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©  Method  for  making  optical  fiber  preforms. 

©  A  plurality  of  elongated  refractory  bodies  are 
laminated  together  by  placing  the  bodies  in 
close  adjacency,  exposing  the  adjacent  bodies 
to  a  plasma  torch  heat  source,  and  moving  the 
bodies  longitudinal  past  the  torch  at  a  nonzero 
average  rate  which  includes  a  reciprocating 
(e.g.,  oscillatory)  component  to  longitudinally 
spread  the  zone  of  heating.  Where  the  bodies 
are  a  rod  to  be  laminated  within  a  hollow  tube,  it 
is  advantageous  to  reduce  the  air  pressure 
between  the  rod  and  tube,  thereby  eliminating 
potential  contaminants  and,  at  the  same  time, 
biasing  the  tube  to  collapse  against  the  rod. 
This  method  is  particularly  useful  in  laminating 
overcladding  tubes  to  core  rods  to  form  optical 
fiber  preforms. 
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Field  of  the  Invention 

This  invention  relates  to  the  fabrication  of  lamin- 
ated  refractory  bodies  such  as,  for  example,  optical 
fiber  preforms.  5 

to  collapse  against  the  rod.  This  method  is  particular- 
ly  useful  in  laminating  overcladding  tubes  to  core  rods 
to  form  optical  fiber  preforms. 

Brief  Description  of  the  Drawings 

Background  of  the  Invention 

While  potentially  useful  in  a  wide  variety  of  appli- 
cations,  the  present  invention  evolved  in  the  field  of  10 
optical  fiber  fabrication.  Optical  fibers  are  thin 
strands  of  glass  capable  of  transmitting  an  optical 
signal  containing  a  large  amount  of  information  over 
long  distances  with  very  low  loss.  Optical  fibers  are 
typically  manufactured  by  constructing  an  optical  fib-  15 
er  preform  of  appropriate  composition  and  drawing 
fiber  from  the  preform. 

A  typical  preform  is  in  the  form  of  a  concentric 
glass  rod  having  a  length  of  about  one  meter  and  an 
outer  diameter  of  20-200  mm.  The  inner  core  of  the  20 
rod  is  a  high  purity,  low  loss  glass  such  as  germanium 
silicate  glass  having  a  diameter  of  about  1-5  mm.  The 
concentric  outer  cylinder,  referred  to  as  cladding,  is  a 
layer  of  glass  with  a  lower  index  of  refraction  than  the 
inner  core.  25 

In  conventional  manufacture  of  an  optical  fiber 
preform,  the  core  is  manufactured  as  a  solid  doped 
silica  glass  rod  within  the  cladding.  An  outer  jacket  of 
silicate  glass,  referred  to  as  the  overcladding,  is  then 
added  around  the  rod  in  order  to  provide  the  desired  30 
geometry  for  fiber  draw.  Specifically,  the  rod  is 
placed  within  the  overcladding  tube,  and  the  rod  and 
overcladding  are  laminated  to  form  a  fiber  optic  pre- 
form  by  heating  the  assembly  with  an  oxyhydrogen 
torch.  35 

Adiff  iculty  with  this  process  is  that  the  lamination 
introduces  in  the  outer  periphery  of  the  overcladding 
OH  impurities  which  can  be  deleterious  to  a  drawn  fib- 
er.  As  a  consequence  it  is  typically  necessary  to  etch 
away  the  outer  0.5  mm  of  the  preform  with  a  plasma  40 
torch  to  eliminate  the  surface  contaminated  by  the 
oxyhydrogen  torch.  Accordingly,  there  is  a  need  for  an 
improved  method  and  apparatus  for  laminating  over- 
cladding  and  core  rod  in  fiber  optic  preforms. 

45 
Summary  of  the  Invention 

A  plurality  of  elongated  refractory  bodies  are  lam- 
inated  together  by  placing  the  bodies  in  close  adja- 
cency,  exposing  the  adjacent  bodies  to  a  plasma  50 
torch  heat  source,  and  moving  the  bodies  longitudinal 
past  the  torch  at  a  nonzero  average  rate  which  in- 
cludes  a  reciprocating  (e.g.,  oscillatory)  component 
to  longitudinally  spread  the  zone  of  heating.  Where 
the  bodies  are  a  rod  to  be  laminated  within  a  hollow  55 
tube,  it  is  advantageous  to  reduce  the  air  pressure  be- 
tween  the  rod  and  tube,  thereby  eliminating  potential 
contaminants  and,  at  the  same  time,  biasing  the  tube 

In  the  drawings: 
FIG.  1  is  a  block  diagram  illustrating  a  method  for 
laminating  elongated  refactory  bodies; 
FIG.  2  is  a  schematic  view  of  preferred  apparatus 
for  practicing  the  method  of  FIG.  1  in  the  lamina- 
tion  of  optical  fiber  preforms;  and 
FIG.  3  is  a  detailed  cross  section  of  the  end 
mounting  portion  of  the  apparatus  of  FIG.  2. 

Detailed  Description 

Referring  to  the  drawings,  FIG.  1  is  a  flow  dia- 
gram  showing  the  process  steps  used  to  laminate  a 
pair  of  elongated  refractory  bodies.  The  first  step 
shown  in  block  A  is  to  put  the  two  bodies  in  close  ad- 
jacency.  When  the  two  bodies  are  a  rod  to  be  lamin- 
ated  within  a  hollow  tube,  the  rod  can  be  inserted 
within  the  tube. 

The  next  step  shown  in  block  B  of  FIG.  1  is  to  pro- 
vide  a  force  biasing  the  adjacent  bodies  toward  one 
another.  In  the  rod/tube  example,  this  can  be  accom- 
plished  by  partially  evacuating  the  tube  so  that  there 
is  ambient  pressure  on  the  tube  pushing  radially  in- 
ward.  Where  one  of  the  bodies  is  an  outer  tube,  the 
biasing  force  can  arise  as  a  consequence  of  heating 
the  tube  to  its  softening  temperature.  The  tendency 
of  the  softened  material  to  minimize  surface  tension 
will  shrink  the  periphery  of  the  softened  region. 

The  third  step  shown  in  block  C  is  to  expose  the 
assembly  to  a  plasma  torch  and,  at  the  same  time,  to 
move  the  assembly  and  the  torch  relative  to  one  an- 
other  in  such  a  fashion  that:  1)  the  assembly  and  the 
torch  have  a  non-zero  average  longitudinal  speed, 
and  2)  the  assembly  and  the  torch  have  a  reciprocat- 
ing  motion  superimposed  on  the  overall  longitudinal 
motion  for  extending  the  longitudinal  region  heated  by 
the  torch.  Thus  as  the  torch  moves  longitudinally 
along  the  assembly  it  also  moves  back  and  forth  in  a 
shorter  amplitude  to  extend  the  region  of  heating.  In 
the  case  of  a  tube/rod  assembly,  the  tube  preferably 
rotates  so  that  all  sides  of  the  longitudinal  region  are 
heated.  Advantageously  the  heating  is  commenced  at 
the  end  of  the  tube  remote  from  the  vacuum  pump. 

The  effect  of  this  process  is  to  heat  to  a  softened 
state  the  longitudinal  portion  of  the  assembly  within 
the  amplitude  of  the  reciprocal  motion.  In  the  tube/rod 
example,  the  pressure  differential  collapses  the  heat 
softened  tube  against  the  rod  within  thereby  laminat- 
ing  the  two  bodies.  The  lamination  process  preferably 
starts  at  the  remote  end  of  the  assembly  and  pro- 
gresses  to  the  end  connected  to  the  vacuum  pump. 

It  should  be  understood  that  an  overpressure  ex- 
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terior  to  the  tube  could  be  substituted  for  evacuation 
and  that  a  similar  process  omitting  the  evacuation 
step  could  be  used  in  laminating  elongated  refractory 
bodies  of  different  shape,  e.g.  laminating  two  strips. 
Moreover  if  a  second  hollow  tube  is  substituted  for  a 
solid  rod,  the  center  of  the  interiortube  could  be  pres- 
surized  rather  than  evacuating  the  exterior  tube. 

FIG.  2  schematically  illustrates  apparatus  useful 
in  practicing  the  method  of  FIG.  1  wherein  an  elongat- 
ed  assembly  20,  such  as  a  cladding  tube,  core  rod  as- 
sembly,  is  shown  mounted  on  a  controllable  speed 
lathe  21  .  The  apparatus  is  similar  to  that  described  in 
United  States  Patent  No.  5,221,306  which  is  incorpo- 
rated  herein  by  reference.  Preferably  the  lathe  is  ori- 
ented  vertically  so  that  the  supported  ends  will  not  be 
subjected  to  substantial  torque  and  the  assembly  20 
will  not  sag  upon  heating.  The  lateral  surface  of  as- 
sembly  20  is  exposed  to  the  plasma  fireball  12  of  a 
plasma  torch  10  such  as  that  described  in  detail  in 
United  States  Patent  No.  5,000,771  ,  which  is  incorpo- 
rated  herein  by  reference. 

The  plasma  torch  10  is  mounted  on  a  three  axis 
positioning  stage  30  based  on  the  same  bed  (not 
shown)  as  lathe  21  so  that  the  torch  position  can  be 
precisely  controlled  during  operation.  Acomputer(not 
shown)  is  provided  to  coordinate  and  control  the  ro- 
tation  of  body  20  via  lathe  21  and  the  movement  of  the 
torch  10  via  positioning  stage  30.  The  computer  con- 
trols  the  rotational  speed  of  the  body  20  about  the  Z- 
axis  and  the  speed  of  the  torch  10  along  the  Z-axis. 

In  the  lamination  of  preforms,  lathe  21  is  prefer- 
ably  a  glass  lathe  having  simultaneously  rotating 
chucks  at  both  ends  of  body  20,  such  as  a  Litton  Glass 
Lathe  marketed  by  Litton  Engineering  Co.  Step  mo- 
tors  (not  shown)  are  provided  to  drive  the  three  axes 
of  the  positioning  stage  30  controlling  the  location 
and  traverse  speed  of  torch  10. 

The  bottom  chuck  is  preferably  modified  as 
shown  in  FIG.  3  so  that  the  interior  of  cladding  tube 
20A  below  rod  20B  can  be  partially  evacuated.  In  es- 
sence,  a  reduced  diameter  portion  of  the  cladding 
tube,  termed  the  "handle"  20C,  extends  through  a 
central  opening  in  the  chuck  31  and  tailstock  32  so 
that  the  handle  rests  on  and  seals  with  a  gasket  33. 
A  concentric  channel  extends  via  a  rotary  seal  34  to 
the  open  center  of  the  gasket  33,  thereby  placing  the 
interior  of  tube  20A  in  communication  with  a  vacuum 
pump  (not  shown).  In  exemplary  operation,  core  rod 
20B  is  inserted  in  a  cladding  tube  20A  and  mounted 
onto  the  apparatus  of  FIG.  3.  The  vacuum  pump  is  ac- 
tivated  to  pump  down  the  pressure  in  the  tube  to  25 
in.  of  water.  The  tube  is  rotated  at  30-35  rpm,  and  the 
torch  is  positioned  at  the  top  of  the  tube  about  5-10 
mm  from  the  tube.  The  torch  is  moved  longitudinally 
down  the  tube  at  2-5  cm/min.  with  a  superimposed  re- 
ciprocal  motion  having  frequency  of  0.5-5  cps  (prefer- 
ably  1  cps)  and  an  amplitude  of  5-10  cm  in  the  long- 
itudinal  direction. 

The  result  of  this  process  is  that  the  cladding  col- 
lapses  onto  the  inner  rod  as  the  torch  moves  down  the 
tube.  The  advantages  of  the  process  over  the  prior 
oxyhydrogen  torch  process  are  threefold:  1)  the  plas- 

5  ma  torch  does  not  introduce  impurities  into  the  clad- 
ding;  2)  the  longitudinal  temperature  profile  is  now 
subject  to  control  by  control  by  frequency  and  ampli- 
tude  of  torch  oscillations;  and  3)  the  lamination  of 
tube  or  rod  using  the  plasma  torch  is  about  twice  as 

10  fast  as  an  oxyhydrogen  torch. 

Claims 

15  1.  A  method  for  laminating  together  a  plurality  of 
elongated  bodies  of  refractory  material  compris- 
ing  the  steps  of: 

placing  said  plurality  of  bodies  adjacent 
one  another; 

20  applying  force  for  biasing  said  bodies  to- 
gether;  and 

exposing  said  bodies  to  a  plasma  torch 
heat  source  moving  longitudinally  in  relation  to 
said  bodies  at  a  non-zero  average  rate  which  in- 

25  eludes  a  reciprocating  component  of  longitudinal 
motion. 

2.  Amethod  of  claim  1  wherein  said  plurality  of  elon- 
gated  bodies  comprises  an  outer  hollow  tube  and 

30  a  body  disposed  within  said  tube. 

3.  The  method  of  claim  2  wherein  said  force  for  bias- 
ing  said  bodies  together  is  pressure  for  forcing 
said  outer  tube  radially  inward. 

35 
4.  The  method  of  claim  1  wherein: 

said  plurality  of  bodies  comprise  a  hollow 
tube  and  a  rod;  and 

said  bodies  are  placed  adjacent  one  an- 
40  other  by  placing  said  rod  within  said  tube. 

5.  The  method  of  claim  4  wherein  said  force  for  bias- 
ing  said  bodies  together  is  applied  by  at  least  par- 
tially  evacuating  the  interior  of  said  hollow  tube. 

45 
6.  The  method  of  claim  4  wherein  said  hollow  tube 

and  said  rod  comprise  silica  glass. 

7.  An  optical  fiber  preform  made  by  the  method  of 
so  claim  4. 

8.  An  optical  fiber  preform  made  by  the  method  of 
claim  5. 

55  9.  An  optical  fiber  preform  made  by  the  method  of 
claim  6. 

10.  The  method  of  claim  5  further  comprising  the  pre- 
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liminary  steps  of: 
forming  said  rod  of  glass  including  a  cen- 

tral  region  of  composition  for  the  core  region  of  an 
optical  fiber;  and 

forming  said  hollow  tube  of  glass  of  com- 
position  for  the  cladding  region  of  an  optical  fiber. 
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F I G .   1  

PLACE  BODIES  ADJACENT  TO  ONE  ANOTHER 

FORCE  BODIES  TOWARD  EACH  OTHER 

EXPOSE  BODIES  TO  PLASMA  TORCH,  MOVING 
WITH  AVERAGE  SPEED  AND  SUPERIMPOSED 

RECIPROCATING  MOTION 

F I G .  

32- 



EP  0  656  325  A1 

6 



EP  0  656  325  A1 

uuiupcan  ruem 
Office fcUKUF  EAIN  SEARCH  REPORT Application  Number 

EP  94  30  8471 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 
Category  Citation  of  document  with  indication,  where  appropriate,  Relevant  CLASSIFICATION  OF  THE of  relevant  passages  to  daim  APPLICATION  (Int.CL6) 
Y  EP-A-0  244  135  (AT&T  CO.)  1-10  C03B37/012 *  claims  1,3;  figures  1,9,10  *  C03B23/207 

Y  EP-A-0  171  103  (N.V.  PHILIPS'  1-10 
GLOEILAMPENFABRIEKEN) 
*  claims  1,7,9-15;  figure  2  * 

Y  EP-A-0  309  027  (PHILIPS  PATENTVERWALTUNG  1 , 2 , 4 , 6 ,  
GMBH)  7 y  
*  example  3  * 

Y  XIII  ECOC  87,  Technical  Digest  Volume  III,  1-10 
pages 
63-66;  paper  by  A.H.E.Breuls  et  al  . 
e n t i t l e d ,  
"Plasma-col  lpasing:  a  new  a l t e rna t ive   f o r  
high-  
rate  collapsing  of  fibre  preforms".  
*  figure  3  * 

A  EP-A-0  530  917  (N.V.PHILIPS1  1  technical  fields 
GLOEILAMPENFABRIEKEN)  searched  cmt.a.6) 

—   C03B 
A  DE-A-37  20  029  (PHILIPS  PATENTVERWALTUNG  1 

GMBH) 

D,A  EP-A-0  439  918  (AT&T  CO.) 

D,A  EP-A-0  484  035  (AT&T  CO.) 

The  present  search  report  has  been  drawn  up  for  all  claims 

"HE  HAGUE 
«a«B  wi  (MfWUM  III  imjB  wnm 
13  February  1995 itroud,  J  

:  :  particularly  relevant  if  taken  alone '  :  particularly  relevant  If  combined  with  another document  of  the  same  category l  :  technological  background )  :  non-written  disclosure '  :  intermediate  document 

:  tneory  or  principle  underlying  the  Invention :  :  earlier  patent  document,  but  published  on,  or after  the  filing  date )  :  document  cited  in  the  application 
.  :  document  cited  for  other  reasons 
b  :  member  of  the  same  patent  family,  corresponding document 


	bibliography
	description
	claims
	drawings
	search report

