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Description 

The  present  invention  relates  to  an  optical  fiber  unit  that  is  to  be  installed  by  the  drag  force  of  a 
pressure  fluid  flowing  through  a  pipe.  More  particularly,  the  present  invention  relates  to  an  improvement  in 

5  the  blowing  and  transmission  properties  of  such  an  optical  fiber  unit. 
European  Patent  Application  0  157  610  discloses  an  example  of  the  conventional  optical  fiber  units  that 

are  to  be  installed  by  the  drag  force  of  a  pressure  fluid  flowing  through  a  pipe,  which  is  shown  in  Fig.  1.  In 
this  type  of  optical  fiber  unit,  a  plurality  of  optical  fibers  31  are  bundled  together  and  surrounded  by  an 
inner  sheath  33  made  of  polypropylene  having  high  Young's  modulus  which  in  turn  is  surrounded  by  an 

io  outer  sheath  34  formed  of  foamed  polyethylene.  The  inner  sheath  33  must  have  high  Young's  modulus  in 
order  to  insure  that  the  shrinkage  stress  developing  in  the  outer  sheath  34  made  of  foamed  polyethylene  at 
low  temperatures  will  not  affect  the  optical  fibers  31.  By  the  term  "high  Young's  modulus"  it  is  meant  a 
value  that  exceeds  1  kg/mm2  as  in  the  case  of  the  resin  in  the  outer  sheath  (layer)  which  is  used  to  prevent 
buckling  or  bending  of  the  optical  fibers.  In  order  to  satisfy  such  a  structural  requirement,  it  is  desired  that  a 

75  plurality  of  optical  fibers  31  are  tightly  fitted  within  the  inner  sheath  33.  The  outer  sheath  34  is  formed  from 
foamed  polyethylene  since  the  optical  fiber  unit  of  a  type  that  is  to  be  installed  by  the  drag  force  of  a 
pressure  fluid  flowing  through  a  pipe  must  be  lightweight  and  have  a  constant  surface  area. 

The  conventional  optical  fiber  unit  shown  in  Fig.  1  has  had  the  following  structural  problems.  First,  a 
plurality  of  optical  fibers  are  arranged  in  such  a  way  that  the  central  fiber  is  surrounded  by  a  layer  of  the 

20  other  fibers  and  this  limits  the  number  of  bundled  optical  fibers  that  can  be  accommodated.  The 
conventional  unit  structure  is  unable  to  provide  an  optical  fiber  unit  containing  two  or  four  optical  fibers. 
Even  if  this  is  possible,  a  unit  having  a  complete  circular  cross  section  is  difficult  to  obtain.  Next,  a 
significant  increase  in  transmission  attenuation  was  observed  in  the  optical  fibers  at  low  temperature.  This 
would  be  explained  as  follows:  the  polypropylene  in  the  inner  sheath  had  high  density  and  Young's 

25  modulus,  however,  on  account  of  the  low  fluidity  of  the  resin,  great  strain  remained  in  the  extruded  sheath 
and  when  the  residual  strain  was  released  from  the  resin  of  the  sheath,  a  stress  developed  to  cause  the 
contained  optical  fibers  to  follow  a  serpentine  path;  this  phenomenon  would  become  more  pronounced  at 
low  temperatures  since  linear  expansion  would  come  into  play.  Further,  the  inner  sheath  in  the  conventional 
structure  is  usually  formed  as  a  very  thin  layer,  so  it  is  extremely  difficult  to  remove  when  performing  end 

30  preparations  in  such  cases  as  branching  and  connecting  optical  fibers. 
However,  some  of  these  structural  problems  have  been  addressed  in  the  technical  field  of  optical  fibers. 

For  example,  reference  EP-A-0  211  107  describes  an  optical  fiber  cable  the  central  part  of  which  comprises 
a  plurality  of  optical  fibers  bundled  together.  It  is  also  taught  that,  if  desired,  some  of  the  optical  fibers  may 
be  replaced  by  spacing  or  interstitial  elongate  elements. 

35  Concerning  the  problem  of  difficulty  in  removing  the  inner  sheath  of  the  optical  fiber  cable,  it  is  known 
from  EP-A-0  169  647  that  a  rip  cord  may  be  embedded  in  the  wall  or  sheath  of  the  optical  fiber  cable  in 
order  to  help  in  the  removing  thereof. 

Nevertheless,  the  problem  of  increased  transmission  attenuation  at  low  temperature  still  remains. 
An  object,  therefore,  of  the  present  invention  is  to  provide  an  optical  fiber  unit  that  is  remarkably 

40  improved  in  low  temperature  characteristics,  which  is  also  capable  in  accommodating  an  increased  number 
of  bundled  fibers  and  ease  of  performance  of  end  preparations. 

The  above  and  other  objects  of  the  present  invention  can  be  achieved  by  provision  of  an  optical  fiber 
unit  of  a  type  that  is  to  be  installed  by  the  drag  force  of  a  pressure  fluid  flowing  through  a  pipe,  which 
optical  fiber  unit  comprises  at  least  one  optical  fiber  and  at  least  one  other  elongate  element  bundled 

45  together;  a  first  sheath  surrounding  the  optical  fiber  and  the  other  elongate  element,  the  first  sheath  being 
substantially  round  in  cross  section  and  being  formed  of  a  resin  having  a  high  Young's  modulus;  and  a 
second  sheath  surrounding  the  first  sheath  and  being  unitary  assembled  therewith,  the  second  sheath  being 
made  of  a  foamed  resin;  said  optical  fiber  unit  being  characterised  in  that  the  other  elongate  element  is 
constituted  by  a  cord;  and  the  first  sheath  is  formed,  either  of  a  thermoplastic  resin  having  a  melt  index  of 

50  at  least  4  dg/min  at  230  °  C,  or  of  a  heat  or  radiation  cured  resin  for  which  the  product  of  thermal  shrinkage 
upon  heating  at  80  °  C  for  1  hour  and  Young's  modulus  at  room  temperature  is  not  more  than  4kg/mm2. 

The  object  of  the  present  invention  can  be  attained  in  an  effective  way  if  the  interstitial  cord  used  in  the 
optical  fiber  unit  has  substantially  the  same  outside  diameter  as  the  optical  fiber.  Further,  the  object  of  the 
present  invention  can  be  attained  in  a  more  effective  way  if  at  least  one  of  the  interstitial  cords  has  a 

55  sufficient  strength  to  work  as  a  rip  cord  that  assists  in  ripping  away  the  inner  and  outer  sheaths  when  the 
optical  fiber  is  withdrawn  from  the  optical  fiber  unit  during  end  preparations. 

In  accordance  with  the  present  invention,  the  first  sheath  is  formed  either  of  a  thermoplastic  resin  that 
has  a  melt  index  of  at  least  4  dg/min  at  230  °  C,  which  melt  index  is  a  parameter  that  represents  the  fluidity 
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of  resin  in  an  extruding  machine;  or  a  heat  or  radiation  curable  resin  in  which  thermal  shrinkage  upon 
heating  at  80  °  C  for  1  hour  multiplied  by  Young's  modulus  at  room  temperature  is  not  more  than  4  kg/mm2. 
The  first  type  of  resin  may  be  exemplified  by  nylon  and  the  second  type  by  an  ultraviolet  curable  resin 
available  from  DeSoto,  Inc.,  U.S.A.  under  the  trade  name  950X042.  Such  types  of  resin  present  the 

5  advantage  of  exhibiting  small  residual  strain  during  the  application  of  sheathing. 
If  the  interstitial  cords  have  the  same  outside  diameter  as  the  optical  fiber  and  if  at  least  one  of  them 

has  the  capability  of  working  as  a  rip  cord  which  assists  in  ripping  away  the  inner  and  outer  sheaths,  a  unit 
structure  can  easily  be  realized  in  which  the  interstitial  cords  are  in  intimate  contact  with  the  optical  fiber 
and  the  inner  sheathed  optical  fiber  unit  maintains  a  high  degree  of  roundness,  which  contributes  to  a 

io  greater  degree  of  freedom  in  increasing  the  number  of  bundled  fibers  to  be  incorporated  in  the  unit.  If  a  unit 
bundling  two  optical  fibers  is  necessary,  a  structure  that  maintains  a  high  degree  of  roundness  can  be 
formed  by  placing  in  the  center  an  interstitial  cord  having  the  same  outside  diameter  as  the  optical  fibers 
and  surrounding  it  with  four  interstitial  cords  of  the  same  diameter  as  the  optical  fibers  and  two  optical 
fibers.  An  optical  fiber  unit  containing  four  optical  fibers  can  be  formed  by  surrounding  the  central  interstitial 

is  cord  with  two  interstitial  cords  and  four  optical  fibers. 
A  high  degree  of  roundness  is  required  for  the  inner  sheathed  optical  fiber  unit  in  order  to  insure  that  an 

outer  sheathed  optical  fiber  unit  can  be  applied  in  such  a  way  as  to  provide  the  optical  fiber  unit  with 
desired  transmission  and  blowing  properties  as  well  as  good  product  appearance.  If  the  inner  sheathed 
optical  fiber  units  do  not  have  a  high  degree  of  roundness,  it  is  inevitably  difficult  to  obtain  a  satisfactorily 

20  round  cross  section  after  the  application  of  an  outer  sheath.  Even  if  a  round  cross  section  is  obtained  by 
application  of  an  outer  sheath,  the  sheath  applied  is  obviously  non-uniform.  If  such  an  optical  fiber  unit  is  to 
be  used  in  the  application  contemplated  by  European  Patent  Application  0  157  610,  problems  associated 
with  the  mechanism  of  blowing  a  pressure  fluid  or  of  sealing  the  pressure  of  a  propellant  fluid  will  take 
place  when  the  optical  fiber  unit  is  propelled  through  a  pipe.  Further,  asymmetricity  in  shape  will  often 

25  cause  local  bends  in  the  optical  fibers,  which  is  not  desirable  from  the  viewpoint  of  transmission  properties. 
Thus,  the  construction  of  the  present  invention  described  above  is  effective  in  avoiding  these  problems. 

The  use  of  the  specified  resin  as  the  material  for  the  inner  sheathing  of  optical  fibers  is  effective  in 
reducing  the  residual  strain  that  will  occur  in  the  extruded  sheath  and  it  was  observed  by  the  present 
inventors  that  the  transmission  properties,  in  particular,  the  low-temperature  properties,  of  the  optical  fibers 

30  were  by  far  improved  over  the  optical  fiber  units  that  are  of  a  type  to  be  installed  by  the  drag  force  of  a 
pressure  fluid  flowing  through  a  pipe  and  that  have  the  conventional  construction.  A  plausible  reason  for  this 
phenomenon  is  that  compared  to  polypropylene  that  has  been  conventionally  used  as  the  material  for  the 
inner  sheath  and  that  has  a  melt  index  of  about  2.0  dg/min  at  230  °  C,  nylon  which  is  an  example  of  the 
thermoplastic  resin  that  can  be  used  as  the  material  for  the  inner  sheath  in  the  present  invention  has  a 

35  higher  melt  index  (ca.  5-10  dg/min)  at  230  °C  and  hence  experiences  a  smaller  amount  of  residual  strain, 
which  will  eventually  reduce  the  residual  stress  that  is  exerted  upon  the  optical  fibers  immediately  after  the 
application  of  sheathing.  Further,  the  heat  or  radiation  curable  resin  specified  herein  develops  such  a  small 
amount  of  residual  stress  after  the  application  of  sheathing  that  no  substantial  strain  would  be  exerted  upon 
the  optical  fibers.  This  buffering  action  of  the  resin  will  be  readily  understood  from  the  estimated  residual 

40  stress  of  4  kg/mm2,  which  is  the  product  of  the  Young's  modulus  of  nylon  at  room  temperature  (ca.  200 
kg/mm2)  and  its  thermal  shrinkage  upon  heating  at  80  °  C  for  1  hour  (ca.  2%). 

The  number  of  interstitial  cords  to  be  inserted  varies  with  the  number  of  bundled  optical  fibers  to  be 
confined  in  the  optical  fiber  unit.  If  at  least  one  of  the  interstitial  cords  also  serves  as  a  rip  cord  that  assists 
in  ripping  away  the  sheaths  in  according  with  one  embodiment  of  the  present  invention,  the  sheaths  can 

45  easily  be  removed  when  the  optical  fibers  are  withdrawn  from  the  optical  fiber  unit  in  such  cases  as  end 
preparations  thereof. 

The  interstitial  cords  used  in  the  optical  fiber  unit  of  the  present  invention  do  not  necessarily  have  the 
same  outside  diameter  as  the  optical  fibers.  If  more  than  seven  bundled  fibers  are  to  be  incorporated,  a 
larger-diameter  interstitial  cord  may  be  positioned  in  the  center  of  the  optical  fiber  unit,  with  a  plurality  of 

50  bundled  optical  fibers  being  placed  around  said  interstitial  cord.  This  embodiment  is  also  included  within  the 
scope  of  the  present  invention. 

A  colored  interstitial  cord  may  also  be  used  and  optical  fibers  can  be  readily  distinguished  from  the 
interstitial  cord  if  it  is  provided  with  a  color  different  from  the  former. 

Several  examples  of  the  present  invention  are  described  below  with  reference  to  the  accompanying 
55  drawings. 

Fig.  1  is  a  cross  section  of  a  conventional  optical  fiber  unit; 
Figs.  2  and  3  are  cross  sectional  views  showing  the  first  and  second  embodiments,  respectively,  of  the 
optical  fiber  unit  according  to  the  present  invention;  and 
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Figs.  4  to  6  are  cross  sectional  views  of  the  fourth,  fifth  and  sixth  embodiments,  respectively,  of  the 
optical  fiber  unit  according  to  the  present  invention. 

Fig.  2  is  a  cross  section  of  a  first  embodiment  of  the  optical  fiber  unit  according  to  the  present 
invention.  As  shown,  four  optical  fibers  1  and  three  interstitial  cords  2  are  bundled  and  surrounded  by  an 

5  inner  sheath  3  formed  from  nylon,  which  in  turn  is  surrounded  by  an  outer  sheath  4  made  of  foamed 
polyethylene  to  make  an  optical  fiber  unit  containing  four  optical  fibers.  Each  of  the  optical  fibers  1  was  a 
multi-mode  glass  fiber  having  an  outside  diameter  of  0.125  mm  that  is  sheathed  with  an  ultraviolet  curable 
resin  to  an  outside  diameter  of  0.25  mm.  The  optical  fiber  unit  fabricated  in  accordance  with  the  first 
embodiment  of  the  present  invention  has  an  outside  diameter  of  2.0  mm. 

io  Fig.  3  is  a  cross  section  of  a  second  embodiment  of  the  optical  fiber  unit  according  to  the  present 
invention.  As  shown,  two  optical  fibers  21  and  five  interstitial  cords  22  are  bundled  and  surrounded  by  an 
inner  sheath  23  formed  of  nylon,  which  in  turn  is  surrounded  by  an  outer  sheath  24  made  of  foamed 
polyethylene  to  make  an  optical  fiber  unit  containing  two  optical  fibers.  The  optical  fibers  21  are  the  same 
as  those  employed  in  the  first  embodiment  shown  in  Fig.  2.  The  optical  fiber  unit  fabricated  in  accordance 

is  with  the  second  embodiment  of  the  present  invention  also  has  an  outside  diameter  of  2.0  mm. 
The  interstitial  cords  used  in  the  first  and  second  embodiments  are  so  selected  that  they  have  certain 

levels  of  strength  and  flexibility.  Polyester  cords  having  an  outside  diameter  of  0.25  mm  are  used  in  these 
embodiments  and  the  present  inventors  confirmed  that  they  were  satisfactorily  useful  as  rip  cords. 

As  a  comparative  example,  an  optical  fiber  unit  having  the  conventional  construction  shown  in  Fig.  1  is 
20  fabricated.  Seven  multi-mode  optical  fibers  sheathed  with  an  ultraviolet  curable  resin  to  an  outside  diameter 

of  0.25  mm  are  bundled  and  provided  with  an  inner  sheath  of  polypropylene  to  an  outside  diameter  of  1  .0 
mm.  Foamed  polyethylene  is  then  extrusion  sheathed  onto  the  inner  sheath  to  an  outside  diameter  of  2.0 
mm. 

The  first  and  second  embodiments  of  the  present  invention  and  the  conventional  sample  having  the 
25  constructions  shown  in  Figs.  2,  3  and  Fig.  1,  respectively,  were  evaluated  for  their  transmission  properties  at 

low  temperatures  and  the  ease  with  which  the  inner  and  outer  sheaths  could  be  removed.  For  this  purpose, 
the  increase  in  transmission  attenuation  that  occurred  in  the  three  optical  fiber  units  when  the  temperature 
was  lowered  from  room  temperature  (20  °C)  to  -20  °C  was  measured,  and  in  addition,  the  time  required  for 
removing  the  sheaths  by  a  length  1  m  from  an  end  of  each  unit  was  also  measured.  The  results  are  shown 

30  in  Table  1.  The  light  used  in  the  measurements  had  a  wavelength  (X)  of  1.3  urn. 

TABLE  1 

Fiber  unit  Increase  in  transmission  attenuation  at  Time  required  to  remove 
low  temperatures  (dB/km)  the  sheaths  (sec/min) 

Example  1  0.08  20 
2  0.09  20 

Comparative  Example  0.30  180 
40 

The  data  in  Table  1  show  that  the  optical  fiber  units  of  the  present  invention  were  significantly  improved 
over  the  conventional  version  in  terms  of  low-temperature  properties  and  ease  of  end  preparations.  A  knife 
cutter  was  used  to  remove  the  sheaths  from  the  conventional  optical  fiber  unit  but  this  method  was  not  only 
time-consuming  but  also  caused  frequent  damage  to  the  sheaths.  The  time  required  to  remove  the  sheaths 
from  the  optical  fiber  units  of  the  present  invention  was  much  shorter  owing  to  the  use  of  the  rip  cords. 

In  the  optical  fiber  units  of  the  first  and  second  embodiments,  the  interstitial  cords  have  the  same 
outside  diameter  as  the  optical  fibers  and  this  is  effective  in  providing  the  inner  sheath  with  a  full-layer 
structure  consisting  of  a  single  central  interstitial  cord  surrounded  by  six  fibers  or  interstitial  cords.  The 
optical  fibers  were  uniformly  bundled  to  provide  a  round  cross  section  compared  to  the  conventional  version 
shown  in  Fig.  1.  It  is  therefore  established  that  the  optical  fiber  units  of  the  present  invention  have 
satisfactory  transmission  and  blowing  properties. 

A  third  embodiment  of  the  present  invention  is  fabricated  by  arranging  optical  fibers  and  interstitial 
cords  as  in  the  first  embodiment  except  that  the  resulting  bundle  was  sheathed  with  the  ultraviolet  curable 
resin  (950X042  of  DeSoto,  Inc.,  U.S.A.;  Young's  modulus  at  R.T.,  35  kg/mm2),  which  is  one  of  radiation 
curable  resins,  to  an  outside  diameter  of  1  mm.  The  inner  sheath  formed  as  such  is  surrounded  by  foamed 
polyethylene  to  an  outside  diameter  of  2  mm.  The  resulting  optical  fiber  unit  was  evaluated  for  the  increase 
in  transmission  attenuation  at  low  temperatures  and  the  time  required  to  remove  the  sheaths  under  the 
same  conditions  as  those  employed  in  the  previous  measurement.  The  results  are  shown  in  Table  2.  The 
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fiber  unit  performed  better  than  the  comparative  example  (see  Table  1)  in  both  evaluations.  The  inner 
sheath  resin  used  in  Example  3  had  tensile  elongation  of  about  25%  which  was  much  smaller  than  the 
value  for  nylon  (k  100%).  Because  of  this  low  tensile  elongation,  said  inner  sheath  was  much  easier  to 
break  and  the  time  required  to  remove  the  sheaths  was  shorter  than  in  the  Examples  1  and  2. 

TABLE  2 

Optical  fiber  unit  Increase  in  transmission  attenuation  at  Time  to  remove  the 
low  temperatures  (dB/km)  sheaths  (sec/min) 

Example  3  0.09  16 

As  described  on  the  foregoing  pages,  the  optical  fiber  unit  of  the  present  invention  comprises  a  bundle 
of  optical  fibers  and  interstitial  cords  which  is  surrounded  by  an  inner  sheath  that  has  high  Young's  modulus 
and  that  exhibits  small  strain  during  the  application  of  sheathing,  which  inner  sheath  in  turn  is  surrounded 
by  an  outer  sheath  made  of  a  foamed  resin  to  provide  a  unitary  assembly.  Owing  to  such  a  structure 
design,  the  optical  fiber  unit  has  a  higher  degree  of  freedom  in  increasing  the  number  of  bundled  optical 
fibers  to  be  confined  and  is  capable  of  retaining  the  high  degree  of  roundness  of  primarily  bundled  optical 
fiber  unit.  As  a  consequence,  the  problems  that  were  previously  encountered  in  blowing  and  transmission 
properties  are  solved  by  the  present  invention.  If  a  rip  cord  that  has  sufficient  strength  to  withstand  the 
ripping  away  of  the  sheaths  when  the  fibers  are  to  be  withdrawn  from  the  optical  fiber  unit  is  used  as  an 
interstitial  cord,  end  preparations  of  the  fiber  unit  can  be  easily  performed.  Further,  the  optical  fiber  unit  of 
the  present  invention  has  remarkably  improved  transmission  properties  at  low  temperatures. 

An  interstitial  cord  serving  as  a  rip  cord  is  preferably  positioned  on  the  periphery,  rather  than  in  the 
center,  of  the  circular  cross  section  formed  by  optical  fibers  and/or  interstitial  cords.  In  order  to  provide  high 
tear  strength,  this  interstitial  cord  is  preferably  made  of  a  high  Young's  modulus  material  such  as  nylon, 
polyethylene  terephthalate  or  Kevlar. 

The  advantages  of  the  present  invention  are  also  attained  even  in  the  case  where  the  inner  sheath 
surrounds  more  than  four  optical  fibers,  as  shown  in  Fig.  6  (sixth  embodiment).  The  present  invention  is 
also  applicable  to  the  case  where  a  plurality  of  fiber  units  with  the  inner  sheath  are  assembled  as  shown  in 
Figs.  4  and  5  (fourth  and  fifth  embodiments).  This  is  because  the  interstitial  cord  makes  the  same  degree  of 
contribution  to  ripping  property  whereas  the  increase  in  the  number  of  optical  fibers  encased  in  the  same 
inner  sheath  results  in  a  smaller  burden  per  fiber  for  receiving  the  residual  stress  in  the  sheath,  thereby 
providing  improved  rather  than  deteriorated  transmission  properties. 

In  Figs.  4-6,  reference  numerals  41  and  42  represent  an  optical  fiber  and  a  interstitial  cord,  respectively, 
and  reference  numerals  43  and  44  represent  an  inner  and  outer  sheaths,  respectively.  Further,  reference 
numeral  45  represents  a  filling  material. 

Claims 

1.  An  optical  fiber  unit  to  be  installed  by  the  drag  force  of  a  pressure  fluid  flowing  through  a  pipe,  said 
optical  fiber  unit  comprising: 
at  least  one  optical  fiber  (1,21,41)  and  at  least  one  other  elongate  element  (2,22,42)  bundled  together; 
a  first  sheath  (3,23,43)  surrounding  said  optical  fiber  and  said  other  elongate  element,  said  first  sheath 
being  substantially  round  in  cross  section  and  being  formed  of  a  resin  having  a  high  Young's  modulus; 
and 
a  second  sheath  (4,24,44)  surrounding  said  first  sheath  and  being  unitary  assembled  therewith,  said 
second  sheath  being  made  of  a  foamed  resin,  characterized  in  that  said  other  elongate  element 
(2,22,42)  is  constituted  by  a  cord;  and  said  first  sheath  (3,23,43)  is  formed,  either  of  a  thermoplastic 
resin  having  a  melt  index  of  at  least  4  dg/min  at  230  °  C,  or  of  a  heat  or  radiation  cured  resin  for  which 
the  product  of  thermal  shrinkage  upon  heating  at  80  °C  for  1  hour  and  Young's  modulus  at  room 
temperature  is  not  more  than  4  kg/mm2. 

2.  The  optical  fiber  unit  according  to  claim  1  wherein  said  cord  (2,22,42)  has  the  same  outside  diameter 
as  said  optical  fiber  (1,21,41). 

3.  The  optical  fiber  unit  according  to  claim  1  wherein  at  least  said  one  cord  (2,22,42)  is  a  rip  cord  for 
assisting  in  ripping  away  said  first  and  second  sheaths  when  said  optical  fiber  is  withdrawn  from  said 
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optical  fiber  unit. 

Patentanspruche 

5  1.  Eine  optische  Fasereinheit,  die  durch  die  Mitnehmungskraft  einer  durch  ein  Rohr  flieBenden,  unter 
Druck  stehenden  Flussigkeit  zu  installieren  ist,  wobei  die  optische  Fasereinheit  umfaBt: 
wenigstens  eine  optische  Faser  (1,  21,  41)  und  wenigstens  ein  anderes  langliches  Element  (2,  22,  42), 
die  zusammengebundelt  sind; 
eine  erste  Umhullung  (2,  23,  43),  die  die  optische  Faser  und  das  andere  langliche  Element  umgibt, 

io  wobei  die  erste  Umhullung  einen  im  wesentlichen  runden  Querschnitt  aufweist  und  aus  einem 
Kunstharz  mit  einem  hohen  Elastizitatsmodul  gebildet  ist;  und 
eine  zweite  Umhullung  (4,  24,  44),  die  die  erste  Umhullung  umgibt  und  mit  dieser  einheitlich 
angebracht  wird,  wobei  die  zweite  Umhullung  aus  einem  aufgeschaumten  Kunstharz  hergestellt  ist, 
dadurch  gekennzeichnet,  daB  das  andere  langliche  Element  (2,  22,  42)  aus  einer  Schnur  aufgebaut 

is  ist;  und  daB  die  erste  Umhullung  (3,  23,  43)  entweder  aus  einem  thermoplastischen  Kunstharz  mit 
einem  Schmelzindex  von  wenigstens  4°/min  bei  230°  C  oder  einem  durch  Warme  oder  Strahlung 
ausheilenden  Kunstharz,  fur  das  das  Produkt  aus  thermischem  schrumpfen  bei  Erwarmung  auf  80°  C 
fur  eine  Stunde  und  dem  Elastizitatsmodul  bei  Raumtemperatur  nicht  groBer  als  4  kg/mm2  ist,  gebildet 
ist. 

20 
2.  Die  optische  Fasereinheit  nach  Anspruch  1,  wobei  die  Schnur  (2,  22,  42)  den  gleichen  AuBendurchmes- 

ser  wie  die  optische  Faser  (1,  21,  41)  hat. 

3.  Die  optische  Fasereinheit  gemaB  Anspruch  1,  wobei  wenigstens  die  eine  Schnur  (2,  22,  42)  eine 
25  AufreiBschnur  ist,  urn  das  AufreiBen  der  ersten  und  zweiten  Umhullung  zu  unterstutzen,  wenn  die 

optische  Faser  aus  der  optischen  Fasereinheit  herausgenommen  wird. 

Revendicatlons 

30  1.  Unite  a  fibres  optiques  destinee  a  etre  installee  par  la  force  d'entraTnement  d'un  fluide  sous  pression 
qui  s'ecoule  dans  une  canalisation,  ladite  unite  a  fibres  optiques  comprenant  : 

au  moins  une  fibre  optique  (1,  21,  41)  et  au  moins  un  autre  element  allonge  (2,  22,  42)  reunis  en 
faisceau; 

une  premiere  gaine  (3,  23,  43)  entourant  ladite  fibre  optique  et  ledit  autre  element  allonge,  ladite 
35  premiere  gaine  etant  de  section  droite  sensiblement  ronde  et  etant  constitute  par  une  resine  ayant  un 

module  d'Young  eleve  ;  et 
une  seconde  gaine  (4,  24,  44)  entourant  ladite  premiere  gaine  et  etant  assemblee  de  maniere 

unitaire  avec  celle-ci,  ladite  seconde  gaine  etant  constitute  par  une  resine  alveolaire,  caracterisee  en 
ce  que  ledit  autre  element  allonge  (2,  22,  42)  est  constitue  par  un  cordon  et  ladite  premiere  gaine  (3, 

40  23,  43)  est  constitute  soit  par  une  resine  thermoplastique  ayant  un  indice  de  fusion  d'au  moins  4 
dg/min  a  230  °C,  soit  par  une  resine  durcie  a  la  chaleur  ou  par  rayonnement  pour  laquelle  le  produit  du 
retrait  thermique  par  chauffage  a  80  °  C  pendant  1  h  et  du  module  d'Young  a  la  temperature  ambiante 
n'est  pas  superieur  a  4  kg/mm2. 

45  2.  Unite  a  fibres  optiques  selon  la  revendication  1,  dans  laquelle  ledit  cordon  (2,  22,  42)  a  le  meme 
diametre  externe  que  ladite  fibre  optique  (1,  21,  41). 

3.  Unite  a  fibres  optiques  selon  la  revendication  1  ,  dans  laquelle  au  moins  ledit  cordon  (2,  22,  42)  est  un 
cordon  de  dechirure  destine  a  favoriser  la  dechirure  desdites  premiere  et  seconde  gaines  lorsque  ladite 

50  fibre  optique  est  retiree  de  ladite  unite  a  fibres  optiques. 
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