 
connectable  with  said  control  chamber  through  a 
check  valve  or  nonreturn  valve  opening  towards 
said  control  chamber  adjacent  said  first  end  portion 
thereof. 

According  to  claim  1  1  ,  said  valve  body  is  load- 
ed  in  said  second  predetermined  direction  by  resil- 
ient  means  in  parallel  with  said  second  pressure 
force. 

According  to  claim  12,  said  storage  space  is 
combined  with  volume  compensating  means. 

According  to  claim  13,  said  storage  space  is 
combined  with  pressurizing  means  pressurizing 
said  rheological  fluid  within  said  storage  space. 

According  to  claim  14,  said  damping  effect  is 
increasable  in  response  to  reducing  said  field  in- 
tensity. 

According  to  claim  15,  said  control  flow  path  is 
an  annular  flow  path  coaxial  with  respect  to  said 
tube  member  and,  said  electrical  field  is  radial  with 
respect  to  said  axis. 

According  to  claim  16,  said  control  flow  path  is 
located  radially  outwards  of  said  cavity. 

According  to  claim  17,  said  control  flow  path  is 
located  within  said  piston  rod  member. 

According  to  claim  18,  said  valve  unit  is  lo- 
cated  adjacent  said  tube  member. 

According  to  claim  19,  said  valve  unit  is  pro- 
vided  within  said  piston  rod  member. 

According  to  claim  20,  said  at  least  one  valve 
unit  providing  an  electrically  controllable  flow  resis- 
tance  is  in  parallel  with  at  least  one  further  valve 
unit  and  said  at  least  one  further  valve  unit  is  a 
pressure  control  valve  unit  having  a  variable  flow 
cross-section  in  response  to  variation  of  a  pressure 
difference  applied  thereto. 

According  to  claim  21,  said  at  least  one  valve 
unit  providing  an  electrically  controllable  flow  resis- 
tance  is  in  parallel  with  at  least  one  respective 
further  valve  unit  for  each  direction  of  relative 
movement  of  said  piston  rod  member  and  said 
tube  member. 

According  to  claim  22,  said  at  least  one  valve 
unit  providing  an  electrically  controllable  flow  resis- 
tance  is  in  series  communication  between  a  work- 

ing  chamber  containing  an  increased  pressure  of 
damping  fluid  irrespective  of  the  direction  of  rela- 
tive  movement  of  said  piston  rod  member  with 
respect  to  said  tube  member  and  a  damping  fluid 

5  compensating  chamber. 
According  to  claim  23,  said  at  least  one  valve 

unit  providing  an  electrically  controllable  flow  resis- 
tance  is  provided  for  bi-directional  flow  of  damping 
liquid  between  said  two  working  chambers  and  said 

io  valve  body  has  two  different  pressure  receiving 
areas  exposed  to  the  pressure  of  damping  fluid 
within  respective  working  chambers. 

The  various  features  of  novelty  which  char- 
acterize  the  invention  are  pointed  out  with  particu- 

15  larity  in  the  claims  annexed  hereto  and  forming  a 
part  of  the  disclosure.  For  a  better  understanding  of 
the  invention,  its  operating  advantages  and  specific 
objects  attained  by  its  use,  reference  should  be 
had  to  the  accompanying  drawings  and  descriptive 

20  matter  in  which  there  are  illustrated  and  described 
preferred  embodiments  of  the  invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

25  The  invention  and  its  advantages  are  to  be 
described  in  detail  with  reference  to  the  following 
description  of  drawings,  in  which 

Figures  1  and  2  show  a  hydraulic  circuit  dia- 
gram  and  a  corresponding  embodiment  in  which 

30  the  control  medium  for  the  variable  damping 
valve  is  subjected  to  a  spring  bias; 
Figures  3  and  4  show  a  hydraulic  circuit  dia- 
gram  and  an  associated  embodiment  in  which 
the  adjustable  damping  valve  is  controlled  by 

35  damping  medium  on  both  sides; 
Figure  5  shows  a  hydraulic  circuit  diagram  with 
an  adjustable  damping  valve  which  possesses  a 
control  medium  compensating  chamber  with  an 
associated  nonreturn  valve  for  the  control  sec- 

40  tion; 
Figure  6  shows  a  vibration  damper  with  an  ad- 
justable  damping  valve  of  which  the  control  me- 
dium  compensating  chamber  is  formed  by  a 
membrane  in  conjunction  with  a  capacitor  tube, 

45  and 
Figure  7  shows  a  vibration  damper  with  an  ad- 
justable  damping  valve  inside  a  hollow  piston 
rod. 

50  DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

The  vibration  damper  1  in  Figure  1  has  a 
damping  valve  2  with  variable  damping  power  and 

55  a  speed-dependent  throttle  valve  3  arranged  in 
parallel.  It  can  be  seen  that  the  damping  valve  2 
has  only  one  throughflow  direction.  The  damping 
valve  2  is  controlled  on  the  one  hand  by  the 

5 
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damping  medium  and  on  the  other  hand  from  a 
series  arrangement  consisting  of  a  spring  force  and 
a  pressure  force,  within  an  electrorheological  con- 
trol  medium,  the  spring  resting  on  a  component 
rigid  with  the  cylinder. 

Figure  2  shows  the  technical  transformation  of 
the  circuit  diagram  according  to  Figure  1  .  A  piston 
valve  4  on  an  axially  movable  piston  rod  5  and  a 
bottom  valve  6  on  a  cylinder  bottom  contain  the 
speed-dependent  throttling  means.  A  working 
chamber  is  divided  into  two  by  the  piston  7.  A 
cylindrical  tube  8  limits  the  working  chamber  and  is 
at  the  same  time  a  constituent  of  a  capacitor.  A 
capacitor  tube  9  positioned  by  a  piston  rod  guide 
10  is  arranged  at  a  coaxial  distance  from  the  cylin- 
drical  tube  8.  A  sealing  unit  is  mounted  above  the 
piston  rod  guide  10.  The  cylindrical  tube  8  and  the 
capacitor  tube  9  form  an  annular  chamber  11  ax- 
ially  limited  on  the  one  hand  by  a  spring-loaded 
seal  guiding  member  12  and  on  the  other  hand  by 
a  valve  body  13  in  conjunction  with  a  seal  14.  The 
annular  chamber  1  1  is  filled  with  an  electrorheolog- 
ical  control  medium  which  increases  its  viscosity 
when  a  high  voltage  is  applied.  The  cylindrical  tube 
8  has,  in  the  region  of  the  piston  rod  guide  10,  an 
outlet  bore  15  which  opens  into  an  annular  cham- 
ber  16.  This  annular  chamber  16  is  substantially 
limited  by  the  valve  body  13.  At  the  same  level,  the 
capacitor  tube  9  has  a  connecting  bore  17  which 
opens  in  a  calming  channel  18.  The  damping  valve 
therefore  consists  of  the  capacitor  tube  9,  the  cylin- 
drical  tube  8,  the  spring  19,  the  valve  body  13  and 
the  respective  bores  in  the,  cylindrical  tube  8  and 
in  the  capacitor  tube  9.  A  container  20  surrounds 
the  entire  damping  device  and  forms  a  damping 
medium  compensating  chamber  21  with  the  ca- 
pacitor  tube  9.  To  avoid  bubbling  and  to  reduce  the 
quantity  of  damping  medium,  an  immersion  sleeve 
22  is  mounted  in  the  compensating  chamber.  A 
connecting  contact  23  to  a  voltage  source  is  pro- 
vided  on  the  capacitor  tube  9.  The  capacitor  tube  9 
is  consequently  electrically  separated  from  the  cy- 
lindrical  tube  8  by  an  insulating  ring  24.  A  cor- 
responding  electric  outlet  contact  25  is  provided  on 
the  container  20.  The  adjustable  damping  valve 
acts  as  a  conventional  throttling  device  when  the 
capacitor  is  dead.  The  vibration  damper  1  has  the 
lowest  damping  power  under  this  condition.  During 
the  movement  of  the  piston  rod  5,  the  damping 
medium  is  displaced  from  a  working  chamber  26 
via  the  outlet  bore  15.  The  pressure  force  of  the 
damping  medium  moves  the  valve  body  13  against 
the  flow  resistances  within  a  control  section  27 
which  is  axially  limited  by  the  seal  14  and  the 
spring  fore,  the  valve  body  13  clearing  the  connect- 
ing  bore  17  to  the  calming  channel  18. 

When  a  high  voltage  is  applied  to  the  capacitor 
tube  9,  the  viscosity  of  the  control  medium  in- 

creases  and  blocks  the  connecting  section  15,  16, 
17  between  the  working  chamber  26  and  the 
damping  medium  compensating  chamber  21  as 
required  in  each  case.  A  computer  (not  shown) 

5  determines  the  necessary  voltage  for  the  capacitor. 
The  spring  19  keeps  the  control  medium  under  a 
pressure  bias  in  any  situation.  On  the  damping 
medium  side  28,  the  valve  body  13  has  a  smaller 
area  than  on  the  control  medium  side  29,  forming  a 

io  type  of  hydraulic  transmission. 
The  construction  of  the  capacitor  tube  9  con- 

tains  a  large  mean  control  section  diameter  and  a 
large  axial  length  in  the  region  of  the  control  sec- 
tion  27.  A  comparatively  small  high  voltage  is 

is  therefore  required  or,  conversely,  a  large  increase 
in  viscosity  is  achieved.  The  available  space  is 
optimally  utilised  owing  to  the  concentric  arrange- 
ment  of  the  tubular  damper  parts. 

The  operation  of  the  vibration  damper  so  far 
20  described  is  as  follows: 

When  the  piston  rod  5  moves  downwards  with 
respect  to  the  tube  8  the  valve  system  4a  allocated 
to  the  passage  4  through  the  piston  7  provides  only 
a  small  flow  resistance. 

25  On  the  other  hand  the  bottom  valve  system  6 
provides  a  high  flow  resistance.  As  a  result  thereof 
the  pressure  of  the  damping  liquid  rises  both  in  the 
lower  working  chamber  53  and  in  the  upper  work- 
ing  chamber  26  due  to  the  increasing  volume  of 

30  the  piston  rod  5  emerging  into  the  cavity  26,53. 
The  increasing  pressure  within  the  working  cham- 
ber  26  acts  onto  the  upper  face  29  of  the  valve 
body  13.  By  this  pressure  acting  onto  the  upper 
face  29  of  the  valve  body  13  the  valve  body  13  is 

35  moved  downwards  against  the  action  of  the  helical 
compression  spring  19  acting  onto  the  spring  load- 
ed  sealing  and  guiding  member  12.  As  long  as  no 
or  only  a  low  electric  field  exists  between  the 
cylinder  tube  8  and  the  capacitor  tube  9  the  elec- 

40  trorheological  control  liquid  within  the  chamber  11 
and,  more  particularly,  within  the  flow  path  27  has 
only  low  viscosity.  Such  the  valve  body  13  can  be 
easily  moved  downwards  by  the  pressure  of  the 
damping  liquid  acting  onto  the  face  29  against  the 

45  action  of  the  helical  compression  spring  19.  Down- 
wards  movement  of  the  valve  body  13  causes 
opening  of  the  bore  17  or  an  increase  of  the  free 
cross-sectional  area  of  the  bore  17  such  that  the 
damping  liquid  can  easily  escape  from  the  annular 

50  chamber  16  through  the  calming  channel  18  to  the 
compensating  chamber  21  .  As  a  result  thereof  the 
damping  effect  is  small  because  the  bore  17  is  - 
with  a  large  cross-sectional  area  -  in  parallel  with 
the  bottom  valve  system  6. 

55  When  the  direction  of  movement  of  the  piston 
rod  member  5  is  reversed  the  flow  resistance 
through  the  valve  system  4a  of  the  piston  7  is 
much  greater  so  that  again  a  high  pressure  occurs 

6 
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within  the  working  chamber  26  being  reduced  in 
volume.  The  working  chamber  53  is  increased  in 
volume,  the  bottom  valve  system  6  allows  now  an 
easy  return  of  damping  liquid  from  the  compensat- 
ing  chamber  21  towards  the  working  chamber  53 
because  the  bottom  valve  system  6  offers  only  a 
small  flow  resistance  for  damping  liquid  flowing 
from  the  compensating  chamber  21  towards  the 
working  chamber  53.  The  increased  pressure  within 
the  working  chamber  26  is  again  transferred 
through  the  bore  15  to  the  annular  chamber  16  and 
urges  the  valve  body  13  in  a  downwards  direction 
against  the  action  of  the  helical  compression  spring 
19  acting  onto  the  sealing  and  guiding  member  12. 
Assuming  again  that  no  electrical  field  is  applied 
between  the  cylindrical  tube  8  and  the  capacitor 
tube  9  or  only  a  small  electrical  field  is  applied 
there  is  no  substantial  flow  resistance  for  the  elec- 
trorheological  fluid  through  the  control  flow  path  27 
such  that  the  valve  body  13  can  easily  move  down- 
wards  and  damping  fluid  from  the  working  chamber 
26  can  escape  through  the  bore  17  which  is  being 
increased  in  cross-sectional  area  by  the  down- 
wards  movement  of  the  valve  body  13.  As  a  con- 
sequence  one  can  state  that  also  in  the  upwards 
movement  of  the  piston  rod  5  which  is  called  pull 
operation  as  compared  with  the  push  operation 
occurring  when  the  piston  rod  5  is  moved  down- 
wards,  is  only  subject  to  a  small  damping  effect 
because  the  cross-sectional  area  of  the  bore  17  is 
in  parallel  with  the  piston  valve  system  4a.  Such 
the  high  flow  resistance  of  the  piston  valve  system 
4a  is  ineffective  for  the  damping  effect  because  the 
damping  liquid  can  easily  escape  through  the  bore 
17  into  the  compensating  chamber  21. 

It  is  assumed  now  that  a  high  voltage  electric 
field  is  applied  to  the  electrorheological  damping 
liquid  within  the  control  flow  path  27.  Then  the 
viscosity  of  the  electrorheological  fluid  within  the 
control  flow  path  27  is  increased.  As  a  result  there- 
of  a  high  flow  resistance  resists  to  the  downwards 
movement  of  the  valve  body  13,  when  by  down- 
wards  or  upwards  movement  of  the  piston  rod 
member  5  an  increased  pressure  comes  up  within 
the  working  chamber  26. 

Such  the  valve  body  13  can't  or  can  only 
slowly  move  downwards  in  response  to  the  pres- 
sure  within  the  annular  chamber  16  and  the  cross- 
sectional  area  of  the  bore  17  remains  zero  or  small 
and  does  not  increase  or  increases  only  slowly.  As 
a  result  thereof  the  damping  effect  of  the  vibration 
damper  is  a  strong  one  because  no  or  only  little 
damping  liquid  can  escape  through  the  bore  17  to 
the  compensating  chamber  21.  This  is  obviously 
true  for  both  downwards  and  upwards  movement  of 
the  piston  rod  5. 

One  can  see  from  the  above  description  of  the 
operation  that  the  pressure  force  resulting  from  the 

pressure  of  the  electrorheological  liquid  within 
chamber  1  1  is  always  directed  upwards  against  the 
valve  body  13  irrespective  of  the  direction  of  move- 
ment  of  the  piston  rod  5  and  that  the  pressure 

5  force  resulting  from  the  pressure  within  the  working 
chamber  26  and  acting  through  bore  15  onto  the 
upper  face  29  of  the  valve  body  13  is  always 
directed  downwards  irrespective  of  the  direction  of 
movement  of  the  piston  rod  5  with  respect  to  the 

io  cylindrical  tube  8.  This  is  of  high  advantage  be- 
cause  in  principle  it  is  only  necessary  to  vary  the 
intensity  of  the  electrical  field  when  one  wants  to 
modify  the  behaviour  of  the  vibration  damper  be- 
tween  a  smooth  damping  behaviour  and  a  strong  or 

is  sportive  damping  behaviour.  It  is  in  principle  not 
necessary  to  change  the  intensity  of  the  electrical 
field  at  any  change  of  direction  of  movement  of  the 
piston  rod  5.  The  great  advantage  is  that  the  elec- 
trical  control  system  controlling  the  intensity  of  the 

20  electrical  field  applied  between  the  cylinder  8  and 
the  capacitor  tube  9  can  be  a  relative  simple  one 
which  must  provide  a  change  of  intensity  of  the 
electrical  field  only  if  one  wants  to  change  the 
behaviour  of  the  vibration  damper  between  a 

25  smooth  damping  effect  and  a  strong  or  sportive 
damping  effect.  When  the  intensity  of  the  electrical 
field  is  increased  the  viscosity  of  the  control  liquid 
within  the  chamber  11  is  increased  and  the  damp- 
ing  effect  is  increased  both  for  inwards  movement 

30  and  outwards  movement  of  the  piston  rod  5  with 
respect  to  the  cylinder  8. 

It  is  to  be  noted  that  the  strongest  damping 
effect  is  obtained  in  this  embodiment  if  the  inten- 
sity  of  the  electrical  field  is  at  a  maximum. 

35  Figure  3  shows  a  hydraulic  circuit  diagram  with 
a  damping  valve  2  of  variable  damping  power 
which  is  connected  in  parallel  with  a  speed-depen- 
dent  throttling  valve  3  and  is  controlled  directly  or 
indirectly  by  damping  medium  connections.  A  float- 

40  ing  arrangement  of  the  control  section  is  therefore 
obtained. 

Figure  4  shows  a  transformation  of  the  circuit 
diagram  according  to  Figure  3.  The  essential  com- 
ponents  are  identical  to  the  vibration  damper  1 

45  from  Figure  2,  so  differences  only  will  be  men- 
tioned.  The  connecting  section  consists  of  the  out- 
let  bore  15  as  well  as  a  fluid  chamber  30  between 
the  cylindrical  tube  8  and  a  tube  31  spaced  co- 
axially  therefrom.  A  valve  body  13  loaded  by  a 

50  spring  19  resting  on  a  supporting  member  32  to- 
gether  with  seal  is  located  at  the  end  of  the  con- 
necting  section.  A  capacitor  tube  9  forms,  with  a 
tube  31  ,  a  control  section  27  which  is  limited  by  an 
axially  movable  seal  33  on  the  side  remote  from 

55  the  valve  body.  In  the  region  above  the  seal  33,  the 
tube  31  has  a  bore  34  attached  to  the  fluid  cham- 
ber  30.  Consequently,  both  control  section  end 
faces  are  loaded  with  damping  medium  during  a 
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movement  of  the  piston  rod.  As  the  end  face  35  on 
the  axially  movable  seal  33  is  greater  than  that  of 
the  valve  body  13,  the  valve  2  connected  in  parallel 
always  remains  closed  when  the  capacitor  is  dead 
so  the  maximum  damping  action  occurs.  This  is  an 
important  contribution  to  safety  of  travel.  If  a  high 
voltage  is  applied  to  the  capacitor  tube  9  and  the 
viscosity  increases,  the  spring  19  rests  on  the 
blocked  control  medium  column  and  the  valve 
body  13  can  open  the  throughflow  under  the  influ- 
ence  of  the  pressure  force  of  the  damping  medium. 
The  point  of  issue  of  the  damping  medium  is  set 
very  deep  inside  the  damper  1  so  that  a  foam- 
preventing  immersion  sleeve  may  be  dispensed 
with. 

The  movable  seal  33  is  limited  against  upwards 
movement  by  an  abutment  member  33a. 

The  bottom  valve  system  6  and  the  piston 
valve  system  4a  are  again  of  such  a  design  as 
discussed  in  connection  with  Figure  2.  With  other 
words:  Both  on  upwards  movement  and  downwards 
movement  of  the  piston  rod  5  with  respect  to  the 
cylinder  8  there  is  a  tendency  of  pressure  raise 
within  the  upper  working  chamber  26. 

It  is  assumed  now  again  that  the  electrical  field 
within  the  chamber  1  1  is  small  and  that  as  a  result 
therefrom  the  viscosity  of  the  electrorheological 
control  fluid  within  the  chamber  11  along  the  con- 
trol  flow  path  27  is  small. 

When  under  these  circumstances  the  pressure 
within  the  working  chamber  26  is  increased  as  a 
result  of  downwards  or  upwards  movement  of  the 
piston  rod  5  the  pressure  of  the  damping  liquid 
within  the  upper  working  chamber  26  acts  on  both, 
the  pressure  receiving  cross-sectional  area  35  of 
the  valve  body  13  and  on  the  larger  pressure 
receiving  cross-sectional  area  35a  of  the  annular 
seal  member  33.  As  a  result  thereof  the  annular 
seal  member  33  and  the  column  of  electrorheolog- 
ical  control  fluid  within  the  chamber  11  are  moved 
downwards  with  little  flow  resistance  occurring  with- 
in  the  chamber  1  1  so  that  the  supporting  member 
32  is  also  moved  downwards  against  the  action  of 
the  helical  compression  spring  19.  As  a  result 
thereof  the  helical  compression  spring  19  is  axially 
compressed  and  acts  onto  the  valve  body  13  such 
as  to  keep  it  in  tight  engagement  with  the  valve 
seat  13a.  As  a  result  thereof,  one  can  state,  that 
the  pressurized  damping  fluid  contained  within  the 
upper  working  chamber  26,  though  it  can  enter  into 
the  chamber  30,  it  can't  escape  into  the  com- 
pensating  chamber  21  .  The  resulting  outflow  resis- 
tance  resisting  the  outflow  of  damping  liquid  from 
the  working  chamber  26  is  therefore  large  and  the 
damping  effect  of  the  vibration  damper  is  high. 

When  on  the  other  hand  a  strong  electrical 
field  is  applied  across  the  chamber  11  in  radial 
direction  the  electrorheological  control  liquid  within 

the  chamber  11  along  the  control  flow  path  27 
assumes  high  viscosity. 

When  now  the  pressure  within  the  upper  work- 
ing  chamber  26  is  raised  by  either  upwards  or 

5  downwards  moving  of  the  piston  rod  5,  the  pres- 
sure  of  this  damping  liquid  again  acts  both  on  the 
upper  face  35a  of  the  annular  seal  member  33  and 
against  the  smaller  cross-sectional  area  35  of  the 
lower  surface  of  the  valve  body  13.  In  spite  of  the 

io  fact  that  the  lower  cross-sectional  area  35  of  the 
valve  body  13  is  smaller  as  compared  with  the 
upper  cross-sectional  area  35a  above  the  annular 
seal  member  33  the  valve  body  13  can  be  lifted 
from  the  valve  seat  13a  against  the  action  of  the 

is  helical  compression  spring  19  because  the  pres- 
sure  acting  onto  the  annular  seal  member  33a  can't 
be  transmitted  downwards  through  the  control  flow 
path  27  because  the  viscosity  of  the  control  liquid 
within  the  chamber  11  is  high. 

20  As  a  result  of  lifting  of  the  valve  body  13  with 
respect  to  the  valve  seat  13a  damping  liquid  can 
escape  from  the  upper  working  chamber  26 
through  the  annular  space  30  and  the  valve  unit 
13,13a  into  the  compensating  chamber  21.  The 

25  total  flow  resistance  resisting  the  outflow  of  damp- 
ing  liquid  from  the  upper  working  chamber  26  is 
therefore  reduced  and  the  damping  characteristic 
of  the  vibration  damper  is  a  soft  one. 

It  is  a  high  advantage  that  in  this  embodiment 
30  the  maximum  damping  effect  of  the  vibration 

damper  exists  when  no  electrical  field  is  applied 
across  the  annular  chamber  11  in  radial  direction. 
Such  in  case  of  an  accident  in  the  electrical  in- 
stallation  due  to  which  the  electric  field  breaks 

35  down  the  vibration  damper  is  automatically 
switched  to  the  hard  damping  effect  which  is  of 
high  importance  for  the  safety. 

In  the  circuit  shown  in  figure  5,  the  adjustable 
damping  valve  2  has  a  control  connection  for  the 

40  damping  medium  and  a  parallel  control  consisting 
of  a  spring  force  and  the  pressure  force  of  the 
electrorheological  control  medium.  In  contrast  to 
the  variations  described  hitherto,  the  control  me- 
dium  is  hot  arranged  in  a  floating  manner  inside 

45  the  control  section  27.  The  control  section  27  is 
connected  to  a  control  medium  compensating 
chamber  36  which  is  subjected  to  a  pressure  bias. 
With  regard  to  the  damping  valve  2,  this  means 
that  the  damping  medium  at  the  control  connection 

50  acts  against  a  spring  force  and  the  blocking  force 
of  the  damping  medium  but  can  only  switch  it  to  a 
greater  or  lesser  extent  in  the  throughflow  position 
as  a  function  of  a  high  voltage.  With  a  high  voltage 
and  the  associated  viscosity  of  the  control  medium, 

55  the  control  medium  can  pass  through  a  nonreturn 
valve  37  connected  in  parallel  with  the  control 
section  27  and  thus  help  the  valve  body  13  to 
move  as  rapidly  as  possible  into  a  closed  position 
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without  external  valve  control.  Vacuum  states, 
brought  about  by  the  control  section  27,  within  the 
overall  electrorheological  section  are  compensated 
by  the  cleared  nonreturn  valve  37. 

Figure  6  illustrates  one  possibility  for  convert- 
ing  the  circuit  diagram  according  to  Figure  5  into 
an  actual  technical  solution.  It  corresponds  to  the 
essential  construction  in  Figure  1  with  the  distinc- 
tion  that  the  valve  body  13  is  loaded  by  a  spring  38 
resting  on  the  capacitor  tube  9.  Concentrically  to 
the  capacitor  chamber  11  there  is  arranged  an 
elastic  membrane  39  forming,  with  the  capacitor 
tube  9,  an  annular  chamber  which  assumes  the 
role  of  a  compensating  chamber  36  for  the  control 
medium.  At  the  end  of  the  control  section  27  re- 
mote  from  the  valve  body  13  the  condenser  tube  9 
has  orifices  40  to  the  compensating  chamber  36. 
An  elastic  ring  41  which  seals  a  number  of  short- 
circuit  bores  42  serves  as  a  nonreturn  valve  37.  If 
the  pressure  produced  by  the  elastic  membrane  39 
is  lower  within  the  control  section  27  than  in  the 
control  medium  compensating  chamber  36,  the 
control  medium  can  flow  through  these  short-circuit 
bores  42  to  the  valve  body  13  and  the  control 
section  27. 

The  operation  of  the  vibration  damper  as 
shown  in  Figure  6  is  as  follows: 
The  bottom  valve  system  6  and  the  piston  valve 
system  4a  are  again  of  the  same  basic  construction 
as  described  in  connection  with  Figure  2.  With 
other  words:  Downwards  movement  and  upwards 
movement  of  the  piston  rod  5  both  have  again  the 
effect  of  increasing  the  pressure  within  the  upper 
working  chamber  26. 

It  is  assumed  now  that  there  is  no  electrical 
field  applied  between  the  cylinder  tube  8  and  the 
capacitor  tube  9.  Such  the  viscosity  of  the  elec- 
trorheological  control  fluid  within  the  annular  cham- 
ber  11  along  the  control  flow  path  27  is  small. 
When  the  pressure  of  the  damping  liquid  within  the 
working  chamber  26  is  increased  the  pressure 
within  the  working  chamber  26  acts  upon  the  upper 
side  of  the  valve  body  13  within  the  chamber  16 
through  the  bore  15.  This  pressure  urges  the  valve 
body  13  downwards  against  the  helical  compres- 
sion  spring  38  which  is  supported  by  a  support 
member  56  at  the  upper  end  of  the  capacitor  tube 
9.  Downwards  movement  of  the  valve  body  13 
results  in  an  increase  of  the  effective  cross-sec- 
tional  area  of  the  bore  17  connecting  the  upper 
working  chamber  26  through  a  bore  15,  annular 
chamber  16  and  bore  17  with  the  compensating 
chamber  21.  The  downwards  movement  of  the 
valve  body  13  is  not  essentially  braked  down  by 
the  electrorheological  liquid  contained  within  the 
chamber  1  1  along  the  control  flow  path  27  because 
in  the  absence  of  an  electrical  field  between  the 
cylindrical  tube  8  and  the  capacitor  tube  9  the 

viscosity  of  the  electrorheological  fluid  is  small. 
Therefore  the  electrorheological  fluid  can  in  re- 
sponse  to  downwards  movement  of  the  valve  body 
13  escape  from  the  annular  chamber  11  through 

5  the  bore  40  into  the  compensating  chamber  36 
confined  between  the  capacitor  tube  9  and  the 
tubular  membrane  39.  As  a  result  the  increased 
cross-sectional  area  of  the  bore  1  7  the  total  outflow 
resistance  against  outflow  of  damping  fluid  from 

io  the  working  chamber  26  is  small  and  the  damping 
action  of  the  vibration  damper  is  also  small.  The 
vibration  damper  is  in  its  soft  status. 

As  soon  as  the  piston  rod  5  comes  to  a  stand- 
still  after  a  movement  in  a  upwards  or  downwards 

is  direction  the  pressure  within  the  upper  working 
chamber  26  falls.  As  a  result  of  this  pressure  fall 
the  piston  body  13  is  moved  upwards  again  by  the 
helical  spring  38.  Such  electrorheological  liquid  can 
enter  again  from  the  compensating  chamber  36 

20  into  the  annular  chamber  1  1  .  As  long  as  the  viscos- 
ity  of  the  electrorheological  liquid  is  small,  as  a 
result  of  the  absence  of  an  electrical  field,  the  filling 
of  the  annular  chamber  11  through  the  bore  40 
may  be  satisfactory.  An  additional  refilling  effect 

25  may  be  provided,  however,  by  the  bore  42  through 
the  capacitor  tube  9  which  is  covered  by  the  elastic 
sleeve  member  41  .  This  elastic  sleeve  member  41 
works  as  a  check  valve.  When  the  pressure  of  the 
electrorheological  fluid  within  the  chamber  11  is 

30  reduced  as  a  result  of  upwards  movement  of  the 
valve  body  13  the  elastic  sleeve  member  41  may 
be  lifted  radially  inwards  from  the  capacitor  tube  9 
with  the  result  that  electrorheological  liquid  can 
also  flow  through  the  bores  42  from  the  com- 

35  pensating  chamber  36  into  the  annular  chamber  1  1  . 
It  is  assumed  now  that  a  strong  electrical  field 

is  applied  between  the  cylindrical  tube  8  and  the 
capacitor  tube  9  so  that  the  electrorheological  liq- 
uid  within  the  chamber  11  along  the  control  flow 

40  path  27  assumes  a  high  viscosity. 
When  now  again  the  pressure  within  the  upper 

working  chamber  26  is  increased  by  either  inwards 
oder  outwards  movement  of  the  piston  rod  5  with 
respect  to  the  cylinder  8  the  valve  body  13  is 

45  prevented  from  downwards  movement  or  prevented 
at  least  from  a  fast  downwards  movement  by  the 
highly  viscous  electrorheological  liquid  contained 
within  the  annular  chamber  11  because  this  highly 
viscous  electrorheological  liquid  can't  escape  any- 

50  more  through  the  bore  40  from  the  annular  cham- 
ber  1  1  into  the  compensating  chamber  36.  Prevent- 
ing  the  valve  body  13  from  downwards  movement 
has  the  result  that  the  bore  17  remains  closed  or 
maintains  at  least  a  small  cross-sectional  area.  As 

55  a  consequence  thereof  the  total  resistance  to  the 
outflow  of  damping  liquid  from  the  upper  working 
chamber  26  towards  the  compensating  chamber  21 
is  large  and  a  strong  damping  effect  is  achieved. 
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Assuming  now  again  that  the  piston  rod  5 
comes  to  a  standstill  after  movement  in  downwards 
or  upwards  direction,  it  is  quite  clear  that  the  pres- 
sure  within  the  upper  working  chamber  26  falls. 
Assuming  now  that  the  valve  body  13  has  been 
moved  downwards  for  a  certain  path  return  of  the 
valve  body  13  into  its  upper  end  position  as  shown 
in  Figure  6  would  be  very  slow  because  the  refilling 
through  the  bore  40  from  the  compensating  cham- 
ber  36  is  delayed  by  the  high  viscosity  of  the 
electrorheological  liquid  within  the  annular  chamber 
11.  For  this  situation  the  existence  of  the  check 
valve  at  41  ,42  as  described  above  is  of  high  impor- 
tance  because  the  upper  end  portion  of  the  annular 
chamber  11  can  be  relatively  fast  refilled  through 
the  check  valve  41  ,42. 

The  solutions  according  to  Figures  1  to  6  are 
particularly  suitable  for  vibration  dampers  con- 
structed  according  to  the  double  tube  damper  prin- 
ciple. 

Figure  7  shows  a  detail  of  a  damper  1  in  which 
the  damping  valve  2,  connected  in  parallel  with  a 
speed-dependent  throttle  valve  3,  including  a  com- 
pensating  chamber  36  for  the  control  medium  and 
a  nonreturn  valve  37  are  arranged  inside  a  hollow 
piston  rod  43.  A  working  piston  with  valve  plate- 
equipped  throttle  channels  is  fastened  on  the  pis- 
ton  rod  43  in  this  embodiment.  An  inlet  channel  44 
is  introduced  coaxially  inside  the  piston  rod  43  and 
opens  into  a  damping  medium  intermediate  space 
46.  This  inlet  channel  44  is  sealed  by  an  axially 
movable  valve  body  13  under  the  loading  of  a 
spring  38.  A  further  inlet  channel  45  connects  the 
damping  medium  intermediate  space  46  to  the 
piston  rod-side  working  chamber  26.  The  valve 
body  13  has  a  flow-on  face  47,  48  for  each  inlet 
channel  44,  45,  the  flow-on  face  47  which  is  loaded 
during  the  pressure  stage  preferably  being  smaller 
than  that  of  the  pulling  stage.  The  control  medium 
connection  is  located  on  the  rear  of  the  valve  body 
13.  The  rear  of  the  valve  body  is  separated  from 
the  damping  medium  intermediate  space  46  by  a 
sealing  bellows  49.  The  interior  of  the  bellows 
adjoins  a  collecting  chamber  50.  Connecting  bores 
51  lead  from  the  collecting  chamber  50  to  cham- 
bers  11,  11a  within  the  control  flow  path  27,  said 
chambers  11,11a  being  formed  by  the  capacitor 
tubes  9,  9a.  A  spring-loaded  nonreturn  valve  37  is 
provided  at  the  lower  end  of  a  control  medium 
compensating  chamber  36  inside  the  capacitor 
tube  9.  The  chamber  11,11a  and  the  control  me- 
dium  compensating  chamber  36  are  subjected  to 
the  pressure  bias  of  a  gas  cushion  52.  When  the 
capacitors  are  dead,  a  proportion  of  the  damping 
medium  is  displaced  via  the  speed-dependent 
throttling  device  3  and  the  damping  valve  2  ar- 
ranged  in  parallel.  The  valve  body  13  opens 
against  the  spring  38  inside  the  bellows  49.  The 

pulling  stage  and  pressure  stage  are  in  a  defined 
ratio  according  to  the  cross-sectional  areas  of  the 
flow-on  faces  47,  48  or  inlet  channels  44,45. 

In  the  pressure  stage,  the  hydraulic  opening 
5  force  acts  in  the  sum  of  the  working  pressure  in  the 

working  chamber  53  multiplied  by  the  flow-on  face 
47  as  well  as  the  reduced  working  pressure  in  the 
working  chamber  26  multiplied  by  the  flow-on  face 
48.  In  the  pulling  stage,  the  pressure  in  the  working 

io  chamber  26  multiplied  by  the  flow-on  face  48  and 
the  reduced  working  pressure  in  the  working  cham- 
ber  53  multiplied  by  the  flow-on  faces  47  acts  on 
the  valve  body  13. 

When  a  high  voltage  is  applied  to  the  capaci- 
15  tors,  the  viscosity  inside  the  control  section  27 

increases,  decelerating  the  opening  movement  of 
the  valve  body  13.  The  overall  damping  power 
increases.  When  the  high  voltage  is  reduced,  with 
a  diminishing  pressure  in  the  working  chamber  of 

20  the  damper,  the  control  medium  flows  from  the 
control  section  27  onto  the  rear  of  the  valve  body 
under  the  influence  of  the  gas  cushion  52.  To 
enable  the  valve  2  to  close  relatively  rapidly  in- 
dependently  of  the  high  voltage,  the  nonreturn 

25  valve  37  opens  in  the  control  medium  compensat- 
ing  chamber  36  as  a  result  of  the  gas  cushion  52. 
Therefore,  a  vacuum  can  never  prevail  in  the  rear 
space  of  the  valve  body. 

The  t-shaped  cross  section  of  the  valve  body 
30  13  allows  a  hydraulic  transmission  with  the  aim  of 

reducing  the  pressure  on  the  control  medium  side 
such  that  it  corresponds  to  the  blocking  action  of 
the  electrorheological  control  medium. 

This  design  of  a  damping  valve  2  connected  in 
35  parallel  is  particularly  suitable  for  single-tube  dam- 

pers  or  shock-absorbing  legs. 
The  operation  is  as  follows: 

It  is  assumed  that  there  is  no  electric  field  within 
the  chambers  11  and  11a. 

40  When  the  piston  rod  5  moves  downwards  the 
pressure  of  the  damping  fluid  is  increased  in  the 
lower  working  chamber  53.  This  increased  pressure 
is  transmitted  through  the  conduit  44  to  the  lower 
side  of  the  valve  body  13,  i.e.  to  the  pressure 

45  receiving  face  47.  The  valve  body  13  can  be  lifted 
against  the  spring  action  of  the  helical  compression 
spring  38.  The  upwards  movement  of  the  valve 
body  13  is  not  substantially  resisted  by  the  elec- 
trorheological  liquid  contained  within  the  collecting 

50  chamber  50  because  this  liquid  can  flow  through 
bores  51  from  the  collecting  chamber  50  into  the 
annular  chambers  11,  11a  and  can  escape  from  the 
upper  end  of  the  annular  chambers  11,11a  through 
radial  bores  60  of  the  capacitor  tube  9a  and  9  into 

55  the  compensating  chamber  36  for  electrorheolog- 
ical  liquid.  The  flow  resistance  within  the  capacitor 
chambers  11  and  11a  is  small  because  the  viscos- 
ity  of  the  electrorheological  liquid  within  these  ca- 

10 



19 EP  0  534  327  B1 20 

pacitor  chambers  11,11a  is  small.  So  the  elec- 
trorheological  liquid  can  easily  escape  from  the 
collecting  chamber  50  through  bores  51,  annular 
chambers  11  and  11a  and  bores  60  into  the  com- 
pensating  chamber  36. 

If,  again  assuming  that  there  is  no  electrical 
field  existing  within  the  capacitor  chambers  1  1  and 
11a,  the  piston  rod  5  is  pulled  upwards  with  re- 
spect  to  the  cylinder  8  the  pressure  of  the  damping 
liquid  within  the  working  chamber  26  is  increased. 
This  increased  pressure  is  transmitted  through 
bores  45  into  the  intermediate  space  46  and  acts 
again  onto  the  lower  side  of  the  valve  body  13, 
namely  to  the  pressure  receiving  face  48.  Such  the 
valve  body  13  is  again  lifted  upwards  against  the 
action  of  the  helical  compression  spring  38.  Again 
this  upwards  movement  is  not  substantially  braked 
by  electrorheological  liquid  contained  in  the  collect- 
ing  chamber  50  because  the  electrorheological  liq- 
uid  having  low  viscosity  in  absence  of  electrical 
fields  within  the  capacitor  chambers  11  and  11a 
can  flow  through  these  capacitor  chambers  1  1  and 
11a  along  the  flow  path  27  and  escape  through  the 
radial  bores  60  into  the  compensating  chamber  36. 

One  can  note  that,  in  spite  of  the  fact,  the 
damping  liquid  flows  in  opposite  directions  in  re- 
sponse  to  the  respective  direction  of  movement  of 
the  piston  rod  5  the  pressure  force  exerted  onto 
the  valve  body  13  by  the  electrorheological  liquid 
contained  within  the  collecting  chamber  50  is  al- 
ways  directed  downwards  whereas  the  pressure 
force  exerted  by  the  damping  liquid  onto  the  valve 
body  13  is  always  directed  upwards  irrespective  of 
the  direction  of  movement  of  the  piston  rod  5. 

Assuming  now  that  an  electric  field  is  applied 
within  the  chambers  11  and  11a,  it  is  clear  that  the 
viscosity  within  this  annular  chambers  11  and  11a 
is  increased.  When  now  the  valve  body  13  is  lifted 
by  increased  pressure,  either  within  the  working 
chamber  53  or  within  the  working  chamber  26,  the 
upwards  movement  of  the  valve  body  13  is  pre- 
vented  or  at  least  braked,  because  electrorheolog- 
ical  control  liquid  having  increased  viscosity  now 
can't  or  can  only  slowly  escape  from  the  collecting 
chamber  50  through  the  bores  51,  the  annular 
chambers  11  and  11a  and  the  bores  60  towards 
the  compensating  chamber  36.  Such  the  damping 
behaviour  of  the  vibration  damper  is  a  hard  one  for 
both  axial  movements  of  the  piston  rod  5  in  re- 
sponse  to  the  increased  electric  field  within  the 
chambers  1  1  and  11a. 

When  the  piston  rod  comes  to  a  standstill  after 
a  movement  either  in  upwards  or  downwards  direc- 
tion  the  increased  pressure,  previously  applied  by 
the  damping  liquid  through  the  valve  body  13,  falls 
and  the  valve  body  13  returns  to  the  position  as 
shown  in  Figure  7.  As  a  result  thereof  a  reduced 
negative  pressure  may  occur  within  the  collecting 

chamber  50.  This  negative  pressure  within  the  col- 
lecting  chamber  50  is  compensated  for  by  opening 
of  the  check  valve  37,37a  which  is  provided  by  the 
axial  bore  37  and  the  plate  valve  member  37a 

5  applied  by  a  helical  compression  spring  38b  to- 
wards  the  lower  exit  of  the  bore  37.  The  bore  37  is 
provided  within  a  bloc  which  is  axially  fixed  within 
the  capacitor  tube  9.  When  a  negative  pressure 
occurs  within  the  collecting  chamber  50  the  check 

io  valve  37,  37a  opens  and  electrorheological  liquid 
can  flow  from  the  compensating  chambers  36  back 
into  the  collecting  chamber  50.  So  the  collecting 
chamber  50  is  rapidly  filled  again,  even  when  the 
electrorheological  liquid  has  a  high  viscosity  in 

is  response  to  an  electrical  field  applied  thereto. 
While  specific  embodiments  of  the  invention 

have  been  shown  and  described  in  detail  to  illus- 
trate  the  application  of  the  inventive  principles,  it 
will  be  understood  that  the  invention  may  be  em- 

20  bodied  otherwise  without  departing  from  such  prin- 
ciples. 

The  reference  numerals  in  the  claims  are  only 
used  for  facilitating  the  understanding  and  are  by 
no  means  restrictive. 

25 
Claims 

1.  A  vibration  damper  of  variable  damping  effect 
comprising 

30  a  cylindrical  tube  member  (8)  having  an  axis, 
two  ends  and  a  cavity  (26,53)  between  said 
two  ends, 
a  piston  rod  member  (5)  extending  inwards 
and  outwards  of  said  cavity  (26,53)  through 

35  piston  rod  guiding  and  sealing  means  and  be- 
ing  movable  along  said  axis, 
a  piston  unit  connected  with  said  piston  rod 
member  inside  said  cavity  (26,53)  and  separat- 
ing  two  working  chambers  (26,53)  from  each 

40  other,  said  working  chambers  (26,53)  contain- 
ing  a  damping  fluid, 
a  damping  fluid  flow  channel  system  connect- 
ed  with  said  working  chambers  (26,53)  permit- 
ting  a  flow  of  damping  fluid  there  through  in 

45  response  to  axial  movement  of  said  piston  rod 
member  (5)  with  respect  to  said  tube  member 
(8), 
damping  fluid  throttling  means  (4,6,13)  allo- 
cated  to  said  damping  fluid  flow  channel  sys- 

50  tern  for  throttling  said  flow  of  damping  fluid 
and  thereby  damping  said  axial  movement  of 
said  piston  rod  member  (5)  with  respect  to 
said  tube  member  (8),  said  damping  fluid  throt- 
tling  means  providing  an  electrically  control- 

55  lable  flow  resistance,  said  flow  resistance  be- 
ing  controlled  by  a  volume  of  an  elec- 
trorheological  control  fluid  separated  from  said 
damping  fluid,  said  electrorheological  control 
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fluid  providing  a  control  signal  for  controlling 
said  flow  resistance,  said  control  signal  being 
responsive  to  the  viscosity  of  said  elec- 
trorheological  fluid  flowing  through  a  control 
flow  path  (27),  said  electrorheological  fluid  be-  5 
ing  within  said  control  flow  path  exposed  to  an 
electrical  field  of  variable  field  intensity,  said 
viscosity  being  responsive  to  variation  of  said 
field  intensity,  variation  of  the  field  intensity  in 
a  predetermined  sense  of  one  of  the  lowering  10 
sense  and  the  increasing  sense  providing  a 
variation  of  the  damping  effect  in  a  corre- 
sponding  predetermined  sense  of  one  of  the 
lowering  sense  and  the  increasing  sense  ir- 
respective  of  the  direction  of  relative  move-  is 
ment  of  said  piston  rod  member  (5)  and  said 
tube  member  (8). 

2.  A  vibration  damper  as  set  forth  in  claim  1  , 
said  damping  fluid  throttling  means  (4,6,13)  20 
comprising  at  least  one  valve  unit  (13,17)  pro- 
viding  an  electrically  controllable  flow  resis- 
tance,  said  valve  unit  (13,17)  having  a  valve 
body  (13)  movable  along  a  path  of  movement 
in  response  to  fluid  pressure  forces  acting  25 
thereupon,  said  valve  body  (13)  being  loadable 
by  a  first  pressure  force  exerted  by  said  damp- 
ing  fluid  and  a  second  pressure  force  exerted 
by  said  volume  of  electrorheological  control 
fluid  separated  from  said  damping  fluid,  said  30 
second  pressure  force  exerted  by  said  volume 
of  electrorheological  control  fluid  being  control- 
lable  by  variation  of  the  viscosity  of  said  elec- 
trorheological  control  fluid  within  said  control 
flow  path  (27),  said  electrorheological  control  35 
fluid  being  within  said  control  flow  path  (27) 
exposed  to  said  electrical  field  of  variable  field 
intensity,  said  viscosity  being  responsive  to  a 
variation  of  said  field  intensity,  said  first  pres- 
sure  force  acting  onto  said  valve  body  in  a  first  40 
predetermined  direction  along  said  path  of 
movement,  said  second  pressure  force  acting 
onto  said  valve  body  (13)  in  a  second  pre- 
determined  direction  along  said  path  of  move- 
ment,  said  first  and  said  second  predetermined  45 
directions  of  said  first  pressure  force  and  said 
second  pressure  force  respectively  being  sub- 
stantially  unchanged  irrespective  of  the  direc- 
tion  of  relative  movement  of  said  piston  rod 
member  (5)  with  respect  to  said  tube  member  so 
(8). 

3.  A  vibration  damper  as  set  forth  in  claim  2, 
said  first  pressure  force  acting  onto  said  valve 
body  (13)  in  said  first  predetermined  direction  55 
urging  said  valve  body  (13)  towards  positions 
corresponding  to  an  increased  flow  cross-sec- 
tional  area  of  said  valve  unit  (13,17),  said  sec- 

ond  pressure  force  acting  onto  said  valve  body 
(13)  in  said  second  predetermined  direction 
resisting  to  movement  of  said  valve  body  (13) 
towards  said  positions  corresponding  to  an  in- 
creased  flow  cross-section  area  of  said  valve 
unit  (13,17). 

4.  A  vibration  damper  as  set  forth  in  claim  2  or  3, 
said  volume  of  rheological  control  fluid  being 
enclosed  within  a  control  chamber  (11)  having 
two  end  portions,  a  restricted  control  flow  path 
(27)  being  arranged  in  series  between  said  two 
end  portions,  the  pressure  of  said  rheological 
control  fluid  within  a  first  one  of  said  end 
portions  providing  said  second  pressure  force. 

5.  A  vibration  damper  as  set  forth  in  claim  4, 
a  second  end  portion  of  said  control  chamber 
(11)  being  adjacent  a  floating  wall  portion  (12), 
said  floating  wall  portion  (12)  being  loaded  by 
resilient  means  (19)  such  as  to  increase  the 
pressure  of  said  rheological  control  fluid  within 
said  second  end  portion. 

6.  A  vibration  damper  as  set  forth  in  claim  4, 
a  second  end  portion  of  said  control  chamber 
(11)  being  adjacent  a  floating  wall  portion  (33)  , 
said  floating  wall  portion  being  loaded  by  a 
pressure  exerted  by  said  damping  fluid. 

7.  A  vibration  damper  as  set  forth  in  claim  6, 
said  second  pressure  force  acting  onto  said 
valve  body  (13)  through  resilient  means  (19). 

8.  A  vibration  damper  as  set  forth  in  claim  6  or  7, 
said  valve  body  (13)  being  exposed  to  said 
pressure  exerted  by  said  damping  fluid  within 
a  smaller  pressure  receiving  area  (35)  and  said 
floating  wall  portion  (33)  being  exposed  to  said 
pressure  exerted  by  said  damping  fluid  within 
a  larger  pressure  receiving  area  (35a). 

9.  A  vibration  damper  as  set  forth  in  claim  4, 
a  second  end  portion  of  said  control  chamber 
(11)  having  a  bleed  orifice  (40)  opening  to- 
wards  a  storage  space  (36)  containing  rheolog- 
ical  control  fluid. 

10.  A  vibration  damper  as  set  forth  in  claim  9, 
said  storage  space  (36)  being  connectable  with 
said  control  chamber  (11)  through  a  check 
valve  or  nonreturn  valve  (41)  opening  towards 
said  control  chamber  (11)  adjacent  said  first 
end  portion  thereof. 

11.  A  vibration  damper  as  set  forth  in  claim  9  or 
10, 
said  valve  body  (13)  being  loaded  in  said  sec- 
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ond  predetermined  direction  by  resilient  means 
(38)  in  parallel  with  said  second  pressure 
force. 

12.  A  vibration  damper  as  set  forth  in  one  of  5 
claims  9-1  1  , 
said  storage  space  (36)  being  combined  with 
volume  compensating  means  (39). 

13.  A  vibration  damper  as  set  forth  in  claim  12,  10 
said  storage  space  (36)  being  combined  with 
pressurizing  means  (52)  pressurizing  said 
rheological  fluid  within  said  storage  space  (36). 

14.  A  vibration  damper  as  set  forth  in  one  of  is 
claims  1-13, 
said  damping  effect  being  increasable  in  re- 
sponse  to  reducing  said  field  intensity. 

15.  A  vibration  damper  optionally  as  set  forth  in  20 
one  of  claims  1-14,  said  control  flow  path  (27) 
being  an  annular  flow  path  (11)  coaxial  with 
respect  to  said  tube  member  (8),  said  electrical 
field  being  radial  with  respect  to  said  axis. 

25 
16.  A  vibration  damper  as  set  forth  in  claim  15, 

said  control  flow  path  (11)  being  located  radi- 
ally  outwards  of  said  cavity  (26,53). 

17.  A  vibration  damper  as  set  forth  in  one  of  30 
claims  1-15, 
said  control  flow  path  (11,11a)  being  located 
within  said  piston  rod  member  (5). 

18.  A  vibration  damper  as  set  forth  in  one  of  35 
claims  2-16, 
said  valve  unit  (13,17)  being  located  adjacent 
said  tube  member  (8). 

19.  A  vibration  damper  as  set  forth  in  one  of  40 
claims  2-15  and  17,  said  valve  unit  (13,44) 
being  provided  within  said  piston  rod  member 
(5). 

20.  A  vibration  damper  as  set  forth  in  one  of  45 
claims  2-19, 
said  at  least  one  valve  unit  (13,17)  providing  an 
electrically  controllable  flow  resistance  being  in 
parallel  with  at  least  one  further  valve  unit 
(4,6),  said  at  least  one  further  valve  unit  (4,6)  so 
being  a  pressure  control  valve  unit  having  a 
variable  flow  cross-section  in  response  to  vari- 
ation  of  a  pressure  difference  applied  thereto. 

21.  A  vibration  damper  as  set  forth  in  claim  20,  55 
said  at  least  one  valve  unit  (13,17)  providing  an 
electrically  controllable  flow  resistance  being  in 
parallel  with  at  least  one  respective  further 

valve  unit  (4,6)  for  each  direction  of  relative 
movement  of  said  piston  rod  member  (5)  and 
said  tube  member  (8). 

22.  A  vibration  damper  as  set  forth  in  one  of 
claims  2-21, 
said  at  least  one  valve  unit  (13,17)  providing  an 
electrically  controllable  flow  resistance  being  in 
series  communication  between  a  working 
chamber  (26)  containing  an  increased  pressure 
of  damping  fluid  irrespective  of  the  direction  of 
relative  movement  of  said  piston  rod  member 
(5)  with  respect  to  said  tube  member  (8)  and  a 
damping  fluid  compensating  chamber  (21). 

23.  A  vibration  damper  as  set  forth  in  one  of 
claims  2-21, 
said  at  least  one  valve  unit  (13,44)  providing  an 
electrically  controllable  flow  resistance  being 
provided  for  bi-directional  flow  of  damping  liq- 
uid  between  said  two  working  chambers 
(26,53),  said  valve  body  (13)  having  two  dif- 
ferent  pressure  receiving  areas  (47,48)  ex- 
posed  to  the  pressure  of  damping  fluid  within 
respective  working  chambers  (53,26). 

Patentanspruche 

1.  Schwingungdampfer  variabler  Dampfungswir- 
kung,  umfassend 
ein  zylindrisches  Rohrelement  (8)  mit  einer 
Achse,  zwei  Enden  und  einem  Hohlraum  (26, 
53)  zwischen  den  beiden  Enden, 
ein  Kolbenstangenelement  (5),  das  durch  Kol- 
benstangenfuhrungs-  und  Dichtungsmittel  in- 
nerhalb  und  auBerhalb  des  Hohlraums  (26,  53) 
verlauft  und  langs  der  Achse  bewegbar  ist, 
eine  Kolbeneinheit,  die  in  dem  Hohlraum  (26, 
53)  mit  dem  Kolbenstangenelement  verbunden 
ist  und  zwei  Arbeitskammern  (26,  53)  vonein- 
ander  trennt,  wobei  die  Arbeitskammern  (26, 
53)  ein  Dampfungsfluid  enthalten, 
ein  Dampfungsfluid-Stromungskanalsystem, 
das  mit  den  Arbeitskammern  (26,  53)  verbun- 
den  ist  und  in  Antwort  auf  eine  Axialbewegung 
des  Kolbenstangenelements  (5)  relativ  zu  dem 
Rohrelement  (8)  eine  Stromung  von  Damp- 
fungsfluid  dadurch  ermoglicht, 
Dampfungsfluid-Drosselmittel  (4,  6,  13),  welche 
dem  Dampfungsfluid-Stromungskanalsystem 
zugeordnet  sind,  zum  Drosseln  der  Stromung 
des  Dampfungsfluids  und  dadurch  Dampfen 
der  Axialbewegung  des  Kolbenstangenele- 
ments  (5)  relativ  zu  dem  Rohrelement  (8),  wo- 
bei  die  Dampfungsfluid-Drosselmittel  einen 
elektrisch  steuerbaren  Stromungswiderstand 
bereitstellen,  wobei  der  Stromungswiderstand 
durch  ein  Volumen  eines  elektrorheologischen 
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Steuerfluids  gesteuert  ist,  welches  von  dem 
Dampfungsfluid  getrennt  ist,  wobei  das  elek- 
trorheologische  Steuerfluid  ein  Steuersignal 
zum  Steuern  des  Stromungswiderstands  be- 
reitstellt,  wobei  das  Steuersignal  auf  die  Visko- 
sitat  des  elektrorheologischen  Fluids  anspricht, 
das  durch  einen  Steuerstromungsweg  (27) 
stromt,  wobei  das  elektrorheologische  Fluid  in 
dem  Steuerstromungsweg  einem  elektrischen 
Feld  variabler  Feldstarke  ausgesetzt  ist,  wobei 
die  Viskositat  auf  eine  Anderung  der  Feldstar- 
ke  anspricht,  wobei  die  Anderung  der  Feldstar- 
ke  in  einer  vorbestimmten  Richtung,  einer  Ab- 
nahmerichtung  oder  einer  Zunahmerichtung, 
ungeachtet  der  Richtung  der  Relativbewegung 
des  Kolbenstangenelements  (5)  und  des  Roh- 
relements  (8)  fur  eine  Anderung  der  Damp- 
fungswirkung  in  einer  entsprechenden  vorbe- 
stimmten  Richtung,  einer  Abnahmerichtung 
oder  einer  Zunahmerichtung,  sorgt. 

2.  Schwingungsdampfer  nach  Anspruch  1,  wobei 
die  Dampfungsfluid-Drosselmittel  (4,  6,  13)  we- 
nigstens  eine  Ventileinheit  (13,  17)  umfassen, 
welche  einen  elektrisch  steuerbaren  Stro- 
mungswiderstand  bereitstellt,  wobei  die  Ventil- 
einheit  (13,  17)  einen  Ventilkorper  (13)  auf- 
weist,  der  in  Antwort  auf  auf  ihn  einwirkende 
Fluiddruckkrafte  langs  eines  Bewegungswegs 
bewegbar  ist,  wobei  der  Ventilkorper  (13) 
durch  eine  erste  Druckkraft  beaufschlagbar  ist, 
welche  von  dem  Dampfungsfluid  ausgeubt 
wird,  sowie  durch  eine  zweite  Druckkraft,  wel- 
che  von  dem  Volumen  elektrorheologischen 
Steuerfluids  ausgeubt  wird,  das  von  dem 
Dampfungsfluid  getrennt  ist,  wobei  die  von 
dem  Volumen  elektrorheologischen  Steuer- 
fluids  ausgeubte  zweite  Druckkraft  durch  An- 
derung  der  Viskositat  des  elektrorheologischen 
Steuerfluids  in  dem  Steuerstromungsweg  (27) 
steuerbar  ist,  wobei  das  elektrorheologische 
Steuerfluid  innerhalb  des  Steuerstromungs- 
wegs  (27)  dem  elektrischen  Feld  variabler 
Feldstarke  ausgesetzt  ist,  wobei  die  Viskositat 
auf  eine  Anderung  der  Feldstarke  anspricht, 
wobei  die  erste  Druckkraft  auf  den  Ventilkorper 
in  einer  ersten  vorbestimmten  Richtung  langs 
des  Bewegungswegs  einwirkt,  wobei  die  zweite 
Druckkraft  auf  den  Ventilkorper  (13)  in  einer 
zweiten  vorbestimmten  Richtung  langs  des  Be- 
wegungswegs  einwirkt,  wobei  die  ersten  und 
zweiten  vorbestimmten  Richtungen  der  ersten 
Druckkraft  bzw.  der  zweiten  Druckkraft  unge- 
achtet  der  Richtung  der  Relativbewegung  des 
Kolbenstangenelements  (5)  relativ  zu  dem 
Rohrelement  (8)  im  wesentlichen  nicht  gean- 
dert  werden. 

3.  Schwingungsdampfer  nach  Anspruch  2,  wobei 
die  auf  den  Ventilkorper  (13)  in  der  ersten 
vorbestimmten  Richtung  einwirkende  erste 
Druckkraft  den  Ventilkorper  (13)  in  Richtung 

5  von  Stellungen  drangt,  welche  einer  erhohten 
Stromungsquerschnittsflache  der  Ventileinheit 
(13,  17)  entsprechen,  wobei  die  auf  den  Ventil- 
korper  (13)  in  der  zweiten  vorbestimmten  Rich- 
tung  einwirkende  zweite  Druckkraft  sich  der 

io  Bewegung  des  Ventilkorpers  (13)  in  Richtung 
der  einer  erhohten  Stromungsquerschnittsfla- 
che  der  Ventileinheit  (13,  17)  entsprechenden 
Stellungen  widersetzt. 

is  4.  Schwingungsdampfer  nach  Anspruch  2  oder  3, 
wobei  das  Volumen  rheologischen  Steuerfluids 
in  einer  Steuerkammer  (11)  mit  zwei  Endab- 
schnitten  eingeschlossen  ist,  wobei  ein  be- 
grenzter  Steuerstromungsweg  (27)  zwischen 

20  den  beiden  Endabschnitten  in  Reihe  angeord- 
net  ist,  wobei  der  Druck  des  rheologischen 
Steuerfluids  in  einem  ersten  der  Endabschnitte 
die  zweite  Druckkraft  bereitstellt. 

25  5.  Schwingungdampfer  nach  Anspruch  4,  wobei 
ein  zweiter  Endabschnitt  der  Steuerkammer 
(11)  einem  schwimmenden  Wandungsabschnitt 
(12)  benachbart  ist,  wobei  der  schwimmende 
Wandungsabschnitt  (12)  durch  elastische  Mittel 

30  (19)  beaufschlagt  ist,  urn  den  Druck  des  rheo- 
logischen  Steuerfluids  in  dem  zweiten  Endab- 
schnitt  zu  erhohen. 

6.  Schwingungsdampfer  nach  Anspruch  4,  wobei 
35  ein  zweiter  Endabschnitt  der  Steuerkammer 

(11)  einem  schwimmenden  Wandungsabschnitt 
(33)  benachbart  ist,  wobei  der  schwimmende 
Wandungsabschnitt  von  einem  durch  das 
Dampfungsfluid  ausgeubten  Druck  beauf- 

40  schlagt  ist. 

7.  Schwingungsdampfer  nach  Anspruch  6,  wobei 
die  zweite  Druckkraft  auf  den  Ventilkorper  (13) 
durch  elastische  Mittel  (19)  einwirkt. 

45 
8.  Schwingungsdampfer  nach  Anspruch  6  oder  7, 

wobei  der  Ventilkorper  (13)  dem  durch  das 
Dampfungsfluid  ausgeubten  Druck  innerhalb 
einer  kleineren  Druckaufnahmeflache  (35)  aus- 

50  gesetzt  ist  und  der  schwimmende  Wandungs- 
abschnitt  (33)  dem  durch  das  Dampfungsfluid 
ausgeubten  Druck  innerhalb  einer  groBeren 
Druckaufnahmeflache  (35a)  ausgesetzt  ist. 

55  9.  Schwingungsdampfer  nach  Anspruch  4,  wobei 
ein  zweiter  Endabschnitt  der  Steuerkammer 
(11)  eine  Entnahmeoffnung  (40)  aufweist,  wel- 
che  sich  zu  einem  rheologisches  Steuerfluid 
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enthaltenden  Speicherraum  (36)  hin  offnet. 

10.  Schwingungsdampfer  nach  Anspruch  9,  wobei 
der  Speicherraum  (36)  mit  der  Steuerkammer 
(11)  durch  ein  Ruckschlagventil  oder  Einweg- 
ventil  (41)  verbindbar  ist,  welches  sich  zu  der 
Steuerkammer  (11)  hin  deren  erstem  Endab- 
schnitt  benachbart  offnet. 

11.  Schwingungsdampfer  nach  Anspruch  9  oder 
10,  wobei  der  Ventilkorper  (13)  in  der  zweiten 
vorbestimmten  Richtung  durch  elastische  Mit- 
tel  (38)  beaufschlagt  ist,  welche  parallel  zu  der 
zweiten  Druckkraft  wirken. 

12.  Schwingungsdampfer  nach  einem  der  Anspru- 
che  9  bis  1  1  ,  wobei  der  Speicherraum  (36)  mit 
Volumenkompensationsmitteln  (39)  kombiniert 
ist. 

13.  Schwingungsdampfer  nach  Anspruch  12,  wo- 
bei  der  Speicherraum  (36)  mit  Unter-Druck- 
Setzungsmitteln  (52)  kombiniert  ist,  welche  das 
rheologische  Fluid  in  dem  Speicherraum  (36) 
unter  Druck  setzen. 

14.  Schwingungsdampfer  nach  einem  der  Anspru- 
che  1  bis  13,  wobei  die  Dampfungswirkung  in 
Antwort  auf  eine  Verminderung  der  Feldstarke 
erhohbar  ist. 

15.  Schwingungsdampfer  nach  einem  der  Anspru- 
che  1  bis  14,  wobei  der  Steuerstromungsweg 
(27)  ein  bezuglich  des  Rohrelements  (8)  koaxi- 
al  angeordneter  Ringstromungsweg  (11)  ist, 
wobei  das  elektrische  Feld  bezuglich  der  Ach- 
se  radial  verlauft. 

16.  Schwingungsdampfer  nach  Anspruch  15,  wo- 
bei  der  Steuerstromungsweg  (11)  radial  auBer- 
halb  des  Hohlraums  (26,  53)  angeordnet  ist. 

17.  Schwingungsdampfer  nach  einem  der  Anspru- 
che  1  bis  15,  wobei  der  Steuerstromungsweg 
(11,  11a)  innerhalb  des  Kolbenstangenele- 
ments  (5)  angeordnet  ist. 

18.  Schwingungsdampfer  nach  einem  der  Anspru- 
che  2  bis  16,  wobei  die  Ventileinheit  (13,  17) 
dem  Rohrelement  (8)  benachbart  angeordnet 
ist. 

19.  Schwingungsdampfer  nach  einem  der  Anspru- 
che  2  bis  15  und  17,  wobei  die  Ventileinheit 
(13,  44)  innerhalb  des  Kolbenstangenelements 
(5)  vorgesehen  ist. 

20.  Schwingungsdampfer  nach  einem  der  Anspru- 
che  2  bis  19,  wobei  die  wenigstens  eine  einen 
elektrisch  steuerbaren  Stromungswiderstand 
bereitstellende  Ventileinheit  (13,  17)  parallel  zu 

5  wenigstens  einer  weiteren  Ventileinheit  (4,  6) 
ist,  wobei  die  wenigstens  eine  weitere  Ventil- 
einheit  (4,  6)  eine  Drucksteuer-Ventileinheit  ist, 
die  in  Antwort  auf  eine  Anderung  einer  an  sie 
angelegten  Druckdifferenz  einen  variablen 

io  Stromungsquerschnitt  aufweist. 

21.  Schwingungsdampfer  nach  Anspruch  20,  wo- 
bei  die  wenigstens  eine  einen  elektrisch  steu- 
erbaren  Stromungswiderstand  bereitstellende 

is  Ventileinheit  (13,  17)  parallel  zu  wenigstens 
einer  entsprechenden  weiteren  Ventileinheit  (4, 
6)  fur  jede  Richtung  einer  Relativbewegung 
des  Kolbenstangenelements  (5)  und  des  Roh- 
relements  (8)  ist. 

20 
22.  Schwingungselement  nach  einem  der  Anspru- 

che  2  bis  21,  wobei  die  wenigstens  eine  einen 
elektrisch  steuerbaren  Stromungswiderstand 
bereitstellende  Ventileinheit  (13,  17)  zwischen 

25  einer  Arbeitskammer  (26),  die  ungeachtet  der 
Richtung  der  Relativbewegung  des  Kolbenst- 
angenelements  (5)  relativ  zum  Rohrelement  (8) 
einen  erhohten  Druck  von  Dampfungsfluid  ent- 
halt,  und  einer  Dampfungsfluid-Kompensa- 

30  tionskammer  (21)  in  Reihenverbindung  steht. 

23.  Schwingungsdampfer  nach  einem  der  Anspru- 
che  2  bis  21,  wobei  die  wenigstens  eine  einen 
elektrisch  steuerbaren  Stromungswiderstand 

35  bereitstellende  Ventileinheit  (13,  44)  zur  bidi- 
rektionalen  Stromung  von  Dampfungsfluid  zwi- 
schen  den  beiden  Arbeitskammern  (26,  53) 
vorgesehen  ist,  wobei  der  Ventilkorper  (13) 
zwei  unterschiedliche  Druckaufnahmeflachen 

40  (47,  48)  aufweist,  welche  dem  Druck  des 
Dampfungsfluids  in  entsprechenden  Arbeits- 
kammern  (53,  26)  ausgesetzt  sind. 

Revendicatlons 
45 

1.  Amortisseur  de  vibrations  a  effet  d'amortisse- 
ment  variable,  comprenant 

un  element  tubulaire  cylindrique  (8)  ayant 
un  axe,  deux  extremites  et  une  cavite  (26,  53) 

50  entre  les  deux  extremites, 
un  element  (5)  formant  tige  de  piston 

s'etendant  a  I'interieur  et  a  I'exterieur  de  ladite 
cavite  (26,  53)  a  travers  des  moyens  de  guida- 
ge  et  d'etancheite  pour  tige  de  piston  et  etant 

55  mobile  le  long  dudit  axe, 
une  unite  de  piston  reliee  audit  element 

formant  tige  de  piston  a  I'interieur  de  ladite 
cavite  (26,  53)  et  separant  deux  chambres  de 
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travail  (26,  53)  I'une  de  I'autre,  lesdites  cham- 
bres  de  travail  (26,  53)  contenant  un  fluide 
d'amortissement, 

un  systeme  de  conduits  d'ecoulement  de 
fluide  d'amortissement  relie  auxdites  chambres  5 
de  travail  (26,  53)  et  permettant  un  ecoulement 
du  fluide  de  travail  a  travers  elles  en  reponse  a 
un  mouvement  axial  dudit  element  (5)  formant 
tige  de  piston  par  rapport  audit  element  tubu- 
laire  (8),  10 

des  moyens  d'etranglement  (4,  6,  13)  du 
fluide  d'amortissement  alloues  audit  systeme 
de  conduits  d'ecoulement  de  fluide  d'amortis- 
sement  pour  etrangler  ledit  ecoulement  du  flui- 
de  d'amortissement  et  amortir  ainsi  ledit  mou-  is 
vement  axial  dudit  element  formant  tige  de 
piston  (5)  par  rapport  audit  element  tubulaire 
(8),  lesdits  moyens  d'etranglement  du  fluide 
d'amortissement  fournissant  une  resistance  a 
I'ecoulement  controlable  electriquement,  ladite  20 
resistance  a  I'ecoulement  etant  controlee  par 
un  volume  de  fluide  de  commande  electro- 
rheologique  distinct  dudit  fluide  d'amortisse- 
ment,  ledit  fluide  de  commande  electro-rheolo- 
gique  fournissant  un  signal  de  commande  des-  25 
tine  a  controler  ladite  resistance  a  I'ecoule- 
ment,  ledit  signal  de  commande  etant  sensible 
a  la  viscosite  dudit  fluide  electro-rheologique 
s'ecoulant  a  travers  une  voie  d'ecoulement  de 
commande  (27),  ledit  fluide  electro-rheologique  30 
etant  expose  dans  ladite  voie  d'ecoulement  de 
commande  a  un  champ  electrique  d'intensite 
variable,  ladite  viscosite  etant  sensible  a  une 
variation  de  ladite  intensite  de  champ,  une 
variation  de  ladite  intensite  de  champ  dans  un  35 
sens  predetermine  parmi  un  sens  d'abaisse- 
ment  et  un  sens  d'accroissement  fournissant 
une  variation  de  I'effet  d'amortissement  dans 
un  sens  predetermine  correspondant  parmi  un 
sens  d'abaissement  et  un  sens  d'accroisse-  40 
ment,  independamment  de  la  direction  du 
mouvement  relatif  dudit  element  (5)  formant 
tige  de  piston  et  dudit  element  tubulaire  (8). 

fluide  de  commande  electro-rheologique  dis- 
tinct  dudit  fluide  d'amortissement,  ladite 
deuxieme  force  de  pression  exercee  par  ledit 
volume  de  fluide  electro-rheologique  etant 
controlable  par  variation  de  la  viscosite  dudit 
fluide  de  commande  electro-rheologique  a  I'in- 
terieur  de  ladite  voie  d'ecoulement  de  com- 
mande  (27),  ledit  fluide  de  commande  electro- 
rheologique  etant  expose  dans  ladite  voie 
d'ecoulement  de  commande  (27)  audit  champ 
electrique  d'intensite  variable,  ladite  viscosite 
etant  sensible  a  une  variation  de  ladite  intensi- 
te  de  champ,  ladite  premiere  force  de  pression 
agissant  sur  ledit  obturateur  de  soupape  dans 
une  premiere  direction  predeterminee  le  long 
de  ladite  voie  de  deplacement,  ladite  deuxieme 
force  de  pression  agissant  sur  ledit  obturateur 
de  soupape  (13)  dans  une  deuxieme  direction 
predeterminee  le  long  de  ladite  trajectoire  de 
deplacement,  lesdites  premiere  et  deuxiemes 
directions  predetermines  de  ladite  premiere 
force  de  pression  et  de  ladite  deuxieme  force 
de  pression,  respectivement,  etant  substantiel- 
lement  inchangees  independamment  de  la  di- 
rection  du  mouvement  relatif  dudit  element  (5) 
formant  tige  de  piston  par  rapport  audit  ele- 
ment  tubulaire  (8). 

Amortisseur  de  vibrations  selon  la  revendica- 
tion  2,  dans  lequel  ladite  premiere  force  de 
pression  agit  sur  ledit  obturateur  de  soupape 
(13)  dans  ladite  premiere  direction  predetermi- 
nee  pressant  ledit  obturateur  de  soupape  (13) 
en  direction  de  positions  correspondant  a  une 
aire  de  section  d'ecoulement  augmentee  de 
ladite  unite  de  soupape  (13,  17),  ladite  deuxie- 
me  force  de  pression  agissant  sur  ledit  obtura- 
teur  de  soupape  (13)  dans  ladite  deuxieme 
direction  predeterminee  resistant  au  mouve- 
ment  dudit  obturateur  de  soupape  (13)  en  di- 
rection  desdites  positions  correspondant  a  une 
aire  de  section  d'ecoulement  augmentee  de  la 
dite  unite  de  soupape  (13,  17). 

Amortisseur  de  vibrations  selon  la  revendica-  45 
tion  1,  dans  lequel  lesdits  moyens  d'etrangle- 
ment  (4,  6,  13)  du  fluide  d'amortissement  com- 
prennent  au  moins  une  unite  de  soupape  (13, 
17)  fournissant  ne  resistance  a  I'ecoulement 
controlable  electriquement,  ladite  unite  de  sou-  so 
pape  (13,  17)  ayant  un  obturateur  de  soupape 
(13)  mobile  le  long  d'une  trajectoire  de  depla- 
cement  en  reponse  a  des  forces  de  pression 
de  fluide  agissant  sur  lui,  ledit  obturateur  de 
soupape  (13)  pouvant  etre  sollicite  par  une  55 
premiere  force  de  pression  exercee  par  ledit 
fluide  d'amortissement  et  par  une  deuxieme 
force  de  pression  exercee  par  ledit  volume  de 

4.  Amortisseur  de  vibrations  selon  la  revendica- 
tion  2  ou  3,  dans  lequel  ledit  volume  de  fluide 
electro-rheologique  est  contenu  dans  une 
chambre  de  commande  (11)  ayant  deux  par- 
ties  d'extremite,  une  voie  d'ecoulement  de 
commande  restreinte  (27)  etant  placee  en  se- 
rie  entre  lesdites  deux  parties  d'extremite,  la 
pression  dudit  fluide  de  commande  rheologi- 
que  a  I'interieur  une  premiere  desdites  deux 
parties  d'extremite  fournissant  ladite  deuxieme 
force  de  pression. 

5.  Amortisseur  de  vibrations  selon  la  revendica- 
tion  4,  dans  lequel  une  deuxieme  partie  d'ex- 
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tremite  de  ladite  chambre  de  commande  (11) 
est  adjacente  a  une  partie  de  paroi  flottante 
(12),  ladite  partie  de  paroi  flottante  (12)  etant 
sollicitee  par  des  moyens  elastiques  (19)  en 
sorte  d'augmenter  la  pression  dudit  fluide  de 
commande  rheologique  a  I'interieur  de  ladite 
deuxieme  partie  d'extremite. 

de  stockage  (36)  est  combine  a  des  moyens 
compensateurs  de  volume  (39). 

13.  Amortisseur  de  vibrations  selon  la  revendica- 
5  tion  12,  dans  lequel  ledit  espace  de  stockage 

(36  est  combine  a  des  moyens  de  pressurisa- 
tion  (52)  pressurisant  ledit  fluide  rheologique  a 
I'interieur  dudit  espace  de  stockage  (36). 

io  14.  Amortisseur  de  vibrations  selon  I'une  des  re- 
vendications  1  a  13,  dans  lequel  ledit  effet 
d'amortissement  peut  etre  augmente  en  repon- 
se  a  une  reduction  de  ladite  intensite  de 
champ. 

15 
15.  Amortisseur  de  vibrations  selon  I'une  des  re- 

vendications  1  a  14,  dans  lequel  ladite  voie 
d'ecoulement  de  commande  (27)  est  une  voie 
d'ecoulement  annulaire  (11)  coaxiale  audit  ele- 

20  ment  tubulaire  (8),  ledit  champ  electrique  etant 
radial  par  rapport  audit  axe. 

Amortisseur  de  vibrations  selon  la  revendica- 
tion  4,  dans  lequel  une  deuxieme  partie  d'ex-  10 
tremite  de  ladite  chambre  de  commande  (11) 
est  adjacente  a  une  partie  de  paroi  flottante 
(33),  ladite  partie  de  paroi  flottante  etant  sollici- 
tee  par  une  pression  exercee  par  le  fluide 
d'amortissement.  75 

Amortisseur  de  vibrations  selon  la  revendica- 
tion  6,  dans  lequel  ladite  deuxieme  force  de 
pression  agit  sur  ledit  obturateur  de  soupape 
(13)  par  I'intermediaire  de  moyens  elastiques  20 
(19). 

8.  Amortisseur  de  vibrations  selon  la  revendica- 
tion  6  ou  7,  dans  lequel  ledit  obturateur  de 
soupape  (13)  est  expose  a  ladite  pression 
exercee  par  ledit  fluide  d'amortissement  a  I'in- 
terieur  d'une  plus  petite  zone  de  reception  de 
pression  (35)  et  ladite  partie  de  paroi  flottante 
(33)  est  exposee  a  ladite  pression  exercee  par 
ledit  fluide  d'amortissement  a  I'interieur  d'une 
plus  grande  zone  de  reception  de  pression 
(35a). 

16.  Amortisseur  de  vibrations  selon  la  revendica- 
tion  15,  dans  lequel  ladite  voie  d'ecoulement 

25  de  commande  (27)  est  situee,  dans  le  sens 
radial,  a  I'exterieur  de  ladite  cavite  (26,  53). 

17.  Amortisseur  de  vibrations  selon  I'une  des  re- 
vendications  1  a  15,  dans  lequel  ladite  voie 

30  d'ecoulement  de  commande  (11,  11a)  est  si- 
tuee  a  I'interieur  dudit  element  (5)  formant  tige 
de  piston. 

9.  Amortisseur  de  vibrations  selon  la  revendica- 
tion  4,  dans  lequel  une  deuxieme  partie  d'ex- 
tremite  de  ladite  chambre  de  commande  (11) 
possede  un  orifice  d'evacuation  (40)  s'ouvrant 
en  direction  d'un  espace  de  stockage  (36) 
contenant  du  fluide  de  commande  rheologique. 

10.  Amortisseur  de  vibrations  selon  la  revendica- 
tion  9,  dans  lequel  ledit  espace  de  stockage 
(36)  peut  etre  relie  a  ladite  chambre  de  com- 
mande  (11)  par  I'intermediaire  d'une  soupape 
de  surete  ou  d'une  soupape  anti-retour  (41) 
s'ouvrant  en  direction  de  ladite  chambre  de 
commande  (11)  a  proximite  de  ladite  premiere 
partie  d'extremite  de  celle-ci. 

11.  Amortisseur  de  vibrations  selon  la  revendica- 
tion  9  ou  10,  dans  lequel  ledit  obturateur  de 
soupape  (13)  est  sollicite  dans  ladite  deuxieme 
direction  predeterminee  par  des  moyens  elasti- 
ques  (30)  en  parallele  avec  ladite  deuxieme 
force  de  pression. 

18.  Amortisseur  de  vibrations  selon  I'une  des  re- 
35  vendications  2  a  16,  dans  lequel  ladite  unite  de 

soupape  (13,  17)  est  situee  adjacente  audit 
element  tubulaire  (8). 

19.  Amortisseur  de  vibrations  selon  I'une  des  re- 
40  vendications  2  a  15  et  17,  dans  lequel  ladite 

unite  de  soupape  (13,  44)  est  prevue  a  I'inte- 
rieur  dudit  element  (5)  formant  tige  de  piston. 

20.  Amortisseur  de  vibrations  selon  I'une  des  re- 
45  vendications  2  a  19,  dans  lequel  au  moins  une 

unite  de  soupape  (13,  17)  fournissant  une  re- 
sistance  a  I'ecoulement  controlable  electrique- 
ment  est  montee  en  parallele  avec  au  moins 
une  autre  unite  de  soupape  (4,  6)  et  ladite  au 

50  moins  une  unite  de  soupape  (4,  6)  est  une 
unite  de  soupape  a  controle  de  pression  ayant 
une  section  d'ecoulement  variable  en  reponse 
a  une  variation  d'une  difference  de  pression 
qui  lui  est  appliquee. 

55 
21.  Amortisseur  de  vibrations  selon  la  revendica- 

12.  Amortisseur  de  vibrations  selon  I'une  des  re-  tion  20,  dans  lequel  ladite  au  moins  une  unite 
vendications  9  a  11,  dans  lequel  ledit  espace  de  soupape  (13,  17)  fournissant  une  resistance 

17 
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a  I'ecoulement  controlable  electriquement  est 
montee  en  parallele  avec  au  moins  une  autre 
unite  de  soupape  (4,  6)  respective  pour  cha- 
que  direction  de  mouvement  relatif  dudit  ele- 
ment  (5)  formant  tige  de  piston  et  dudit  ele-  5 
ment  tubulaire  (8). 

22.  Amortisseur  de  vibrations  selon  I'une  des  re- 
vendications  2  a  21,  dans  lequel  ladite  au 
moins  une  unite  de  soupape  (13,  17)  fournis-  10 
sant  une  resistance  a  I'ecoulement  controlable 
electriquement  est  en  communication  en  serie 
entre  une  chambre  de  travail  (26)  contenant 
une  pression  accrue  de  fluide  d'amortisse- 
ment,  independamment  de  la  direction  de  is 
mouvement  relatif  dudit  element  (5)  formant 
tige  de  piston  par  rapport  audit  element  tubu- 
laire  (8),  et  une  chambre  compensatrice  (21) 
de  fluide  d'amortissement. 

20 
23.  Amortisseur  de  vibrations  selon  I'une  des  re- 

vendications  2  a  21,  dans  lequel  ladite  au 
moins  une  unite  de  soupape  (13,  44)  fournis- 
sant  une  resistance  a  I'ecoulement  controlable 
electriquement  est  prevue  pour  donner  un  25 
ecoulement  bidirectionnel  de  liquide  d'amortis- 
sement  entre  lesdites  deux  chambres  de  tra- 
vail  (26,  53),  ledit  obturateur  de  soupape  (13) 
ayant  deux  zones  de  reception  de  pression 
differentes  (47,  48)  exposees  a  la  pression  du  30 
fluide  d'amortissement  a  I'interieur  des  cham- 
bres  de  travail  respectives  (53,  26). 
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