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(54)  Mandrel  for  supporting  the  inside  wall  of  a  pipe  during  the  cold-bending  of  said  pipe  in  a 
p ress  

(57)  A  device  for  the  cold  bending  of  pipes  in  a  substantially  rigid  separator  elements  between  the 
press,  comprising  a  plurality  of  substantially  cylindrical  disks, 
elastically  deformable  disks  as  a  means  of  supporting 
the  inside  wall  of  the  pipe  to  be  bent  and  one  or  more 
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Description 

[0001  ]  The  present  invention  relates  to  a  device  for 
supporting  the  inside  wall  of  a  pipe  during  the  cold 
bending  of  the  same  pipe  by  means  of  a  press. 
[0002]  During  the  processes  of  cold  bending  pipes,  it 
is  necessary  to  insert  a  structure  to  support  the  inside 
wall  of  the  pipe,  known  generally  as  a  bending  mandrel, 
to  avoid  deformation  of  the  inner  section  of  the  pipe  and 
the  wrinkling  of  the  same  pipe  which  is  found  prevalently 
on  the  inside  curve  of  the  bending. 
[0003]  Some  examples  of  a  bending  mandrel  already 
known  in  the  art  are  described  in  the  U.S.  patent  nr. 
4493203.  In  one  embodiment  described  in  this  U.S.  pat- 
ent,  the  device  comprises  essentially  an  hydraulic  actu- 
ator  which  allows  to  compress  a  plurality  of  close- 
packed  elastically  deformable  disks  made  of  urethane 
and  mounted  freely  slidable  on  a  structure  of  rigid  rods 
or  tie  rods.  According  to  another  embodiment,  the  pack- 
age  of  disks  is  replaced  by  a  single  elastically  deforma- 
ble  tubular  element  mounted  on  a  hollow  shaft  made  of 
spring  steel.  In  either  case,  the  disks  or  the  tubular  ele- 
ment  is  compressed  by  a  piston  operated  by  the  hydrau- 
lic  actuator  against  a  fixed  flange  at  the  opposite 
extremity  with  respect  to  the  hydraulic  actuator. 
[0004]  However,  the  devices  so  produced,  have  vari- 
ous  drawbacks.  For  instance,  according  to  the  first 
embodiment  shown  in  the  cited  U.S.  patent,  the  elastic 
support  elements  are  mounted  freely-slidable  and  oper- 
ated  by  means  of  rigid  rods.  In  this  case,  the  stress  gen- 
erated  by  bending  the  pipe  is  therefore  absorbed  by  the 
elastic  material  alone. 
[0005]  That  subjects  the  same  material,  above  all  in 
the  extremity  sections,  to  very  severe  deformation  dur- 
ing  the  pipe-bending  phase.  The  result  is  therefore  a 
reduction  in  the  lifetime  of  the  elastic  material,  which 
considerably  effects  the  operating  costs. 
[0006]  In  any  case,  one  of  the  main  drawbacks  of  the 
device  thus  produced  is  the  irregular  deformation  of  the 
material  of  the  elastic  support  elements. 
[0007]  In  both  the  forms  of  embodiment  described  in 
the  cited  U.S.  patent,  the  force  produced  by  the  piston 
against  the  fixed  flange  cannot  be  transmitted  equally 
along  all  the  section  of  the  disks  or  of  the  tubular  ele- 
ment,  because  of  the  elastic  characteristics  of  the  mate- 
rial.  That  makes  the  action  of  the  mandrel  ineffective, 
above  all  where  the  deformation  of  the  material  in  the 
radial  direction  is  not  such  as  to  exert  a  lot  of  pressure 
against  the  inside  wall  of  the  pipe  subjected  to  bending. 
[0008]  This  drawback  becomes  more  marked  as  the 
size  of  the  mandrel  and/or  of  the  pipe  to  be  bent 
increases. 
[0009]  The  object  of  the  present  invention  is  to  pro- 
pose  a  device,  or  bending  mandrel,  to  support  the  inside 
wall  of  a  pipe  during  cold  bending  which  uniformly  dis- 
tributes  the  supporting  pressure  along  the  inside  wall  of 
the  pipe  for  all  the  length  involved  in  the  bending. 
[001  0]  Another  object  of  the  present  invention  is  to 

propose  a  device,  or  bending  mandrel,  that  requires 
reduced  operating  costs  and  maintenance  compared 
with  known  types  of  mandrels. 
[001  1  ]  A  further  object  of  the  present  invention  is  to 

5  propose  a  device,  or  bending  mandrel,  which  is  less 
cumbersome  and  therefore  can  also  be  used  for  bend- 
ing  small  diameter  pipes. 
[0012]  These  objects  are  achieved  by  the  present 
invention,  which  relates  to  a  device  for  the  cold  bending 

10  of  pipes  in  a  bending  press,  of  the  type  comprising  a 
plurality  of  substantially  cylindrical  elastically  deforma- 
ble  disks  as  a  means  for  supporting  the  inside  wall  of 
the  pipe  to  be  bent,  and  means  for  causing  the  radial 
expansion  of  the  disks,  characterised  in  that  the  means 

15  for  causing  the  radial  expansion  of  the  disks  comprise 
one  or  more  substantially  rigid  separator  elements 
between  the  disks. 
[001  3]  By  using  rigid  separator  elements  between  the 
disks,  the  compression  pressure  of  the  hydraulic  actua- 

20  tor  is  substantially  uniform  on  all  the  disks  and  their 
deformation  in  the  radial  direction  is  equally  uniform.  In 
other  words,  the  principal  function  of  the  separator  ele- 
ments  is  to  allow  a  correct  and  uniform  radial  expansion 
of  the  elastically  deformable  disks. 

25  [0014]  Therefore,  the  device  according  to  the  inven- 
tion  allows  substantially  uniform  pressure  to  be  exerted 
on  all  the  inside  wall  of  the  pipe  for  all  of  the  length 
involved  in  the  bending. 
[001  5]  In  particular,  the  package  comprising  the  elas- 

30  tically  deformable  disks  and  their  related  separator  ele- 
ments  is  contained  between  two  substantially  rigid 
extremity  flanges  which  act  respectively  on  the  first  and 
last  of  the  elastically  deformable  disks. 
[001  6]  According  to  a  preferred  aspect  of  the  inven- 

35  tion,  the  surfaces  of  the  separator  elements  and  of  the 
flanges  in  contact  with  the  elastically  deformable  disks 
are  conical.  In  particular,  the  conical  surfaces  are  each 
oriented  with  the  vertex  turned  toward  the  surface  of  the 
disk  with  which  they  are  mutually  in  contact.  That  allows 

40  the  elastic  disks  to  deform  in  such  a  way  as  to  keep  as 
much  as  possible  the  configuration  of  the  cylindrical 
side  surface  of  each  disk  in  contact  with  the  inside  wall 
of  the  pipe. 
[001  7]  The  device  preferably  comprises  a  plurality  of 

45  cylindrical  rods  inserted  into  a  central  through  hole  in 
the  disks  and  the  separator  elements,  and  each  con- 
nected  at  their  adjacent  extremities  to  one  or  more  artic- 
ulation  elements.  In  this  way,  the  articulated  rods  follow 
the  bending  imparted  to  the  pipe  while  avoiding  exces- 

50  sive  or  irregular  deformations  of  the  elastic  disks. 
[0018]  In  particular,  at  least  one  articulation  element 
is  arranged  between  a  first  and  a  last  elastically  deform- 
able  disks.  Depending  on  the  length  of  the  mandrel,  and 
of  the  package  of  elastic  disks  in  particular,  more  inter- 

55  rod  articulation  elements  could  also  be  provided.  A  fur- 
ther  articulation  element  is  provided  between  the  shaft 
of  the  hydraulic  actuator  and  one  of  the  rods. 
[001  9]  The  hydraulic  actuator  preferably  comprises  a 
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double-acting  cylinder. 
[0020]  Such  a  cylinder  moves  a  mobile,  substantially 
rigid  extremity  flange,  bound  to  the  extremity  of  one  of 
the  rods,  in  order  to  cause  the  radial  expansion  of  the 
disks.  The  mobile  flange  acts  on  the  last  elastically 
deformable  disk,  while  at  the  opposite  end,  integral  with 
the  body  of  the  double-acting  cylinder,  there  is  a  fixed 
extremity  flange  which  acts  on  the  first  elastically 
deformable  disk. 
[0021]  The  use  of  a  double-acting  cylinder,  unlike 
what  is  provided  in  the  known  devices,  also  allows  the 
disks  to  return  more  rapidly  to  their  original  size  after  the 
bending  has  been  completed.  This  is  particularly  impor- 
tant  in  the  case  in  which  more  than  one  phase  of  bend- 
ing  must  take  place.  In  the  presses  known  at  present, 
such  as,  for  instance,  that  illustrated  in  the  U.S.  patent 
nr.  4493203,  limited  bending  of  the  pipe  is  achieved  at 
each  step.  To  get  a  more  pronounced  bending,  it  is  nec- 
essary  to  subject  the  pipe  to  more  successive  bending 
steps  in  near-by  points.  That  could  mean  a  large 
number  of  phases  of  tensioning  the  mandrel,  of  bend- 
ing,  of  relaxing  the  elastic  elements  and  then  of  shifting 
the  mandrel,  in  which  case  it  is  particularly  important  to 
accelerate  as  much  as  possible  the  elastic  recovery  of 
the  disks  to  their  original  form. 
[0022]  Preferably,  the  elastically  deformable  disks  are 
made  of  elastomeric  polyurethane  and  comprise  a 
recess  on  each  face  to  receive  the  separator  elements 
in  a  such  way  as  to  retain  the  separator  elements  in  the 
correct  position  when  the  mandrel  is  not  in  tensioned 
state. 
[0023]  It  is  evident  that  the  particularly  simple  and 
compact  embodiment  of  the  bending  mandrel  according 
to  the  invention  also  allows  its  use  with  pipes  having 
particularly  reduced  diameter. 
[0024]  Further  advantages  and  characteristics  of  the 
present  invention  will  become  more  evident  from  the  fol- 
lowing  description,  which  is  illustrative  and  not  limitative, 
with  particular  reference  to  the  attached  drawings,  in 
which: 

Figure  1  is  a  top  view  of  a  form  of  embodiment  of 
the  device  according  to  the  present  invention; 
Figure  2  is  a  schematic  side  elevation  view  of  the 
device  of  Figure  1  inserted  into  a  pipe  and  in  ten- 
sioned  state; 
Figure  3  is  an  enlarged  view,  in  partial  section,  of  a 
detail  of  the  device  of  Figure  1  ; 
Figure  4  is  a  side  view  of  a  separator  element  of  the 
device  according  to  the  present  invention; 
Figure  5  is  a  plan  view  of  the  separator  element  of 
Figure  4; 
Figure  6  is  a  side  view  of  an  elastically  deformable 
disk  of  the  device  according  to  the  present  inven- 
tion; 
Figure  7  is  a  plan  view  of  the  elastically  deformable 
disk  of  Figure  6;  and 
Figure  8  is  a  schematic  view  in  side  elevation  of  the 

device  of  Figure  1  inserted  into  a  pipe  and  in  ten- 
sioned  state  after  a  first  phase  of  bending  of  the 
pipe. 

5  [0025]  The  device  shown  in  Figure  1  comprises  a  plu- 
rality  of  disks  1  ,  made  of  an  elastically  deformable  mate- 
rial,  which  form  the  means  of  supporting  the  inside  wall 
of  the  pipe  to  be  bent. 
[0026]  The  entire  package  of  disks  1  is  held  between 

10  a  substantially  rigid  extremity  flange  2,  fixed  to  the  body 
of  a  hydraulic  actuator  5  by  means  of  a  series  of  col- 
umns  3  and  a  couple  of  rigid  plates  4.  The  flange  2  is 
therefore  in  contact  with  a  first  one  of  the  disks  1  . 
[0027]  At  the  opposite  end  of  the  package  of  disks  1  , 

15  the  device  is  provided  with  an  extremity  flange  6,  con- 
nected  to  the  shaft  7  of  the  hydraulic  actuator  5  by 
means  of  a  series  of  cylindrical  rods  8a  and  8b.  The 
flange  6  is  therefore  mobile  with  respect  to  the  structure 
of  the  device  and  is  in  contact  with  a  last  one  of  the 

20  disks  1  . 
[0028]  The  cylindrical  rods  8a  and  8b  are  inserted  into 
central  through  holes  in  the  disks  1  and  are  mutually 
connected  at  their  adjacent  extremities  by  an  articula- 
tion  element  9.  The  latter  is  preferably  arranged  inside 

25  the  package  of  elastically  deformable  disks  1  . 
[0029]  A  further  articulation  element  10  is  preferably 
provided  between  the  shaft  7  of  the  hydraulic  actuator  5 
and  the  extremity  of  the  rod  8a. 
[0030]  Naturally,  depending  on  the  length  of  the  sup- 

30  port  device  and/or  of  the  angle  of  bending  imparted  to 
the  pipe  in  each  phase,  a  larger  number  of  rods  and  a 
larger  number  of  articulation  elements  could  be  pro- 
vided. 
[0031]  The  hydraulic  actuator  5  comprises  preferably 

35  a  double-acting  cylinder,  in  a  such  way  as  to  allow  not 
only  the  drawing  in  of  the  flange  6,  but  also  its  com- 
manded  release  to  accelerate  the  elastic  recovery  of  the 
disks  1  to  their  normal  configuration. 
[0032]  Figure  2  shows  the  support  device  in  tensioned 

40  state  inside  a  pipe  1  5  before  the  bending  of  the  same 
pipe.  The  device  is  inserted  into  the  pipe  15  in  non-ten- 
sioned  state  (Figure  1),  and  then  oil  under  pressure  is 
fed  to  the  hydraulic  actuator  5  by  means  of  one  of  the 
supply  lines  12  of  the  fluid  under  pressure.  The  piston 

45  1  4  draws  in  the  shaft  7,  the  rods  8a  and  8b,  and  there- 
fore  the  flange  6,  to  compress  the  package  formed  by 
the  disks  1  and  the  separator  elements  20  between  the 
same  mobile  flange  6  and  the  fixed  flange  2,  thus  caus- 
ing  the  radial  expansion  of  the  same  disks.  In  this  way, 

so  choosing  the  appropriate  dimensions  for  the  disks  1  and 
the  materials  from  which  they  are  made,  the  side  sur- 
faces  of  the  disks  are  pressed  against  the  inside  wall  of 
the  pipe  15  forming  a  substantially  continuous  surface 
of  contact  and  exerting  sufficient  pressure  to  support 

55  the  wall  of  the  pipe  during  bending.  At  this  point,  the 
pipe  1  5  can  be  bent  in  the  press  (not  shown)  through  a 
small  angle  p  (Figure  8)  without  suffering  wrinkling  or 
flaws. 
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[0033]  The  articulation  elements  that  connect  the  rods 
8a  and  8b  as  well  as  the  rod  8a  with  the  shaft  7,  com- 
prise  for  instance  pivots  9  and  10  inserted  into  transver- 
sal  through  holes  in  proximity  of  the  extremities  of  the 
rods,  in  such  a  way  as  to  allow  the  relative  rotation 
around  the  pivots  of  the  rods  and  of  the  shaft. 
[0034]  As  previously  mentioned,  it  is  advantageous  to 
provide  substantially  rigid  separator  elements  20 
between  the  disks  1  to  transmit  sufficient  axial  compres- 
sion  to  each  disk  1  in  order  to  cause  a  substantially  uni- 
form  radial  expansion  of  the  same  disks. 
[0035]  The  structure  of  the  package  of  disks  1  and  of 
the  separator  elements  20  is  shown  in  more  detail  in 
Figures  3  to  5. 
[0036]  In  Figure  3,  a  partial  section  around  the  articu- 
lation  element  9  is  shown. 
[0037]  As  can  also  be  seen  from  the  view  in  Figure  4, 
the  surfaces  21  of  the  separator  elements  20  which  are 
in  contact  with  the  disks  1  are  preferably  conical,  with 
the  vertex  22  of  the  generating  cone  turned  toward  the 
surface  of  the  disk  1  with  which  it  is  respectively  in  con- 
tact. 
[0038]  The  angle  a  between  the  inclination  of  the  con- 
ical  surface  and  a  corresponding  plane  surface  is  pref- 
erably  less  than  5°.  However,  different  angles  can  also 
be  selected  depending  on  the  material  used  for  the 
elastically  deformable  disks  and  on  the  external  diame- 
ter  of  the  same  disks. 
[0039]  As  shown  in  Figures  3  to  5,  the  separator  ele- 
ments  20  comprise  substantially  rigid  rings,  for  instance 
made  of  steel,  and  are  of  external  diameter  less  than 
that  of  the  elastically  deformable  disks  1  .  The  rings  20 
have  a  central  through  hole  23  of  diameter  larger  than 
the  external  diameter  of  the  rods  8a  and  8b  to  allow 
movement  of  the  same  rods  with  respect  to  the  rings  20 
during  the  bending  of  the  pipe. 
[0040]  The  flanges  2  and  6,  also  made  of  steel,  have 
a  conical  surface  on  the  face  in  contact  with  the  respec- 
tive  extremity  disks  1  .  Furthermore,  the  flange  2  has  a 
central  through  hole  23  substantially  similar  in  diameter 
to  the  hole  of  the  separator  elements  20. 
[0041  ]  Figures  6  and  7  show  an  elastically  deformable 
disk  1  preferably  made  of  elastomeric  polyurethane,  for 
instance  that  distributed  under  the  VULKOLLAN  trade- 
mark  by  Bayer,  with  a  Shore  hardness  rating  between 
70  and  100.  Other  suitable  materials  are  for  instance 
those  commercially  distributed  with  the  trademarks  ADI- 
PRENE  and  PHILAN.  The  disk  1  is  substantially  cylin- 
drical  with  a  pair  of  base  surfaces  on  which  are  provided 
recesses  31  that  retain  the  respective  separator  ele- 
ments  20. 
[0042]  The  disks  1  each  have  a  central  through  hole 
32  substantially  identical  in  diameter  to  the  external 
diameter  of  the  cylindrical  rods  8a  and  8b.  The  external 
diameter  of  the  disks  1  is  selected  depending  on  the 
diameter  of  the  pipe  to  be  bent  and  depending  on  the 
characteristics  of  the  material  of  the  same.  In  general, 
the  external  diameter  of  the  disks  1  in  their  normal  state 

is  about  2-15%  less  than  the  diameter  of  the  pipe  to  be 
bent.  This  value  varies,  however,  depending  on  different 
factors,  such  as  the  type  of  material  from  which  the 
disks  1  are  made,  their  dimensions  and  the  desired 

5  angle  through  which  the  pipe  will  be  bent. 
[0043]  For  instance,  for  the  bending  of  pipes  of  inside 
diameter  of  304.8  mm  (12  inches)  disks  in  VULKOLLAN 
of  external  diameter  of  about  295  mm  and  about  60  mm 
thick  have  been  used  successfully.  The  separator  ele- 

10  ments  were  of  external  diameter  of  1  20  mm  and  about 
6  mm  thick,  with  a  central  hole  of  about  60  mm.  The 
angle  a  (Figure  4)  of  the  conical  surfaces  of  the  separa- 
tor  elements  were  of  slightly  less  than  about  2°. 
[0044]  Figure  8  shows  a  pipe  1  5  that  has  been  sub- 

15  jected  to  bending  through  an  angle  p  while  using  a 
device  according  to  the  invention.  It  should  be  noticed 
that  the  disks  101,  201,  and  301  in  correspondence  to 
the  point  of  bending  are  deformed  in  such  a  way  as  to 
maintain  a  continuous  surface  of  contact  between  the 

20  same  disks  and  the  inside  wall  of  the  pipe  15.  The  rods 
8a  and  8b  have  been  clearly  rotated  around  the  pivot  of 
articulation  9  and  there  has  also  been  a  slight  rotation 
(not  shown  in  Figure  8  for  the  sake  of  simplicity)  around 
the  articulation  pivot  10  between  the  rod  8a  and  the 

25  shaft  7  of  the  hydraulic  actuator  5.  The  rotation  around 
the  pivot  1  0  would  be  more  evident,  however,  for  more 
pronounced  angles  of  bending  than  that  indicated  in  fig- 
ure,  or  for  bending  in  more  distant  points  from  that  rep- 
resented  in  Figure  8. 

30  [0045]  At  the  end  of  the  bending,  the  hydraulic  actua- 
tor  5  is  operated  by  sending  fluid  under  pressure  to  the 
supply  line  13,  in  such  a  way  as  to  facilitate  the  rapid 
return  of  the  disks  1  to  their  normal  shape.  At  this  point, 
the  device  could  be  moved  in  correspondence  of  a  new 

35  point  of  bending. 
[0046]  To  facilitate  the  movement  of  the  device  inside 
the  pipe,  suitable  means  to  allow  the  movement  of  the 
device  to  be  commanded,  can  also  be  provided,  for 
instance,  hydraulic  motors  or  the  like. 

40  [0047]  Some  tests  carried  out  on  pipes  of  inside  diam- 
eter  of  406.4  mm  (16  inches)  have  given  results  surpris- 
ingly  superior  to  those  obtainable  with  the  devices  of  the 
known  art.  In  particular,  using  a  device  according  to  the 
invention,  it  has  been  possible  to  bend  the  above  cited 

45  pipe  through  an  angle  of  about  8°  in  a  single  step  with- 
out  causing  surface  wrinkling. 
[0048]  With  the  known  mandrels,  it  was  only  possible 
to  bend  a  similar  pipe  in  a  single  step  through  a  maxi- 
mum  angle  of  about  1  .5°. 

so  [0049]  It  is  worth  mentioning  that  the  particularly  sim- 
ple  construction  and  reduced  bulk  of  the  device  accord- 
ing  to  the  invention  also  allows  its  use  with  pipes  of 
particularly  reduced  internal  diameter,  i.e.  internal  diam- 
eter  between  152.4  mm  (6  inches)  and  304.8  mm  (12 

55  inches). 
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Claims 

1.  Device  for  the  cold  bending  of  pipes  in  a  bending 
press,  of  the  type  comprising  a  plurality  of  substan- 
tially  cylindrical  elastically  deformable  disks  as  a  s 
means  for  supporting  the  inside  wall  of  a  pipe  to  be 
bent,  and  means  for  causing  the  radial  expansion  of 
said  disks,  characterised  in  that  said  means  for 
causing  the  radial  expansion  of  said  disks  comprise 
one  or  more  substantially  rigid  separator  elements  10 
between  said  disks. 

2.  Device  according  to  Claim  1  ,  characterised  by  com- 
prising  a  substantially  rigid  fixed  extremity  flange, 
acting  on  the  first  of  said  disks.  15 

3.  Device  according  to  Claim  1  or  2,  characterised  by 
comprising  a  substantially  rigid  mobile  extremity 
flange,  acting  on  the  last  of  said  disks. 

20 
4.  Device  according  to  any  of  the  preceding  Claims, 

characterised  in  that  the  surfaces  of  said  separator 
elements  and  of  said  flanges  in  contact  with  said 
elastically  deformable  disks  are  conical. 

25 
5.  Device  according  to  Claim  4,  characterised  by  said 

conical  surfaces  being  oriented  each  with  the  ver- 
tex  turned  toward  the  surface  of  the  disk  with  which 
it  is  mutually  in  contact. 

30 
6.  Device  according  to  any  of  the  preceding  Claims, 

characterised  by  the  said  separator  elements  being 
substantially  rigid  rings  of  outside  diameter  less 
than  that  of  said  elastically  deformable  disks  and 
having  a  central  through  hole  of  larger  diameter  35 
than  the  external  diameter  of  said  rods. 

7.  Device  according  to  any  of  the  preceding  Claims, 
characterised  by  said  elastically  deformable  disks 
comprising  a  suitable  recess  on  each  face  to  40 
receive  said  separator  elements. 

8.  Device  according  to  Claim  1  ,  characterised  by  com- 
prising  a  plurality  of  cylindrical  rods  inserted  into  a 
central  through  hole  in  said  disks  and  in  said  sepa-  45 
rator  elements,  and  connected  to  their  adjacent 
extremities  by  one  or  more  articulation  elements. 

9.  Device  according  to  Claim  8,  characterised  by  at 
least  one  articulation  element  being  arranged  so 
between  the  first  and  the  last  of  said  elastically 
deformable  disks. 

10.  Device  according  to  any  of  the  preceding  Claims, 
characterised  by  said  mobile  extremity  flange  being  55 
bound  to  at  least  one  of  said  rods. 

11.  Device  according  to  any  of  the  preceding  Claims, 

characterised  by  said  means  of  causing  the  radial 
expansion  of  said  elastically  deformable  disks  com- 
prising  a  hydraulic  actuator  whose  shaft  is  con- 
nected  to  one  of  the  extremities  of  at  least  one  of 
said  rods  by  means  of  one  of  said  articulation  ele- 
ments. 

12.  Device  according  to  Claim  11,  characterised  by 
said  hydraulic  actuator  comprising  a  double-acting 
cylinder. 

1  3.  Device  according  to  any  of  the  preceding  Claims, 
characterised  by  said  cylindrical  rods  having  exter- 
nal  diameter  substantially  equal  to  the  inside  diam- 
eter  of  the  central  through  holes  in  said  disks. 

14.  Device  according  to  an  any  of  the  preceding 
Claims,  characterised  by  said  elastically  deforma- 
ble  disks  being  made  of  elastomeric  polyurethane. 

5 
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