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Description 

The  present  invention  relates  to  a  vibration  proof- 
ing  or  suppressing  system  for  suppressing  the  vib- 
ration  of  a  civil  or  building  structure  under  a  5 
disturbance  such  as  an  earthquake,  wind  or  traffic 
vibration. 

A  conventional  system  for  suppressing  the  vib- 
ration  of  a  structure  through  the  utilization  of  a  lever 
mechanism  was  disclosed  in  the  Japanese  Patent  10 
Laid-open  No.  38340/75  (equivalent  to  US-A-3  940 
895).  Another  conventional  system  of  such  a  kind  was 
developed  by  the  present  inventors  through  the 
improvement  of  the  former  system. 

In  the  former  conventional  system,  one  end  of  an  15 
arm  is  provided  with  a  weight  as  an  auxiliary  mass 
and  the  other  end  of  the  arm  is  pivotally  coupled  as  a 
fulcrum  to  either  a  floorboard  or  the  ceiling  of  a  struc- 
ture,  while  a  wall  with  high  rigidity  is  connected  to  the 
other  floorboard.  The  intermediate  point  of  the  arm  20 
and  the  tip  of  the  wall  are  coupled  to  each  other  by  a 
link.  The  lever-ratio  namely,  the  ratio  of  length  from  the 
fulcrum  of  the  arm  to  the  weight  to  the  length  from  the 
fulcrum  to  the  link-coupled  point  of  the  arm,  is  made 
so  large  that  a  high  counteracting  force  to  suppress  25 
the  vibration  of  the  structure  is  generated  by  the 
movement  of  the  weight  although  the  weight  is  light. 

In  the  latter  conventional  system,  one  end  of  a 
rocking  arm  is  provided  as  a  fulcrum  to  either  a  floor- 
board  or  the  ceiling  of  a  structure.  The  auxiliary  mass  30 
is  provided  so  that  it  can  be  moved  in  a  horizontal 
straight  direction  along  a  straight  movement  guide 
unit. 

A  structural  member  fixed  to  the  other  floorboard 
is  connected  through  a  link  to  a  intermediate  point  of  35 
the  rocking  arm,  and  the  auxiliary  mass  is  also  coup- 
led  through  another  link  to  the  other  end  of  the  arm 
opposite  to  the  fulcrum  so  that  they  are  moved  in  con- 
junction  with  each  other  in  which  the  ratio  of  the 
lengths  of  the  two  links  is  designed  to  be  same  as  the  40 
lever-ratio  of  the  rocking  arm.  This  results  in  eliminat- 
ing  the  drawbacks  of  the  former  conventional  system, 
that  is,  if  the  length  of  lever  is  long,  the  reduction  of 
the  rigidity  of  the  lever  means  causes  higher  modes 
of  vibration,  and  if  the  length  of  the  lever  means  is  45 
shortened  to  produce  the  high  rigidity  thereof,  the 
auxiliary  mass  is  moved  along  an  arc  by  the  swing  of 
the  lever  means,  whose  behavior  causes  not  only 
horizontal  force  required  to  suppress  the  vibration  of 
the  structure  but  also  vertical  force,  which  makes  it  50 
difficult  to  suppress  the  vibration. 

If  a  structure  is  multi-storied,  systems  can  be 
obtained  by  modifying  the  latter  conventional 
mechanism  so  as  to  be  housed  in  the  wall-like  mem- 
bers  which  are  provided  in  the  stories  of  the  structure  55 
to  suppress  the  vibration  thereof. 

Furthermore,  the  present  inventors  developed 
the  lever  means  system  with  the  specified  distribution 

of  lever-ratios  along  the  height  of  a  multi-storied  struc- 
ture,  the  distribution  of  which  are  determined  by  mak- 
ing  use  of  the  function  normalized  by  the  participation 
factor  of  the  selected  mode  of  vibration,  in  which  the 
masses,  auxiliary  masses  and  stiffnesses  of  springs 
are  adjusted  in  order  to  make  the  selected  eigen  vec- 
tor  similar  to  the  index  vector  of  disturbance  mag- 
nitude  of  an  equation  of  motion  for  the  whole 
structure,  and  thereby  enhancing  the  vibration  proof- 
ing  and  suppressing  effect  of  the  system. 

If  auxiliary  masses  are  small  for  either  a  structure 
of  ordinary  height  or  a  skyscraper,  very  larger  lever- 
ratios  such  as  50  and  80  are  required  even  for  the 
improved  conventional  system.  However,  it  is  very 
difficult  to  design  members  to  meet  the  requirement. 
This  is  one  disadvantage  of  the  prior  art  systems. 

Prior  art  technology  is  not  known  which  provides 
a  lever  system  with  high  damping  capacity  for  struc- 
tural  members  such  as  beams,  pillars  and  piles  or  for 
an  observatory,  a  bridge  of  large  span  or  the  like.  This 
is  another  disadvantage  of  the  prior  art. 

The  present  invention  was  made  in  order  to  solve 
these  disadvantages.  Accordingly,  it  is  an  object  of  the 
present  invention  to  provide  a  lever  mechanism  hav- 
ing  a  very  large  lever-ratio  without  making  the  ridigity 
thereof  low,  to  enable  a  structure  to  have  a  large 
earthquake  input  reducing  function  and  a  vibration 
damping  function. 

In  accordance  with  the  present  invention,  a  vib- 
ration  proofing  or  suppressing  system  is  provided  for 
a  structure,  Still  other  objects,  features  and  attendant 
advantages  of  the  present  invention  will  become 
apparent  to  those  skilled  in  the  art  from  a  reading  of 
the  following  detailed  description  of  the  embodiments 
constructed  in  accordance  therewith,  taken  in  conjuc- 
tion  with  the  accompanying  drawings. 

The  invention  of  the  present  application  will  now 
be  described  in  more  detail  with  reference  to  the  pre- 
ferred  embodiments  of  the  device,  given  only  by  way 
of  example,  and  with  reference  to  the  accompanying 
drawings,  in  which: 

Fig.  1  shows  the  basic  concept  of  a  first  structure 
vibration  proofing  or  suppressing  system  having 
a  differential  double  lever  mechanism  provided  in 
accordance  with  the  present  invention,  through 
the  utilization  of  mechanical  lever  means; 
Fig.  2  shows  the  basic  concept  of  a  modification 
of  the  system; 
Fig.  3  shows  the  basic  concept  of  another  modi- 
fication  of  the  system; 
Fig.  4  shows  a  basic  concept  of  a  second  struc- 
ture  having  a  vibration  proofing  or  suppressing 
system  provided  in  accordance  with  the  present 
invention. 
Fig.  5  shows  the  basic  concept  of  a  third  structure 
having  a  vibration  proofing  or  suppressing  sys- 
tem  provided  in  accordance  with  the  present 
invention. 
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Fig.  6  shows  a  basic  concept  of  a  fourth  structure 
having  a  vibration  proofing  or  suppressing  sys- 
tem  provided  in  accordance  with  the  present 
invention. 
Fig.  7  shows  a  basic  concept  of  a  vibration  proof- 
ing  system  having  a  differential  double  lever 
mechanism  including  friction  wheels. 
Fig.  8  shows  a  basic  concept  of  a  vibration  proof- 
ing  system  having  a  differential  double  lever 
mechanism  including  fluid  lever  means. 
Fig.  9  shows  the  basic  concept  of  a  vibration 
proofing  system  having  a  differential  double  lever 
mechanism  obtained  by  simplifying  that  shown  in 
Fig.  8. 
Fig.  10a  is  a  plan  view  of  an  odd-numbered  story 
of  a  multi-storied  structure. 
Fig.  10b  is  a  plan  view  of  an  even-numbered  story 
of  the  multi-storied  structure. 
Fig.  11  is  a  sectional  view  of  a  vibration  suppres- 
sing  system  for  a  multi-storied  structure. 
Fig.  12  shows  a  vibration  proofing  or  suppressing 
system  in  which  the  three  structural  members  of 
the  system  shown  in  Fig.  6  are  coupled  to  each 
other  by  fluid  differential  double  lever  means. 
Fig.  13  is  a  sectional  plan  view  of  a  multi-storied 
structure  whose  core  is  disposed  as  an  sub- 
sidiary  structure. 
Fig.  14  is  a  longitudinal  sectional  view  of  a  vib- 
ration  suppressing  system  along  a  line  A-Ashown 
in  Fig.  13. 
Fig.  15  is  a  longitudinal  sectional  view  of  the  vib- 
ration  suppressing  system  along  a  line  B-B  of  Fig. 
13. 
Fig.  16  shows  a  vibration  suppressing  system  in 
which  a  plurality  of  differential  double  lever 
mechanisms  are  combined  with  an  observatory. 
Fig.  17  is  a  view  for  describing  the  bending 
moment  to  the  observatory. 
Fig.  18(a),  18(b),  18(c),  18(d)  and  18(e)  show 
various  bending  moments  to  the  observatory. 
Shown  in  the  drawings  are  rigid  members  1,  2,  3 

and  5,  rollers  4,  a  straight  guide  4',  a  joint  5',  a  pan- 
tograph  unit  6,  lever  means  7  and  8,  portions  fixed  to 
rigid  members  9  and  10,  pillars  20,  a  viscous  damper 
21  ,  a  control  actuator  22,  chord  members  40  and  40', 
a  floorboard  of  ceiling  101,  a  floorboard  102,  auxiliary 
masses  103,  103'  and  105,  a  rigid  portion  fixed  to  an 
auxiliary  mass  1103,  and  rigid  parts  fixed  to  floor- 
boards  109  and  110. 

Through  the  utilization  of  mechanical  lever 
means,  Fig.  1  shows  the  basic  concept  of  a  differen- 
tial  double  lever  mechanism  which  is  a  first  vibration 
proofing  or  suppressing  system  provided  in  accord- 
ance  with  the  present  invention.  A  plate-like  or  wall-li- 
ke  rigid  member  3  and  a  plate-like  or  wall-like  rigid 
member  5  or  a  joint  5'  (which  is  obtained  by  condens- 
ing  the  member  5,  as  shown  in  Fig.  3)  are  interposed 
between  rigid  members  1  and  2  (which  are  able  to 

translate  by  maintaining  their  parallel  positions  in  a 
certain  direction)  together  with  a  straight  movement 
guide  unit  such  as  rollers  4  and  a  straight  guide  4' 
and/or  a  parallel  maintenance  unit  such  as  a  panto- 

5  graph  unit  6,  so  that  the  members  3  and  5  or  the  joint 
5'  can  be  translated  in  the  direction  of  the  relative 
movement  between  the  members  1  and  2.  The  mem- 
ber  1  or  a  solid  portion  9  (which  is  fixed  to  the  member 
1)  is  coupled  to  the  member  5  or  the  joint  5'  by  at  least 

10  one  first  fluid  or  mechanical  lever  means  7  which  is 
pivotally  coupled  to  an  optional  point  on  the  member 
3,  so  that  the  means  can  be  swung  about  the  point. 
The  member  2  or  a  solid  portion  10  (which  is  fixed  to 
the  member  2)  is  coupled  to  the  member  5  or  the  joint 

15  5'  by  at  least  one  second  fluid  or  mechanical  lever 
means  8  which  is  slightly  different  in  lever-ratio  from 
the  first  lever  means  7  and  is  pivotally  coupled  to 
another  optional  point  of  the  member  3  so  that  the 
second  lever  means  8  can  be  swung  about  the  point. 

20  In  order  to  eliminate  the  influence  of  arc-shaped 
movement  entailed  by  the  swing  of  the  first  lever 
means  7,  the  means  7  is  pivotally  coupled  to  the  point 
fi  of  the  rigid  member  3.  One  end  f2  of  the  first  lever 
means  and  a  point  f3  of  the  rigid  member  1  or  the  por- 

25  tion  9  are  coupled  to  each  other  by  a  first  link  11  ,  and 
the  other  end  f4  of  the  first  lever  means  7  and  a  point 
f5  of  the  rigid  member  5  are  coupled  to  each  other  by 
a  second  link  12  extending  in  parallel  with  thef  irst  link. 
The  ratio  of  the  length   ̂ between  the  points   ̂ and  f2 

30  of  the  first  lever  means  7  to  the  length  r2  between  the 
points  fi  and  f4,  is  predetermined  so  as  to  be  equal  to 
the  ratio  of  the  length  between  the  points  f3  and  f2  of 
the  first  link  11  to  the  length  between  the  points  f4  and 
f5  of  the  second  link  12. 

35  In  order  to  eliminate  the  influence  of  arc-shaped 
movement  entailed  by  the  swing  of  the  second  lever 
means  8,  the  means  8  is  pivotally  coupled  to  the  point 
f6  of  the  rigid  member  3;  a  point  f8  of  the  rigid  member 
5  and  one  end  f7  of  the  lever  means  are  coupled  to 

40  each  other  by  a  third  link  13,  and  the  other  end  f9  of 
the  lever  means  and  a  point  f10  of  the  rigid  member  2 
or  the  portion  1  0  are  coupled  to  each  other  by  a  fourth 
link  14  extending  in  parallel  with  the  third  link.  The 
ratio  of  the  length  r3  between  the  points  f6  and  f7  of  the 

45  second  lever  means  8,  to  the  length  r4  between  the 
points  f6  and  f9,  is  predetermined  so  as  to  be  equal  to 
the  ratio  of  the  length  between  the  points  f7  and  f8  of 
the  third  link  13,  to  the  length  between  the  points  f9 
and  f10  of  the  fourth  link  14. 

so  Arrow  D1  is  the  displacement  X1  of  rigid  member 
1  from  rigid  member  3.  Arrow  D3  is  the  displacement 
X3  of  rigid  member  2  from  rigid  member  3.  Arrow  D5 
is  the  displacement  X5  of  rigid  member  5  from  rigid 
member  3.  These  displacements  will  be  discussed 

55  more  fully  below. 
Fig.  2  shows  the  basic  concept  of  a  differential 

double  lever  mechanism  in  which  the  two  coupling 
points  f5  and  f8  of  the  rigid  member  5  of  the  lever 
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mechanism  shown  in  Fig.  1  are  the  identical  point.  In 
order  to  eliminate  the  influence  of  arc-shaped  move- 
ment  entailed  by  the  swing  of  the  lever  means  of  the 
mechanism  shown  in  Fig.  2,  the  first  and  second  links 
1  1  and  1  2  are  disposed  in  parallel  with  each  other,  and 
the  third  link  13  is  disposed  in  parallel  with  the  fourth 
link  14. 

Fig.  3  shows  the  basic  concept  of  a  differential 
double  lever  mechanism  obtained  by  condensing  the 
rigid  member  5  of  the  lever  mechanism  shown  in  Fig. 
1,  to  the  joint  5'.  In  the  lever  mechanism  shown  in  Fig. 
3,  one  end  of  a  first  lever  means  7  and  one  end  of  a 
second  lever  means  8  are  coupled  to  each  other  at  the 
joint  5'  so  that  the  lever  means  can  be  swung  about 
the  joint.  The  joint  5'  is  movable  on  a  straight  guide  4' 
secured  to  a  rigid  member  3  so  that  the  guide  4' 
extends  in  parallel  with  the  direction  of  the  relative 
movement  between  rigid  members  1  and  2.  The  other 
end  f2  of  the  first  lever  means  7  and  one  end  f3  of  the 
rigid  member  1  or  a  portion  9,  which  is  fixed  thereto, 
are  coupled  to  each  other  by  a  first  link  11.  A  point  f^ 
of  the  first  lever  means  7  at  the  intermediate  point 
thereof  is  coupled  to  one  end  of  a  second  link  12 
extending  in  parallel  with  the  first  link  11,  and  pivotally 
coupled  at  the  other  end   ̂ of  the  second  link  to  a  point 
on  the  rigid  member  3.  The  other  end  f9  of  the  second 
lever  means  8  and  a  point  f10  of  the  rigid  member  2  or 
a  portion  10,  which  is  fixed  thereto,  are  coupled  to 
each  other  byafourth  link  14  extending  in  parallel  with 
the  third  link  13.  The  ratio  of  the  length   ̂ between  the 
points  fn  and  f2  of  the  first  lever  means  7,  to  the  sum 
of  the  lengths   ̂ and  r2  between  the  joint  5'  and  the 
point  fn  is  predetermined  so  as  to  be  equal  to  the  ratio 
of  the  length  between  the  ends  f̂   and^  of  the  first  link 
12,  to  the  length  between  the  ends  f2  and  f3  of  the  sec- 
ond  link  11.  The  ratio  of  the  length  r3  between  the  joint 
5'  and  the  point  f12  of  the  second  lever  means  8,  to  the 
sum  of  the  lengths  r3  and  r4  between  the  point  f12  and 
f9  of  the  second  lever  means  is  predetermined  so  as 
to  be  equal  to  the  ratio  of  the  length  between  the  ends 
f12  and  f6  of  the  third  link  13,  to  the  length  between  the 
ends  f9  and  f10  of  the  fourth  link  14. 

Through  the  utilization  of  the  mechanical  lever 
means  shown  in  Fig.  3,  Fig.  4  shows  the  basic  concept 
of  a  second  vibration  proofing  or  suppressing 
mechanism  provided  in  a  structure  in  accordance  with 
the  present  invention.  In  the  second  vibration  proofing 
or  suppressing  system  for  a  structure,  the  structure  is 
separated  into  two  structures:  one  of  them  is  a  main 
structure  A  which  is  resistant  to  horizontal  and  vertical 
forces  and  moments  and  the  other  is  a  subsidiary 
structure  B  which  can  support  vertical  forces  but  has 
a  low  an/or  insignificant  resistance  to  horizontal  for- 
ces.  The  mechanisms  are  provided  in  all  the  stories 
of  the  structure  Aor  in  all  the  stories  except  the  upper- 
most  one.  In  each  of  the  mechanisms,  a  floorboard  of 
ceiling  101  and  a  floorboard  102  of  each  means- 
installation-story  of  the  main  structure  A  are  provided 

to  correspond  to  the  rigid  members  1  and  2  discussed 
above  with  respect  to  Figs.  1  -3,  and  the  mass  of  a  sim- 
ple  weight  or  the  subsidiary  structure  B  is  provided  to 
correspond  to  the  rigid  members  3  and  5  and  utilized 

5  as  an  auxiliary  mass  103  or  105  (Fig.  7)  to  produce 
mass-effect.  A  frictional  or  viscous  damper  21  and/or 
an  actuator  22  are  installed  between  the  mass 
103/105  of  the  mechanism  (in  at  least  one  optional 
story  of  the  main  structure)  and  the  floorboard  101  or 

10  1  02  of  the  story  or  a  solid  portion  1  09  or  a  solid  por- 
tion  110  (both  of  which  are  fixed  to  the  floorboards 
101  and  102,  respectively,  in  the  direction  of  suppres- 
sion  of  vibration)  in  order  to  achieve  both  aims,  that 
is,  reducing  the  relative  movement  between  the  floor- 

is  boards  and  controlling  the  motion  of  the  auxiliary 
mass  by  a  quantity  desired  by  the  designer  of  the  sys- 
tem. 

In  the  structure  shown  in  Fig.  4,  a  simple  weight 
is  interposed  as  the  auxiliary  mass  103  together  with 

20  a  straight  movement  guide  unit  made  of  rollers  4,  be- 
tween  the  floorboard  of  ceiling  101  and  floorboard 
1  02  of  each  optional  story  of  the  main  structure  Asup- 
ported  by  pillars  20.  The  auxiliary  masses  103  of  the 
optional  stories  of  main  structure  A  are  coupled  to 

25  each  other  by  the  differential  lever  mechanisms 
shown  in  Fig.  3,  so  that  the  auxiliary  masses  can  be 
swung.  The  viscous  damper  21  and  the  control 
actuator  22  are  provided  between  the  floor  1  02  and 
auxiliary  mass  103  of  each  or  optional  stories  of  the 

30  main  structure  A  to  enhance  the  vibration  suppressing 
effect  of  the  vibration  proofing  or  suppressing  system. 

Through  the  utilization  of  mechanical  lever 
means,  Fig.  5  shows  the  basic  concept  of  a  third  vib- 
ration  proofing  or  suppressing  system  provided  in  a 

35  structure  in  accordance  with  the  present  invention. 
The  floorboards  102  between  the  auxiliary  masses 
103  and  103'  of  all  the  pairs  of  the  upper  and  lower 
stories  of  the  main  structure  shown  in  Fig.  4  are  coup- 
led  to  each  other  by  the  differential  double  lever 

40  mechanisms  shown  in  Fig.  3,  to  uniquely  correlate  the 
displacement  ratios  of  the  stories  to  each  other.  A 
straight  guide  4"  is  secured  to  a  solid  portion  102' 
which  is  fixed  to  the  floorboard  102  between  the 
auxiliary  masses  103  and  103'.  The  joint  5"  of  a  third 

45  and  a  fourth  lever  means  15  and  16  is  movable  on  the 
guide  A".  Links  couple  the  lever  means  15  and  16  to 
a  portion  102',  which  is  fixed  to  the  floor  102,  and  the 
auxiliary  masses  103  and  103',  in  a  swingable  man- 
ner.  As  a  result,  the  dependence  of  the  story  displace- 

so  ments  on  the  floorboard  of  ceiling  101,  the  auxiliary 
mass  103,  the  floor  102,  the  auxiliary  mass  103'  and 
so  forth  is  predetermined  by  the  lever-ratios  of  the 
lever  means.  In  other  words,  such  coupling  is  pro- 
vided  for  all  the  stories  of  the  structure  so  that  the  dis- 

ss  tribution  of  displacements  of  all  the  stories  can  be 
uniquely  predetermined  under  the  condition  that  the 
rigidity  of  each  lever  means  is  infinitely  high.  If  the  rigi- 
dity  of  the  lever  means  is  not  high  enough,  it  can  be 
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compensated  by  the  control  actuator  provided  in  an 
optional  story. 

Fig.  6  shows  the  basic  concept  of  a  fourth  vib- 
ration  proofing  or  suppressing  system  provided  in 
accordance  with  the  present  invention.  That  is,  the  dif- 
ferential  double  lever  mechanisms  D  and  D'  are  instal- 
led  in  a  civil  or  a  building  structure  C  such  as  a  bridge, 
a  space  frame  or  an  observatory.  The  mechanism  is 
provided  at  an  optional  point  of  an  optional  structural 
member  for  the  structure  C,  so  that  the  rigid  members 
3  and  5  of  the  mechanism  D  act  in  response  to  the  dif- 
ference  between  the  strains  (in  the  direction  perpen- 
dicular  to  that  to  suppress  the  vibration,  namely,  the 
longitudinal  direction  of  the  structural  member  per- 
pendicular  to  the  direction  of  vibration  V)  of  both  sides 
thereof  at  the  installed  position  of  the  structure.  One 
end  of  a  chord  member  40  is  pivotally  coupled  to  the 
member  3  or  5.  One  end  of  another  chord  member40' 
is  coupled  to  the  rigid  member  3'  or  5'  of  the  mechan- 
ism  D'  pivotally  provided  at  another  optional  point  of 
the  structural  members  for  the  structure  C.  The  other 
ends  of  the  chord  members  are  pivotally  coupled  to 
each  other  at  a  point  G1  which  is  located  on  an  imagi- 
nary  straight  line  50  extending  through  the  centers  of 
the  mechanisms  or  is  located  on  the  vertex  of  an 
imaginary  triangle  having  a  side  which  is  located  on 
the  opposite  vertex  and  coincident  with  the  line.  A 
point  G3  of  the  structure  C,  which  is  located  on  an 
imaginary  straight  line  51  extending  through  the  point 
G1  and  a  point  G2  located  on  the  line  50,  is  coupled 
to  one  end  of  a  viscous  damper  21  ,  one  end  of  a  con- 
trol  actuator  22  and  one  end  of  spring  23.  The  other 
ends  of  the  damper,  the  actuator  and  the  spring  are 
coupled  to  the  point  G1. 

The  system  is  a  kind  of  a  toggle  mechanism. 
Ropes  may  be  provided  as  the  chord  members  40  and 
40'.  If  the  point  G1,  G2  and  G3  are  an  identical  point 
on  the  imaginary  straight  line  50,  the  damper  21  ,  the 
actuator  22  and  the  spring  23  are  secured  to  that  point 
of  the  structure  C  and  the  ends  of  the  damper,  the 
actuator  and  the  spring  are  coupled  to  those  of  the 
chord  member  40  and  40'  (refer  to  Fig.  16). 

When  the  rigid  member  1  of  each  of  the  differen- 
tial  double  lever  mechanisms  shown  in  Figs.  1,2  and  3 
is  forcibly  disposed  to  the  right  by  a  displacement  X1 
under  the  condition  that  the  movement  of  the  rigid  mem- 
ber  3  is  constrained,  the  rigid  member  5  or  the  joint  5'  is 
displaced  leftwards  by  X5=X1(r2/r1)  relative  to  the  rigid 
member  3  because  the  lever-ratio  of  the  first  lever 
means  7  is  of  the  value  r2/r1.  Since  the  rigid  member  3 
is  constrained,  the  rigid  member  2  is  accordingly  dis- 
placed  rightward  by  X3=X5(r4/r3)=X1(r2/r1)(r4/r3), 
because  the  lever-ratio  of  the  second  lever  means  8 
is  rjr3.  For  these  reasons,  if  calculations  are  made  by 
using  the  position  of  the  rigid  member  2  as  the  origin 
of  the  coordinates,  the  leftward  displacement  of  the 
rigid  member  3  and  that  of  the  rigid  member  5  or  the 
joint  5'  and  the  rightward  relative  displacement  of  the 

rigid  member  1  are  expressed  in  terms  of  the  values 
X3  ,  (X3+X5)  and  (X1-X3),  respectively.  Therefore, 
the  lever-ratio  of  the  leftward  displacement  of  the  rigid 
member  3,  to  the  rightward  relative  displacement  of 

5  the  rigid  member  1  ,  is  defined  by  the  value: 
X3/(X1-X3)  =  (r2*r4)/(r1*r3-r2*r4), 

and  the  lever-ratio  of  the  leftward  displacement  of  the 
rigid  member  5,  to  the  rightward  relative  displacement 
of  the  rigid  member  1,  is  expressed  by  the  value: 

w  (X3  +  X5)/(X1-X3)  =  (r3*r4  +  r2*r3)/(r1*r3-r2*r4). 
Optional  lever-ratios  can  be  consequently  attained  by 
predetermining  those  of  the  first  and  the  second  lever 
means  7  and  8,  and  be  made  very  large  by  presetting 
the  denominators  of  the  above  equations  to  be  small. 

15  For  that  reason,  if  the  mass  of  a  simple  weight  or  a 
subsidiary  structure  B,  which  can  support  a  vertical 
force  but  is  not  highly  resistant  to  a  horizontal  force, 
is  used  as  an  auxiliary  mass  between  the  stories  of 
the  main  structure  A  so  as  to  correspond  to  the  rigid 

20  members  3  and  5,  a  considerably-high  inertial  force 
can  be  generated  by  the  relatively  large  displacement 
of  the  auxiliary  mass  by  the  mass  effect  of  the  weight 
or  the  subsidiary  structure,  even  if  the  auxiliary  mass 
is  made  small  and  the  relative  displacement  between 

25  the  upper  and  lower  stories  of  the  main  structure  A  is 
slight. 

If  the  auxiliary  masses  of  the  upper  and  lower 
stories  of  the  main  structure  Aare  coupled  to  the  floor- 
boards  between  them  by  the  other  differential  double 

30  lever  mechanism  shown  in  Fig.  5  and  such  coupling 
is  provided  for  all  the  stories  of  the  structure  in  order 
to  uniquely  correlate  the  displacement  ratios  of  all  the 
stories,  the  mode  of  vibration  of  the  structure  can  be 
approximately  prescribed  as  intended  by  the  designer 

35  thereof,  to  enhance  the  vibration  suppressing  effect 
of  the  vibration  proofing  or  suppressing  system. 

Even  if  the  relative  displacement  or  strain  be- 
tween  the  rigid  member  1  or  the  floorboard  of  ceiling 
101  and  the  rigid  member  2  or  the  floorboard  102  is 

40  small,  a  high  damping  force  can  be  applied  to  the 
structure,  because  of  the  considerable  displacements 
of  the  rigid  members  3  and  5  or  the  auxiliary  masses 
1  03  and  1  05  and  the  frictional  resistance  between  the 
rigid  member  3  (the  auxiliary  mass  103)  or  the  rigid 

45  member  5  (the  auxiliary  mass  1  05)  and  the  rigid  mem- 
ber  1  (the  floorboard  of  ceiling  101)  or  the  rigid  mem- 
ber  2  (the  floorboard  102)  or  between  the  rigid 
member  3  (the  auxiliary  mass  1  03)  and  the  rigid  mem- 
ber  5  (the  auxiliary  mass  105)  or  the  viscous  resist- 

so  ance  of  the  viscous  damper  provided  together  with  a 
toggle  unit  or  the  like  between  the  above-mentioned 
parts  or  the  two  differential  double  lever  mechanisms, 
to  suppress  the  vibration  of  the  integrated  structure. 

If  the  control  actuator  is  provided  in  addition,  the 
55  rigid  member  3  or  the  auxiliary  mass  105  can  be  dri- 

ven,  by  quantities  desired  by  the  designer,  to  prevent 
the  lever  means  from  undergoing  higher  modes  of  vib- 
ration  due  to  the  insufficiency  of  the  rigidity  thereof.  It 
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is  thus  possible  to  enhance  the  reliability  of  the  vib- 
ration  proofing  or  suppressing  system. 

Further  embodiments  of  the  present  invention  are 
hereafter  described  with  reference  to  the  drawings. 

Fig.  7  shows  a  vibration  proofing  system  having 
a  differential  double  lever  mechanism  composed  of 
friction  wheels.  A  friction  wheel  of  r̂   in  radius  and  a 
friction  wheel  of  r2'  in  radius  are  supported  by  a  shaft 
common  to  both  the  wheels  at  the  top  of  an  auxiliary 
mass  1  03.  Afriction  wheel  of  r3'  in  radius  and  a  friction 
wheel  of  r4'  in  radius  are  supported  by  a  shaft  com- 
mon  to  both  the  wheels  at  the  bottom  of  the  auxiliary 
mas  103.  The  friction  wheel  of  r̂   in  radius  is  in  contact 
with  a  floorboard  of  ceiling  101  supported  by  pillars 
20.  The  friction  wheel  of  r4'  in  radius  is  in  contact  with 
a  floor  102.  An  auxiliary  mass  105  is  interposed  be- 
tween  the  friction  wheels  of  r2'  and  r3'  in  radius.  When 
the  auxiliary  mass  1  03  is  forcibly  displaced  to  the  left 
by  X3,  the  lower  friction  wheel  of  r4'  in  radius  is  turned 
by  an  angle  9  =  X3/r4'  so  that  the  other  auxiliary  mass 
1  05  is  moved  to  the  left  by  X5  =  r3'*9  =  (r37r4')X3  more 
than  the  former  auxiliary  mass  103.  At  that  time,  the 
upper  friction  wheel  of  r̂ '  in  radius  is  turned  by  an 
angle  9'  in  the  opposite  direction  to  the  lower  friction 
wheel  of  r4'  in  radius,  and  the  floorboard  of  ceiling  101 
is  moved  to  the  right  by  X1  =  9'*^'  =  { '̂lr2')X5  = 
(r̂ '*r3'lr2'*r4')X3  from  the  auxiliary  mass  103, 
because  there  is  a  relationship  r2'*9'  =  X5.  For  that 
reason,  the  lever-ratios  of  the  means  are  X3/(X1-X3) 
=  (r2'*r4')/(ri'*r3'-r2'*r4')  and  (X3+X5)/(X1-X3)  = 
(r2'*r4'+r2'*r3')  (ri'*r3'-r2'*r4').  The  friction  wheels  may 
be  substituted  by  rack  and  pinion  units. 

Fig.  8  shows  a  vibration  proofing  system  having 
a  differential  double  lever  mechanism  composed  of 
fluid  lever  means.  Af  irst  double-acting  cylinder  unit  7' 
including  cylinders  7'-a  and  7'-b  each  having  a  cross- 
sectional  area  r2"  is  secured  to  an  auxiliary  mass  1  03. 
The  rods  7'-c  and  7'-d  of  the  first  double-acting  cylin- 
der  unit  7'  are  coupled  to  a  floorboard  of  ceiling  101 
or  a  solid  portion  109  which  is  fixed  to  the  floorboard 
of  ceiling  101.  Asecond  double-acting  cylinder  7"  unit 
including  cylinders  7"-a  and  7"-b  each  having  a  cross- 
sectional  area  r/'  is  secured  to  the  auxiliary  mass 
1  03.  The  rods  7"-c  and  7"-d  of  the  second  double-act- 
ing  cylinder  unit  7"  are  coupled  to  an  auxiliary  mass 
105.  The  cylinders  7'-a  and  7"-a  are  connected  to 
each  other  through  a  pipe  7'-7"-a.  The  cylinders  7'-b 
and  7"-b  are  connected  to  each  other  through  a  piper 
7'-7"-b.  As  a  result,  a  fluid  lever  is  formed. 

A  third  double-acting  cylinder  unit  8"  including 
cylinders  8"-a  and  8"-b  each  having  a  cross-sectional 
area  r4"  is  secured  to  the  auxiliary  mas  103.  The  rods 
8"-c  and  8"-d  of  the  third  double-acting  cylinder  unit 
8"  are  coupled  to  the  auxiliary  mass  1  05.  Afourth  dou- 
ble-acting  cylinder  unit  8"  including  cylinders  8'-a  and 
8'-b  each  having  a  cross-sectional  area  r3"  is  secured 
to  the  auxiliary  mass  103.  The  rods  8'-c  and  8'-d  of  the 
fourth  double-acting  cylinder  unit  8'  are  coupled  to  a 

floor  102  or  a  solid  portion  110  which  is  fixed  to  the 
floor.  The  cylinders  8"-a  and  8'-a  are  connected  to 
each  other  through  a  piper  8'-8"-a.  The  cylinders  8"-b 
and  8'-b  are  connected  to  each  other  through  a  pipe 

5  8'-8"-b.  As  a  result,  the  fluid  lever  means  are  formed. 
The  leftward  displacement  X3  of  the  auxiliary 

mass  103,  the  displacement  X5  of  the  auxiliary  mass 
1  05  from  the  mass  1  03,  and  the  rightward  displacement 
X1  of  the  floorboard  of  the  ceiling  101  from  the  auxiliary 

10  mass  1  03  have  relationships  X3*r3"  =  X5*r4"  and  X5*r̂ " 
=  X1*r2".  For  that  reason,  the  lever-ratios  of  the  lever 
means  are  X3/(X1-X3)  =  (r2"*r4'0/(r1"*r3"-r2"*r4")  and 
(X3+X5)/(X1-X3)  =  (r2"*r4"+r2"*r3")/(r1"*r3"-r2"*r4"). 
The  double-acting  cylinder  units  may  be  substituted 

15  by  single-acting  cylinder  units  each  having  a  single 
rod. 

Fig.  9  shows  a  vibration  proofing  system  having 
a  differential  double  fluid  lever  mechanism  which  is 
obtained  by  simplifying  that  of  the  vibration  proofing 

20  system  shown  in  Fig.  8.  A  third  double-acting  cylinder 
unit  8"  including  cylinders  8"-a  and  8"-b  each  having 
a  cross-sectional  area  r4"  is  secured  to  an  auxiliary 
mass  103.  The  rods  8"-c  and  8"-c  of  the  third  double- 
acting  cylinder  unit  8"  are  coupled  to  a  floorboard  of 

25  ceiling  101  or  a  solid  portion  109  which  is  fixed  to  the 
floorboard  of  ceiling  101  .  Asecond  double-acting  cyli- 
nder  unit  7"  including  cylinders  7"-a  and  7"-b  each 
having  a  cross-sectional  area  x"  is  secured  to  the 
auxiliary  mass  103.  The  rods  7"-c  and  7"-d  of  the  sec- 

30  ond  double-acting  cylinder  unit  7"  are  coupled  to  a 
floor  102  or  a  portion  110  which  is  fixed  to  the  floor. 
The  cylinders  8"-a  and  7"-b  are  connected  to  each 
other  through  a  pipe  8"-a-7"-b.  The  cylinders  8"-b  and 
7"-a  are  connected  to  each  other  through  a  pipe  8"- 

35  b-7"-a.  As  a  result,  a  fluid  lever  is  formed.  The  left  dis- 
placement  X3  of  the  auxiliary  mass  103  and  the  right 
displacementXI  of  the  ceiling  floorboard  101  from  the 
auxiliary  mass  have  a  relationship  r4"*X1  =  r̂ "*X3, 
and  therefore  have  a  relationship  X3/(X1-X3)  = 

40  r4"l(r̂ "-r4").  This  coincides  with  the  case  in  which  the 
cross-sectional  areas  r2"  and  r3"  are  made  equal  to 
each  other  in  the  second  embodiment. 

Fig.  10a  is  a  plan  view  of  each  odd-numbered 
story  of  a  multi-storied  structure.  The  floors  of  the 

45  main  portions  A  of  the  structure  consist  of  the  odd- 
numbered  stories  of  the  structure,  that  is,  the  floor- 
board  101  and  102.  Fig.  10b  is  a  plan  view  of  each 
even-numbered  story  of  the  multi-storied  structure. 
The  even-numbered  stories  of  the  structure  are  the 

so  subsidiary  portions  B  of  the  structure,  and  are  utilized 
as  auxiliary  masses  103.  Fig.  11  is  a  sectional  view  of 
a  vibration  suppressing  mechanism  for  the  structure. 
The  floors  of  odd-numbered  stories,  which  are  the 
floorboards  101  and  102  of  the  main  structure  A,  are 

55  supported  by  pillars  20.  The  floor  of  each  even-num- 
bered  story,  which  is  the  floorboard  of  the  subsidiary 
portion  B  of  the  structure,  is  utilized  as  the  auxiliary 
mass  103  and  suspended  with  steel  rods  6'  from  the 
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floorboard  101  of  the  odd-numbered  stories  so  as  to 
serve  as  a  parallel  maintenance  device  to  the  floor- 
board  of  the  main  portion  A  under  the  effect  of  gravi- 
tation. 

Fig.  12  is  a  sectional  view  of  a  vibration  suppres- 
sing  system  which  is  obtained  by  modifying  the  vib- 
ration  suppressing  system  shown  in  Fig.  11,  in  such 
a  manner  that  the  three  structural  members,  namely, 
the  auxiliary  masses  and  the  floorboard  of  the  main 
portion  A  between  the  auxiliary  masses,  are  coupled 
to  each  other  by  the  differential  double  fluid  lever 
shown  in  Fig.  9.  If  a  hydraulic  pump  is  connected  to 
the  fluid  lever  means,  it  can  be  also  used  as  a  control 
actuator. 

Fig.  13  is  a  plan  view  of  a  multi-storied  structure 
whose  core  is  the  subsidiary  portion  B  of  the  structure 
and  utilized  as  auxiliary  masses  103".  Figs.  14  and  15 
are  sectional  views  of  a  vibration  suppressing  system 
for  the  structure  shown  in  Fig.  13.  The  main  and  sub- 
sidiary  portions  Aand  B  of  the  structure  are  separated 
from  each  other.  A  rigid  member  3  is  interposed  be- 
tween  the  floorboard  of  the  ceiling  101  and  floorboard 
102  of  each  optional  story  of  the  main  portion  A  of  the 
structure,  and  are  coupled  to  each  other  by  a  differen- 
tial  double  lever  mechanism  DDL.  The  walls  of  the 
auxiliary  portion  B  are  coupled  to  the  rigid  members 
3  by  pantograph  means  6  made  of  rigid  plates,  so  that 
the  auxiliary  masses  1  03"  can  be  moved  togetherwith 
the  rigid  members  in  the  directions  of  displacement 
thereof,  and  can  be  also  moved  perpendicularly  of  the 
directions  of  displacement.  P  shows  the  set  position 
of  the  pantograph  means  6  and  G  shows  the  straight 
guide. 

Fig.  16  is  a  sectional  view  of  a  structure  in  which 
a  plurality  of  differential  double  lever  mechanisms  E1, 
E2,  E1'  and  E2'  are  combined  with  an  observatory  O 
to  apply  a  damping  resistance  to  the  bending  moment. 
The  lever  mechanisms  E1,  E2,  E1'  and  E2'  are  sec- 
ured  to  the  top  and  bottom  of  the  structure.  The  ends 
of  viscous  dampers  21  and  control  actuators  22  are 
coupled  to  each  other  between  the  lever  mechanisms 
E1  and  E2  and  between  the  other  lever  mechanisms 
E1'  and  E2'.  The  other  ends  of  the  dampers  21  and 
the  actuators  22  are  coupled  to  the  lever  mechanisms 
E1,  E2,  E1'  and  E2'.  A  couple  of  forces,  which  is  the 
bending  moment,  can  be  applied  to  the  structure,  as 
shown  in  Fig.  17,  by  the  combination  of  the  lever-ra- 
tios  of  the  lever  mechanisms  E1,  E1',  E2  and  E2'  and 
the  operation  of  the  viscous  dampers  21  and  the  con- 
trol  actuators  22.  As  a  result,  when  the  bending 
moment  shown  in  Fig.  18(a)  acts  on  the  structure  due 
to  a  disturbance  in  the  case  of  non-control,  the  bend- 
ing  moment  shown  in  Fig.  18(b),  which  is  generated 
by  the  lever  means,  can  be  easily  applied  to  the  struc- 
ture  to  cause  the  structure  to  receive  the  resultant 
bending  moment  shown  in  Fig.  18(c).  If  a  plurality  of 
such  devices  for  applying  bending  moment  for  control 
are  provided  at  plural  stages,  the  bending  moment 

shown  in  Fig.  18(d)  can  be  applied  to  the  structure  to 
cause  it  to  receive  the  resultant  bending  moment 
shown  in  Fig.  18(e).  Besides,  the  effect  of  the  viscous 
dampers  can  be  amplified  for  utilization  to  produce  a 

5  high  vibration-suppressing  effect. 
In  a  vibration  proofing  or  suppressing  system  pro- 

vided  in  accordance  with  the  present  invention  and 
having  a  differential  double  lever  mechanism,  an 
auxiliary  mass  can  be  forcibly  displaced  by  many 

10  times  the  relative  displacement  of  a  story  whose  vib- 
ration  is  to  be  suppressed,  as  long  as  a  design  that 
makes  a  small  difference  between  the  lever-ratios  of 
a  first  and  a  second  lever  means  is  possible,  even  if 
the  lever  means  are  formed  to  have  short  arms  and 

15  small  lever-ratios  in  order  to  have  a  very  high  rigidity. 
For  that  reason,  even  if  the  relative  deformation  be- 
tween  the  upper  and  lower  stories  of  the  main  portion 
of  a  structure  is  small,  a  considerable  inertial-force 
can  be  caused  by  the  relatively  large  displacement  of 

20  the  auxiliary  mass  so  as  to  suppress  the  vibration  of 
the  structure  by  the  effect  of  the  mass. 

If  the  auxiliary  masses  of  the  upper  and  lower 
stories  of  the  structure  are  coupled  to  the  floorboards 
thereof  between  the  auxiliary  masses  by  another  dif- 

25  ferential  double  lever  mechanism  with  regard  to  all  the 
stories  of  the  structure,  the  displacement  ratios  of  all 
the  stories  can  be  uniquely  maintained  as  intended  by 
the  designer  of  the  system,  and  hence  it  becomes 
possible  to  approximately  control  the  mode  of  the  vib- 

30  ration  of  the  structure  to  enhance  the  vibration-sup- 
pressing  effect  of  the  system. 

In  another  vibration  proofing  or  suppressing  sys- 
tem  provided  in  accordance  with  the  present  inven- 
tion,  even  if  the  relative  displacement  between  the 

35  stories  of  a  structure  or  the  relative  strain  of  the  struc- 
ture  is  small,  a  high  damping  force  can  be  applied  to 
the  structure  by  the  frictional  resistance  between  an 
auxiliary  mass  and  the  floorboard  of  the  structure  or 
the  viscous  resistance  of  a  viscous  damper  installed 

40  together  with  a  toggle  unit  or  the  like  between  the 
floorboards  or  two  differential  double  lever  mechan- 
isms,  because  of  the  relatively  large  movement  be- 
tween  rigid  members  interposed  between  differential 
double  lever  means. 

45  In  yet  another  vibration  proofing  or  suppressing 
system  provided  in  accordance  with  the  present 
invention,  a  control  actuator  is  installed  so  that 
auxiliary  masses  can  be  driven  by  quantities  desired 
by  the  designer  of  the  system,  to  prevent  lever  means 

so  from  undergoing  higher  modes  of  vibration  due  to  the 
insufficiency  of  the  rigidity  thereof,  and  a  controlling 
force  for  adjusting  the  frictional  resistance  to  the  dis- 
placement  of  the  auxiliary  masses  and  the  decrease 
in  an  input  such  as  an  earthquake  and  a  wind  can  be 

55  applied  to  the  structure  to  enhance  the  reliability  of  the 
system. 
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Claims 

1.  A  vibration  proofing/suppressing  system  com- 
prising: 

a  first  rigid  member  (1)  extending  and  translat- 
able  in  a  first  direction; 

a  second  rigid  member  (2)  extending  parallel  to 
said  first  rigid  member  and  translatable  in  the  first 
direction  relative  to  said  first  member; 

a  third  rigid  member  (3)  interposed  between 
said  first  and  second  rigid  member; 

a  fourth  member  (5)  interposed  between  said 
first  and  second  rigid  members; 

guide  means  (4')  interposed  between  said  first 
and  third  and  fourth  members  and  said  second  and 
third  and  fourth  members  for  guiding  translation  of 
said  third  and  fourth  members  along  the  direction  of 
relative  movement  between  said  first  and  second 
members; 

at  least  one  first  lever  means  (7)  for  connecting 
said  first  member  (1)  to  said  fourth  member  (5),  said 
at  least  one  first  lever  means  being  pivotally  connec- 
ted  to  a  first  point  (f1)  on  said  third  member  (3)  such 
that  said  at  least  one  first  lever  means  is  swingable 
about  the  first  point; 

at  least  one  second  lever  means  (8)  having  a 
slightly  different  lever  ratio  than  said  at  least  one  first 
lever  means  for  connecting  said  second  rigid  member 
(2)  to  said  fourth  member  (5),  said  at  least  one  second 
lever  means  being  pivotally  connected  to  a  second 
point  (f6)  on  said  third  member  (3)  such  that  said  at 
least  one  second  lever  means  is  swingable  about  the 
second  point. 

2.  The  system  according  to  claim  1,  wherein  said 
guide  means  comprises  rollers  (4)  disposed  between 
said  first  and  third  and/or  fourth  members  and  be- 
tween  said  second  and  third  and/or  fourth  members. 

3.  The  system  according  to  claim  1,  wherein  said 
guide  means  comprises  a  pantograph  (6)  unit  dis- 
posed  between  said  first  and  fourth  members. 

4.  The  system  according  to  claim  1,  wherein  said 
fourth  member  (5)  comprises  a  rigid  member. 

5.  The  system  according  to  claim  1,  wherein  said 
fourth  member  comprises  a  joint  (5')  connecting  said 
at  least  one  first  lever  means  and  said  at  least  one 
second  lever  means. 

6.  A  multi-storied  structure  including  at  least  one 
of  the  vibration  proofing/suppressing  systems  of 
claim  1,  said  structure  comprising: 

a  main  structure  (A)  which  is  adapted  to  resist 
horizontal  and  vertical  forces  and  moments; 

a  subsidiary  structure  (B)  which  is  adapted  to 
support  vertical  forces  but  is  insignificantly  resistant 
to  horizontal  forces; 

wherein 
said  system  is  installed  in  at  least  a  plurality  of 

the  stories  in  said  structure; 
said  first  and  second  rigid  members  comprise 

a  floorboard  of  a  ceiling  (101)  and  a  floorboard  (102), 
respectively,  of  each  story; 

said  third  and  fourth  members  comprises  said 
subsidiary  structure  (B)  utilized  as  an  auxiliary  mass 

5  (103,103')  to  produce  mass-effect; 
a  damper  (21)  and  an  actuator  (22)  are  instal- 

led  between  the  auxiliary  mass  and  the  floorboard  of 
the  ceiling  or  the  floorboard  of  the  story  for  reducing 
the  relative  movement  between  the  floorboards  and 

10  controlling  the  motion  of  the  auxiliary  mass  by  a  pre- 
determined  quantity. 

7.  The  structure  according  to  claim  6,  wherein  the 
floorboards  between  the  auxiliary  masses  of  all  pairs 
of  upperand  lower  stories  of  the  structure  are  connec- 

15  ted  to  each  other  by  said  system  for  holding  the  dis- 
tribution  of  displacements  over  the  stories  steady 
along  the  height  of  said  structure. 

8.  A  structure  including  at  least  one  of  the  vib- 
ration  proofing/suppressing  systems  of  claim  1  ,  said 

20  structure  being  one  of  a  bridge,  a  space  frame  or  an 
observatory  and  comprising; 

at  least  a  first  and  second  system  (D,D')  pro- 
vided  at  an  optional  point  of  an  optional  structural 
member  of  said  structure  (C)  such  that  the  third  and 

25  fourth  members  of  the  first  system  act  in  response  to 
the  difference  between  the  strains,  in  a  longitudinal 
direction,  of  the  structural  members,  of  both  sides  of 
the  member  at  the  installed  position  of  the  structure; 

a  first  chord  member  (40)  having  a  first  end 
30  and  a  second  end,  said  first  end  being  pivotally  coup- 

led  to  one  of  the  third  (3)  and  fourth  members  (5)  of 
the  first  system  (D); 

a  second  chord  member  (40')  having  a  first  end 
and  a  second  end,  said  first  end  being  pivotally  coup- 

35  led  to  one  of  the  third  and  fourth  members  of  the  sec- 
ond  system  (D'),  the  second  end  of  the  first  chord 
member  being  pivotally  coupled  to  the  second  end  of 
the  second  chord  member  at  a  first  point  (G1)  which 
is  located  on  a  first  imaginary  straight  line  (50) 

40  extending  through  the  centers  of  the  systems;  and 
a  viscous  damper  (21),  a  control  actuator  (22) 

and  a  spring  (23),  each  having  a  first  end  coupled  to 
a  second  point  of  the  structure  which  is  located  on  a 
second  imaginary  straight  line  extending  through  said 

45  first  point  and  a  third  point  located  on  the  first  line,  and 
a  second  end  coupled  to  the  first  point. 

Patentanspruche 
50 

1  .  Vibrationsausschaltungs-/Unterdruckungssy- 
stem  mit: 

einem  ersten  starren  Glied  (1),  das  sich  in  ei- 
ner  ersten  Richtung  erstreckt  und  verlagerbar  ist; 

55  einem  zweiten  starren  Glied  (2),  das  sich  par- 
allel  zu  dem  ersten  starren  Glied  erstreckt  und  in  der 
ersten  Richtung  gegenuber  dem  ersten  Glied  verla- 
gerbar  ist; 
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einem  dritten  starren  Glied  (3),  das  zwischen 
dem  ersten  und  dem  zweiten  starren  Glied  angeord- 
net  ist; 

einem  vierten  Glied  (5),  das  zwischen  dem  er- 
sten  und  dem  zweiten  starren  Glied  angeordnet  ist; 

Fuhrungsmitteln  (4'),  die  zwischen  dem  ersten 
und  dritten  und  vierten  Glied  und  dem  zweiten  und 
dritten  und  vierten  Glied  angeordnet  sind,  urn  die  Ver- 
lagerung  des  dritten  und  vierten  Gliedes  in  der  Rich- 
tung  der  Relativbewegung  zwischen  dem  ersten  und 
dem  zweiten  Glied  zu  fuhren; 

mindestens  einem  ersten  Hebelorgan  (7)  zum 
Verbinden  des  ersten  Gliedes  (1)  mit  dem  vierten 
Glied  (5),  wobei  das  mindestens  eine  erste  Hebelor- 
gan  mit  einem  ersten  Punkt  (f1)  an  dem  dritten  Glied 
(3)  drehbeweglich  verbunden  ist,  so  dali  mindestens 
ein  erstes  Hebelorgan  urn  den  ersten  Punkt  zu 
schwingen  vermag; 

mindestens  einem  zweiten  Hebelorgan  (8)  mit 
einem  etwas  unterschiedlichen  Hebelverhaltnis  ge- 
genuber  dem  mindestens  einen  ersten  Hebelorgan 
zur  Verbindung  des  zweiten  starren  Gliedes  (2)  mit 
dem  vierten  Glied  (5),  wobei  das  mindestens  eine 
zweite  Hebelorgan  mit  einem  zweiten  Punkt  (f6)  an 
dem  dritten  Glied  (3)  drehbeweglich  verbunden  ist,  so 
dali  mindestens  ein  zweites  Hebelorgan  urn  den 
zweiten  Punkt  zu  schwingen  vermag. 

2.  System  nach  Anspruch  1,  worin  die  Fuhrungs- 
mittel  Rollen  (4)  enthalten,  die  zwischen  dem  ersten 
und  dem  dritten  und/oder  vierten  Glied  und  zwischen 
dem  zweiten  und  dritten  und/oder  vierten  Glied  ange- 
ordnet  sind. 

3.  System  nach  Anspruch  1,  worin  die  Fuhrungs- 
mittel  eine  Pantograph-Einheit  (6)  enthalten,  die  zwi- 
schen  dem  ersten  und  dem  vierten  Glied  angeordnet 
ist. 

4.  System  nach  Anspruch  1,  worin  das  vierte 
Glied  (5)  ein  starres  Glied  aufweist. 

5.  System  nach  Anspruch  1,  worin  das  vierte 
Glied  eine  Verbindung  (5')  enthalt,  die  das  minde- 
stens  eine  erste  Hebelorgan  und  das  mindestens  eine 
zweite  Hebelorgan  verbindet. 

6.  Vielstockige  Struktur  mit  mindestens  einem 
der  Vibrationsausschaltungs-/Unterdruckungssyste- 
me  nach  Anspruch  1,  enthaltend: 

eine  Hauptstruktur  (A),  die  in  der  Lage  ist,  ho- 
rizontalen  und  vertikalen  Kraften  und  Momenten  zu 
widerstehen; 

eine  Unterstruktur  (B),  die  in  der  Lage  ist,  ver- 
tikale  Krafte  aufzunehmen,  jedoch  gegenuber  hori- 
zontalen  Kraften  kaum  widerstandfahig  ist; 

worin 
das  System  in  mindestens  einer  Mehrzahl  der 

Stockwerke  in  der  Struktur  angeordnet  ist; 
das  erste  und  zweite  starre  Glied  eine  Boden- 

platte  einer  Decke  (101)  bzw.  eine  Bodenplatte  (102) 
eines  jeden  Stockwerks  aufweist; 

das  dritte  und  vierte  Glied  die  Unterstruktur  (B) 

aufweist,  die  als  Hilfsmasse  (103,  103')  Verwendung 
f  indet  zur  Erzeugung  eines  Masseneffekts; 

ein  Dampfer  (21)  und  ein  Betatigungsorgan 
(22)  zwischen  der  Hilfsmasse  und  der  Bodenplatte 

5  der  Decke  oder  der  Bodenplatte  des  Stockwerks  an- 
geordnet  sind,  urn  die  Relativbewegung  :wischen  den 
Bodenplatten  zu  reduzieren  und  die  Bewegung  der 
Hilfsmasse  in  vorbestimmten  Grenzen  zu  halten. 

7.  Struktur  nach  Anspruch  6,  worin  die  Boden- 
10  platten  zwischen  den  Hilfsmassen  aller  Paare  oberer 

und  unterer  Stockwerke  der  Struktur  durch  das  Sy- 
stem  miteinander  verbunden  sind,  urn  die  Verteilung 
der  Verlagerungen  uberdie  Stockwerke  uberdie  H6- 
he  der  Struktur  stetig  zu  halten. 

15  8.  Struktur  mit  mindestens  einem  der  Vibrations- 
ausschaltungs-/Unterdruckungssysteme  nach  An- 
spruch  1,  die  eine  solche  einer  Brucke,  eines 
Fachwerks  oder  eines  Aussichtsturms  ist,  mit: 

mindestens  einem  ersten  und  zweiten  System 
20  (D,  D'),  die  an  einem  beliebigen  Punkt  eines  beliebi- 

gen  Strukturgliedes  der  Struktur  (C)  angeordnet  sind 
derart,  dali  das  dritte  und  vierte  Glied  des  ersten  Sy- 
stems  auf  die  Differenz  zwischen  den  Beanspruchun- 
gen  in  einer  Langsrichtung  der  Strukturglieder  beider 

25  Seiten  des  Gliedes  an  der  Anbringungsstelle  der 
Struktur  ansprechen; 

einem  ersten  Gurtglied  (40)  mit  einem  ersten 
und  einem  zweiten  Ende,  wobei  das  erste  Ende  dreh- 
beweglich  mit  einem  der  dritten  (3)  und  vierten  Glie- 

30  der  (5)  des  ersten  Systems  (D)  verbunden  ist; 
einem  zweiten  Gurtglied  (40')  mit  einem  ersten 

Ende  und  einem  zweiten  Ende,  wobei  das  erste  Ende 
drehbeweglich  mit  einem  der  dritten  und  vierten  Glie- 
der  des  zweiten  Systems  (D')  verbunden  ist  und  das 

35  zweite  Ende  des  ersten  Gurtgliedes  drehbeweglich 
mit  dem  zweiten  Ende  des  zweiten  Gurtgliedes  an  ei- 
nem  ersten  Punkt  (G1)  verbunden  ist,  der  auf  einer  er- 
sten  imaginaren  Geraden  (50)  liegt,  die  sich  durch  die 
Zentren  der  Systeme  erstreckt;  und 

40  einem  Viskose-Dampfer  (21),  einem  Steue- 
rungs-Betatigungsglied  (22)  und  einer  Feder,  von  de- 
nen  jeweils  ein  erstes  Ende  mit  einem  zweiten  Punkt 
der  Struktur  verbunden  ist,  die  sich  auf  einer  zweiten 
imaginaren  Geraden  befindet,  welche  durch  den  er- 

45  sten  Punkt  und  einen  dritten  Punkt  auf  der  ersten  Ge- 
raden  verlauft,  und  ein  zweites  Ende  mit  dem  ersten 
Punkt  verbunden  ist. 

so  Revendications 

1.  Systeme  resistant  aux  vibrations/supprimant 
les  vibrations  comprenant  : 

un  premier  element  rigide  (1)  s'etendant  dans 
55  une  premiere  direction  et  mobile  en  translation  dans 

cette  premiere  direction; 
un  second  element  rigide  (2)  s'etendant  paral- 

lelement  audit  premier  element  rigide  et  mobile  en 
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translation  dans  la  premiere  direction  par  rapport 
audit  premier  element  ; 

un  troisieme  element  rigide  (3)  interpose  entre 
lesdits  premier  et  second  elements  rigides  ; 

un  quatrieme  element  (5)  interpose  entre  les- 
dits  premier  et  second  elements  rigides  ; 

des  moyens  de  guidage  (4')  interposes  entre 
lesdits  premier  et  troisieme  et  quatrieme  elements  et 
lesdits  second  et  troisieme  et  quatrieme  elements 
pour  guider  la  translation  desdits  troisieme  et  qua- 
trieme  elements  selon  la  direction  du  mouvement 
relatif  entre  lesdits  premier  et  second  elements  ; 

au  moins  un  premier  moyen  (7)  formant  levier 
destine  a  relier  ledit  premier  element  (1)  audit  qua- 
trieme  element  (5),  ledit  au  moins  un  premier  moyen 
formant  levier  etant  relie  de  facon  pivotante  a  un  pre- 
mier  point  (f1)  situe  sur  ledit  troisieme  element  (3)  de 
maniere  que  ledit  au  moins  premier  moyen  formant 
levier  puisse  pivoter  autour  du  premier  point  ; 

au  moins  un  second  moyen  (8)  formant  levier 
ayant  un  rapport  de  bras  de  levier  legerement  diffe- 
rent  de  celui  dudit  au  moins  un  premier  moyen  for- 
mant  levier  pour  relier  ledit  second  element  rigide  (2) 
audit  quatrieme  element  (5),  ledit  au  moins  un  second 
moyen  formant  levier  etant  relie  de  facon  pivotante  a 
un  second  point  (f6)  situe  sur  ledit  troisieme  element 
(3)  de  telle  maniere  que  ledit  au  moins  un  second 
moyen  formant  levier  puisse  pivoter  autour  du  second 
point. 

2.  Systeme  selon  la  revendication  1  ,  dans  lequel 
ledit  moyen  de  guidage  comprend  des  rouleaux  (4) 
disposes  entre  lesdits  premier  et  troisieme  et/ou  qua- 
trieme  elements  et  entre  lesdits  second  et  troisieme 
et/ou  quatrieme  elements. 

3.  Systeme  selon  la  revendication  1  ,  dans  lequel 
lesdits  moyens  de  guidage  comprennent  une  unite  a 
pantographe  (6)  disposee  entre  lesdits  premier  et 
quatrieme  elements. 

4.  Systeme  selon  la  revendication  1  ,  dans  lequel 
ledit  quatrieme  element  (5)  comprend  un  element 
rigide. 

5.  Systeme  selon  la  revendication  1  ,  dans  lequel 
ledit  quatrieme  element  comprend  un  joint  (5')  qui 
relie  ledit  au  moins  un  premier  moyen  formant  levier 
et  ledit  au  moins  un  second  moyen  formant  levier. 

6.  Structure  a  etages  multiples  comprenant  au 
moins  un  des  systemes  resistant  aux  vibrations/sup- 
primant  les  vibrations  de  la  revendication  1,  ladite 
structure  comprenant  : 

une  structure  principale  (A)  qui  est  adaptee 
pour  resister  a  des  forces  et  moments  horizontaux  et 
verticaux  ; 

une  structure  subsidiaire  (B)  qui  est  adaptee 
pour  supporter  des  forces  verticales  mais  qui  est 
d'une  resistance  insignifiante  aux  forces  horizonta- 
les  ; 

dans  laquelle 
ledit  systeme  est  installe  dans  au  moins  une 

pluralite  des  etages  de  ladite  structure  ; 
lesdits  premier  et  second  elements  rigides 

comprennent  une  dalle  de  plafond  (101)  et  une  dalle 
(102)  respectivement  de  chaque  etage  ; 

5  lesdits  troisieme  et  quatrieme  elements 
comprennent  ladite  structure  subsidiaire  (B)  utilisee 
comme  masse  auxiliaire  (103,  103')  pour  produire 
I'effet  de  masse  ; 

un  amortisseur  (21)  et  un  actionneur  (22)  sont 
10  installes  entre  la  masse  auxiliaire  et  la  dalle  du  pla- 

fond  ou  la  dalle  de  I'etage  pour  reduire  le  mouvement 
relatif  entre  les  dalles  et  commander  le  mouvement 
de  la  masse  auxiliaire  sur  une  distance  predetermi- 
nes. 

15  7.  Structure  selon  la  revendication  6,  dans 
laquelle  les  dalles  situees  entre  les  masses  auxiliai- 
res  de  toutes  les  paires  d'etages  superieuret  inferieur 
sont  reliees  I'une  a  I'autre  par  ledit  systeme  pour 
maintenir  la  distribution  des  emplacements  sur  les  eta- 

20  ges  constante  sur  toute  la  hauteur  de  ladite  structure. 
8.  Structure  comprenant  au  moins  un  des  syste- 

mes  resistant  aux  vibrations/supprimant  les  vibra- 
tions  de  la  revendication  1,  ladite  structure  etant  un 
pont,  un  bati  porteura  trois  dimensions  ou  un  obser- 

25  vatoire  et  comprenant  : 
au  moins  un  premier  et  un  second  systeme  (D, 

D')  prevu  en  un  point  choisi  d'un  element  de  structure 
choisi  de  ladite  structure  (C),  de  sorte  que  les  troi- 
sieme  et  quatrieme  elements  du  premier  systeme 

30  agissent  en  reponse  a  la  difference  entre  les  defor- 
mations,  dans  une  direction  longitudinale,  des  ele- 
ments  de  structure,  des  deux  cotes  de  I'element  dans 
la  position  installee  de  la  structure  ; 

un  premier  element  de  membrure  (40)  posse- 
35  dant  une  premiere  extremite  et  une  seconde  extre- 

mite,  ladite  premiere  extremite  etant  accouplee  de 
facon  pivotante  a  un  premier  des  troisieme  (3)  et  qua- 
trieme  (5)  elements  du  premier  systeme  (D)  ; 

un  second  element  de  membrure  (40')  posse- 
40  dant  une  premiere  extremite  et  une  seconde  extre- 

mite,  ladite  premiere  extremite  etant  accouplee  de 
facon  pivotante  a  I'un  des  troisieme  et  quatrieme  ele- 
ments  du  second  systeme  (D'),  la  seconde  extremite 
du  premier  element  de  membrure  etant  accouplee  de 

45  facon  pivotante  a  la  seconde  extremite  du  second  ele- 
ment  de  membrure  en  un  premier  point  (G1)  qui  est 
situe  sur  une  premiere  ligne  droite  imaginaire  (50) 
passant  par  les  centres  des  systemes  ;  et 

un  amortisseur  visqueux  (21),  un  actionneur 
so  de  commande  (22)  et  un  ressort  (23),  dont  chacun  a 

une  premiere  extremite  accouplee  a  un  second  point 
de  la  structure  qui  est  situe  sur  une  seconde  ligne 
droite  imaginaire  passant  par  ledit  premier  point  et  un 
troisieme  point  situe  sur  la  premiere  ligne.  et  une 

55  seconde  extremite  accouplee  audit  premier  point. 
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