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Description 

This  invention  relates  to  a  process  for  preparing 
a  superconductor  wire  according  to  the  preamble  of 
claim  1  made  up  of  a  large  number  of  round  monofi- 
lament  rods  and  more  particularly  to  a  process  for  the 
production  of  fine  and  ultraf  ine  multif  ilamentary  su- 
perconductor  wire  of  high  quality  and  at  lower  cost 
than  has  been  heretofore  possible. 

For  accelerator  magnet  applications  such  as  the 
Superconducting  Super  Collider  (SSC)  fine  filament 
NbTi  superconducting  wire  is  required  to  minimize 
distortion  of  the  magnetic  fields  associated  with  par- 
ticle  injection.  The  magnetization  of  the  filaments 
gives  rise  to  these  distortions.  The  magnetization  is 
proportional  to  the  critical  current  density  (Jc),  the 
volume  fraction  of  NbTi  and  the  filament  diameter. 
The  volume  fraction  of  NbTi  is  usually  fixed  because 
of  magnet  operating  current  and  stability  require- 
ments.  To  minimize  the  fraction  of  expensive  NbTi, 
the  Jc  has  to  be  as  high  as  possible.  Therefore,  to  min- 
imize  magnetization  the  filament  diameter  has  to  be 
as  small  as  possible.  Preliminary  indications  are  that 
filaments  2  microns  in  diameter  would  require  no  cor- 
rection  field  windings  in  the  dipole  magnets,  resulting 
in  a  significant  reduction  in  the  cost  of  a  giant  accel- 
erator. 

A  significant  problem  in  the  production  of  large 
quantities  of  this  type  of  conductor  are  that  so  many 
2  micron  diameterfilaments  are  required  to  obtain  the 
necessary  volume  fraction  of  NbTi.  Between  40,000 
and  70,000  filaments  would  be  required  in  such  con- 
ductors.  The  manufacture  of  these  conductors  nor- 
mally  requires  expensive  multiple  extrusion  steps. 

As  smaller  and  smaller  filaments  are  produced, 
they  tend  to  deform  non-uniformly  leading  to  filament 
necking  orsausaging.  This  results  in  a  rapid  degrada- 
tion  of  obtainable  Jc.  As  interf  ilament  spacing  is  de- 
creased  or  as  the  interf  ilament  material  strength  is  in- 
creased,  the  filament  sausaging  problem  is  resolved. 
However,  if  the  filaments  become  too  close,  electrical 
coupling  will  result,  necessitating  the  use  of  costly 
correction  coils.  Alternate  interfilament  matrix  mate- 
rials  such  as  copper-nickel  and  manganese-doped 
barriers  have  to  be  developed  to  a  point  when  they 
can  be  incorporated  practically  into  an  ultrafine  fila- 
ment  conductor  design.  This  matrix  material  change 
has  to  be  implemented  with  minimum  compromise  to 
the  electrical  stability  of  the  conductor,  presently  be- 
ing  provided  by  the  high  purity  copper  matrix. 

An  interest  in  ultrafine  filament  conductors  has 
existed  for  as  long  as  certain  applications  of  super- 
conductivity,  such  as  A.C.  devices  and  accelerator 
magnets,  have  been  under  consideration.  The  pro- 
duction  of  such  conductors  has  been  undertaken  in 
response  to  these  needs  with  varying  degrees  of  suc- 
cess.  In  1986,  P.  Dubots  et  al.,  "NbTi  Ultra  Fine  Fila- 
ment  Wires  for  50/60  Hertz  Use,"  Adv.  in  Cryo.  Eng. 

Mtls.,  Ed.  R.P.  Reed  and  A.F.  Clark,  Vol.  32  Plenum 
Press,  N.Y.,  1986,  pp.  747,  reported  on  theirfilaments 
no  less  than  1  micron  in  diameter.  However,  the  Jc  of 
the  wire  was  not  anywhere  near  the  values  being  ob- 

5  tained  for  well  optimized,  larger  filament  conductors. 
In  1986,  for  SSC  conductor  research  and  develop- 
ment,  Intermagnetics  General  Corp.  (IGC)  produced 
SSC  inner  grade  conductor  with  2.7  micron  filaments 
(See:  C.G.  King  etal.,  "Fabrication  and  Characteriza- 

10  tion  of  Fine  Filaments  of  NbTi  in  Copper  Matrix",  Adv. 
in  Cryo.  Eng.  Mtls.,  Ed.  R.P.  Reed  and  A.F.  Clark,  Vol. 
32  Plenum  Press,  N.Y.,  1986  pp.  731,  and  "Prototype 
Fabrication  of  UltraFine  FilamentNbTi  Conductors  for 
SSC",  IEEE  Trans,  on  Magnetics,  Vol.  MAG-23,  No. 

15  2,  pp.  1351,  March  1987.)  This  conductor  had  a  Jc  of 
2400  A/mm2  at  5T,  but  filament  quality  was  poor,  the 
wire  was  brittle  and  the  filaments  were  magnetically 
coupled.  Poor  filament  quality  was  determined  to  be 
a  result  of  the  relatively  small  number  of  filaments 

20  used  in  the  first  extrusion  step  of  the  multistep  extru- 
sion  process  used  to  produce  the  conductor,  that  is, 
the  multifilament  restack  element.  The  brittle  wire 
was  also  a  result  of  the  conductor  geometry,  as  well 
as  the  initial  processing  variables  for  the  billet,  such 

25  as,  the  cold  worked  state  of  the  alloy,  barrier  integrity 
and  its  bond  quality.  The  coupled  filaments  were  due 
to  the  small  interfilament  spacing  in  the  final  size  con- 
ductor  and  the  lack  of  an  appropriate  interfilament 
matrix  material. 

30  Ratherthan  complicate  the  conductor  design  with 
the  incorporation  of  resistive  interfilament  matrix  ma- 
terials  for  decoupling  of  the  filaments,  it  was  instead 
decided  to  produce  5  micron  filament  diameter  con- 
ductor  via  a  single  stack  multifilament  extrusion  proc- 

35  ess  and  concentrate  on  cost  reduction  by  obtaining 
higher  current  density  wire.  Significant  progress  has 
been  made  in  Jc's  of  today's  production  SSC  conduc- 
tors  exceeding  3000  A/mm2  at  5T  as  compared  to 
2200  A/mm2  at  5T  in  the  best  Fermi  Tevatron  conduc- 

40  tors. 
In  another  approach  and  following  the  suggestion 

of  E.W.  Collings,  "Stabilizer  Design  Considerations  in 
Fine  Filament  Cu/NbTi  Composites",  Adv.  in  Cryo. 
Eng.,  Eds.  A.F.  Clark  and  R.P.  Reed,  Plenum  Press, 

45  New  York,  Vol.  34,  pp.  867-878,  1988,  E.  Gregory  et 
al.,  (See:  "A  Conductor  With  Uncoupled  2.5  Micron  Di- 
ameter  Filaments,  Designed  for  the  Outer  Cable  of 
SSC  Dipole  Magnets",  IEEE  Trans,  on  Magnetics, 
Vol.  25,  No.  2,  pp.  1926,  1989),  has  doped  the  inter- 

50  filament  copper  matrix  with  0.5  wt%  manganese.  Due 
to  electron-spin-flip  scattering  by  manganese,  the  fi- 
lament  coupling  was  shown  to  be  eliminated  for  fila- 
ment  sizes  down  to  1  .5  microns  corresponding  to  a  fi- 
lament  spacing  of  approximately  0.3  microns.  Here 

55  large  numbers  (22,900  &  40,000)  of  very  fine  hex 
shaped  monofilament  were  used  which  is  impractical 
for  large  scale  production  of  ultrafine  filament  con- 
ductors.  Gregory  et  al.'s  method  produced  a  5T  Jc  of 
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2156  A/mm2.  This  value  is  far  from  the  2750-3000 
range  necessary  for  SSC  type  superconductors.  The 
"n"  value  was  reported  at  13  suggesting  poorf  ilament 
uniformity,  which  is  unacceptable  for  the  intended  ap- 
plication. 

Since  the  use  of  fine  filament  conductors  in  some 
specialized  areas  of  the  SSC,  in  future  accelerator 
applications  and  A.C.  motors  and  generators  could  re- 
sult  in  a  significant  cost  savings,  there  is  still  an  op- 
portunity  to  develop  cost  effective  production  techni- 
ques  aimed  at  high  Jc  and  n  values. 

While  the  foregoing  discussion  specifically  relat- 
ed  to  multifilament  rods  of  NbTi,  it  should  be  appreci- 
ated  that  there  is  a  general  need  for  a  multifilament 
billet  having  large  numbers  of  rods  for  various  super- 
conductor  applications.  For  example,  there  is  a  need 
for  a  multifilament  billet  of  Nb3Sn  type  conductors, 
and  others  like  it. 

The  prior  art  document  "Proceedings  of  the  IEEE, 
Vol.77,  No.8,  August  1989,  pp.  1110-1123  refers  to  a 
process  according  to  the  preamble  of  claim  1.  Fur- 
thermore  the  product  of  this  process  includes  a  limit- 
ed  number  of  monofilaments. 

Accordingly,  it  is  an  object  of  the  present  inven- 
tion  to  provide  a  process  for  manufacturing  a  super- 
conductor  wire  at  lower  cost  than  has  heretofore  been 
possible. 

A  further  object  of  the  present  invention  is  to  pro- 
vide  a  process  for  producing  a  superconductor  wire 
having  a  large  number  of  fine  and  ultrafine  filaments 
which  do  not  sufferfrom  the  defects  brought  about  by 
coupling  of  adjacent  filaments. 

Another  object  of  the  present  invention  is  to  pro- 
vide  a  process  for  producing  a  superconductor  wire 
having  a  large  number  of  fine  and  ultrafine  filaments 
which  is  suitable  for  large  scale  production  of  such 
wire. 

Briefly,  in  accordance  with  the  present  invention, 
there  is  provided  a  process  for  producing  a  supercon- 
ductor  wire  made  up  of  a  large  number  of  round  mono- 
filament  rods,  wherein  a  group  of  round  monofilament 
rods  are  first  assembled  inside  thin  walled  hexagonal 
tubes.  A  plurality  of  these  tubes  are  then  arranged  in- 
side  of  an  extrusion  can,  which  is  then  consolidated, 
extruded  and  drawn  down  to  the  final  desired  size,  in 
only  one  extrusion  step. 

The  above  objects  are  solved  by  a  process  which 
includes  the  features  listed  in  claim  1.  Preferred  vari- 
ants  on  the  invention  are  defined  by  the  subclaims. 

The  aforementioned  objects,  features  and  ad- 
vantages  of  the  invention  will,  in  part,  be  pointed  out 
with  particularity,  and  will,  in  part,  become  obvious 
from  the  following  more  detailed  description  of  prefer- 
red  embodiments  according  to  the  invention,  taken  in 
conjunction  with  the  accompanying  drawing  which 
forms  an  integral  part  thereof. 

In  the  drawing: 
Fig.  1  shows  a  schematic  representation  of  a  rou- 

tine  triple  extrusion  method  used  in  prior  art  process- 
es  for  producing  ultrafine  multifilament  superconduc- 
tor  wire. 

Fig.  2  shows  a  schematic  representation  of  the 
5  hex  cell  extrusion  method  of  the  present  invention. 

Fig.  3  shows  an  individual  Cu  jacketed  NbTi  rod 
with  a  barrier  layer. 

Fig.  4  shows  a  billet  assembly  with  the  rods  of  Fig. 
2  inserted  in  a  number  of  thin  wall  hexagonal  tubes 

10  with  these  then  inserted  in  an  outer  extrusion  casing. 
Fig.  5  shows  a  cross  sectional  view  of  the  final 

wire  after  being  drawn  to  its  desired  size. 
Fig.  6  shows  a  billet  assembly  with  the  rods  of  Nb 

to  form  an  ultimate  wire  of  Nb3Sn  filaments. 
15  Fig.  7  shows  a  hex  cell  partially  filled  with  mono- 

filaments  and  the  rest  filled  with  a  copper  material. 
Fig.  8  shows  a  cross  sectional  view  of  a  can  filled 

with  hex  cells  and  the  periphery  with  monofilamen- 
tary  wires. 

20  In  the  various  figures  of  the  drawing  like  refer- 
ence  characters  designate  like  parts. 

Tens  of  thousands  of  filaments  are  required  for 
SSC  size  strands  if  the  filament  diameter  were  to  be 
in  the  2  to  3  micron  range.  This  many  filaments  can, 

25  practically,  be  incorporated  in  a  strand  by  multiple 
bundling  and  extrusions.  One  approach  for  dealing 
with  the  problems  associated  with  producing  such  su- 
perconductor  wire  is  to  utilize  a  routinely  used  triple 
extrusion  technique  with  suitable  modifications  to 

30  avoid  filament  sausaging  and  coupling. 
The  triple  extrusion  approach  is  shown  schemat- 

ically  in  Fig.  1.  In  this  approach  a  number  of  extruded 
clad  monofilament  rods  are  bundled  in  two  iterations 
to  get  the  desired  quantity  of  filaments. 

35  The  monofilament  rods  1  0  are  first  extruded  into 
hex  shape  rods  20,  which  are  then  assembled  into  an 
extrusion  can  22  and  this  assembly  again  extruded 
and  processed  into  a  hex  shaped  subelement24,  sev- 
eral  of  which  are  assembled  into  a  second  extrusion 

40  can  26  and  again  extruded  a  final  time,  and  subse- 
quently  drawn  to  a  final  desired  size. 

Although  the  three  step  process  reduces  overall 
yield  and  increases  the  process  time,  this  method 
nevertheless  becomes  more  and  more  attractive  as 

45  the  filament  size  gets  smaller  (below  3  microns). 
The  number  of  filaments  in  the  second  extrusion 

is  an  important  consideration  since  the  larger  it  is,  the 
smaller  is  the  fraction  of  filaments  located  on  the  out- 
side  ring  of  the  subelement.  The  number  of  filaments 

so  used  in  the  multifilament  restack  element  in  some 
early  conductors  was  7  and  then  19  was  tried.  In 
these  cases,  6/7  or  85%  and  12/19  or  63%  of  the  fi- 
laments,  respectively,  lie  on  the  outside  row  of  the 
pattern.  These  outside  filaments  having  large 

55  amounts  of  copper  on  one  side  do  not  have  the  sup- 
port  like  the  interior  ones.  This  resulted  in  relatively 
low  "n"  values  in  these  conductors  because  of  exten- 
sive  filament  sausaging.  A  domestic  manufacturer 

3 
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OST,  has  tried  55  filaments  where  24/55  or  43.6%  of 
the  filaments  were  unbounded.  Another  manufactur- 
er,  Furukawa,  has  tried  85  filaments  where  30/85  or 
35.3%  of  the  filaments  were  unbounded,  "n"  values 
less  than  single  extrusion  multifilament  conductors 
were  also  observed  in  these  cases.  In  this  approach, 
it  is  contemplated  that  the  use  of  a  large  number,  such 
as  253,  filaments  in  the  second  extrusion  would  re- 
sult  in  42/253  or  only  16.5%  of  the  filaments  being  un- 
bounded.  An  interfilament  matrix  material,  such  as 
Cu-0.5wt%  Mn  or  CuNi,  is  used  to  prevent  electrical 
coupling  of  the  filaments  at  the  extremely  small  inter- 
filament  spacings  that  will  be  reached  in  the  final 
product.  When  CuNi  is  used,  its  hardness  will  help 
maintain  the  filament  uniformity  because  the 
strength  of  the  CuNi  is  closer  to  that  of  NbTi  than  is 
Cu.  This  further  constrains  the  outer  ring  of  filaments 
in  the  MF  restack  element,  yielding  a  more  uniform 
sub-bundle  in  the  final  product.  To  provide  further 
mechanical  support  to  the  outer  rows  of  filaments  in 
the  second  extrusion,  harder  can  materials  may  be  in- 
vestigated.  The  final  assembly  should  have  a  pure 
copper  core  and  a  copper  jacket.  This  distribution  of 
high  RRR  copper  lends  a  fair  degree  of  electrical  and 
thermal  stability  to  the  conductor. 

It  has  been  shown  that  when  a  single  stack  (either 
hexagonal  or  round)  approach  is  used,  the  attainable 
Jc  and  n  values  are  high.  If  large  numbers,  in  the  order 
of  tens  of  thousands,  of  filaments  are  involved,  either 
hexagonal  elements  or  round  elements  lead  to  ex- 
treme  difficulties  in  billet  assembly.  Small  hex  rods 
tend  to  twist  and  bend,  and  round  elements  tend  to 
dislodge  from  a  perfect  hexagonal  close  packed  pat- 
tern  thereby  resulting  in  various  forms  of  stacking  im- 
perfections.  It  should  also  be  noted  that  round  rods 
can  be  made  with  better  straightness  and  more  eco- 
nomically  than  hex  rods. 

To  enable  high  rate,  large  scale  fabrication  of 
strands  for  SSC  or  other  large  application,  the  pres- 
ent  invention  provides  fora  novel  hex  cell  billet  design 
and  an  assembly  technique  that  uses  round  rod  ele- 
ments.  As  shown  schematically  in  Fig.  2,  this  ap- 
proach  consists  of  assembling  a  number  of  round 
monofilament  rods  in  a  hexagonal  close  packed  (hep) 
pattern  inside  thin  hexagonal  tubes  which  are  then  ar- 
ranged  inside  an  extrusion  can.  The  straight  walls  of 
the  hex  tube  will  maintain  a  perfect  hep  symmetry 
without  any  stacking  faults.  The  hex  tube  material 
should  be  thin  enough  not  to  upset  the  local  area  ratio 
of  the  outer  filaments  and  it  should  be  strong  enough 
to  withstand  handling  during  billet  assembly.  Some 
candidate  materials  for  this  are  hard  tempered  pure 
copper,  dilute  but  ductile  alloys  of  copper  or  Ni  such 
as  CuNi  orCuMn,  or  dispersion  strengthened  copper, 
for  example,  Cu-Al203.  The  stronger  materials  will  im- 
part  further  support  to  the  outer  rows  of  filaments  and 
preclude  local  filament  sausaging. 

Besides  maintaining  a  perfect  hep  pattern  in 

each  hex  cell,  this  method  also  provides  a  uniform  ar- 
rangement  of  filaments  across  the  entire  assembly. 
This  is  not  the  case  in  the  last  stage  billet  assembly 
in  a  triple  extrusion  approach  discussed  earlier. 

5  Not  only  can  the  hex  cell  approach  of  the  present 
invention  be  used  for  large  numbers  of  fine  filaments 
(of  the  order  of  3  microns  or  less)  but  it  can  be  auto- 
mated  for  large  quantity  billet  fabrication.  The  auto- 
mation  approach  could,  for  instance,  take  advantage 

10  of  pre-packing  the  hex-cells  as  subassemblies. 
It  is  contemplated  that  the  assembly  approach  of 

the  present  invention  may  be  effectively  utilized  to  as- 
semble  numbers  of  fine  round  monofilaments  rang- 
ing  from  3,000  to  about  100,000,  and  preferentially 

15  will  be  used  to  assemble  from  about  6,000  to  about 
50,000  such  monofilaments.  Additionally,  by  first 
stacking  the  multifilament  wires  into  the  hex  tube  and 
then  stacking  a  multiplicity  of  hex  tubes  into  an  outer 
can,  can  further  be  extended  to  provide  a  multitude 

20  of  filamentary  wire.  Specifically,  the  outer  cans,  after 
extrusion  can  then  be  stacked  again  into  yet  a  final 
outer  can.  Such  intermediary  cans  can  either  be 
stacked  into  the  final  can  in  their  round  shape  or  can 
be  extruded  into  a  hex  shape  and  then  restacked  into 

25  the  final  outer  can. 
Using  the  aforementioned  process,  this  hex  cell 

approach  can  be  repeated  to  make  conductors  with 
millions  of  filaments.  Such  conductors  would  have 
utilization  in  the  artificial  pinning  centers  type  wires 

30  as  discussed  in  U.S.  Pat.  4,803,310,  entitled  "Super- 
conductors  Having  Controlled  Laminar  Pinning  Cen- 
ters,  and  Methods  of  Manufacturing  Same". 

The  benefit  of  such  multifilament  wires  is  that  it 
cuts  down  on  the  number  of  steps  to  produce  such 

35  multifilament  wire.  The  reason  is  that  by  using  the  hex 
cell  approach,  it  cuts  down  on  the  number  of  extru- 
sion  steps  required  to  produce  a  conductor  with  such 
large  numbers  of  wires. 

The  assembled  billets  will  be  consolidated  by 
40  techniques  such  as  hot  isostatic  pressing  (hip)  to 

eliminate  all  the  intersticial  voids.  Since  each  group  of 
monofilaments  are  well  contained  in  the  hex  tubes, 
the  hep  structure  is  well  preserved  during  the  consol- 
idation  step. 

45  Generally,  from  about  7  to  1,000  thin  wall  hex 
tubes  will  be  utilized  to  form  the  hex  cell  subelements 
in  carrying  out  the  process  of  the  present  invention, 
and  preferably  from  about  50  to  about  500  such  hex 
tubes  will  be  employed. 

so  Common  to  both  the  prior  art  triple  extrusion 
process  and  the  hex  cell  extrusion  approach  descri- 
bed  above,  are  various  state-of-the-art  composite 
fabrication  steps. 

Significant  process  changes  have  evolved  to  pro- 
55  duce  ductile  final  size  wire  since  early  attempts  at 

making  2  micron  filaments  in  1986.  The  use  of  diffu- 
sion  barriers  has  been  reasonably  well  established. 
Hot  isostatic  processing  will  be  used  to  consolidate 
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assembled  billets  prior  to  extrusion.  The  hipping  is 
also  expected  to  increase  the  bond  at  various  inter- 
faces.  For  example,  with  NbTi  filaments,  there  are  the 
NbTi/barrier,  barrier/matrix  and  between  restack  ele- 
ments.  The  cold  worked  state  of  the  alloy  in  the  final 
billet  will  be  modified  through  heat  treatment  prior  to 
extrusion  to  a  state  appropriate  for  processing  the  bil- 
let  to  final  size  wire,  generally  such  temperatures  will 
vary  from  about  room  temperature  to  about  600- 
700°C.  The  extrusion  temperature  and  reduction  will 
be  such  that  a  high  integrity  well  bonded  composite 
will  result. 

The  approach  of  the  present  invention  is  aimed  at 
maintaining  good  filament  quality,  reduction  of  fila- 
ment  coupling  and  production  of  ductile  conductors  in 
long  piece  lengths  through  the  steps  mentioned 
above. 

In  a  preferred  embodiment  of  the  present  inven- 
tion,  there  is  initially  an  assembled  billet  which  is 
formed  of  a  plurality  of  NbTi  filaments  or  rods  10. 
Generally,  the  NbTi  rods  can  be  inserted  directly. 
However,  alternately,  as  shown,  each  can  be  clad 
with  a  barrier  layer  12  and  a  Cu  jacket  14.  These  rods 
are  assembled  together  inside  a  number  of  thin  wall 
hexagonal  tubes  16,  as  shown  in  Fig.  2. 

The  barrier  1  2  can  typically  be  Nb  but  can  also  be 
such  other  material  as  Ta,  Ni,  V,  Zr,  or  combinations 
or  alloys  thereof. 

Once  assembled  in  the  thin  wall  hexagonal 
tubes,  a  number  of  such  hex  tube  subelements  are 
arranged  inside  of  an  extrusion  can  or  casing  18. 

The  entire  assembly  is  then  subjected  to  compac- 
tion,  extrusion  and  drawing  down  to  the  desired  size. 

With  reference  to  Fig.  3  a  single  round  clad  mono- 
filament  rod  10  is  shown  in  perspective  showing  the 
barrier  layer  12  and  copper  coating  layer  14. 

Fig.  4  depicts  an  assembled  billet  prior  to  extru- 
sion,  in  perspective,  showing  a  multiplicity  of  round 
clad  monofilament  rods  10  inserted  into  a  multiplicity 
of  thin  wall  hex  tubes  16,  all  within  an  outer  extrusion 
casing  18. 

Fig.  5  shows  a  cross-section  of  a  compacted,  ex- 
truded  and  drawn  final  wire  wherein  the  multiplicity  of 
monofilament  rods  10,  inside  the  multiplicity  of  hex 
tube  subelements  16,  all  within  the  outer  extrusion 
casing  1  8,  have  been  preserved  in  a  near  perfect  hex- 
agonal  close  packed  pattern. 

In  addition  to  starting  with  NbTi  filaments,  the  in- 
dividual  rods  can  be  alloys  of  such  material  including, 
by  way  of  example,  NbTiHf,  NbTiTa,  NbTiZr,  and  the 
like.  Other  such  alloys  of  NbTi  can  likewise  be  util- 
ized. 

In  addition  to  utilizing  the  method  heretofore  de- 
scribed  in  connection  with  the  formation  of  NbTi 
wires,  any  type  of  multifilament  superconductor  wire 
can  be  formed.  By  way  of  example,  referring  now  to 
Fig.  6,  there  will  be  described  how  the  present  inven- 
tion  can  also  be  utilized  to  form  a  Nb3Sn  type  multi- 

filament  wire.  Initially,  single  rods  of  copper  clad  Nio- 
bium  rods  are  formed.  The  Niobium  center  30  is  en- 
circled  by  the  copper  cladding  32.  Without  extruding, 
these  are  then  packed  into  an  outer  hex  shaped  thin 

5  copper  tube  34.  These  are  then  compacted  into  an 
outer  can  36.  The  center  of  the  can  is  filled  with  cop- 
per  38.  Typically,  barriers  will  be  utilized,  as  is  well 
known  in  the  tin  core  process.  After  extrusion,  the 
center  can  be  drilled  and  a  mandrill  inserted  into  the 

10  center.  Thereafter,  tin  will  be  inserted  replacing  the 
mandrill  and  thereafter  final  heat  treatment  will  be 
achieved  to  cause  the  diffusion  of  the  tin  into  the  Nio- 
bium  strands  to  form  the  Nb3Sn  multifilamentary 
wire. 

15  While  the  formation  of  such  Nb3Sn  type  super- 
conductors  has  been  described  in  connection  with  the 
tin  core  process,  such  multifilamentary  wires  can 
also  be  formed  in  accordance  with  other  processes. 

Up  until  now,  each  of  the  thin  walled  hex  tubes 
20  have  been  shown  to  be  uniformly  filled  with  the  indi- 

vidual  clad  rods.  However,  those  hex  tubes  which  will 
be  placed  near  the  outer  periphery  of  the  final  can 
may  not  be  completely  be  filled  with  the  monofila- 
ments.  As  shown  in  Fig.  7,  a  typical  outer  hex  tube  40 

25  is  shown  with  the  individual  clad  monofilamentary 
wires  42  only  occupying  a  portion  of  the  tube.  The 
lower  part  of  the  tube  is  shown  filled  with  copper  ma- 
terial  44.  In  this  case,  this  particular  tube  would  be 
used  in  the  outer  ring  of  hex  tubes  formed  into  a  can 

30  36  as  shown  in  Fig.  6.  Thereafter,  when  extruding  and 
ultimately  heat  treating,  the  copper  in  the  outer  por- 
tion  of  the  hex  tube  will  merge  with  the  copper  matrix 
material  in  order  to  provide  a  closer  approximation  to 
a  round  shape  of  the  wires  within  the  outer  can.  This 

35  will  give  it  an  appearance  closer  to  a  conventional 
type  wire  where  the  wires  are  within  a  round  periph- 
ery  within  the  can. 

Alternately,  as  shown  in  Fig.  8,  when  an  outer  can 
50  is  filled  with  the  individual  hex  tubes  52,  the  per- 

40  ipheral  space  around  the  hex  tubes  can  be  filled  with 
individual  wires  54.  Such  wires  can  be  individual  cop- 
per  wires,  copper  clad  wires,  or  in  the  case  of  NbTi, 
monofilaments  of  such  wire  could  be  filled  into  the 
end. 

45  As  stated  earlier,  the  benefits  to  be  achieved  by 
the  method  of  the  present  invention  derive  from  the 
advantages  of  assembling  a  large  number  of  round 
monofilament  rods  in  a  hexagonal  close  packed  pat- 
tern  inside  a  thin  wall  hexagonal  tube  to  make  a  sub- 

50  assembly  which,  when  assembled  along  with  a  mul- 
tiplicity  of  other  such  subassemblies  within  an  extru- 
sion  can,  allows  one  to  preserve  the  near  perfect  hep 
pattern  in  the  final  compacted,  extruded  and  drawn 
wire  product. 

55  An  inherent  advantage  in  this  approach  is  the 
ability  to  accommodate  a  large  number  of  such  mono- 
filaments,  i.e.,  up  to  as  many  as  100,000  or  more 
monofilaments  and  still  preserve  the  near  perfect 
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hep  pattern,  while  eliminating  current  density  losses 
associated  with  necking  and  coupling  effects  and 
thus  obtain  a  superior  final  product  having  an  ex- 
tremely  large  number  of  uniformly  spaced,  uncoupled 
monofilaments. 

The  use  of  a  hex  tube  subassembly  is  significant 
to  this  process  and  such  a  hex  tube  subassembly  is 
considered  to  be  a  novel  product  in  its  own  right  which 
has  not  heretofore  been  used  in  the  manufacture  of 
multistrand  superconductor  wire  of  the  type  descri- 
bed  in  the  present  invention. 

Evaluations  of  sample  billets  assembled  accord- 
ing  to  the  process  of  the  present  invention  as  com- 
pared  with  other  known  approaches  shows  that: 

Assembly  of  an  outer  SSC  billet  of  approximately 
4,200  filaments  by  the  utilization  of  hexagonal  mono- 
filament  stacking  units  may  typically  take  three  to  four 
times  as  long  as  the  hex  cell  approach  of  the  present 
invention  which  uses  round  monofilament  stacking 
units.  The  savings  would  be  even  more  dramatic  for 
filament  numbers  in  excess  of  8,000,  (for  example,  6- 
2.5  micron  SSC  type  conductors)  where  a  perfect  ma- 
trix  array  can  be  achieved  by  the  hex  cell  method  of 
assembly  in  a  small  fraction  of  the  time  that  it  would 
take  to  otherwise  single  stack  that  many  filaments 
and  try  to  obtain  a  perfect  array. 

The  hex  cell  subassembly  method  offers  a  feasi- 
ble  method  for  stacking  monofilament  rods  with  diam- 
eters  as  low  as  0,124  cm  (0.049");  that  is,  approxi- 
mately  40,000  filaments  in  a  typical  30.5  cm  (12  inch) 
billet  and  still  achieve  a  perfect  array.  The  feasibility 
of  the  hex  cell  method  of  assembly  for  fine  stacking 
units  makes  it  likely  that  2.5  micron  filaments  in  SSC 
type  wire  can  be  produced  with  a  perfect  array  and  in 
a  relatively  quick  and  economical  manner. 

It  has  been  shown  that  a  round  starting  shape  for 
the  monofilament  rods  can  be  manipulated  to  yield 
hexagonal  or  round  shaped  NbTi  filaments  or  fila- 
ments  of  other  material  by  the  choice  of  appropriate 
processing  parameters. 

The  general  performance  of  the  wire  made  from 
a  billet  formed  using  the  method  of  the  present  inven- 
tion  has  proven  to  be  excellent. 

Claims 

1.  A  process  for  preparing  a  superconductor  wire 
comprising: 

a)  providing  round  filament  rods  (10); 
b)  placing  said  round  filament  rods  (10)  inside 
tubes  (16)  to  form  subassemblies  filled  with 
said  filament  rods; 
c)  providing  at  last  one  extrusion  step, 

characterized  in  that 
d)  a  multiplicity  of  said  round  filament  rods 
(10)  are  packed  into  a  thin  wall  hexagonal 
tube  (16)  in  an  hexagonal  closed  packed  pat- 

tern  to  form  thin  wall  hexagonal  subassem- 
blies  each  filled  with  a  multiplicity  of  said 
round  filament  rods; 
e)  arranging  a  number  of  the  thin  wall  hexago- 

5  nal  subassemblies  inside  an  extrusion  can 
(18); 
f)  compacting  the  assembled  extrusion  can 
(18)  to  a  composite;  and 
g)  during  only  one  extrusion  step  extruding 

10  the  composite  to  the  final  size  desired. 

2.  A  process  for  preparing  a  superconductor  wire  ac- 
cording  to  claim  1,  characterized  in  that  said  fi- 
lament  rods  (10)  are  monofilament  rods. 

15 
3.  A  process  for  preparing  a  superconductor  wire  ac- 

cording  to  claim  2,  characterized  in  that  the 
round  monofilament  rods  (10)  utilized  are  less 
than  about  6  microns  in  diameter. 

20 
4.  A  process  for  preparing  a  superconductor  wire  ac- 

cording  to  claim  3,  characterized  in  that  the 
round  monofilament  rods  (1  0)  are  from  about  2  to 
about  3  microns  in  diameter. 

25 
5.  A  process  for  preparing  a  superconductor  wire  ac- 

cording  to  claim  2,  characterized  in  that  the  num- 
ber  of  round  monofilament  rods  (10)  utilized  is 
from  about  3,000  to  about  100,000. 

30 
6.  A  process  for  preparing  a  superconductor  wire  ac- 

cording  to  claim  2,  characterized  in  that  the  num- 
ber  of  round  monofilament  rods  (10)  utilized  is 
from  about  6,000  to  about  50,000. 

35 
7.  A  process  for  preparing  a  superconductor  wire  ac- 

cording  to  claim  2,  characterized  in  that  the  num- 
ber  of  thin  wall  hexagonal  tubes  (16)  utilized  is 
from  about  7  to  about  1  ,000. 

40 
8.  A  process  for  preparing  a  superconductor  wire  ac- 

cording  to  claim  2,  characterized  in  that  the  num- 
ber  of  thin  wall  hexagonal  tubes  (16)  utilized  is 
from  about  50  to  about  500. 

45 
9.  A  process  for  preparing  a  superconductor  wire  ac- 

cording  to  claim  2,  characterized  in  that  the 
monofilaments  are  arranged  in  a  hexagonal 
close  packed  pattern  within  each  thin  wall  hexa- 

50  gonal  tube  (16). 

1  0.  A  process  for  preparing  a  superconductor  wire  ac- 
cording  to  claim  2,  characterized  in  that  the 
monofilaments  (10)  are  clad  monofilaments. 

55 
1  1  .  A  process  for  preparing  a  superconductor  wire  ac- 

cording  to  claim  10,  characterized  in  that  the 
monofilaments  (1  0)  are  NbTi  filaments,  clad  with 
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a  barrier  layer  (12)  and  a  Cu  jacket  (14). 

1  2.  A  process  for  preparing  a  superconductor  wire  ac- 
cording  to  claim  11,  characterized  in  that  the  bar- 
rier  layer  (12)  is  selected  from  Nb,  Ta,  Ni,  V  and  5 
Zr. 

1  3.  A  process  for  preparing  a  superconductor  wire  ac- 
cording  to  claim  10,  characterized  in  that  the 
monofilament  cladding  material  is  Cu.  10 

1  4.  A  process  for  preparing  a  superconductor  wire  ac- 
cording  to  claim  2,  characterized  in  that  from 
about  6,000  to  about  50,000  monofilaments  (10) 
are  assembled  in  a  hexagonal  close  packed  pat-  15 
tern  within  each  of  about  50  to  about  500  thin  wall 
hex  tubes  (16),  which  hexagonal  tubes  (16)  are 
then  assembled  within  an  extrusion  can  (18), 
consolidated,  extruded  at  a  temperature  of  from 
about  15,55°C  (60°F)  to  about  760°C  (1400°F)  20 
and  drawn  to  the  final  desired  size  wire. 

1  5.  A  process  for  preparing  a  superconductor  wire  ac- 
cording  to  claim  11,  characterized  in  that  said 
monofilaments  (10)  are  alloys  of  NbTi.  25 

1  6.  A  process  for  preparing  a  superconductor  wire  ac- 
cording  to  claim  2,  characterized  in  that  the 
monofilaments  (10)  are  Nb  or  Nb  alloy  filaments 
clad  with  a  Cu  jacket  (14).  30 

1  7.  A  process  for  preparing  a  superconductor  wire  ac- 
cording  to  claim  2,  characterized  in  that  said  thin 
wall  hexagonal  tube  (16)  is  formed  of  Cu,  Ni  or  al- 
loys  thereof.  35 

Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  supraleitenden  40 
Drahtes,  das  aufweist: 

a)  runde  Fadendrahtchen  bzw.  Filament- 
drahte  (10)  werden  zur  Verfugung  gestellt; 
b)  die  runden  Fadendrahtchen  bzw.  Filament- 
drahte  (10)  werden  innerhalbvon  Rohren(16)  45 
angeordnet,  urn  Subanordnungen  auszubil- 
den,  die  mit  den  Fadendrahtchen  bzw. 
Filamentdrahten  gefullt  sind; 
c)  zumindest  ein  Extrusionsschritt  wird  zur 
Verfugung  gestellt,  so 

dadurch  gekennzeichnet,  daft 
d)  mehrere  der  runden  Fadendrahtchen  bzw. 
Filamentdrahte  (1  0)  werden  in  ein  dunnwandi- 
ges  Rohr  (16)  mit  hexagonalen  Wanden  in  ei- 
nem  hexagonal  gepackten  Muster  gepackt,  55 
urn  dunnwandige  hexagonale  Subanordnun- 
gen  auszubilden,  die  jeweils  mit  mehreren  der 
runden  Fadendrahtchen  bzw.  Filamentdrahte 

gefullt  sind; 
e)  eine  Anzahl  der  dunnwandigen  hexagona- 
len  Subanordnungen  wird  innerhalb  einer  Ex- 
trusionsumhullung  (18)  angeordnet; 
f)  die  angeordnete  Extrusionsumhullung  (18) 
wird  zu  einem  Verbund  verdichtet;  und 
g)  bei  nur  einem  Extrusionsschritt  wird  der 
Verbund  auf  seine  letztlich  gewunschte  Gra- 
de  extrudiert. 

2.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daft  die  Fadendrahtchen  bzw. 
Filamentdrahte  (10)  Einzelfadendrahtchen  bzw. 
Monof  ilamentdrahte  sind. 

3.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  runden  Einzelfadendrahtchen 
bzw.  Monof  ilamentdrahte  (10),  die  verwendet 
werden,  weniger  als  ungefahr  6  bzw.  Mikron 
im  Durchmesser  betragen. 

4.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daft  die  runden  Einzelfadendrahtchen 
bzw.  Monof  ilamentdrahte  (10)  im  Durchmesser 
von  ungefahr  2  bis  3  Mikron  betragen. 

5.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  Anzahl  der  runden 
Einzelfadendrahtchen  bzw.  Monofilamentdrahte 
(10),  die  verwendet  werden,  von  ungefahr  3.000 
bis  ungefahr  100.000  betragt. 

6.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  Anzahl  der  verwendeten  run- 
den  Einzelfadendrahtchen  bzw.  Monofilament- 
drahte  (10)  von  ungefahr  6.000  bis  ungefahr 
50.000  betragt. 

7.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  Anzahl  der  verwendeten  dunn- 
wandigen  hexagonalen  Rohre  (16)  von  ungefahr 
7  bis  ungefahr  1.000  betragt. 

8.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  Anzahl  der  verwendeten  dunn- 
wandigen  hexagonalen  Rohre  (16)  von  ungefahr 
50  bis  ungefahr  500  betragt. 

9.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  Einzelfadchen  bzw.  Monofila- 
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mente  in  einem  hexagonal  dicht  gepackten  Mu- 
ster  innerhalb  jedes  der  dunnwandigen  hexago- 
nalen  Rohre  (16)  angeordnet  sind. 

10.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  Einzelfadchen  bzw.  Monof  ila- 
mente  (10)  eingehullte  Monof  ilamente  bzw.  Ein- 
zelfadchen  sind. 

11.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  10,  dadurch  gekenn- 
zeichnet,  daft  die  Einzelfadchen  bzw.  Monof  ila- 
mente  (10)  NbTi-Filamente  bzw.  -Fadchen  sind, 
die  mit  einer  Barriereschicht  (12)  und  einer  Cu- 
Krone  bzw.  -Hulse  (14)  umhullt  sind. 

12.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  11,  dadurch  gekenn- 
zeichnet,  daft  die  Barriereschicht  (12)  aus  Nb, 
Ta,  Ni,  V  und  Zr  ausgewahlt  ist. 

13.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  10,  dadurch  gekenn- 
zeichnet,  daft  das  Einzelfadchen-  bzw.  Monofi- 
lament-Umhullungsmaterial  Cu  ist. 

14.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  von  ungefahr  6.000  bis  ungefahr 
50.000  Einzelfadchen  bzw.  Monof  ilamente  (10) 
in  einem  hexagonal  dicht  gepackten  Muster  in- 
nerhalb  jedes  von  ungefahr  50  bis  ungefahr  500 
dunnwandigen  hexagonalen  Rohren  (16)  ange- 
ordnet  ist,  wobei  die  hexagonalen  Rohre  (16)  an- 
schlieliend  in  einer  Extrusionshulle  (18)  angeord- 
net  werden,  verfestigt  bzw.  verdichtet  werden, 
bei  einer  Temperatur  von  ungefahr  15,55°C 
(60°F)  bis  ungefahr  760°C  (1400°F)  extrudiert 
und  auf  ihre  schlielilich  gewunschte  Drahtgrolie 
gezogen  bzw.  gestreckt  werden. 

15.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  11,  dadurch  gekenn- 
zeichnet,  daft  die  Einzelfadchen  bzw.  Monof  ila- 
mente  (10)  aus  Legierungen  von  NbTi  sind. 

16.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  Einzelfadchen  bzw.  Monof  ila- 
mente  (10)  Nb-  oder  Nb-Legierungs-Fadchen 
bzw.  -Filamente  sind,  die  mit  einer  Cu-Umhullung 
bzw.  -Krone  (14)  umhullt  sind. 

17.  Verfahren  zur  Herstellung  eines  supraleitenden 
Drahtes  gemaft  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  das  dunnwandige  hexagonale 
Rohr  (16)  aus  Cu,  Ni  oder  Legierungen  davon 

ausgebildet  wird. 

Revendications 
5 

1.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur,  consistant  : 

a)  a  prendre  des  brins  ronds  (10); 
b)  a  placer  lesdits  brins  ronds  (1  0)  a  I'interieur 

10  de  tubes  (16)  pour  former  des  sous- 
ensembles  remplis  desdits  brins; 
c)  a  effectuerau  moins  une  etape  d'extrusion, 

caracterise  en  ce  que  : 
d)  on  groupe  suivant  une  disposition  forte- 

15  ment  serree  et  hexagonale,  dans  un  tube 
hexagonal  (16)  a  paroi  mince,  une  multiplicite 
desdits  brins  ronds  (1  0)  pourformerdes  sous- 
ensembles  hexagonaux  a  paroi  mince,  rem- 
plis  chacun  avec  une  multiplicite  desdits  brins 

20  ronds; 
e)  on  dispose  un  certain  nombre  de  sous- 
ensembles  hexagonaux  a  paroi  mince  dans 
une  gaine  d'extrusion  (18); 
f)  on  comprime  la  gaine  d'extrusion  (18)  rem- 

25  plie  pour  obtenir  un  element  composite;  et 
g)  au  cours  d'une  seule  etape  d'extrusion,  on 
extrude  I'element  composite  pour  lui  donner 
la  dimension  finale  desiree. 

30  2.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  1,  caracterise 
en  ce  que  les  brins  (10)  sont  des  brins  monofila- 
ments. 

35  3.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  2,  caracterise 
en  ce  que  les  brins  ronds  monofilaments  utilises 
(10)  ont  un  diametre  inferieura  6  micrometres. 

40  4.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  3,  caracterise 
en  ce  que  les  brins  ronds  monofilaments  (1  0)  ont 
un  diametre  d'environ  2  a  environ  3  micrometres. 

45  5.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  2,  caracterise 
en  ce  que  le  nombre  de  brins  ronds  monofila- 
ments  (10)  utilises  est  d'environ  3  000  a  environ 
100  000. 

50 
6.  Procede  pour  preparer  un  fil  metallique  supra- 

conducteur  selon  la  revendication  2,  caracterise 
en  ce  que  le  nombre  de  brins  ronds  monofila- 
ments  (10)  utilises  est  d'environ  6  000  a  environ 

55  50  000. 

7.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  2,  caracterise 

8 
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en  ce  que  le  nombre  de  tubes  hexagonaux  (16) 
a  paroi  mince  utilises  est  d'environ  7  a  environ  1 
000. 

8.  Procede  pour  preparer  un  fil  metallique  supra-  5 
conducteur  selon  la  revendication  2,  caracterise 
en  ce  que  le  nombre  de  tubes  hexagonaux  (16) 
a  paroi  mince  utilises  est  d'environ  50  a  environ 
500. 

10 
9.  Procede  pour  preparer  un  fil  metallique  supra- 

conducteur  selon  la  revendication  2,  caracterise 
en  ce  que  les  monofilaments  sont  arranges  sui- 
vant  une  disposition  hexagonale  fortement 
serree  a  I'interieur  de  chaque  tube  hexagonal  15 
(16)  a  paroi  mince. 

10.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  2,  caracterise 
en  ce  que  les  monofilaments  (10)  sont  des  mo-  20 
nofilaments  revetus. 

en  ce  que  les  monofilaments  (10)  sont  des  fila- 
ments  en  Nb  ou  en  alliage  de  Nb  revetus  avec 
une  chemise  (14)  en  Cu. 

17.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  2,  caracterise 
en  ce  que  led  it  tube  hexagonal  (16)  a  paroi  mince 
est  forme  de  Cu,  Ni  ou  d'alliages  de  ces  metaux. 

11.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  10,  caracterise 
en  ce  que  les  monofilaments  (10)  sont  des  fila-  25 
ments  en  NbTi,  revetus  par  une  couche  (12)  for- 
mant  barriere  et  par  une  chemise  (14)  en  Cu. 

12.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  11  ,  caracterise  30 
en  ce  que  la  couche  (12)  formant  barriere  est  en 
un  metal  choisi  parmi  Nb,  Ta,  Ni,  V  et  Zr. 

13.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  10,  caracterise  35 
en  ce  que  le  materiau  de  revetement  du  monofi- 
lament  est  Cu. 

14.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  2,  caracterise  40 
en  ce  que  Ton  assemble  environ  6  000  a  environ 
50  000  monofilaments  (10),  suivant  une  disposi- 
tion  hexagonale  fortement  serree,  dans  environ 
50  a  environ  500  tubes  hexagonaux  (16)  a  paroi 
mince,  on  assemble  ensuite  ces  tubes  hexago-  45 
naux  (16)  dans  une  gaine  d'extrusion  (18),  on  les 
densifie,  on  les  extrude  sous  une  temperature 
d'environ  15,55°C  (60°F)  a  environ  760°C 
(1400°F),  et  on  les  etire  pour  obtenirle  fil  metalli- 
que  au  calibre  final  desire.  50 

15.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  11  ,  caracterise 
en  ce  que  lesdits  monofilaments  (10)  sont  en  al- 
liage  de  NbTi.  55 

16.  Procede  pour  preparer  un  fil  metallique  supra- 
conducteur  selon  la  revendication  2,  caracterise 

9 
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