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that  they  are  best  applied  in  the  form  of  pads  that 
couple  bodies  at  opposed  and  parallel  surfaces  of 
said  bodies,  the  surfaces  being  chosen  such  that 
the  relative  motions  between  them  that  occur 

5  during  vibratory  service  induce  only  shearing  of 
the  pads,  and  not  compression,  extension  or 
rocking.  The  pads  are  of  uniform  thickness  to  fill 
the  space  between  the  opposed  and  parallel 
surfaces,  but  their  cross-sectional  shapes  (in 

10  planes  parallel  to  those  surfaces)  are  generally 
not  restricted  by  considerations  of  damping  effec- 
tiveness.  Shapes  that  are  easy  to  fabricate  are 
ordinarily  employed.  For  example,  the  elastomer 
pads  used  for  suspending  the  engines  in  many 

w  cars  are  square  or  rectangular  in  cross  section. 
It  should  also  be  understood  that  where  the 

spring  constant  and  strength  of  an  elastomer  pad 
are  important,  choices  and  compromises  may  be 
made  among  (1)  the  elastomer  composition,  (2) 

20  the  thickness  of  the  pad  and  (3)  the  cross-sec- 
tional  area  of  the  pad.  The  multiplicity  of  options 
available  generally  assures  that  a  small  number 
of  required  characteristics  (spring  constant  and 
strength)  can  be  satisfactorily  provided.  This  ease 

25  of  achieving  a  desired  combination  of  characteris- 
tics  was  not  forthcoming  in  the  selection  of  pads 
for  the  subject  invention,  however.  The  require- 
ment  that  the  rotational  spring  constant  of  the 
elastomer  suspension  have  a  certain  value  or, 

30  more  exactly,  have  a  certain  ratio  to  the  transla- 
tional  spring  constant,  severely  restricted  the 
choice  as  to  the  configuration  of  the  elastomer 
pads. 

The  restriction  reflected  the  conflict  between 
35  three  requirements.  The  first  was  the  requirement 

that  the  ratio  of  rotational  to  translational  spring 
constants  have  a  certain  value.  Now  this  ratio  is  in 
practice  a  function  of  the  mean-square  radius  of 
the  pad's  cross  section.  For  example,  if  the  pad 

40  takes  the  form  of  a  thin  ring  of  a  certain  radius, 
then  the  ratio  of  rotational  to  translational  spring 
constants  is  the  square  of  that  radius.  For  cross 
sections  having  other  shapes,  the  calculation  of 
mean-square  radius  is  more  complicated,  but 

45  mathematical  tables  exist  that  provide  such  infor- 
mation  for  many  shapes. 

The  second  requirement  contributing  to  the 
conflict  had  to  do  with  the  strength  of  the  pads. 
Two  types  of  strength  were  of  concern.  One  was 

so  the  strength  with  respect  to  the  vibratory  motions 
the  damper  would  experience.  These  movements 
would  subject  the  pad  to  shearing  and  could  lead 
to  tearing  or  of  fatigue  of  the  elastomer  were  the 
shear  strains  in  the  elastomer  too  great.  These 

55  strains  can  be  minimized  by  using  pads  of  gener- 
ous  thickness  so  that  the  relative  movements  of 
the  opposed  parallel  surfaces  can  be  absorbed  by 
a  large  thickness  of  elastomer  material.  The  other 
strength  requirement  becomes  of  concern  when 

60  the  pad  is  of  such  great  thickness,  but  small  cross 
section,  that  it  may  be  considered  to  be  a  column 
or  a  wall  subject  to  buckling.  The  most  convenient 
means  of  assembly  for  the  dampers  of  the  inven- 
tion  is  often  to  compress  them  together  in  the 

65  form  of  a  sandwich  with  the  pads  held  in  place  by 

Description 

Background  of  the  Invention 
The  subject  invention  relates  generally  to  a 

novel  concept  and  device  employing  elastomers 
as  the  mechanism  for  damping  the  vibrations  of 
structures  subject  to  vibration. 

The  best  known  and  commercially  successful 
seismic  device  for  damping  overhead  conductors 
is  the  Stockbridge  damper.  Such  a  damper  com- 
prises  a  stranded  steel  cable,  two  weights 
attached  respectively  to  the  ends  of  the  cable  and 
a  conductor  clamp  attached  to  the  cable  at  a 
location  intermediate  the  weights.  With  vibration 
of  the  conductor,  the  inertia  of  the  weights  causes 
working  of  the  cable  such  that  friction  between 
the  strands  of  the  cable  dissipates  the  energy  of 
vibration  to  the  surrounding  atmosphere  in  the 
form  of  heat.  The  Stockbridge  damper  has  two 
resonant  modes  of  motion,  with  each  mode  com- 
bining  rotation  and  vertical  translation  of  the 
weight  in  differing  proportions. 

U.S.  Patent  3,597,522  to  Kobayashi  shows  two 
tubular  elastomer  elements  supported  between 
the  housing  of  a  conductor  clamp  and  the  "fish- 
tail"  of  an  inertial  weight.  The  center  of  gravity  of 
the  inertial  weight  is  substantially  off  center  from 
a  straight  line  drawn  through  the  elastomer 
elements  and  fishtail  such  that  when  the  conduc- 
tor  to  which  the  clamp  is  attached  vibrates  the 
elastomer  elements  are  compressed  between  the 
housing  and  fishtail. 

In  U.S.  Patent  3,478,160  to  Reed,  a  single 
elastomer  bushing  is  employed  to  support  a  mass 
from  an  overhead  conductor  in  a  manner  that 
locates  the  center  of  gravity  of  the  mass  in  three 
mutually  orthogonal  planes  that  are  offset  from 
the  center  of  suspension  of  the  mass.  Such  a 
device  provides  "coupled"  modes  of  vibration 
that  offer  damping  at  different  frequencies  of 
vibration  of  an  overhead  conductor. 

In  designing  the  damper  of  the  subject  inven- 
tion,  approximations  of  seismic  mass,  radius  of 
gyration  of  the  mass,  the  location  of  the  center  of 
gravity  of  the  mass  and  certain  other  dimensions 
were  determined  by  computer  simulation.  The 
simulation  indicated  that  the  dimensions  of  a 
good  damping  device  required  a  certain  spring 
constant  for  both  vertical  and  horizontal  transla- 
tion  of  the  mass  with  respect  to  its  supporting 
clamp  as  well  as  a  certain  rotational  spring  con- 
stant.  When  these  several  spring  constants  were 
sought  in  a  practical  construction,  it  was  found 
that  they  could  not  be  obtained  simultaneously 
except  in  a  very  singular  configuration. 

It  should  be  understood  that  damping  elasto- 
mers  were  intended  for  use  as  the  spring-like 
elements  of  the  subject  invention  because  such 
materials  incorporate  sufficient  hysteresis  in  their 
characteristics  that  no  other  source  of  energy 
dissipation  is  needed.  These  materials  also  lend 
themselves  to  easy  and  economical  fabrication  in 
any  desired  shape.  However,  the  damping 
capabilities  of  elastomers  are  greatest  when  they 
are  deflected  in  shear  rather  than  extension,  such 
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two  is  the  smallest  number  of  pads  that  permits 
placement  of  the  pads  directly  on  the  circle  of 
effort.  Clearly  then,  they  must  be  located  dia- 
metrically  opposite  one  another  because  the 

5  center  effort  must  fall  between  them.  However, 
the  orientation  of  the  diameter  that  they  defined  is 
arbitrary,  and  may  be  selected  to  suit  manufactur- 
ing  convenience. 

Another  objective  of  the  invention  is  to  achieve 
10  in  combination,  which  has  heretofore  been  unob- 

tainable,  (1)  a  translational  spring  constant,  (2)  a 
predetermined  ratio  of  rotational  to  translational 
spring  constants  and  (3)  a  suitable  strength  in  the 
elastomer  suspension,  as  required  by  the  above 

is  computer  analysis.  A  result  of  this  is  a  highly 
compact  and  efficient  damping  device. 

The  concentrated  elastomer  pads  or  structures 
of  the  invention  are  located  on  a  circle  of  effort 
that  lies  in  a  plane  that  contains  relative  vertical 

20  and  horizontal  degrees  of  freedom  for  the  inertial 
weight  or  mass  of  the  device  and  the  arm  of  a 
clamping  means.  The  elastomer  structures  are 
sandwiched  between  the  arm  and  the  inertial 
weight  and  support  the  weight  on  the  arm.  A  line 

25  drawn  through  the  center  of  gravity  and  center  of 
effort  extends  at  an  angle  of  40  to  50°  to  the 
vertical,  such  that  with  vertical  movement  of  the 
structure  to  which  the  device  is  attached  a  shear- 
ing  motion  is  applied  to  the  elastomer  structures 

30  in  a  vertical  direction.  Shearing  motion  is  also 
applied  in  a  horizontal  direction  by  virtue  of  the 
offset  center  of  gravity  of  the  mass  working 
against  the  clamp  arm.  The  offset  center  of 
gravity  of  the  weight  also  converts  vertical  motion 

35  of  the  weight  to  a  rotational  motion  about  the 
center  of  the  circle  of  effort  of  the  damping 
structures  and  in  the  plane  of  the  vertical  and 
horizontal;  this  results  in  a  torsional  or  twisting 
action  of  the  elastomer  structures.  Thus,  the 

40  motions  that  the  weight  of  the  damper  execute 
during  vibratory  service,  with  respect  to  the 
supporting  clamp  arm  or  extension,  are  vertical 
and  horizontal  motion  and  rotational  motion,  all 
of  these  in  the  plane  in  which  the  elastomer  pads 

45  are  sheared.  The  spring  constants  with  which  the 
elastomer  pad  system  restrains  and  controls 
these  motions  are  the  primary  concern  of  the 
invention.  The  invention  permits  the  combination 
of  spring  constants,  shown  to  be  desirable  by 

so  computer  simulation,  to  be  realized  in  practice. 

compression,  as  will  be  discussed  below.  The 
likelihood  of  buckling  the  pads  may  be  minimized 
by  using  pads  of  generally  squat  shape. 

These  two  strength  aspects  in  combination  lead 
to  use  of  pads  that  are  thick  and  squat,  that  is, 
with  diameter  equal  to  or  greater  than,  say,  half 
the  thickness.  The  requirement  for  a  certain  rota- 
tional  to  translational  spring  constant  ratio  how- 
ever,  also  imposes  a  limitation  on  the  diameter  as 
explained  above. 

The  third  requirement  contributing  to  the  con- 
flict  was  the  fact  that  elastomers  having  desirable 
properties  over  a  broad  enough  range  of 
temperatures  to  make  them  suitable  for  use  on 
transmission  lines  also  were  fairly  stiff,  that  is, 
they  had  fairly  high  modulus  of  shear.  The  effect 
of  this  was  that  pads  with  great  enough  diameter 
to  satisfy  spring  constant  ratio  requirements  and 
small  enough  in  thickness  to  be  considered  squat 
were  also  much  too  stiff. 

Consideration  was  given  to  configuring  the  pad 
as  a  ring  so  as  to  reduce  its  stiffness  by  reducing 
the  area  of  the  pad.  The  ratio  of  spring  constants 
could  then  be  preserved  by  choosing  the  radius 
as  explained  above.  When  the  areas  was  suffi- 
ciently  reduced  using  this  procedure,  however, 
the  wall  thickness  of  the  ring  (in  the  radial  direc- 
tion)  became  small  compared  with  pad  thickness, 
and  the  danger  arose  of  wall  collapse  occurring 
similar  to  what  happens  when  one  steps  on  the 
end  of  a  beverage  can.  It  was  this  combination  of 
constraints  that  comprised  the  problem  which  the 
present  invention  addresses. 

The  severity  of  the  problem  was  aggravated  by 
the  fact  that  practical  design  militates  in  favor  of 
utilizing  not  one  but  two  pads  in  the  damper  so 
that  the  inertial  mass  may  be  fabricated  in  two 
halves  which  on  assembly  embrace  between 
them  the  two  elastomer  pads  which  in  turn 
embrace  between  them  a  tongue,  extension  or 
arm  of  the  conductor-engaging  clamp.  In  such  a 
structure,  doubling  the  number  of  pads  doubles 
the  effective  spring  constants  of  the  elastomer 
suspension  because  the  pads  act  mechanically  in 
parallel.  To  regain  the  spring  constants  afforded 
by  a  single  pad,  it  is  necessary  to  double  the 
thickness  of  each  of  the  two  pads  thus  making 
their  walls  even  more  prone  to  buckling. 

The  cure  for  this  problem,  which  is  a  primary 
objective  of  the  invention,  is  to  separate  the 
damping  pad  area  into  several  discrete  areas.  In 
this  way  the  ratio  between  translational  and 
rotational  spring  rates  can  be  determined  by 
choosing  the  spacing  between  the  areas  appro- 
priately. 

Referring  to  the  conflicting  requirements  of 
frequency  ratio,  strength  and  the  use  of  relatively 
high-modulus  pad  material,  it  was  found  that  this 
conflict  was  best  resolved  by  dividing  the  pad 
area  into  only  two  parts,  these  being  of  equal 
area.  This  division  yields  the  most  stable  column 
for  carrying  the  compression  load  and  for  holding 
the  sandwich  together,  since  the  "squatness"  of 
the  column  becomes  greater,  given  the  total  pad 
area,  if  the  number  of  columns  is  reduced,  and 

The  Drawings 
The  present  invention  will  best  be  understood 

from  consideration  of  the  following  detailed  dis- 
cussion  in  connection  with  the  accompanying 
drawings  in  which: 

Figures  1  and  2  thereof  show  schematically  side 
elevation  views  of  two  embodiments  of  the  inven- 
tion; 

Figure  3  is  a  sectional  view  of  the  damping 
device  of  the  invention;  and 

Figure  4  shows  schematically  four  elastomer 
damping  structures  located  on  a  circle  of  damp- 
ing  effort. 

55 

60 

65 
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arm  12,  the  two  pads  on  each  side  must  be 
diametrically  opposed  on  the  circle,  but  the  two 
on  one  side  may  be  rotated  from  the  other;  in  Fig. 
4  they  are  rotated  90°  through  any  degree  of 

5  rotation  or  no  rotation  will  provide  effective  and 
efficient  damping. 

The  size  (mass)  of  16  and  the  length  of  its  lever 
arm  (from  CE)  are  such  that  with  vertical  vibration 
of  the  structure  (14)  to  which  device  10  is  attached 

10  and  the  resulting  vibrating  motion  of  clamp  arm 
12,  the  inertia  of  16  places  the  elastomer  struc- 
tures  in  shear;  this  works  the  elastomers  at  the 
frequency  of  the  vibration  thereby  producing  heat 
(hysteresis  losses)  in  the  elastomers;  the  heat  is 

is  dissipated  to  the  atmosphere  at  a  rate  greater 
than  the  rate  at  which  the  wind  supplies  energy  to 
the  structure  if  the  structure  is  an  overhead 
conductor.  In  this  manner,  vibration  of  14  is 
damped. 

20  More  particularly,  vibrating  motion  of  the 
weight  16  in  working  the  elastomers  is  vertical, 
horizontal  and/or  rotational,  the  above  ratio  of 
rotational  to  translational  spring  constants  pro- 
viding  a  high  degree  of  damping  efficiency. 

25 
Claims 

1.  A  vibration  damping  device  comprising  an 
arm  (12),  clamping  means  for  attaching  the  arm  to 

30  a  vibrating  object  to  be  damped,  and  an  inertia! 
weight  member  (16)  suspended  from  said  arm  by 
elastomeric  means  such  that  the  inertia!  weight 
member  can  undergo  translation  in  the  plane  of 
the  arm  and  rotation  about  an  axis  normal  to  this 

35  plane,  characterized  in  that  the  elastomeric 
means  comprises  at  least  two  elastomeric  pads 
(18,  19)  spaced  apart  in  the  plane  of  the  arm  (12) 
and  acting  in  shear  between  the  arm  and  the 
inertial  weight  member  (16),  the  spacing  of  the 

40  elastomeric  pads  being  chosen  to  achieve  a 
desired  ratio  between  their  rotational  and  transla- 
tional  spring  constants  for  movement  of  the 
inertial  weight  member  with  respect  to  the  arm. 

2.  A  damping  device  according  to  claim  1,  in 
45  which  a  line  drawn  through  the  center  of  weight 

member  (16)  and  the  center  of  effort  of  the 
elastomer  pads  (18  and  19)  extends  at  an  angle  to 
the  vertical  of  40°  to  50°. 

3.  A  damping  device  according  to  claim  1  or  2, 
so  in  which  the  suspension  system  comprises  two 

pairs  of  elastomer  pads  (18a  and  band  19a  and  b), 
with  the  pads  of  each  pair  being  diametrically 
opposed  to  one  another. 

55  Patentanspruche 

1.  Schwingungsdampfer  mit  einem  Arm  (12), 
einer  Klemmeinrichtung  zum  Anbringen  des 
Arms  an  einem  zu  dampfenden  schwingenden 

60  Gegenstand  und  einem  Tragheitsglied  (16)  das  an 
dem  Arm  mit  elastomeren  Mitteln  derart  aufge- 
hangt  ist,  daft  das  Tragheitsglied  in  der  Ebene  des 
Arms  eineTranslationsbewegung  und  um  eine  zu 
dieser  Ebene  normalen  Achse  eine  Drehbewe- 

65  gung  ausfiihren  kann,  dadurch  gekennzeichnet, 

Preferred  Embodiment 
Referring  now  to  Figs.  1  to  3  of  the  drawings,  a 

damping  device  10  of  the  invention  is  shown 
diagrammatically.  The  device  comprises  means 
12  having  one  end  for  clamping  to  a  structure  14 
subject  to  vibration  in  a  vertical  direction,  such  as 
an  overhead  electrical  conductor,  and  another 
end  (or  ends  in  Fig.  2)  supporting  an  inertial 
weight  member  or  mass  16.  Supporting  the 
weight  member  on  the  clamp  means,  or  clamp 
arm,  are  at  least  two,  spaced  apart  elastomer 
pads  or  structures  18  and  19;  this  is  best  seen  in 
the  sectional  view  of  the  device  depicted  in  Fig.  3. 
More  particularly,  the  weight  member  is  spaced 
from  the  clamp  means  such  that  a  space  is 
provided  on  opposed  sides  of  the  clamp  means  to 
accommodate  the  elastomers.  This  provides  a 
sandwich  structure  comprising  the  weight  on  the 
outside,  as  two  outside  layers  16A  of  the  sand- 
wich,  and  the  clamp  12  as  a  middle  or  inter- 
mediate  layer.  Between  these  three  layers  are 
located  the  elastomer  pads  to  complete  the  sand- 
wich.  The  elastomers  may  be  divided  in  two  (a 
and  b  in  Fig.  3),  or  18  and  19  may  be  integral  pads 
extending  through  openings,  as  shown  in  Figure 
3,  provided  in  arm  12. 

Elastomers  18  and  19  are,  in  addition,  diametri- 
cally  located  on  a  circle  20  (shown  in  dash  outline 
in  Figs.  1  and  2)  located  about  a  so-called  center 
of  effort  CE.  The  radius  of  circle  20  is  chosen  as 
discussed  above  to  provide  the  desired  ratio  of 
rotational  to  translational  spring  constants.  The 
shape  of  elastomers  18  and  19  (on  circle  20)  is 
columnar  to  provide  the  strength  needed  for 
damping  devices.  The  length  of  the  column  is 
relatively  short  to  provide  a  relatively  squat  struc- 
ture  to  minimize  the  tendency  to  buckle,  as 
discussed  above. 

Weight  16  is  positioned  relative  to  the  elasto- 
mers  such  that  its  center  of  gravity  CG  is  spaced 
from  but  in  line  with  the  center  of  effort  CE  of  the 
elastomers  and  offset  therefrom  at  an  angle  of 
between  40  and  50°  with  respect  to  the  vertical 
and  horizontal.  This  provides  the  weight  with  an 
effective  lever  and  the  elastomers  with  sub- 
stantially  equal  spring  constants  for  purely  verti- 
cal  and  purely  horizontal  displacement  of  the 
clamp  means  and  weight  when  structure  14  vib- 
rates.  In  addition,  rotational  movement  of  the 
weight  about  the  center  of  effort  of  the  elastomers 
and  in  the  plane  of  their  circle  of  effort  is  provided 
when  14  vibrates,  as  the  weight  has  a  certain 
moment  of  inertia  in  a  plane  parallel  to  that  of  the 
circle  of  effort. 

Figs.  1  and  2  show  embodiments  in  which  the 
elastomers  18  and  19  occupy  two  different  posi- 
tions  on  the  circle  20.  The  locations  of  the  elasto- 
mers  on  the  circle  are  immaterial  for  purposes  of 
the  invention,  other  than  that  each  pair  must  be 
diametrically  opposed  with  respect  to  the  centre 
of  effort. 

For  example,  if  the  two  elastomer  pads  18  and 
19  shown  in  the  end  view  presented  in  Fig.  3 
actually  comprise  four  elements,  i.e.,  two  (18a 
and  19a,  and  18b  and  19b)  on  each  side  of  clamp 



EP  0 1 4 8   456  B1 8 

pour  attacher  le  bras  a  un  objet  vibrant  dont  on 
veut  amortir  les  vibrations,  et  une  masselotte 
d'inertie  (16)  suspendue  audit  bras  par  des  ele- 
ments  en  elastomere  de  sorte  que  la  masselotte 

5  d'inertie  peut  effectuer  une  translation  dans  le 
plan  du  bras  et  une  rotation  autour  d'un  axe 
perpendiculaire  a  ce  plan,  caracterise  en  ce  que 
les  elements  en  elastomere  comprennent  au 
moins  deux  tampons  en  elastomere  (18,  19) 

w  mutuellement  espaces  dans  le  plan  du  bras  (12)  et 
agissant  en  cisaillement  entre  le  bras  et  la  masse- 
lotte  d'inertie  (16),  I'espacement  des  tampons  en 
elastomere  etant  choisi  de  maniere  a  obtenir  un 
rapport  desire  entre  leurs  constantes  d'elasticite 

is  en  rotation  et  en  translation  pour  le  mouvement 
de  la  masselotte  d'inertie  par  rapport  au  bras. 

2.  Dispositif  d'amortissement  suivant  la  reven- 
dication  1,  dans  lequel  une  ligne  passant  par  le 
centre  de  la  masselotte  (16)  et  le  centre  d'effort 

20  des  tampons  en  elastomere  (18  et  19)  est  inclinee 
de  40°  a  50°  par  rapport  a  la  verticale. 

3.  Dispositif  d'amortissement  suivant  la  reven- 
dication  1  ou  2,  dans  lequel  le  systeme  de  suspen- 
sion  comprend  deux  paires  de  tampons  en  elasto- 

25  mere  (18a  et  b  et  19a  et  b),  les  tampons  de  chaque 
paire  etant  diametralement  opposes  I'un  a  I'autre. 

dalX  die  elastomeren  Mittel  mindestens  zwei  ela- 
stomere  Korper  (18,  19)  aufweisen,  die  in  der 
Ebene  des  Arms  (12)  im  Abstand  voneinander 
angeordnetsind  und  zwischen  dem  Arm  und  dem 
Tragheitsglied  (16)  auf  Scherung  beansprucht 
sind,  und  daB  der  Abstand  der  elastomeren  Kor- 
per  voneinander  so  gewahlt  ist,  dafS  zwischen 
ihren  Torsions-  und  Translationsfederkonstanten 
fur  die  Bewegung  des  Tragheitsgliedes  gegen- 
uber  dem  Arm  ein  gewiinschtes  Verhaltnis  erzielt 
wird. 

2.  Dampfer  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da  (5  die  den  Mittelpunkt  des  Tragheits- 
gliedes  (16)  und  den  Beanspruchungsmittelpunkt 
der  elastomeren  Korper  (18  und  19)  verbindende 
Linie  sich  unter  einem  Winkel  von  40  bis  50  Grad 
zur  Vertikalen  erstreckt. 

3.  Dampfer  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  daS  die  Aufhangung  zwei  Paare 
von  elastomeren  Korpern  (18a  und  b,  19a  und  b) 
aufweist  und  die  Korper  jedes  Paares  einander 
diametral  genenuberliegen. 

Revendications 

1.  Dispositif  d'amortissement  des  vibrations, 
comprenant  un  bras  (12),  des  moyens  de  serrage 
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