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@  Rotary  actuator  for  variable  damping  force  shock  absorber. 
(g)  A  rotary  actuator  comprises  a  housing  made  of  a  synthetic 
resin.  A  rotor  carrying  a  plurality  of  permanent  magnet  of 
alternate  polarity  with  respect  to  the  adjacent  magnet,  and 
stator  having  a  plurality  of  electromagnet  which  is  selectively 
energized,  are  aligned  in  axial  alignment  to  each  other. 
Magnetic  conductor  plates  are  provided  in  alignment  with  the 
rotor  and  the  stator.  The  magnetic  conductor  plates  ar 
supported  on  the  inner  periphery  of  the  resin  housing  in 
opposition  to  the  rotor  and  the  stator  for  forming  part  of  a 
magnetic  circuit. 

* & . 2  

-H& <y 

ITS 
^b 

CM 
<  **  1? 

■ V ' * ^  '&2d 
IS. 

CM 
CO 

124-  [23 

Q. 
LU 

Bundesdruokerei  Berlin 



EP  0  329  471  A2 

Description 

ROTARY  ACTUATOR  FOR  VARIABLE  DAMPING  FORCE  SHOCK  ABSORBER 

rotary  actuator  which  is  designed  for  rotatingly  drive 
a  rotary  body,  such  as  a  rotary  valve  member  for 
adjusting  damping  force  to  be  created  by  a  variable 
damping  force  shock  absorber.  The  rotary  actuator 
takes  a  layout  of  a  permanent  magnet  and  an 
electromagnet  arranged  in  vertically  spaced  relation- 
ship.  The  vertical  layout  of  the  permanent  magnet 
and  the  electromagnet  reduces  the  plane  area 
required  for  installation  of  the  actuator. 

In  the  shown  construction,  the  rotary  actuator 
comprises  a  housing,  an  output  shaft,  a  rotor  and  a 
stator.  The  housing  is  made  of  magnetically  conduc- 
tive  metallic  material  for  serving  as  part  of  a 
magnetic  circuit,  and  includes  an  upper  cover 
member  and  an  essentially  disc-shaped  base  plate. 
The  upper  cover  member  is  of  generally  reversed 
bowl-shaped  configuration  having  axially  extending 
circumferential  wall  section  and  laterally  extending 
upper  wall  section  adjoining  at  the  circumferential 
edge  to  the  circumferential  wall  section.  The  lower 
edge  of  the  circumferential  section  of  the  upper 
cover  member  engages  with  the  circumferential 
edge  of  the  base  plate  in  order  to  define  an  enclosed 
space  therebetween.  The  output  shaft,  the  rotor  and 
the  stator  are  housed  within  the  enclosed  space. 
The  flanges  are  integrally  formed  with  the  base  plate. 

The  metallic  housing  in  the  prior  proposed 
construction  encounters  a  difficulty  in  assembling. 
Namely,  the  upper  cover  member  and  the  base  plate 
are  assembled  to  each  other  by  calking  welding  or 
bonding.  When  welding  is  used  for  assembling  the 
upper  cover  member  and  the  base  plate,  paint  can 
be  removed  during  welding  operation.  This  requires 
additional  rust  proving  treatment  after  welding 
operation.  Furthermore,  air  tight  seal  is  required  for 
assuring  air  tight  engagement  between  the  cover 
member  and  the  base  plate.  On  the  other  hand, 
when  bonding  is  used  for  assembling  the  cover 
member  and  the  base  plate,  movable  parts  which 
have  to  be  movably  assembled  can  be  fixed  by 
bonding  agent  flew  out  from  the  bonding  section. 
This  loweres  the  yield  of  the  product. 

It  is  an  object  of  the  present  invention  to  provide  a 
rotary  actuator  which  can  solve  the  aforementioned 
defects  or  drawbacks  in  the  prior  proposed  actuator 
for  making  assembling  operation  easier  and  for 
holding  satisfactorily  high  yield. 

In  order  to  accomplish  aforementioned  and  other 
objects,  a  rotary  actuator,  according  to  the  present 
invention,  comprises  a  housing  made  of  a  synthetic 
resin.  A  rotor  carrying  a  plurality  of  permanent 
magnet  of  alternate  polarity  with  respect  to  the 
adjacent  magnet,  and  stator  having  a  plurality  of 
electromagnet  which  is  selectively  energized,  are 
aligned  in  axial  alignment  to  each  other.  Magnetic 
conductor  plates  are  provided  in  alignment  with  the 
rotor  and  the  stator.  The  magnetic  conductor  plates 
are  supported  on  the  inner  periphery  of  the  resin 
housing  in  opposition  to  the  rotor  and  the  stator  for 
forming  part  of  a  magnetic  circuit. 

According  to  one  aspect  of  the  invention,  a  rotary 

The  present  invention  relates  generally  to  a 
variable  damping  force  shock  absorber  with  a  rotary 
valve  for  adjusting  flow  restriction  of  a  working  fluid  5 
for  adjusting  damping  force  to  be  generated  in 
response  to  input  shock.  More  specifically,  the 
invention  relates  to  a  rotary  actuator  for  driving  the 
rotary  valve  for  rotatingly  drive  the  latter  in  order  to 
adjust  flow  restriction  against  fluid  flow  in  order  to  10 
adjust  damping  characteristics. 

In  the  recent  years,  there  have  been  developed 
various  constructions  of  variable  damping  force 
shock  absorber  assemblies  which  is  variable  of 
damping  characteristics  for  facilitating  variable  sus-  15 
pension  characteristics  in  an  automotive  suspension 
system.  Among  such  various  constructions  of 
variable  damping  force  shock  absorber  assemblies, 
some  of  the  shock  absorber  assemblies  includes 
rotary  valves  to  be  rotatingly  driven  for  varying  flow  20 
resistance  against  working  fluid  in  the  shock 
absorbers  and  whereby  adjusting  damping  charac- 
teristics.  Such  rotary  valve-type  variable  damping 
force  shock  absorber  assemblies  have  been  dis- 
closed  in  the  United  States  Patent  No.  4,600,215,  25 
issued  on  July  15,  1986,  to  Kuroki  et  al,  for  example. 
In  the  shown  construction,  the  rotary  valve  member 
defines  a  plurality  of  orifices  respectively  having 
different  path  areas  for  varying  flow  rate  of  the 
working  fluid  to  flow  between  upper  and  lower  fluid  30 
chambers  in  the  shock  absorber.  The  rotary  valve 
member,  as  driven,  varies  angular  position  to 
establish  fluid  communication  between  the 
aforementioned  upper  and  lower  fluid  chambers  of 
the  shock  absorber  through  one  of  the  orifices.  With  35 
this  construction,  flow  restriction  magnitude  for  the 
working  fluid  is  variable  depending  upon  the  angular 
position  of  the  rotary  valve  member  for  varying  the 
damping  characteristics  of  the  variable  damping 
force  shock  absorber  assembly.  40 

On  the  other  hand,  in  order  to  drive  the  rotary 
valve  member  for  adjusting  the  damping  characteris- 
tics,  an  electromagneticaliy  operable  actuator  may 
be  provided  in  the  shock  absorber  assembly.  One  of 
the  examples  of  such  electromagneticaliy  operable  45 
actuator  has  been  disclosed  in  the  Japanese  Utility 
Model  First  (unexamined)  Publication  (Jikkai)  Showa 
58-72546.  The  actuator  disclosed  in  the  above-ident- 
ified  Japanese  Utility  Model  First  Publication,  com- 
prises  a  stationary  table  fixed  onto  the  top  of  a  50 
piston  rod,  an  actuation  rod  drivingly  connected  to 
the  rotary  valve  member,  a  rotor  having  permanent 
magnets  and  fixed  to  the  actuation  rod,  and  a  stator 
which  has  a  plurality  of  electromagnets.  The  electro- 
magnets  are  arranged  at  positions  radial  outside  of  55 
the  permanent  magnet  and  designed  to  be  selec- 
tively  energized  for  driving  the  rotor. 

In  order  to  improve  such  prior  proposed  construc- 
tion  of  the  variable  damping  force  shock  absorber, 
U.  S.  Patent  4,776,437,  issued  on  October  11,  1988,  60 
which  has  been  assigned  to  the  common  assignee 
to  the  present  invention.  The  proposed  variable 
damping  force  shock  absorber  includes  an  improved 
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actuator  for  rotatingly  driving  a  rotatable  member, 
comprises: 
a  rotary  shaft  connected  to  a  rotatable  member  for 
rotation  therewith; 
a  rotor  assembly  cooperated  with  the  rotary  shaft  for 
rotation  therewith  and  carrying  a  plurality  of  perma- 
nent  magnets; 
a  stator  assembly  provided  essentially  in  axial 
alignment  with  the  rotor  assembly  and  including  a 
plurality  of  electromagnets  selectively  energized  to 
have  polarity  according  to  polarity  of  power  supply 
for  selectively  generating  magnetic  fields  extending 
through  the  permanent  magnet  for  producing  repul- 
sive  force  and  drawing  force  serving  as  driving  force 
for  rotatingly  driving  the  rotor  assembly; 
switch  means  for  controlling  polarity  of  power  supply 
for  respective  electromagnets  for  energizing  the 
latter  according  to  a  predetermined  schedule; 
an  enclosed  housing  for  receiving  the  rotary  shaft, 
the  rotor  assembly  and  the  stator  assembly  therein, 
the  housing  being  formed  of  a  synthetic  resin 
material;  and 
magnetically  conductive  means  made  of  a  magneti- 
cally  conductive  material  and  disposed  within  the 
housing  and  so  oriented  respectively  between  the 
rotor  assembly  and  a  peripheral  wall  of  the  housing 
mating  with  the  rotor  assembly,  and  between  the 
stator  assemble  and  a  peripheral  wall  of  the  housing 
mating  with  the  stator  assembly  as  to  complete 
magnetic  circuit. 

According  to  another  aspect  of  the  invention,  a 
rotary  actuator  for  a  variable  damping  force  shock 
absorber  which  includes  a  rotary  valve  driven  by  the 
rotary  actuator  for  varying  damping  characteristics, 
comprises: 
a  rotary  shaft  connected  to  a  rotatable  member  for 
rotation  therewith; 
a  rotor  assembly  including  a  plurality  of  permanent 
magnets  including  a  first  permanent  magnet  having  a 
first  pole  at  first  side  and  a  second  pole  at  second 
side  thereof  and  a  second  permanent  magnet  having 
the  second  pole  at  the  first  side  and  the  first  pole  at 
the  second  side,  the  permanent  magnet  being 
associated  with  the  rotary  shaft  for  rotatingly  drive 
the  latter  according  to  angular  displacement  thereof; 
a  stator  assembly  provided  essentially  in  alignment 
with  the  rotor  assembly  along  the  axis  of  the  rotary 
shaft  and  opposing  to  the  first  side  of  the  permanent 
magnet,  the  stator  assembly  including  a  plurality  of 
electromagnets  which  are  arranged  at  axially  spaced 
apart  relationship  with  the  permanent  magnet  with  a 
predetermined  clearance  in  a  direction  of  the  axis  of 
the  rotary  shaft,  each  of  the  electromagnets  being 
adapted  to  be  energized  in  first  mode  to  have  the 
second  pole  at  the  side  adjacent  the  permanent 
magnet  and  the  first  pole  at  the  side  remote  from  the 
permanent  magnet  when  it  opposes  the  first  perma- 
nent  magnet,  and  in  second  mode  to  have  the  first 
pole  at  the  side  adjacent  the  permanent  magnet  and 
the  second  pole  at  the  side  remote  from  the 
permanent  magnet  when  it  opposes  the  second 
permanent  magnet 
switch  means  for  selectively  energizing  the  electro- 
magnets  for  rotatingly  driving  the  permanent  magnet 
with  the  rotatable  member  via  the  rotary  shaft; 

an  enclosed  housing  for  receiving  the  rotary  shaft, 
the  rotor  assembly  and  the  stator  assembly  therein; 
and 
magnetically  conductive  means  disposed  within  the 

5  housing  and  so  oriented  respectively  between  the 
rotor  assembly  and  a  peripheral  wall  of  the  housing 
mating  with  the  rotor  assembly,  and  between  the 
stator  assemble  and  a  peripheral  wall  of  the  housing 
mating  with  the  stator  assembly  as  to  establish 

10  closed  magnetic  circuit. 
In  the  practical  construction,  the  housing  com- 

prising  an  upper  member  and  a  lower  member 
respectively  having  first  sections  extending  essen- 
tially  perpendicular  to  the  axis  of  the  output  shaft 

15  and  second  sections  extending  from  peripheral 
edge  of  the  first  sections  toward  the  other  member, 
the  second  sections  having  tip  end  edges  mating  to 
each  other.  The  second  section  of  one  of  the  upper 
and  lower  member  may  be  formed  with  a  groove 

20  extending  along  the  tip  end  edge  and  the  second 
section  of  the  other  of  the  upper  and  lower  member 
may  be  provided  a  projection  extending  from  the  tip 
end  edge  and  having  configuration  conforming  the 
groove,  the  projection  engaging  with  the  groove 

25  when  the  housing  is  assembled  for  establishing 
air-tight  seal  therebetween. 

On  the  other  hand,  the  rotor  assembly  may 
comprise  a  rotor  body  rotatably  cooperated  with  the 
output  shaft  and  having  retainer  sections  made  of  a 

30  magnetically  insulative  synthetic  resin  and  suppor- 
ting  the  permanent  magnets  in  a  circumferentially 
spaced  relationship  to  each  other  with  a  given 
intervals.  The  magnetically  conductive  means  may 
comprise  a  first  element  disposed  between  the 

35  permanent  magnet  of  the  rotor  assembly  and  a 
mating  peripheral  wall  of  the  housing  and  having  a 
plane  surface  opposing  to  the  permanent  magnet 
with  a  predetermined  air  gap,  and  a  second  element 
disposed  between  the  electromagnets  of  the  stator 

40  assemble  and  magnetically  connected  thereto.  In 
such  case,  the  first  and  second  elements  of  the 
magnetically  conductive  means  are  of  annular 
disc-shaped  configurations  forming  complete  circle 
extending  along  rotational  trace  of  the  permanent 

45  magnet.  The  first  element  has  a  plurality  of  project- 
ing  portions,  each  having  the  plane  surface  and 
projecting  toward  the  permanent  magnet  for  oppos- 
ing  to  the  latter  with  the  given  air  gap,  and  a 
remaining  portion  having  a  plane  surface  opposing 

50  the  permanent  magnet  with  a  clearance  greater  than 
the  given  air  gap.  Each  of  the  projecting  portions  has 
tapered  circumferentially  extending  edges  and 
sharply  bent  radially  extending  edge  forming  right 
angle  edge  so  as  to  define  border  of  the  magnetic 

55  field. 
According  to  a  further  aspect  of  the  invention,  a 

variable  damping  force  shock  absorber  for  an 
automotive  suspension  system,  comprises: 
a  shock  absorber  cylinder  defining  a  fluid  chamber 

60  therein,  which  shock  absorber  cylinder  is  disposed 
between  sprung  mass  and  unsprung  mass  of  the 
automotive  suspension  system; 
a  piston  disposed  within  the  fluid  chamber  of  the 
shock  absorber  cylinder  and  dividing  the  fluid 

65  chamber  into  upper  first  and  lower  second  pressure 
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Fig.  4  is  a  fragmentary  illustration  of  the 
preferred  embodiment  of  a  rotary  actuator; 

Fig.  5  is  a  circuit  diagram  of  the  preferred 
embodiment  of  a  driver  circuit  for  the  rotary 

5  actuator;  and 
Fig.  6  is  an  explanatory  illustration  showing 

magnetical  relationship  between  permanent 
magnets  and  electromagnets  to  be  employed  in 
the  second  embodiment  of  the  rotary  actuator; 

10  Fig.  7  is  an  illustration  of  the  internal  circuit 
showing  connection  of  an  electromagnet  em- 
ployed  in  the  preferred  embodiment  of  the 
driver  circuit  for  the  rotary  actuator  of  the 
present  invention. 

15  Referring  now  to  the  drawings,  particularly  to 
Fig.  1,  a  rotary  actuator  which  is  generally  rep- 
resented  by  the  reference  numeral  "100"  is  em- 
ployed  in  a  variable  damping  force  or  damping 
characteristics  adjustable  hydraulic  shock  absorber 

20  which  is  generally  represented  by  the  reference 
numeral  "10".  In  the  shown  example,  the  variable 
damping  force  shock  absorber  10  comprises  a 
double-action  type  hydraulic  shock  absorber  which 
has  coaxially  arranged  inner  and  outer  cylinders  12 

25  and  14.  The  inner  cylinders  12  is  disposed  in  the 
outer  cylinder  14  to  define  therebetween  an  annular 
fluid  chamber  16.  The  annular  fluid  chamber  16 
defined  between  the  inner  and  outer  cylinders  12 
and  14  is  in  communication  with  an  internal  chamber 

30  of  the  inner  cylinder  12  in  a  per  se  well  known 
manner.  The  top  end  of  the  inner  cylinder  12  is 
sealingly  closed  by  a  end  plug  18  in  a  liquid-tight 
fashion.  A  thrusting  piston  20  is  slidably  disposed 
within  the  internal  chamber  of  the  inner  cylinder  12  to 

35  divide  the  chamber  into  upper  and  lower  pressure 
chambers  22  and  24.  The  upper  and  lower  pressure 
chambers  22  and  24  and  the  fluid  reservoir  chamber 
16  are  filled  with  hydraulic  working  fluid. 

The  piston  20  is  rigidly  secured  at  the  lower  end  of 
40  a  piston  rod  26  which  is  in  a  hollow  cylindrical  form  to 

define  an  axially  extending  through  opening  gener- 
ally  being  represented  by  the  reference  numeral 
"28".  The  upper  end  of  the  piston  is  connected  to  the 
upper  end  wall  30  of  a  strut  housing  defined  in  the 

45  vehicle  body.  An  upper  mount  insulator  assembly  32 
is  interposed  between  the  top  end  of  the  piston  rod 
26  and  the  upper  end  wall  30  in  order  to  absorb  high 
frequency  vibration  energy  transmitted  from  the 
piston  rod  to  the  vehicle  body  so  that  uncomfortable 

50  high  frequency  road  shock  input  through  vehicular 
wheel  cannot  be  transmitted  to  the  vehicle  body.  The 
upper  mount  insulator  assembly  32  generally  com- 
prises  an  insulator  rubber  34  and  a  collar  36.  The 
upper  mount  insulator  assembly  32  is  rigidly  secured 

55  to  the  upper  end  wall  30  of  the  strut  housing  by 
means  of  fastening  nut  38  together  with  the  top  end 
of  the  piston  rod  26. 

Though  it  is  not  shown  in  the  accompanying 
drawings,  the  outer  cylinder  14  is  connected  to  a 

60  suspension  member,  such  as  suspension  link, 
suspension  arm  and  so  forth  in  a  per  se  well  known 
manner.  Therefore,  the  shock  absorber  is  disposed 
between  the  vehicle  body  and  the  suspension 
member  for  absorbing  shock  to  be  transmitted 

65  between  the  vehicle  body  and  the  suspension 

chambers; 
a  piston  rod  connecting  the  piston  to  one  of  the 
sprung  and  unsprung  mass  for  causing  thrusting 
movement  along  the  shock  absorber  cylinder; 
fluid  communication  path  means  defining  a  fluid 
communication  path  for  establishing  fluid  communi- 
cation  between  the  first  and  second  pressure 
chambers; 
a  rotary  valve  member  disposed  within  the  fluid 
communication  path  for  adjusting  path  area  of  the 
fluid  communication  path  for  whereby  adjusting 
damping  characteristics  of  the  shock  absorber; 
a  rotary  actuator  for  rotatingly  driving  a  rotatable 
member,  including: 
a  rotary  shaft  connected  to  a  rotatable  member  for 
rotation  therewith; 
a  rotor  assembly  cooperated  with  the  rotary  shaft  for 
rotation  therewith  and  carrying  a  plurality  of  perma- 
nent  magnets; 
a  stator  assembly  provided  essentially  in  axial 
alignment  with  the  rotor  assembly  and  including  a 
plurality  of  electromagnets  selectively  energized  to 
have  polarity  according  to  polarity  of  power  supply 
for  selectively  generating  magnetic  fields  extending 
through  the  permanent  magnet  for  producing  repul- 
sive  force  and  drawing  force  serving  as  driving  force 
for  rotatingly  driving  the  rotor  assembly; 
switch  means  for  controlling  polarity  of  power  supply 
for  respective  electromagnets  for  energizing  the 
latter  according  to  a  predetermined  schedule; 
an  enclosed  housing  for  receiving  the  rotary  shaft, 
the  rotor  assembly  and  the  stator  assembly  therein, 
the  housing  being  formed  of  a  synthetic  resin 
material;  and 
magnetically  conductive  means  made  of  a  magneti- 
cally  conductive  material  and  disposed  within  the 
housing  and  so  oriented  respectively  between  the 
rotor  assembly  and  a  peripheral  wall  of  the  housing 
mating  with  the  rotor  assembly,  and  between  the 
stator  assemble  and  a  peripheral  wall  of  the  housing 
mating  with  the  stator  assembly  as  to  complete 
magnetic  circuit;  and 
a  mode  selector  means  associated  with  the  actua- 
tor,  for  selecting  one  of  a  plurality  of  damping 
characteristics  modes  and  for  selectively  energizing 
one  of  the  electromagnets  corresponding  to  se- 
lected  one  of  damping  characteristics  modes. 

The  present  invention  will  be  understood  more 
fully  from  the  detailed  description  given  herebelow 
and  from  the  accompanying  drawings  of  the 
preferred  embodiment  of  the  invention,  which, 
however,  should  not  be  taken  to  limit  the  invention  to 
the  specific  embodiment  but  are  for  explanation  and 
understanding  only. 

In  the  drawings: 
Fig.  1  is  a  fragmentary  sectional  view  of  one 

example  of  a  variable  damping  force  shock 
absorber  assembly,  to  which  the  preferred 
embodiment  of  a  rotary  actuator  according  to 
the  present  invention  is  applied; 

Fig.  2  is  a  transverse  section  of  the  rotary 
actuator  in  Fig.  1  ; 

Fig.  3  is  a  plan  view  of  the  rotary  actuator,  in 
which  an  upper  housing  is  removed  for  showing 
internal  construction  of  the  actuator; 
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member.  Since  the  shown  embodiment  employs  the 
double-action  type  shock  absorber,  shock  absorb- 
ing  damping  force  may  be  created  in  the  bounding 
and  rebounding  strokes  of  the  piston  26. 

The  piston  26  is  formed  with  a  plurality  of  axially 
extending  fluid  path  openings  40  and  42,  each  having 
the  upper  end  opening  44  and  46  toward  the  upper 
pressure  chamber  22  and  the  lower  end  opening  48 
and  50  toward  the  lower  pressure  chamber  24.  As 
seen  from  Fig.  1,  the  piston  26  is  formed  with  a 
recess  52  adjoining  the  upper  end  44  of  the  fluid  path 
opening  40  on  the  upper  surface  directed  to  the 
upper  pressure  chamber  22,  and  a  recess  54 
adjoining  the  lower  end  50  of  the  fluid  path  opening 
42  on  the  lower  surface  of  the  piston.  Disc-shaped 
valve  members  56  and  58  are  attached  on  the  upper 
and  lower  surfaces  of  the  piston.  The  disc-shaped 
valve  member  56  is  so  designed  as  to  openably 
close  the  upper  end  46  of  the  fluid  path  opening  42 
and  the  disc-shaped  valve  member  58  openably 
closes  the  lower  end  48  of  the  fluid  path  opening  40. 
On  the  other  hand,  because  of  presence  of  the 
recesses  52  and  54,  the  upper  end  44  of  the  fluid 
path  opening  40  and  the  lower  end  50  of  the  fluid 
path  opening  42  are  constantly  held  open. 

Therefore,  in  the  piston  compression  stroke 
(downward  stroke),  the  working  fluid  pressure  in  the 
lower  pressure  chamber  24  as  compressed  by 
downward  movement  of  the  piston  flows  from  the 
lower  pressure  chamber  to  the  upper  pressure 
chamber  22  via  the  fluid  path  opening  42.  During  the 
flow  of  the  working  fluid  through  the  fluid  path 
opening  42,  the  disc-shaped  valve  member  56  is 
pushed  upwardly  to  open  the  upper  end  46  to  allow 
the  working  fluid  in  the  fluid  path  opening  42  to  flow 
into  the  upper  fluid  chamber  22.  At  this  time,  since 
the  working  fluid  pressure  in  the  lower  pressure 
chamber  24  is  higher  than  that  in  the  upper  pressure 
chamber,  the  disc-shaped  valve  member  58  is  held 
at  the  position  sealingly  closing  the  lower  end  48  of 
the  fluid  path  opening  40  to  block  fluid  communica- 
tion  between  the  upper  and  lower  pressure  cham- 
bers  22  and  24  therethrough.  On  the  other  hand, 
piston  expansion  stroke  (upward  stroke),  the  work- 
ing  fluid  pressure  in  the  upper  pressure  chamber  22 
as  compressed  by  downward  movement  of  the 
piston  flows  from  the  lower  pressure  chamber  to  the 
lower  pressure  chamber  24  via  the  fluid  path  opening 
40.  During  the  flow  of  the  working  fluid  through  the 
fluid  path  opening  40,  the  disc-shaped  valve  member 
58  is  pushed  downwardly  to  open  the  lower  end  48 
to  allow  the  working  fluid  in  the  fluid  path  opening  50 
to  flow  into  the  lower  fluid  chamber  24.  At  this  time, 
since  the  working  fluid  pressure  in  the  upper 
pressure  chamber  22  is  higher  than  that  in  the  lower 
pressure  chamber  24,  the  disc-shaped  valve  mem- 
ber  56  is  held  at  the  position  sealingly  closing  the 
upper  end  46  of  the  fluid  path  opening  42  to  block 
fluid  communication  between  the  upper  and  lower 
pressure  chambers  22  and  24  therethrough. 

The  through  opening  28  of  the  piston  rod  26  is 
divided  into  an  upper  smaller  diameter  section  60 
and  a  lower  larger  diameter  section  62.  One  or  more 
orifices  64  are  formed  through  the  peripheral  wall  of 
the  hollow  cylindrical  piston  rod  26.  The  orifices 

respectively  extent  radially  in  transverse  to  the  axis 
of  the  piston  rod  26  and  have  inner  ends  opening 
adjacent  the  upper  end  of  the  lower  larger  diameter 
section  62  of  the  through  opening  and  outer  ends 

5  opening  toward  the  upper  pressure  chamber  22.  On 
the  other  hand,  the  lower  end  of  the  through  opening 
28  opens  toward  the  lower  pressure  chamber  24; 
Therefore,  the  upper,  and  lower  chambers  22  and-  24 
are  also  communicated  through  the  orifices  64  and 

10  the  larger  diameter  section  62. 
A  rotary  valve  66  is  disposed  in  the  larger  diameter 

section  62.  The  rotary  valve  66  has  a  peripheral  wall 
opposing  to  the  inner  ends  of  the  orifices  64.  A 
plurality  of  communication  openings  68  (only  two  are 

15  shown)  are  formed  through  the  peripheral  wall  of  the 
rotary  valve  member  66.  The  plurality  of  orifices  68 
respectively  extend  in  transverse  direction  to  the 
axis  of  the  piston  rod  and  have  outer  end  opposing 
the  orifices  64.  The  orifices  68  are  separated  into 

20  several  groups  and  have  different  diameter  to  that  in 
other  groups.  The  rotary  valve  member  66  is 
rotatable  to  change  its  angular  position  to  one  group 
of  orifices  68  to  the  orifices  64  for  establishing  fluid 
communication  between  the  upper  and  lower  press- 

25  ure  chambers  22  and  24  therethrough.  Therefore, 
depending  upon  the  angular  position  of  the  rotary 
valve  member  66,  the  group  of  the  orifices  68  to  be 
aligned  with  the  orifice  64  is  varied  to  vary  the  path 
area  for  fluid  flow  between  the  upper  and  lower 

30  pressure  chambers  22  and  24.  Since  flow  restriction 
of  the  combined  orifices  64  and  68  is  variable 
depending  upon  the  angular  position  of  the  rotary 
valve  member  66.  Therefore,  damping  force  to  be 
created  by  the  shock  absorber  is  variable  depending 

35  upon  the  angular  position  of  the  rotary  valve  member 
66. 

The  rotary  valve  member  66  is  formed  integrally 
with  an  actuation  rod  70.  The  actuation  rod  70 
extends  through  the  smaller  diameter  section  60  of 

40  the  through  opening  28  and  is  connected  to  the 
rotary  actuator  100  so  that  it  may  be  driven  with  the 
rotary  valve  member  66  for  varying  the  angular 
position  and  whereby  varying  the  damping  charac- 
teristics. 

45  In  the  shown  embodiment,  the  rotary  actuator  70 
is  mounted  on  the  top  of  the  piston  rod  26  and 
supported  by  an  actuator  bracket  72.  The  actuator 
bracket  72  is  of  generally  deep  dish-shaped  configu- 
ration  and  mounted  on  the  collar  36  of  the  upper 

50  mount  insulator  assembly  32.  The  actuator  bracket 
72  is  secured  onto  the  upper  mount  insulator 
assembly  32  by  the  fastening  nut  38.  A  flange  74 
laterally  extends  from  the  upper  edge  of  the  actuator 
mount  72.  On  the  other  hand,  the  rotary  actuator  70 

55  has  a  housing  102  having  a  laterally  extending  flange 
104.  The  flange  104  of  the  rotary  actuator  housing 
102  mates  with  the  flange  74  of  the  actuator  mount 
72  and  rigidly  secured  by  means  of  fastening  bolts 
76. 

60  In  practice,  the  rotary  actuator  70  is  operable  by  a 
damper  control  signal  which  is  indicative  of  the 
desired  damping  characteristics  of  the  shock  absor- 
ber.  The  damper  control  signal  is  produced  by 
manual  selection  of  a  manual  switch  (not  shown).  On 

65  the  other  hand,  the  control  signal  may  be  produced 
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shaft  106  are  keyed  in  an  appropriate  manner  so  that 
the  actuator  rod  may  rotate  according  to  rotation  of 
the  output  shaft  106. 

Upper  and  lower  magnetic  conductor  plates  130 
5  and  132  are  attached  onto  the  lower  surface  of  the 

upper  wall  section  118  of  the  upper  cover  member 
112  and  the  upper  surface  of  the  lower  wall  section 
119  of  the  lower  cover  member  114.  The  upper  and 
lower  magnetic  conductor  plates  130  and  132  are 

10  formed  into  essentially  disc-shaped  configuration. 
As  seen  from  Fig.  2,  the  upper  magnetic  conductor 
plate  130  has  a  diameter  essentially  the  same  as  the 
internal  diameter  of  the  upper  wall  section  118  of  the 
upper  cover  member  112  so  that  it  extends  over 

15  essentially  the  entire  periphery  thereof.  The  upper 
magnetic  conductor  plate  130  is  formed  with 
essentially  rectangular  depressions  134  projecting 
downwardly,  which  rectangular  depressions  134  are 
arranged  with  a  predetermined  regular  intervals  in 

20  the  circumferential  direction  as  seen  from  Fig.  3.  In 
the  shown  embodiment,  the  upper  magnetic  con- 
ductor  130  is  formed  with  six  (6)  depressions  134. 
The  radial  inner  and  outer  circumferentially  extend- 
ing  edges  136  and  138  of  each  depression  134  are 

25  tapered.  On  the  other  hand,  the  radially  extending 
edges  140  of  each  depression  134  are  sharply  bent 
to  form  right  angle  edges  so  as  to  clearly  define 
borders  of  magnetic  flux. 

Upper  and  lower  bearings  144  and  148  are 
30  provided  and  engaged  to  the  inner  circumferential 

edges  of  the  upper  and  lower  magnetic  conductor 
plates  130  and  132.  An  essentially  cylindrical  tube 
142  is  rotatably  supported  by  the  upper  and  lower 
bearings  144  and  148.  The  cylindrical  tube  142 

35  rotatably  supports  the  output  shaft  106.  As  seen 
from  Fig.  2,  the  internal  diameter  of  the  cylindrical 
tube  142  is  slightly  greater  than  the  external 
diameter  of  the  output  shaft  106  so  as  to  leave  a 
substantially  small  clearance  therebetween.  This 

40  clearance  is  formed  in  view  of  tolerance  in  produc- 
tion  of  the  output  shaft  and  the  cylindrical  tube  and 
assure  avoidance  of  interference  therebetween.  The 
output  shaft  106  is  formed  with  projections  106a 
projecting  from  the  outer  periphery  thereof.  The 

45  projections  106a  engage  with  slots  142a  formed  in 
the  upper  end  portion  of  the  cylindrical  tube  142  so 
that  the  output  shaft  106  may  rotatingly  driven 
together  with  the  cylindrical  tube  142. 

The  rotor  108  has  a  rotor  body  150  made  of  a 
50  magnetically  insulative  synthetic  resin  as  shown  in 

Fig.  2,  and  is  firmly  secured  on  the  outer  periphery  of 
the  cylindrical  tube  142.  The  rotor  body  150  supports 
a  plurality  of  permanent  magnets  152.  The  rotor  body 
150  has  an  annular  recess  154  which  engages  with 

55  the  upper  bearing  144.  The  rotor  body  150  is  further 
formed  with  grooves  156  radially  extending  from  the 
outer  peripheral  edge  thereof.  The  permanent 
magnets  152  are  received  in  the  grooves  156  at  the 
radially  inner  ends  thereof.  As  seen  from  Fig.  2,  the 

60  upper  surface  of  the  permanent  magnets  152 
oppose  the  upper  magnetic  conductor  plate  130 
with  a  substantially  small  clearance  defined  there- 
between.  The  permanent  magnets  152  has  radial 
length  smaller  than  the  upper  magnetic  conductor 

65  plate  130  and  substantially  equal  to  the  lower 

based  on  the  vehicle  driving  condition  as  detected 
various  sensors,  in  an  automatic  suspension  control. 
One  example  of  the  automatic  suspension  control 
system  has  been  disclosed  in  the  aforementioned 
United  States  Patent  4,600,215.  On  the  other  hand, 
the  structure  of  the  shock  absorber  with  a  rotary 
valve  member  which  is  operable  by  manual  operation 
of  the  manually  operable  switch,  has  been  disclosed 
in  the  United  States  Patent  No.  4,526,401,  issued  on 
July  2,  1985.  The  disclosure  of  the  above-identified 
United  State  Patents  are  herein  incorporated  by 
reference  for  the  sake  of  disclosure. 

Figs.  2  and  3  show  the  detailed  construction  of  the 
preferred  embodiment  of  the  rotary  actuator  100 
according  to  the  invention.  The  rotary  actuator  100 
comprises  aforementioned  housing  102,  an  output 
shaft  106,  a  rotor  108  and  a  stator  110.  As  clearly 
shown  in  Fig.  2,  the  housing  102  includes  an  upper 
cover  member  112  and  a  lower  cover  member  114. 
The  upper  cover  member  112  is  of  generally 
reversed  bowl-shaped  configuration  having  axially 
extending  circumferential  wall  section  116  and 
laterally  extending  upper  wall  section  118  adjoining 
at  the  circumferential  edge  to  the  circumferential 
wall  section.  Similarly,  the  lower  cover  member  114 
is  of  generally  bowl-shaped  configuration  having 
axially  extending  circumferential  wall  section  117  and 
laterally  extending  lower  wall  section  119  adjoining  at 
the  circumferential  edge  of  the  circumferential  wall 
section.  The  lower  edge  116a  of  the  circumferential 
section  116  of  the  upper  cover  member  112  has  a 
projection  116b  which  engages  with  a  groove  117b 
formed  in  the  upper  edge  117a  of  the  circumferential 
wall  section  117  of  the  lower  cover  member  114  in 
order  to  define  an  enclosed  space  120  therebet- 
ween.  The  lower  edge  116a  of  the  circumferential 
wall  section  116  of  the  upper  cover  member  112  and 
the  upper  edge  117a  of  the  circumferential  wall 
section  117  of  the  lower  cover  member  114  mating  to 
each  other  are  welding  to  each  other  by  way  of 
ultrasonic  welding  so  as  to  establish  air-tight  seal 
therebetween.  The  output  shaft  106,  the  rotor  108 
and  the  stator  110  are  housed  within  the  enclosed 
space  120.  The  flanges  104  is  fixed  to  the  lower  wall 
section  119  of  the  lower  cover  member  114. 

The  lower  wall  section  119  of  the  lower  cover 
member  114  has  a  center  section  122  extending 
downwardly  from  the  general  lower  surface  of  the 
lower  cover  member  114  to  form  a  boss  section  for 
the  output  shaft  106.  An  axially  extending  through 
opening  124  is  formed  through  the  boss  section  122. 
The  through  opening  124  has  an  internal  diameter 
substantially  corresponding  corresponds  to  the 
outer  diameter  of  the  piston  rod  26.  Therefore,  the 
top  end  of  the  piston  rod  26  is  received  within  the 
aforementioned  opening  124.  An  elastic  seal  ring  126 
is  provided  to  sealingly  contact  with  the  outer 
periphery  of  the  piston  rod  26  for  establishing  seal 
therebetween.  A  bearing  128  is  fitted  onto  the  outer 
periphery  of  the  boss  section  122  for  rotatably 
receiving  the  upper  end  portion  of  the  piston  rod  26. 
The  top  end  of  the  actuation  rod  70  extends  from  the 
top  end  of  the  piston  rod  26  so  that  it  engages  with 
the  lower  end  of  the  output  shaft  106.  The  top  end  of 
the  actuation  rod  70  and  the  lower  end  of  the  output 
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magnetic  conductor  plate  132; 
As  seen  from  Fig.  3,  in  the  shown  embodiment, 

the  permanent  magnets  152  comprises  two  primary 
magnets  152a  and  152b  and  two  auxiliary  magnets 
152c  and  152d.  The  primary  and  auxiliary  magnets 
152a,  152b,  152c  and  152d  are  arranged  in  circum- 
ferential  alignment  with  a  give  circumferential  inter- 
vals.  As  will  be  appreciated,  the  primary  and  auxiliary 
magnets  152a,  152b,  152c  and  152d  are  arranged  in 
symmetrical  fashion  with  respect  to  the  rotation  axis 
of  the  output  shaft.  The  primary  magnets  152a  and 
152b  has  same  polarity  to  form  magnetic  fields  with 
magnetic  flux  direction  as  represented  by  arrow  x. 
On  the  other  hand,  the  auxiliary  magnets  152c  and 
152d  are  provided  the  same  polarity  to  each  other 
which  is  opposite  to  that  of  the  primary  magnets 
152a  and  152b,  to  form  magnetic  fields  with 
magnetic  flux  direction  as  represented  by  arrow  y  in 
Fig.  6. 

On  the  other  hand,  the  stator  110  comprises  a 
mounting  base  160  made  of  a  magnetically  insulative 
synthetic  resin  material.  The  mounting  base  160  has 
radially  inner  portion  contacting  with  the  lower 
portion  of  the  rotor  body  150  so  as  to  rotatably 
supporting  the  latter.  The  mounting  base  160 
mounts  six  (6)  electromagnets  162a,  162b,  162c, 
162d,  162e  and  162f  (only  two  are  shown  in  Fig.  2 
and  all  are  shown  in  Fig.  6).  The  mounting  base  160 
is  engaged  and  firmly  secured  to  the  lower  bearing 
148.  On  the  other  hand,  the  mounting  base  160  are 
fixed  between  the  upper  and  lower  cover  members 
112  and  114  with  maintaining  the  upper  and  lower 
magnetic  conductor  plates  130  and  132  in  place. 

The  electromagnets  162a,  162b,  162c,  162d,  162e 
and  162f  are  arranged  in  circumferential  alignment 
with  a  given  circumferential  intervals.  Respective 
electromagnets  162a,  162b,  162c,  162d,  162e  and 
162f  are  secured  in  contact  with  the  lower  magnetic 
conductor  plate  132.  The  electromagnets  162a, 
162b,  162c,  162d,  162e  and  162f  comprises  a 
magnetic  cores  164a,  164b,  164c,  164d,  164e  and 
164f  electromagnetic  coils  166a,  166b,  166c,  166d, 
166e  and  166f  wound  around  coil  bobbins  168a, 
168b,  168c,  168d,  168e  and  168f  which  are  formed 
integrally  with  the  counting  base  160.  Respective 
magnetic  cores  164a,  164b,  164c,  164d,  164e  and 
164f  are  secured  to  the  lower  magnetic  conductor 
plate  132  at  the  lower  ends  and  have  tip  ends  mating 
with  the  lower  surfaces  of  the  permanent  magnets 
152a,  152b,  152c  and  152d  with  a  substantially  small 
clearance  therebetween. 

Radially  symmetrically  arranged  pairs  of  the 
electromagnetic  162a  and  162d,  162b  and  162e,  and 
162c  and  162f  form  groups.  These  groups  of  the 
electromagnets  162a  and  162d,  162b  and  162e,  and 
162c  and  162f  are  designed  to  be  energized  and 
deenergized  as  pairs.  Each  pair  of  electromagnets 
162a  and  162d,  162b  and  162e,  and  162c  and  162f 
are  so  arranged  as  to  have  same  polarity  to  each 
other  when  they  are  energized.  In  the  shown 
embodiment,  one  pair  of  the  electromagnets  oppos- 
ing  the  primary  permanent  magnets  152a  and  152b 
are  energized  to  form  magnetic  filed  in  a  direction  of 
Z2  which  is  opposite  to  the  direction  of  the  magnetic 
filed  of  the  primary  permanent  magnets  152a  and 

152b  to  generate  repulsive  force,  as  shown  in  Fig.  6. 
Similarly,  at  the  same  time,  another  pair  of  electro- 
magnets  opposing  the  auxiliary  permanent  magnets 
is  energized  in  the  opposite  polarity  ẑ   to  the 

5  aforementioned  one  pair  of  the  electromagnets,  the 
direction  of  the  magnetic  field  of  which  another  pair 
of  electromagnets  is  opposite  to  that  of  the  auxiliary 
permanent  magnets  for  generating  repulsive  force. 
Simultaneously,  the  other  pair  of  electromagnets 

TO  partly  opposing  to  the  auxiliary  permanent  magnets 
are  energized  to  establish  the  magnetic  field  in  the 
same  polarity  to  one  pair  of  the  electromagnets.  This 
creates  drawing  force. 

As  shown  in  Fig.  6,  with  the  construction  set  forth 
15  above,  a  closed  magnetic  circuit  is  formed  by  the 

pair  of  electromagnets  162a  and  162d,  the  primary 
permanent  magnets  152a  and  152b  opposing  the 
electromagnets  162a  and  162b,  the  upper  magnetic 
conductor  plate  130,  the  auxiliary  magnets  152c  and 

20  152d,  and  the  electromagnets  162b  and  162e 
opposing  the  auxiliary  magnets. 

Therefore,  in  the  shown  embodiment,  the  three 
pair  of  electromagnets  162a  and  162d,  162b  and 
162e,  and  162c  and  162f  are  cooperated  with  the 

25  primary  and  auxiliary  permanent  magnets  152a, 
152b,  152c  and  152d  for  driving  the  rotary  valve 
member  66  at  three  angular  positions  via  the  output 
rod  106  and  the  actuator  rod  70  by  angular 
displacement  of  the  rotor  assembly  108.  Therefore, 

30  in  the  shown  embodiment,  the  damping  characteris- 
tics  of  the  shock  absorber  is  variable  between  SOFT 
mode  in  which  the  smallest  damping  force  is  to  be 
produced,  HARD  mode  in  which  the  greatest 
damping  force  is  to  be  produced  and  a  MEDIUM 

35  mode  in  which  the  damping  force  to  be  produced  is 
intermediate  between  those  produced  in  the  SOFT 
mode  in  which  the  damping  force  to  be  produced  is 
intermediate  between  those  produced  in  the  SOFT 
mode  and  the  HARD  mode.  In  the  shown  arrange- 

40  ment,  it  is  assumed  that  the  rotary  valve  member  66 
is  positioned  at  SOFT  mode  position  when  the 
electromagnets  162a  and  162d  are  energized,  at  a 
MEDIUM  mode  position  when  the  electromagnets 
162b  and  162d  are  energized,  and  at  a  HARD  mode 

45  position  when  the  electromagnets  162c  and  162f  are 
energized. 

Fig.  5  shows  a  circuit  diagram  of  the  first 
embodiment  of  a  driver  circuit  for  selectively  en- 
ergizing  the  electromagnets  162a,  162b,  162c,  162d, 

50  162e  and  162f  for  controlling  the  position  of  the 
rotary  valve  66.  In  order  to  selectively  energizing  the 
electromagnets  a  manually  operable  mode  selector 
switch  assembly  384  is  provided  in  the  driver  circuit. 
In  the  shown  embodiment,  the  mode  selector  switch 

55  assembly  384  is  operable  between  a  SOFT  mode 
position,  a  MEDIUM  mode  position  and  a  HARD 
mode  position.  The  mode  selector  switch  assembly 
384  is  disposed  between  a  vehicular  a  power  source 
and  the  actuator  which  composed  of  the  electro- 

60  magnets  162a,  162b,  162c,  162d,  162e  and  162f.  The 
power  source  includes  a  vehicular  battery  200,  a 
main  witch  202,  such  as  an  ignition  switch,  and  a  fuse 
204. 

The  electromagnets  162a,  162b,  162c,  162d,  162e 
65  and  162f  respectively  have  two  terminals  346,  348; 
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nets.  These  repulsion  force  and  drawing  force  of  the 
electromagnets  having  N  pole  adjacent  the  stator 
assembly  serve  for  driving  the  rotor  108  at  the 
position  corresponding  to  the  designed  one  of  the 
SOFT,  MEDIUM  and  HARD  modes. 

In  addition,  though  the  shown  embodiments  have 
been  directed  to  the  shock  absorbers  whose 
damping  modes  are  manually  selected  through 
manually  operable  mode  selector  switch  assem- 
blies,  it  would  be  possible  to  select  the  damping 
mode  automatically  depending  upon  the  vehicle 
driving  condition,  such  as  road  roughness,  vehicular 
rolling  magnitude,  vehicular  pitching  magnitude  and 
so  forth. 

As  will  be  appreciated  herefrom,  the  present 
invention  fulfills  all  of  the  objects  and  advantages 
sought  therefore. 

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

350,  352;  354,  356;  358,  360;  362,  364;  and  364  and 
366.  The  terminals  346  of  the  electromagnet  162a, 
the  terminal  350  of  the  electromagnet  162b  and  the 
terminal  354  of  the  electromagnet  162c  are  respec- 
tively  connected  to  input  terminals  370,  372  and  374.  5 
On  the  other  hand,  terminal  348  of  the  electromag- 
net  162a  is  connected  to  the  terminal  358  of  the 
electromagnet  162d.  The  terminal  352  of  the  electro- 
magnet  162b  is  connected  to  the  terminal  362  of  the 
electromagnet  162e.  The  terminal  356  of  the  electro-  10 
magnet  162b  is  connected  to  the  terminal  366  of  the 
electromagnet  162f.  On  the  other  hand,  the  terminals 
360,  364  and  368  are  commonly  connected  to  a 
junction  376. 

The  input  terminals  370,  372  and  374  of  the  15 
actuators  are  connected  to  output  terminals  378, 
380  and  382  of  a  mode  selector  switch  assembly  384 
which  includes  a  SOFT  mode  contactor  386,  a 
MEDIUM  mode  contactor  388  and  a  HARD  mode 
contactor  390.  These  contactors  386,  388  and  390  20 
are  normally  biased  toward  grounding  terminals  392, 
394  and  396  so  that  the  output  terminals  378,  380 
and  382  of  the  mode  selector  switch  assembly  384  is 
normally  connected  to  the  ground.  On  the  other 
hand,  the  mode  selector  switch  assembly  384  has  25 
power  terminals  398,  400  and  402  respectively 
corresponding  the  the  SOFT  mode,  MEDIUM  mode 
and  HARD  mode  contactors  386,  388  and  380.  There 
power  terminals  398,  400  and  402  are  connected  to 
the  power  source  including  the  vehicular  battery  30 
200,  the  main  switch  202  and  the  fuse  204. 

The  connection  of  the  electromagnetic  coils  166a, 
166b,  166c,  166d,  166e  and  166f  of  respective 
electromagnets  162a,  162b,  162c,  162d,  162e  and 
162f  in  the  shown  embodiment  can  be  shown  in  35 
Fig.  7  to  form  Y-connection. 

With  the  foregoing  construction,  when  mode 
selector  switch  assembly  314  is  manually  operated 
to  select  one  of  the  SOFT,  MEDIUM  and  HARD 
modes:  the  corresponding  one  of  pairs  of  electro-  40 
magnets  162a  and  162d,  162b  and  162e  or  162c  and 
162f  are  energized  to  generate  magnetic  fields  in 
upward  direction  y.  Namely,  the  electromagnets 
162a  and  162d,  162b  and  162e  or  162c  and  162f  as 
energized  form  N  pole  at  the  side  remote  from  the  45 
rotor  assembly  and  S  pole  at  the  side  adjacent  the 
rotor  assembly  and  whereby  generate  magnetic  field 
in  the  downward  direction  z-i.  On  the  other  hand, 
remaining  two  pairs  of  electromagnets  are  also 
energized  in  the  shown  embodiment  to  form  N  pole  50 
adjacent  the  rotor  assembly  and  S  pole  at  the  side 
remote  from  the  rotor  assembly  to  generate  the 
magnetic  field  in  upward  direction  Z2,  as  shown  in 
Fig.  6.  Therefore,  the  primary  permanent  magnets 
152a  and  152b  having  N  pole  adjacent  the  electro-  55 
magnets  are  drawn  to  be  vertically  aligned  with  the 
electromagnets  162a  and  162d,  162b  and  162e  or 
162c  and  162f  having  the  S  pole  adjacent  the  rotor 
assembly.  On  the  other  hand,  the  auxiliary  perma- 
nent  magnets  152c  and  152d  having  S  pole  adjacent  60 
the  stator  repulse  against  the  magnetic  fields  formed 
around  the  S  pole  of  the  electromagnets  162a  and 
162d,  162b  and  162e  or  162c  and  162f  formed 
adjacent  to  the  stator  assembly  and  drawn  by  the  N 
pole  formed  in  the  other  two  pairs  of  electromag-  65 

Claims 

1.  A  rotary  actuator  for  rotatingly  driving  a 
rotatable  member,  comprising: 
a  rotary  shaft  connected  to  a  rotatable  member 
for  rotation  therewith; 
a  rotor  assembly  cooperated  with  said  rotary 
shaft  for  rotation  therewith  and  carrying  a 
plurality  of  permanent  magnets; 
a  stator  assembly  provided  essentially  in  axial 
alignment  with  said  rotor  assembly  and  includ- 
ing  a  plurality  of  electromagnets  selectively 
energized  to  have  polarity  according  to  polarity 
of  power  supply  for  selectively  generating 
magnetic  fields  extending  through  said  perma- 
nent  magnet  for  producing  repulsive  force  and 
drawing  force  serving  as  driving  force  for 
rotatingly  driving  said  rotor  assembly; 
switch  means  for  controlling  polarity  of  power 
supply  for  respective  electromagnets  for  en- 
ergizing  the  latter  according  to  a  predetermined 
schedule; 
an  enclosed  housing  for  receiving  said  rotary 
shaft,  said  rotor  assembly  and  said  stator 
assembly  therein,  said  housing  being  formed  of 
a  synthetic  resin  material;  and 
magnetically  conductive  means  made  of  a 
magnetically  conductive  material  and  disposed 
within  said  housing  and  so  oriented  respectively 
between  said  rotor  assembly  and  a  peripheral 
wall  of  said  housing  mating  with  said  rotor 
assembly,  and  between  said  stator  assemble 
and  a  peripheral  wall  of  said  housing  mating 
with  said  stator  assembly  as  to  complete 
magnetic  circuit. 
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2.  A  rotary  actuator  for  a  variable  damping 
force  shock  absorber  which  includes  a  rotary 
valve  driven  by  said  rotary  actuator  for  varying 
damping  characteristics,  comprising: 
a  rotary  shaft  connected  to  a  rotatable  member  5 
for  rotation  therewith; 
a  rotor  assembly  including  a  plurality  of  perma- 
nent  magnets  including  a  first  permanent 
magnet  having  a  first  pole  at  first  side  and  a 
second  pole  at  second  side  thereof  and  a  10 
second  permanent  magnet  having  said  second 
pole  at  said  first  side  and  said  first  pole  at  said 
second  side,  said  permanent  magnet  being 
associated  with  said  rotary  shaft  for  rotatingly 
drive  the  latter  according  to  angular  displace-  15 
ment  thereof; 
a  stator  assembly  provided  essentially  in  align- 
ment  with  said  rotor  assembly  along  the  axis  of 
said  rotary  shaft  and  opposing  to  said  first  side 
of  said  permanent  magnet,  said  stator  assembly  20 
including  a  plurality  of  electromagnets  which 
are  arranged  at  axially  spaced  apart  relationship 
with  said  permanent  magnet  with  a  predeter- 
mined  clearance  in  a  direction  of  the  axis  of  said 
rotary  shaft,  each  of  said  electromagnets  being  25 
adapted  to  be  energized  in  first  mode  to  have 
said  second  pole  at  the  side  adjacent  said 
permanent  magnet  and  said  first  pole  at  the 
side  remote  from  said  permanent  magnet  when 
it  opposes  said  first  permanent  magnet,  and  in  30 
second  mode  to  have  said  first  pole  at  the  side 
adjacent  said  permanent  magnet  and  said 
second  pole  at  the  side  remote  from  said 
permanent  magent  when  it  opposes  said  sec- 
ond  permanent  magnet;  35 
switch  means  for  selectively  energizing  said 
electromagnets  for  rotatingly  driving  said  per- 
manent  magnet  with  said  rotatable  member  via 
said  rotary  shaft; 
an  enclosed  housing  for  receiving  said  rotary  40 
shaft,  said  rotor  assembly  and  said  stator 
assembly  therein;  and 
magnetically  conductive  means  disposed  within 
said  housing  and  so  oriented  respectively 
between  said  rotor  assembly  and  a  peripheral  45 
wall  of  said  housing  mating  with  said  rotor 
assembly,  and  between  said  stator  assemble 
and  a  peripheral  wall  of  said  housing  mating 
with  said  stator  assmebly  as  to  establish  closed 
magnetic  circuit.  50 

3.  A  rotary  actuator  as  set  forth  in  claim  1  or 
claim  2,  wherein  said  housing  comprising  an 
upper  member  and  a  lower  member  respec- 
tively  having  first  sections  extending  esentially 
perpendicular  to  said  axis  of  said  output  shaft  55 
and  second  sections  extending  from  peripheral 
edge  of  said  first  sections  toward  the  other 
member,  said  second  sections  having  tip  end 
edges  mating  to  each  other. 

4.  A  rotary  actuator  as  set  forth  in  claim  3,  60 
wherein  said  second  section  of  one  of  said 
upper  and  lower  member  is  formed  with  a 
groove  extending  along  said  tip  end  edge  and 
said  second  section  of  the  other  of  said  upper 
and  lower  member  is  provided  a  projection  65 

extending  from  said  tip  end  edge  and  having 
configuration  conforming  said  groove,  said 
projection  engaging  with  said  groove  when  said 
housing  is  assembled  for  establishing  air-tight 
seal  therebetween. 

5.  A  rotary  actuator  as  set  forth  in  any 
preceding  claim,  wherein  said  rotor  assembly 
comprises  a  rotor  body  rotatably  cooperated 
with  said  output  shaft  and  having  retainer 
sections  made  of  a  magnetically  insulative 
synthetic  resin  and  supporting  said  permanent 
magnets  in  a  circumferentially  spaced  relation- 
ship  to  each  other  with  a  given  intervals. 

6.  A  rotary  actuator  as  set  forth  in  any 
preceding  claim,  wherein  said  magnetically 
conductive  means  comprises  a  first  element 
disposed  between  said  permanent  magnet  of 
said  rotor  assembly  and  a  mating  peripheral  wall 
of  said  housing  and  having  a  plane  surface 
opposing  to  said  permanent  magnet  with  a 
predetermined  air  gap,  and  a  second  element 
disposed  between  said  electromagnets  of  said 
stator  assemble  and  magnetically  connected 
thereto. 

7.  A  rotary  actuator  as  set  forth  in  claim  6, 
wherein  said  first  and  second  elements  of  said 
magnetically  conductive  means  are  of  annular 
disc-shaped  configurations  forming  complete 
circle  extending  along  rotational  trace  of  said 
permanent  magnet. 

8.  A  rotary  actuator  as  set  forth  in  claim  7 
wherein  said  first  element  has  a  plurality  of 
projecting  portions,  each  having  said  plane 
surface  and  projecting  toward  said  permanent 
magnet  for  opposing  to  the  latter  with  said 
given  air  gap,  and  a  remaining  portion  having  a 
plane  surface  opposing  said  permanent  magnet 
with  a  clearance  greater  than  said  given  air  gap. 

9.  A  rotary  actuator  as  set  forth  in  claim  8, 
wherein  each  of  said  projecting  portions  has 
tapered  circumferentially  extending  edges  and 
sharply  bent  radially  extending  edge  forming 
right  angle  edge  so  as  to  define  border  of  the 
magnetic  field. 

10.  A  variable  damping  force  shock  absorber 
for  an  automotive  suspension  system,  compris- 
ing: 
a  shock  absorber  cylinder  defining  a  fluid 
chamber  therein,  which  shock  absorber  cylin- 
der  is  disposed  between  sprung  mass  and 
unsprung  mass  of  the  automotive  suspension 
system  ; 
a  piston  disposed  within  said  fluid  chamber  of 
said  shock  absorber  cylinder  and  dividing  said 
fluid  chamber  into  upper  first  and  lower  second 
pressure  chambers; 
a  piston  rod  connecting  said  piston  to  one  of 
said  sprung  and  unsprung  mass  for  causing 
thrusting  movement  along  said  shock  absorber 
cylinder; 
fluid  communication  path  means  defining  a  fluid 
communication  path  for  establishing  fluid  com- 
munication  between  said  first  and  second 
pressure  chambers; 
a  rotary  valve  member  disposed  within  said  fluid 
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opening  opens  toward  said  second  pressure 
chamber,  and  means  for  defining  a  radially 
extending  orifice  through  the  peripheral  wall  of 
said  piston  rod  and  having  outer  end  opening 
toward  said  first  pressure  chamber  and  inner 
end  opening  toward  said  axially  extending 
opening,  and  said  rotary  valve  has  first  and 
second  flow  control  orifices  respectively 
oriented  to  be  aligned  to  said  radially  extending 
orifice  at  said  first  and  second  damping  charac- 
teristics  mode  positions  for  establishing  fluid 
communication  between  said  radially  extending 
orifice  and  said  axially  extending  opening,  said 
first  and  second  flow  control  orifices  being 
provided  different  fluid  path  area. 

18.  A  rotary  actuator  for  rotatingly  driving  a 
rotatable  member,  comprising: 
a  rotary  shaft  for  connection  to  a  rotatable 
member  for  rotation  therewith; 
a  rotor  assembly  cooperated  with  said  rotary 
shaft  for  rotation  therewith  and  carrying  a 
plurality  of  permanent  magnets; 
a  stator  assembly  provided  essentially  in  axial 
alignment  with  said  rotor  assembly  and  includ- 
ing  a  plurality  of  electromagnets  selectively 
energized  to  have  polarity  according  to  polarity 
of  power  supply  for  selectively  generating 
magnetic  fields  extending  through  said  perma- 
nent  magnet  for  producing  repulsive  force  and 
drawing  force  serving  as  driving  force  for 
rotatingly  driving  said  rotor  assembly; 
an  enclosed  housing  for  receiving  said  rotary 
shaft,  said  rotor  assembly  and  said  stator 
assembly  therein,  said  housing  being  formed  of 
a  synthetic  resin  material;  and 
magnetically  conductive  means  made  of  a 
magnetically  conductive  material  and  disposed 
within  said  housing  and  so  oriented  respectively 
between  said  rotor  assembly  and  a  wall  of  said 
housing  mating  with  said  rotor  assembly,  and 
between  said  stator  assemble  and  a  peripheral 
wall  of  said  housing  mating  with  said  stator 
assembly  as  to  complete  magnetic  circuit. 

communication  path  for  adjusting  path  area  of 
said  fluid  communication  path  for  whereby 
adjusting  damping  characteristics  of  said  shock 
absorber; 
a  rotary  actuator  according  to  any  preceding  5 
claim;  and 
a  mode  selector  means  associated  with  said 
actuator,  for  selecting  one  of  a  plurality  of 
damping  characteristics  modes  and  for  selec- 
tively  energizing  one  of  said  electromagnets  10 
corresponding  to  selected  one  of  damping 
characteristics  modes. 

11.  A  variable  damping  force  shock  absorber 
as  set  forth  in  claim  10,  wherein  said  actuator  is 
mounted  at  the  top  of  said  piston  rod  and  fixed  15 
onto  a  top  wall  of  a  strut  housing  of  a  vehicle 
body  as  said  sprung  mass. 

12.  A  variable  damping  force  shock  absorber 
as  set  forth  in  claim  10  or  claim  1  1  ,  wherein  said 
rotary  valve  member  is  rotatingly  operable  for  20 
varying  angular  position  at  least  between  a  first 
damping  characteristics  mode  position  for 
generating  a  harder  damping  force  and  a 
second  damping  characteristics  mode  position 
for  generating  a  softer  damping  force.  25 

13.  A  variable  damping  force  shock  absorber 
as  set  forth  in  claim  12,  wherein  said  stator 
assembly  is  provided  with  at  least  first  and 
second  electromagnets  respectively  connected 
to  said  mode  selector  means  to  be  selectively  30 
energized  when  corresponding  one  of  first  and 
second  damping  characteristics  mode  is  se- 
lected  through  said  mode  selector  means,  said 
first  and  second  electromagnets  being  ar- 
ranged  circumferentially  at  mutually  different  35 
first  and  second  angular  positions  respectively 
corresponding  to  said  first  and  second  damping 
characteristics  mode  positions. 

14.  A  variable  damping  force  shock  absorber 
as  set  forth  in  any  one  of  claims  1  0  to  1  3  wherein  40 
said  piston  defines  fluid  flow  path  providing 
primary  working  fluid  communication  between 
said  first  and  second  pressure  chambers  of 
said  shock  absorber  cylinder. 

15.  A  variable  damping  force  shock  absorber  45 
as  set  forth  in  claim  14,  wherein  said  communi- 
cation  path  means  defines  said  communication 
path  bypassing  said  fluid  flow  path. 

16.  A  variable  damping  force  shock  absorber 
as  set  forth  in  any  one  of  claims  10  to  15,  50 
wherein  said  piston  defines  first  and  second 
fluid  flow  path  and  has  first  and  second  one-way 
flow  control  valves,  said  first  flow  control  valve 
establishing  fluid  flow  through  said  first  fluid 
flow  path  and  blocking  fluid  flow  through  said  55 
second  fluid  flow  path  in  the  piston  bounding 
stroke,  and  said  second  flow  control  valve 
establishing  fluid  flow  through  said  second  fluid 
path  and  blocking  fluid  flow  through  said  first 
fluid  flow  path  in  the  piston  rebounding  stroke.  60 

17.  A  variable  damping  force  shock  absorber 
as  set  forth  in  any  one  of  claims  1  2  to  1  6  wherein 
said  communication  path  means  comprises 
means  for  defining  an  axially  extending  opening 
through  said  piston  rod,  which  axially  extending  65 

10 
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