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Description 

BACKGROUND  OF  THE  INVENTION 
5 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  strand  comprising  a  multiplicity  of  glass  fibers  having  a  non-circu- 
lar  cross-section  such  as  oval,  elliptic,  cocoon-shaped  or  a  polygonal  cross-section,  as  well  as  a  meth- 

10  od  of  producing  such  a  strand. 

DESCRIPTION  OF  THE  PRIOR  ART 

In  general,  glass  fibers  are  formed  by  spinning  a  multiplicity  of  filaments  of  molten  glass  from  a  bush- 
15  ing  having  numerous  nozzle  ports  of  a  circular  cross-section,  gathering  the  filaments  and  taking  up 

these  filaments  as  a  strand.  Thus,  each  filament  of  the  glass  fiber  has  a  circular  cross-section.  The 
glass  fibers  are  used  mainly  as  reinforcers  mixed  with  a  thermosetting  resin  or  a  thermoplastic  resin.  In 
general,  a  treating  agent  is  applied  to  the  surface  of  the  glass  fiber  so  as  to  produce  a  bonding  force  at 
the  boundary  surface  between  the  glass  and  the  resin. 

20  In  recent  years,  there  has  been  an  increasing  demand  for  higher  strength  in  composite  materials  con- 
taining  a  resin  and  glass  fibers.  In  fact,  long  glass  fibers  which  are  used  in  filament  winding,  pultrusion, 
roving  cloth,  electric  insulating  cloth  and  so  forth  are  required  to  be  formed  into  a  strand  having  re- 
duced  thickness. 

EP-A  0  069  601  discloses  a  fiberizing  installation  for  forming  fibres  from  thermoplastic  mineral  materi- 
25  als,  such  as  glass,  obtained  by  mechanical  drawing  of  the  molten  material  flowing  from  a  plurality  of  ori- 

fices  disposed  at  the  base  of  a  bushing.  The  installation  is  particularly  for  manufacturing  glass  threads 
composed  of  a  plurality  of  filaments  of  different  cross  sections. 

The  fiberizing  installation  essentially  comprises  a  source  of  supply  of  thermoplastic  material,  such  as 
glass,  connected  to  a  bushing  heated  by  the  Joule  effect,  a  device  for  blowing  gas  directed  towards  the 

30  bottom  of  the  bushing,  and  drawing  means.  The  lower  surface  of  the  bottom  of  the  bushing  has  a  multiplic- 
ity  of  fiberizing  centres  of  different  configuration,  each  centre  being  formed  by  a  zone  perforated  by  a 
group  of  orifices  from  which  at  least  one  filament  may  be  drawn  in  a  stable  manner. 

In  use,  the  temperature  of  the  bottom  of  the  bushing  is  regulated  such  that  the  glass  is  brought  to  a 
temperature  at  which  the  formation  of  one  filament  per  orifice  in  a  certain  number  of  predetermined  fiber- 

35  izing  centres  takes  place  simultaneously  with  the  formation  of  one  filament  per  group  of  orifices  in  other 
fiberizing  centres.  For  example,  the  two  sets  of  fiberizing  centres  may  differ  in  the  spacing  between  the 
orifices. 

The  present  inventors  have  conducted  an  intense  study  to  cope  with  such  a  demand  and  have  found 
that  enhancement  of  the  bonding  strength  between  the  glass  fibers  and  the  resin  is  an  important  factor 

40  for  attaining  a  high  strength  of  the  composite  material.  The  inventors  have  found  also  that  higher  bond- 
ing  strength  is  obtainable  when  the  glass  fibers  have  non-circular  cross-sections  such  as  oval,  elliptic, 
cocoon-shaped  or  polygonal  cross-sectional  shape,  as  compared  with  the  case  where  the  glass  fibers 
have  a  circular  cross-section.  This  may  be  attributable  to  the  fact  that  glass  fibers  having  non-circular 
cross-sections  have  specific  surface  areas  greater  than  those  of  glass  fibers  of  circular  cross-sec- 

45  tion,  so  that  they  produce  a  greater  bonding  strength  and,  hence,  a  greater  reinforcement  effect.  It  has 
been  confirmed  also  that,  when  the  glass  fibers  have  such  a  cross-section  that  the  outer  periphery  is 
recessed  inwardly,  adjacent  fibers  are  received  by  recesses  of  the  adjacent  glass  fibers  so  as  to  resist 
any  force  which  acts  to  separate  the  adjacent  fibers  from  each  other.  The  inventors  have  found  also 
that,  when  the  glass  fibers  have  a  comparatively  flat  cross-section  such  as  an  elliptic  or  cocoon- 

50  shaped  form,  the  flat  glass  fibers  are  superposed  so  as  to  realize  thin  strands  of  the  glass  fibers.  Un- 
fortunately,  however,  it  is  very  difficult  to  form  glass  fibers  having  a  non-circular  cross-section.  Name- 
ly,  since  the  molten  glass  coming  out  of  the  nozzle  port  has  a  low  viscosity  and,  hence,  a  large  surface 
tension  at  high  temperature,  the  molten  glass  filament  from  the  nozzle  tends  to  have  a  circular  cross- 
section  even  if  such  nozzle  port  has  a  non-circular  cross-section.  It  is,  therefore,  impossible  to  obtain 

55  glass  fibers  having  desired  non-circular  cross-sections. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  an  object  of  the  invention  is  to  provide  a  strand  comprising  glass  fibers  each  having  a 
60  non-circular  cross-section  and  capable  of  enhancing  the  strength  of  a  composite  material  consisting  of 

a  resin  and  glass  fibers,  i.e.,  glass  fiber-reinforced  plastic. 
To  this  end,  according  to  one  aspect  of  the  invention,  there  is  provided  a  strand  comprising  glass  fi- 

bers  the  cross-section  of  each  glass  fiber  having  at  least  two  expanded  apex  portions  and  a  recess  pro- 
vided  on  each  side  extending  between  adjacent  apex  portions. 

65  The  invention  provides  also  a  method  of  producing  a  glass  fiber  strand  comprising  spinning  a  plurality 
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of  groups  of  molten  glass  filaments  from  a  plurality  of  groups  of  nozzle  ports  arranged  in  a  nozzle  plate 
the  nozzle  ports  of  each  group  being  in  close  proximity  to  one  another,  adjoining  said  filaments  of  each 
group  to  one  another  in  an  adjoining  area  thereby  forming  a  plurality  of  single  glass  fibers,  gathering 
said  glass  fibers  into  a  strand,  and  winding  up  said  strand,  the  nozzle  ports  in  each  group  of  nozzle 

5  ports  being  so  arranged  and  the  temperature  of  the  filaments  in  the  adjoining  area  being  that  low  that  fi- 
bers  are  formed  having  at  least  two  expanded  apex  portions  and  a  recess  provided  on  each  side  extend- 
ing  between  adjacent  apex  portions. 

According  to  this  method,  in  which  the  element  glass  filaments  spun  from  a  plurality  of  groups  of  noz- 
zle  ports  are  adjoined  into  a  single  filament,  when  the  element  filaments  are  adjoined,  the  glass  tempera- 

10  ture  has  been  lowered  considerably  and,  hence,  the  viscosity  has  been  increased  to  such  a  level  as  to 
resist  the  surface  tension.  In  consequence,  the  tendency  of  the  glass  to  deform  into  circular  cross-sec- 
tion  is  suppressed  as  compared  with  the  case  where  filaments  spun  from  oval,  elliptic  or  other  non-circu- 
lar  nozzle  ports  are  used  without  adjoining.  It  is,  therefore,  possible  to  obtain  glass  fibers  having  a  non- 
circular  cross-section  such  as  oval,  elliptic,  cocoon-shaped  and  polygonal. 

15  The  method  of  the  invention  may  employ  the  above-described  spinning  device  constituted  by  a  nozzle 
plate  having  a  flat  plate  provided  with  a  multiplicity  of  nozzle  ports.  However,  it  has  proved  that  this 
spinning  device  suffers  from  the  following  problems.  Namely,  when  one  of  the  element  glass  filaments 
being  spun  is  cut  due  to,  for  example,  the  existence  of  foreign  matter  in  the  molten  glass,  the  molten  glass 
flows  laterally  in  contact  with  the  surface  of  the  nozzle  plate  because  of  the  interface  tension  between 

20  the  glass  and  the  nozzle  plate.  This  flow  of  molten  glass  undesirably  cuts  other  filaments  to  hinder  the 
spinning.  Once  that  occurs,  it  is  necessary  to  perform  the  troublesome  work  of  pulling  and  arraying  a 
multiplicity  of  cut  filaments  by  a  special  tool  similar  to  a  pincette.  This  work  requires  an  impracticably  long 
time  and  much  labour.  For  producing  glass  fibers  of  a  non-circular  cross-section,  it  is  preferred  that  the 
element  glass  filaments  spun  from  the  nozzle  ports  have  a  considerably  high  viscosity,  i.e.,  a  low  temper- 

25  ature.  To  this  end,  it  is  desirable  that  the  temperature  in  the  spinning  furnace  is  maintained  at  a  compara- 
tively  low  level.  In  consequence,  the  temperature  of  the  glass  in  the  liquid  phase  maintained  in  the  fur- 
nace  approaches  the  spinning  temperature,  often  leading  to  devitrification  in  the  regions  near  the  cor- 
ners  of  the  furnace. 

Therefore,  another  object  of  the  invention  is  to  provide  a  method  of  producing  glass  fibers  haying  a 
30  non-circular  cross-section,  which  permits  an  easy  arraying  of  the  element  glass  filaments  at  the  time  of 

starting  of  the  spinning  or  after  accidental  cutting  of  the  filaments  and  which  can  reduce  the  devitrifica- 
tion  tendency  of  the  glass. 

To  this  end,  a  preferred  embodiment  of  the  method  in  accordance  with  the  invention  employs  a  nozzle 
plate  which  is  provided  with  a  plurality  of  tips  in  the  lower  surface  thereof,  each  tip  having  therein  a  plu- 

35  rality  of  nozzle  ports.  The  element  glass  filaments  spun  from  the  nozzle  ports  of  the  same  tip  are  ad- 
joined  into  a  single  filament. 

According  to  this  method,  a  plurality  of  nozzle  ports  for  forming  a  single  glass  fiber  of  a  non-circular 
cross-section  are  formed  within  each  of  a  plurality  of  tips  provided  on  the  lower  surface  of  the  nozzle 
plate.  Therefore,  even  when  one  of  the  element  glass  filament  is  cut  accidentally,  the  molten  glass  of  this 

40  filament  does  not  flow  laterally  beyond  the  tip  to  which  it  belongs.  Rather,  the  glass  flows  downwardly  due 
to  the  force  of  gravity.  Therefore,  the  undesirable  cutting  of  other  filaments  is  avoided  and  the  time  and 
labor  for  arraying  the  filaments  are  saved.  In  addition,  it  is  possible  to  adjust  the  viscosity  such  that  a 
desired  viscosity,  i.e.,  a  desired  temperature,  is  obtained  at  the  end  of  the  tip.  This  in  turn  allows  the  tem- 
perature  of  the  glass  in  the  furnace  to  be  maintained  at  a  considerably  high  level,  for  example  at  a  tem- 

45  perature  higher  than  the  spinning  temperature  by  50  -  60°C,  thus  eliminating  the  risk  of  devitrification  of 
the  glass  material  in  the  furnace. 

The  above  and  other  objects,  features  and  advantages  of  the  invention  will  become  clear  from  the  fol- 
lowing  description  of  the  preferred  embodiments  when  the  same  is  read  in  conjunction  with  the  accompa- 
nying  drawings. 

50 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1A  and  1B  are  cross-sectional  views  of  embodiments  of  a  glass  fiber  in  accordance  with  the  in- 
vention,  having  a  cocoon-shaped  cross-section  and  a  basically  triangular  cross-section,  respectively; 

55  Fig.  2  is  a  sectional  view  of  a  strand  constituted  by  a  plurality  of  glass  fibers  shown  in  Fig.  1  A; 
Fig.  3  is  a  schematic  side  elevational  view  of  an  example  of  an  apparatus  suitable  for  use  in  carrying 

out  the  invention; 
Fig.  4  is  a  front  elevational  view  of  the  apparatus  shown  in  Fig.  3; 
Fig.  5  is  an  illustration  of  a  part  of  the  bottom  of  a  nozzle  plate  12  shown  in  Fig.  3; 

60  Fig.  6  is  a  sectional  view  taken  along  the  line  VI-VI  of  Fig.  5; 
Fig.  7  is  a  perspective  view  of  a  modification  of  the  nozzle  plate; 
Fig.  8  is  a  sectional  view  of  another  modification  of  the  nozzle  plate; 
Fig.  9  is  a  sectional  view  of  a  part  of  a  nozzle  plate  which  is  used  in  the  production  of  a  glass  fiber 

having  a  substantially  triangular  cross-section; 
65  Fig.  10  is  a  bottom  plan  view  of  the  nozzle  plate  shown  in  Fig.  9; 
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Fig.  1  1  is  a  sectional  view  drafted  on  the  basis  of  a  microscopic  photograph  of  the  cross-section  of  a 
glass  fiber  produced  in  accordance  with  an  embodiment  I  of  the  method  of  the  invention; 

Fig.  12  is  a  sectional  view  drafted  on  the  basis  of  a  microscopic  photograph  of  the  cross-section  of  a 
glass  fiber  produced  in  accordance  with  the  embodiment  II  of  the  method  of  the  invention; 

5  Fig.  1  3  is  a  bottom  plan  view  of  a  part  of  another  example  of  the  nozzle  plate  used  in  the  apparatus 
shown  in  Fig.  3; 

Fig.  14  is  a  sectional  view  taken  along  the  line  XIV-XIV  of  Fig.  13; 
Figs.  15A,  15B  and  15C  are  sectional  views  of  modifications  of  tips  on  the  nozzle  plate  used  in  the  meth- 

od  of  the  invention; 
10  Figs.  16  and  17  are  bottom  plan  views  showing  different  modifications  of  the  tips  of  the  nozzle  plate; 

and 
Fig.  18  is  a  sectional  view  of  a  glass  fiber  having  an  elliptic  cross-section,  produced  in  accordance 

with  the  method  of  the  invention. 

15  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS  . 

Figs.  1A  and  1B  show  preferred  embodiments  of  the  glass  fiber  in  accordance  with  the  invention.  The 
glass  fiber  1  shown  in  Fig.  IA  has  a  cocoon-shaped  cross-section  having  expanded  end  portions  3  and  a 
contracted  central  portion  providing  recesses  2.  The  glass  fiber  1  shown  in  Fig.  IB  has  a  substantially  tri- 

20  angular  cross-section  with  expanded  apices  3  and  recesses  2  formed  between  adjacent  apices.  These 
cross-sectional  shapes  are  not  exclusive  and  any  other  polygonal  cross-section  such  as  square,  pen- 
tagonal  and  so  forth  are  equally  adoptable  provided  that  recesses  are  formed  between  adjacent  apices. 

The  glass  fiber  having  a  cross-section  with  recesses  2  in  its  periphery  provides  greater  specific  ar- 
ea  as  compared  with  known  fibers  having  circular  cross-section,  so  that  it  exhibits  a  greater  strength  of 

25  bonding  to  the  resin  than  the  conventional  glass  fiber,  thus  assuring  a  greater  reinforcing  effect. 
A  plurality  of  glass  fibers  of  the  invention  having  a  non-circular  cross-section  can  be  gathered  into  a 

strand  by  a  known  process  which  employs  a  sizing  agent  application  roller  and  guides  along  which  the 
glass  fibers  run  in  a  tensioned  state.  During  the  gathering  process,  all  the  glass  fibers  are  held  in  close 
contact  with  one  another,  so  that  the  expanded  portions  3  of  these  glass  fibers  are  received  in  the  re- 

30  cesses  2  of  adjacent  glass  fibers,  thus  assuring  higher  adhesion  of  adjacent  glass  fibers  in  the  product 
strand.  This  provides  an  easier  handling  of  the  strand  and,  when  the  strands  are  mixed  in  a  plastic  for 
the  purpose  of  reinforcement,  provides  a  greater  tearing  strength  of  the  reinforced  plastic  because  the 
adjacent  glass  fibers  in  each  strand  exhibit  a  large  bonding  strength  against  the  force  which  acts  in  the 
direction  perpendicular  to  the  axes  of  the  glass  fibers. 

35  Fig.  2  shows  an  example  of  the  strand  formed  from  glass  fibers  shown  in  Fig.  1A  having  a  cocoon- 
shaped  cross-section.  As  will  be  seen  from  this  Figure,  the  glass  fibers  are  superposed  on  one  another 
such  that  the  expanded  portions  3  are  received  in  the  recesses  2  of  adjacent  glass  fibers  so  that  the 
strand  generally  has  a  flattened  cross-section  and  adjacent  glass  fibers  1  and  1  retain  each  other  at 
their  portions  where  they  engage  each  other  as  at  4,  thus  exhibiting  a  large  bonding  force  in  the  direction 

40  of  arrows  A-A"  between  adjacent  glass  fibers,  thus  improving  the  tearing  strength  of  the  composite  ma- 
terial.  The  greater  the  depth  of  the  recess  2  is,  the  greater  the  tearing  strength  becomes. 

The  strand  produced  from  the  glass  fibers  of  the  invention  is  particularly  suitable  in  the  formation  of  a 
pultrusion  which  requires  a  large  strength  against  cracking  in  the  direction  perpendicular  to  the  axial  di- 
rection. 

45  The  strand  formed  from  the  cocoon  cross-sectioned  glass  fibers  shown  in  Fig.  IA  is  generally  flat  and 
thin  as  compared  with  the  conventional  strand  formed  from  known  circular  cross-sectioned  glass  fibers, 
because  the  expanded  portions  and  the  recesses  of  adjacent  fibers  fit  each  other.  This  strand,  there- 
fore,  can  be  used  suitably  as  a  long  strand  for  the  purpose  of,  for  example,  filament  winding,  pultrusion, 
roving  cloth  and  electric  insulating  cloth. 

50  Fig.  3  is  a  schematic  side  elevational  view  of  an  apparatus  for  producing  a  glass  fiber  of  the  invention 
having  a  non-circular  cross-section,  while  Fig.  4  is  a  front  elevational  view  of  an  essential  portion  of 
the  apparatus.  The  apparatus  has  a  bushing  1  1  having  a  bottom  nozzle  plate  1  2  provided  with  a  multiplicity 
of  nozzle  ports.  The  apparatus  also  has  a  sizing  agent  application  roller  13,  a  gathering  roller  14,  a  take- 
up  device  15,  a  cooling  gas  blowing  device  16,  and  so  forth.  As  will  be  seen  from  Fig.  5,  the  nozzle  plate 

55  12  has  a  multiplicity  of  pairs  of  nozzle  ports  18A,  18B  and,  as  will  be  best  seen  from  Fig.  6,  the  lower  sur- 
face  of  the  nozzle  plate  12  is  provided  with  a  plurality  of  conical  or  spherical  recesses  19  in  each  of 
which  are  formed  the  pair  of  nozzle  ports  18A,  18B  such  that  the  sphere  or  the  cone  is  centered  at  the 
mid  point  between  the  pair  of  nozzle  ports  18A,  18B. 

Referring  to  Figs.  3  and  4,  the  molten  glass  17  supplied  to  the  bushing  1  1  is  spun  from  the  pair  of  nozzle 
60  ports  18A,  18B  in  each  recess  19  of  the  nozzle  plate  12  and  are  adjoined  to  each  other  while  being  blown 

by  the  cooling  gas  from  the  cooling  gas  blowing  device  16,  so  that  they  are  rapidly  cooled  and  solidified  to 
become  a  glass  fiber  20  having  a  non-circular  cross-section  such  as  elliptic,  oval  or  cocoon-shaped 
cross-section.  A  sizing  agent  is  applied  to  the  thus  formed  glass  fibers  and  the  glass  fibers  are  gath- 
ered  into  a  strand  21  by  means  of  the  gathering  roller  14.  The  strand  21  is  then  taken  up  on  the  take-up 

65  tube  of  the  take-up  device  15.  Meanwhile,  when  the  strand  21  runs  on  the  sizing  agent  application  roller 
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and  guides,  the  glass  fibers  are  superposed  on  each  other  to  provide  a  flat  cross-section  of  the  strand 
21.  It  is  thus  possible  to  produce  a  flat  strand  from  glass  fibers  each  having  a  non-circular  cross-sec- 
tion. 

The  described  method  of  the  invention  for  producing  a  flat  glass  fiber  of  a  non-circular  cross-section 
5  can  be  carried  out  effectively,  provided  that  the  following  conditions  are  met.  The  molten  glass  spun 

from  the  nozzle  ports  generally  exhibits  a  low  viscosity  and  a  large  surface  tension  and,  therefore, 
tends  to  be  rounded  immediately  such  as  to  have  a  circular  cross-section.  This  applies  also  to  the  co- 
coon  cross-sectioned  glass  fiber  formed  by  adjoining  two  filaments  spun  from  the  pair  of  nozzle  ports 
18A,  18B.  Namely,  the  cocoon-shaped  cross-section  tends  to  change  into  oval,  elliptic  or  even  circular 

10  form  due  to  the  surface  tension,  until  the  glass  is  solidified.  This  tendency  is  noticeable  particularly  when 
the  distance  between  the  pair  of  nozzle  ports  18A  and  18B  is  small.  On  the  other  hand,  too  large  a  dis- 
tance  between  adjacent  nozzle  ports  makes  it  difficult  to  adjoin  two  glass  filaments,  with  the  result  that  a 
pair  of  glass  fibers  having  circular  cross-sections  are  formed.  It  is,  therefore,  essential  that  the  dis- 
tance  between  two  nozzle  ports  is  determined  on  the  basis  of  the  spinning  condition  such  that  the  prod- 

15  uct  glass  fiber  after  adjoining  does  not  have  a  circular  cross-section,  nor  are  two  discrete  filaments 
formed.  The  lower  surface  of  the  nozzle  plate  12  may  be  flat.  It  is,  however,  preferred  that  the  lower  sur- 
face  of  the  nozzle  plate  12  has  recesses  19  in  which  the  pair  of  nozzle  ports  18A  and  18B  are  formed,  be- 
cause  in  such  a  case  two  molten  glass  filaments  are  adjoined  to  each  other  at  a  point  above  the  level  of 
the  lower  surface  of  the  nozzle  plate,  where  the  cooling  effect  by  the  ambient  air  is  weakened  to  allow  an 

20  easy  adjoining  of  the  molten  glass.  In  other  words,  the  provision  of  the  recesses  19  permits  an  increase 
in  the  distance  between  the  pair  of  nozzle  ports  18A  and  18B,  which  in  turn  permits  an  elongation  of  the 
cross-section  of  the  product  glass  fiber.  The  spherical  and  conical  form  of  the  recess  1  9  is  not  exclu- 
sive  and  the  recess  19  may  have  other  forms  such  as  the  channel-like  forms  shown  in  parts  (a),  (b)  and 
(c)  of  Fig.  7.  The  recesses  19  can  be  formed  by  cutting  the  lower  surface  of  the  nozzle  plate  12  as  illus- 

25  trated  in  Fig.  8,  instead  of  deforming  this  nozzle  plate  12  as  in  the  described  embodiment.  The  nozzle 
ports  18A,  18B  can  have  various  cross-sections  such  as  an  oval,  elliptic  or  circular  cross-section,  as 
well  as  rectangular  cross-section  as  shown  in  Fig.  5.  It  is,  however,  preferred  that  the  nozzle  ports  18A, 
18B  have  an  elongated  cross-section  such  as  the  rectangular  cross-section  shown  in  Fig.  5  or  an  oval 
cross-section  such  that  the  longitudinal  axes  of  both  ports  are  aligned  with  each  other,  because  such  an 

30  arrangement  permits  easy  production  of  a  glass  fiber  having  an  elongated  cross-section  and,  hence,  a 
greater  specific  area  of  the  product  glass  fiber.  With  the  nozzle  plate  as  shown  in  Figs.  5  and  6,  it  was 
confirmed  that  the  distance  between  the  pair  of  nozzle  ports  18A  and  18B  (clearance  "d")  is  preferably 
selected  to  range  between  0.1  mm  and  1  mm.  When  this  clearance  d  is  smaller  than  0.1  mm,  the  cross-sec- 
tion  of  the  product  glass  fiber  tends  to  become  circular,  whereas,  when  the  clearance  d  exceeds  1  mm, 

35  the  product  glass  fiber  tends  to  be  divided  into  two  discrete  filaments. 
The  cooling  gas  from  the  cooling  gas  blowing  device  16  serves  to  rapidly  cool  the  glass  filaments  spun 

from  the  nozzle  ports,  thus  promoting  the  solidification.  The  application  of  the  cooling  gas,  therefore,  is 
an  effective  measure  for  forming  a  glass  fiber  having  a  non-circular  cross-section,  particularly  a  co- 
coon-shaped  cross-section,  because  it  prevents  the  cocoon  cross-sectioned  molten  glass  spun  from 

40  two  nozzle  ports  from  becoming  circular  by  the  force  of  the  surface  tension.  The  cooling  gas  may  be  air 
or  nitrogen,  although  other  types  of  gas  such  as  an  inert  gas  can  be  used  if  the  use  of  such  a  gas  is  al- 
lowed  from  the  viewpoint  of  cost.  Although  in  the  illustrated  embodiment  the  cooling  gas  blowing  device 
employs  independent  gas  blowing  pipes  25  for  respective  nozzle  port  pairs,  this  arrangement  is  not  ex- 
clusive  and  the  gas  blowing  device  can  have  a  single  or  a  small  number  of  cooling  gas  pipes  of  a  greater 

45  cross-sectional  area.  The  angle  at  which  the  cooling  gas  impinges  upon  the  nozzle  plate  can  be  selected 
freely,  within  a  range  between  the  direction  parallel  to  the  nozzle  surface  and  the  direction  perpendicu- 
lar  to  the  same.  Preferably,  however,  the  cooling  gas  is  directed  at  an  angle  between  75°  and  85°  to  the 
nozzle  surface.  When  the  air  is  directed  at  an  angle  smaller  than  the  range  mentioned  above,  there  is  a 
risk  that  the  flow  of  the  glass  fibers  is  disturbed  if  the  gas  is  blown  only  in  one  direction.  In  such  a  case, 

50  therefore,  the  cooling  gas  is  blown  from  two  opposite  directions  with  a  good  balance  of  force  of  the  cool- 
ing  gas.  The  rate  of  blowing  of  the  cooling  gas  preferably  ranges  between  10  ml/min  and  2  l/min  for  each 
pair  of  nozzle  ports.  A  cooling  gas  blowing  rate  below  10  ml/min  cannot  provide  the  required  cooling  ef- 
fect,  whereas  a  cooling  gas  blowing  rate  exceeding  2  l/min  may  cause  a  disturbance  in  the  flow  of  the 
glass  fibers,  often  resulting  in  troubles  such  as  entanglement  of  the  fibers  or  separation  to  filaments 

55  having  a  circular  cross-section.  Needless  to  say,  the  cooling  gas  blowing  device  16  may  be  omitted  pro- 
vided  that  the  non-circular  cross-section  of  the  product  glass  fiber  can  be  obtained  without  the  cooling 
gas. 

For  the  purpose  of  preventing  the  non-circular  cross-section  of  the  spun  filament  of  molten  glass 
from  changing  into  a  circular  form,  it  is  also  an  effective  measure  to  increase  the  viscosity  of  the  glass 

60  by  lowering  the  molten  glass  temperature.  A  mere  increase  in  the  viscosity,  however,  decreases  the 
spinning  rate  and  undesirably  reduces  the  size  of  the  product  glass  fiber.  It  is,  therefore,  preferred 
that  the  molten  glass  in  the  bushing  is  pressurized  by  a  suitable  means  so  that  the  molten  glass  is  forcibly 
extruded.  This  permits  the  spinning  at  higher  viscosity  of  the  molten  glass,  and  further  restrains  the  ten- 
dency  for  the  cross-section  of  the  glass  fiber  to  become  circular.  Thus,  the  cocoon  cross-sectioned 

65  glass  fiber  produced  by  this  method  can  have  more  distinctive  expanded  and  contracted  portions.  Obvi- 
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ousiy,  a  higher  pressure  applied  to  the  molten  glass  permits  the  spinning  of  glass  filaments  having  higher 
viscosity.  Although  such  a  high  viscosity  is  desirable  from  the  view  point  of  ease  of  formation  of  glass 
fibers  having  non-circular  cross-section,  the  pressure  applicable  to  the  molten  glass  is  limited  by  the 
strength  of  the  bushing.  Thus,  the  pressure  is  preferably  below  8  kg/cm2. 

5  The  described  apparatus  employs  a  nozzle  plate  having  a  plurality  of  pairs  of  nozzle  ports  and  the  mol- 
ten  glass  filaments  spun  from  two  nozzle  ports  are  adjoined  to  each  other  to  form  a  single  glass  fiber  of  a 
non-circular  cross-section.  The  glass  fiber  of  the  invention  having  a  non-circular  cross-section,  how- 
ever,  can  be  formed  from  three  or  more  glass  fiber  filaments  which  are  spun  from  three  or  more  nozzle 
ports  arranged  in  close  proximity  to  one  another. 

10  More  specifically,  referring  to  Figs.  9  and  10,  three  nozzle  ports  18A,  18B  and  18C,  each  having  a  cir- 
cular  cross-section,  are  arranged  at  apices  of  a  regular  triangle,  in  each  of  conical  recesses  19  formed 
in  the  lower  surface  of  the  nozzle  plate  12.  Using  this  nozzle  plate,  it  is  possible  to  obtain  a  glass  fiber 
having  a  substantially  triangular  cross-section,  by  adjoining  the  glass  filaments  spun  from  three  nozzle 
ports.  By  a  suitable  adjustment  of  the  amount  of  deformation  of  the  glass  fiber  constituted  by  the  glass 

15  filaments  spun  from  three  nozzle  ports,  it  is  possible  to  obtain  a  triangular  cross-section  with  recesses 
in  respective  sides  as  shown  in  Fig.  1  B  or  with  straight  or  outwardly  expanded  sides.  The  number  of  the 
nozzle  ports  arranged  in  close  proximity  to  one  another  may  be  increased  to  4,  5  and  more,  so  that  glass 
fibers  of  various  non-circular  cross-sections  such  as  square,  pentagonal  and  other  polygonal  shapes 
can  be  obtained.  In  each  of  these  cases,  the  nozzle  port  can  have  any  desired  cross-section  such  as 

20  rectangular,  oval,  elliptic  or  other  shapes,  as  well  as  a  circular  cross-section.  It  is  not  essential  that  the 
nozzle  ports  are  positioned  at  the  apices  of  the  polygon.  By  varying  the  positions  of  the  nozzle  ports,  it 
is  possible  to  obtain  various  non-circular  cross-sectional  shapes  of  the  product  glass  fiber. 

Example  1 
25 

Glass  fibers  were  produced  by  using  nozzle  plates  having  nozzle  ports  18A,  18B  and  recesses  19  of 
the  size  and  shape  as  shown  in  Table  1  and  Figs.  5  and  6.  The  sizes  and  cross-section  of  the  thus  formed 
glass  fiber  are  shown  in  Table  1  and  Fig.  1  1  .  A  rod  formed  as  a  pultrusion  was  produced  from  a  strand 
which  was  prepared  by  gathering  the  glass  fibers  of  this  Example.  The  rod  showed  a  tensile  strength 

30  which  is  about  10  to  15%  higher  than  that  of  the  conventional  strand  prepared  from  glass  fibers  having  a 
circular  cross-section. 

Table  1 

35  Shape  of  nozzle  port:  rectangular 
Nozzle  longer  side  length:  2.5  mm 
Nozzle  shorter  side  length:  1  .1  mm 
Molten  glass  temperature:  1  240  °C 

40  Spinning  pressure:  Normal  (glass  head  pressure) 
Cooling  gas  blowing  rate:  0.5  ml/min/pair 
Cooling  gas  blowing  angle:  75  ° 
Cooling  gas  pipe  diameter:  2  mm 

45  Filament  longer  diameter  (a):  30  ji 
Filament  shorter  diameter  (b)  :  10  u, 
Filament  center  diameter  (c)  :  0.9  to  0.8  x  b 

50 

Example  II 

Glass  fibers  were  produced  by  using  a  nozzle  plate  having  nozzle  ports  18A,  18B,  18C  and  recesses 
55  19  of  the  shapes  and  sizes  as  shown  in  Table  2  and  Figs.  9  and  10.  The  size  and  the  cross-section  of  the 

thus  produced  glass  fiber  are  shown  in  Table  2  and  Fig.  12.  The  thus  formed  glass  fibers  were  gathered 
into  a  strand  which  was  then  subjected  to  an  FRTP  test  for  measuring  the  flexural  strength,  and  showed 
10  to  15%  increase  in  the  flexural  strength  over  the  known  strand  produced  from  ordinary  glass  fibers 
having  circular  cross-section. 

60 

65 
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Table  2 
Nozzle  shape:  circular 
Nozzle  position:  apices  of  triangle 
Nozzle  diameter:  1.6  mm 
Molten  glass  temperature:  1  200  °C 
Spinning  pressure:  normal  (glass  head  pressure) 
Cooling  gas  blowing  rate:  0.5  l/min/recess 

10  Cooling  gas  blowing  angle:  75° 
Cooling  gas  pipe  diameter:  2  mm 
Diameter  of  recess  19:  4  mm 

15  Filament  diameter  (R):  IOji 

Figs.  13  and  14  show  another  example  of  the  nozzle  plate  12  suited  for  use  in  the  glass  fiber  production 
apparatus  shown  in  Figs.  3  and  4.  In  this  case,  the  nozzle  plate  12  is  provided  on  the  lower  side  thereof 

20  with  a  plurality  of  tips  projecting  downwardly  therefrom.  This  nozzle  plate  12  permits  the  molten  glass  in 
the  bushing  1  1  to  be  maintained  at  a  higher  temperature  than  in  the  case  where  the  nozzle  plate  has  no  tip, 
so  that  the  undesirable  devitrification  of  the  molten  glass  can  be  avoided  advantageously. 

When  the  nozzle  plate  having  tips  is  used,  the  molten  glass  starts  to  flow  through  the  nozzle  ports  and 
tentatively  stagnates  on  the  lower  end  surface  of  each  tip.  The  molten  glass  then  flows  vertically  down- 

25  wardly  by  the  force  of  gravity,  without  spreading  laterally,  so  that  the  arraying  of  filaments  at  the  time  of 
commencement  of  the  spinning  can  be  facilitated.  In  addition,  even  when  the  filament  is  cut  accidentally 
during  the  spinning,  the  molten  glass  constituting  the  cut  filament  does  not  flow  laterally  into  the  adjacent 
tips,  whereby  the  cutting  of  adjacent  filaments  is  avoided. 

The  lower  end  of  the  tip  17'  formed  on  the  lower  side  of  the  nozzle  plate  12  may  be  flat.  It  is,  however, 
30  preferred  that  the  end  surface  of  the  tip  17'  is  recessed  as  at  19'  as  shown  in  Figs.  13  and  14.  In  such  a 

case,  the  molten  glass  filaments  spun  from  two  nozzle  ports  18'  A,  18'B  in  the  same  tip  17'  can  merge  in 
each  other  at  a  point  which  is  above  the  lower  end  surface  of  the  tip  17',  so  that  the  cooling  effect  pro- 
duced  by  the  ambient  air  is  weakened  so  as  to  permit  an  easy  merging  of  two  molten  glass  filaments  spun 
from  two  nozzle  ports.  In  other  words,  the  provision  of  the  recess  19'  permits  an  increase  in  the  distance 

35  between  the  nozzle  ports  18'A  and  18'B,  thus  enabling  the  production  of  glass  fibers  having  further  elon- 
gated  cross-sections.  In  the  nozzle  plate  as  shown  in  Figs.  13  and  14,  the  clearance  "d"  between  adja- 
cent  nozzle  ports  18'A  and  18'B  of  each  pair  is  preferably  selected  to  range  between  0.1  mm  and  1  mm. 
When  the  clearance  "d"  is  smaller  than  0.1  mm,  the  glass  fiber  tends  to  have  a  circular  cross-section, 
whereas,  when  the  clearance  "d"  exceeds  1  mm,  the  glass  fiber  tends  to  be  divided  into  two  discrete  fila- 

40  ments. 
The  temperature  of  the  molten  glass  spun  from  the  nozzle  ports  is  made  as  low  as  possible,  without 

causing  any  impediment  to  the  spinning  operation.  When  the  temperature  of  the  spun  glass  is  low,  the 
glass  exhibits  a  higher  viscosity  and,  hence,  exhibits  a  greater  tendency  for  preventing  the  cross-sec- 
tion  of  the  product  glass  fiber  from  becoming  circular,  thus  assuring  the  non-circular  cross-section  of 

45  the  product  glass  fiber.  The  tips  17'  provided  on  the  lower  surface  of  the  nozzle  plate  12  produce  a  cool- 
ing  effect  for  cooling  the  molten  glass  flowing  through  the  tips  17'.  The  temperature  of  the  molten  glass  in 
the  furnace,  therefore,  is  set  at  a  level  which  is  considerably  high  as  compared  with  the  spinning  temper- 
ature,  i.e.,  the  molten  glass  temperature  at  the  end  of  the  tip.  Therefore,  the  molten  glass  temperature 
does  not  come  down  to  a  level  at  which  devitrification  takes  place,  even  when  there  is  a  slight  variation 

50  jn  the  temperature  of  the  glass  in  liquid  phase  within  the  furnace,  so  that  a  stable  operation  becomes  pos- 
sible. 

The  tip  17"  preferably  has  a  substantial  length  so  that  it  can  have  a  greater  cooling  effect.  Too  long  a 
tip,  however,  tends  to  cause  problems  such  as  an  increased  flow  resistance  or  too  complicated  con- 
struction.  As  stated  before,  the  tip  17'  serves  also  to  prevent  the  molten  glass  from  spreading  laterally 

55  along  the  surface  of  the  nozzle  plate.  To  enjoy  this  advantage,  the  tip  preferably  has  a  substantial 
length.  Taking  all  these  facts  into  account,  the  tip  length  preferably  ranges  between  1  and  5  mm,  prefera- 
bly  3  mm. 

Figs.  13  and  14  show  an  example  of  the  tip-equipped  nozzle  plate  which  can  be  used  in  carrying  out  the 
method  of  the  invention.  This  nozzle  plate,  however,  can  be  modified  in  various  forms.  For  instance,  the 

60  tips  17"  may  be  arranged  along  regular  rows  and  columns,  instead  of  being  arranged  in  a  staggered  form 
as  shown  in  Fig.  13.  The  construction  of  the  tip  17'  also  may  be  varied  in  various  ways.  For  instance,  a  tip 
17'A  shown  in  Fig.  15A  has  a  large  bore  26  under  which  are  formed  the  pair  of  nozzle  ports  18'a,  18'b, 
while  a  tip  17'B  formed  in  Fig.  15B  is  provided  at  its  top  end  with  an  entrance  recess  27  and  at  its  bottom 
end  with  a  recess  19'a  constituted  by  a  cylindrical  bore  and  a  conical  recess.  Fig.  15C  shows  still  another 

65 
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example  in  which  the  tip  17'C  has  a  large  bore  28  followed  by  a  pair  of  nozzle  ports  18'c,  18'd  inclined  such 
as  to  converge  downwardly,  with  the  lower  tip  end  surface  maintained  flat. 

The  nozzle  port  can  have  any  desired  cross-sectional  shape  such  as  rectangular,  oval,  elliptic  and 
other  shapes.  Fig.  16  shows  an  example  in  which  the  tip  17'D  is  provided  with  a  bottom  recess  19'b  and  a 
pair  of  rectangular  nozzle  ports  18'e,  18'f  which  are  arranged  with  their  longitudinal  axes  aligned  with 
each  other.  With  this  arrangement,  it  is  possible  to  produce  a  glass  fiber  having  an  elongated  cross-sec- 
tion  with  a  large  specific  area.  For  instance,  the  glass  fiber  having  cross-sectional  shapes  shown  in 
Figs.  IA  and  18  can  be  produced  by  using  a  nozzle  plate  having  tips  17'D  shown  in  Fig.  16. 

Although  in  the  described  examples  only  two  nozzle  ports  are  formed  in  each  tip,  this  is  not  exclusive 
and  the  invention  does  not  exclude  three  or  more  nozzle  ports  formed  in  each  tip,  in  such  a  manner  that 
the  filaments  of  molten  glass  spun  from  these  nozzle  ports  are  adjoined  to  one  another  to  form  a  single 
glass  fiber  having  a  non-circular  cross-section. 

Fig.  17  shows  an  example  in  which  each  tip  17'E  has  three  nozzle  ports  18'g  each  having  a  circular 
cross-section  arranged  on  apices  of  a  regular  triangle.  These  three  nozzle  ports  18'g  open  in  a  conical 
recess  19'c. 

Using  the  nozzle  plate  having  the  tips  17'E,  glass  fibers  each  having  a  substantially  triangular  cross- 
section  were  produced,  by  adjoining  the  molten  glass  filaments  from  three  nozzle  ports  into  a  single  glass 
fiber  within  each  tip.  By  a  suitable  adjustment  of  the  amount  of  deformation  of  the  glass  fiber  constituted 
by  the  glass  filaments  spun  from  three  nozzle  ports,  it  is  possible  to  obtain  a  triangular  cross-section 
with  recesses  in  respective  sides  as  shown  in  Fig.  1  B  or  with  straight  or  outwardly  expanded  sides.  The 
number  of  the  nozzle  ports  arranged  in  the  close  proximity  of  one  another  may  be  increased  to  4,  5  and 
more,  so  that  glass  fibers  of  yarious  non-circular  cross-sections  such  as  square,  pentagonal  and  other 
polygonal  shapes  can  be  obtained.  In  each  of  these  cases,  the  nozzle  port  can  have  any  desired  cross- 
section  such  as  rectangular,  oval,  elliptic  or  other  shapes,  as  well  as  a  circular  cross-section.  It  is  not 
essential  that  the  nozzle  ports  are  positioned  at  the  apices  of  the  polygon.  By  varying  the  positions  of 
the  nozzle  ports,  it  is  possible  to  obtain  various  non-circular  cross-sectional  shapes  of  the  product 
glass  fiber. 

Example  III 

Glass  fibers  were  produced  by  using  the  nozzle  plate  (Experiments  1  and  2)  having  tips  as  shown  in 
Figs.  13  and  14,  as  well  as  a  nozzle  plate  (Experiment  3)  having  tips  as  shown  in  Fig.  15A.  For  the  purpose 
of  comparison,  glass  fibers  were  produced  also  with  a  flat  nozzle  having  no  tip.  The  conditions  of  the 
production  of  the  glass  fibers,  as  well  as  data  such  as  the  shapes  and  sizes  of  the  product  glass  fibers, 
are  shown  in  Table  3.  In  all  cases,  cooling  by  cooling  gas  was  not  conducted.  From  Table  3,  it  will  be  seen 
that  Example  III  of  the  nozzle  plate  permits  the  molten  glass  temperature  in  the  furnace  to  be  maintained 
at  a  higher  level  than  the  case  where  the  flat  nozzle  plate  is  used,  thus  enabling  a  remarkable  reduction 
in  the  time  required  for  the  arraying  of  the  glass  fibers. 

Table  3 

10 

15 

20 

25 

30 

35 

40 
Experiment  1  Experiment  2  Experiments  Comparison 

Experiment 
Types  of  nozzle  plate  With  tips  With  tips  With  tips  Flat 
Tip  shape  Fig.  14  Fig.  14  Fig.15A 
Tip  length  (mm)  3  3  '  3  0 
Nozzle  port  shape  Circular  Circular  Circular  Circular 
Number  of  nozzle  ports  in  2  2  2  2 
each  tip 
Nozzle  diameter  (mm)  1.6  1.5  1.5  1.5 
Number  of  nozzle  ports  200  200  200  200 
Diameter  of  recess  (mm)  4  4  4  4 
Molten  glass  temperature  in  1210  1220  1200  1145 
furnace  (°C) 
Spinning  pressure  Normal  Normal  Normal  Normal 
Arraying  time  3.5  min.  4min.  2min.  20min. 
Filament  shape  Elliptic  Elliptic  Elliptic  Elliptic 
Longer  diameter  (n)  19.1  17.3  20.5  19.0 
Shorter  diameter  (u)  6.4  5.8  6.8  6.4 

45 

50 

55 

60 

65 
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As  will  be  understand  from  the  foregoing  description,  according  to  the  invention,  molten  glass  fila- 
ments  spun  from  a  plurality  of  nozzle  ports  are  adjoined  to  each  other  to  form  a  single  glass  fiber,  so  that 
the  tendency  for  the  cross-section  of  the  glass  fiber  after  adjoining  to  become  circular  is  suppressed, 
thus  allowing  fabrication  of  glass  fibers  having  various  non-circular  cross-sections  such  as  oval,  ellip- 

5  tic,  cocoon-shaped  and  polygonal  shapes.  In  a  specific  embodiment  of  the  invention,  the  nozzle  plate  is 
provided  on  the  lower  side  thereof  with  a  plurality  of  tips  in  which  are  formed  the  plurality  of  nozzle 
ports.  In  such  a  case,  the  undesirable  lateral  flow  of  the  molten  glass  from  one  to  the  adjacent  tip  does 
not  take  place,  so  that  the  glass  fibers  are  arrayed  quickly  when  starting  the  spinning  operation  or  dur- 
ing  the  recovery  after  an  accidental  cutting  of  the  glass  fiber  during  spinning.  Furthermore,  the  tip  pro- 

10  duces  a  suitable  cooling  effect  so  as  to  permit  the  temperature  of  the  molten  glass  in  the  furnace  to  be 
maintained  at  a  level  which  is  high  enough  to  prevent  any  devitrification  of  the  glass,  thus  ensuring  a  sta- 
ble  and  safe  spinning  operation. 

15  Claims 

I.  A  strand  (21)  comprising  a  multiplicity  of  glass  fibers  (1),  the  cross-section  of  each  glass  fiber  hav- 
ing  at  least  two  expanded  apex  portions  (3)  and  a  recess  (2)  provided  on  each  side  extending  between  ad- 
jacent  apex  portions. 

20  2.  A  strand  (21  )  according  to  claim  1  ,  wherein  each  glass  fiber  (1)  has  an  approximately  cocoon-shaped 
cross-section. 

3.  A  strand  (21)  according  to  claim  1,  wherein  each  glass  fiber  (1)  has  an  approximately  polygonal  cross- 
section. 

4.  A  strand  (21)  according  to  claim  3,  wherein  each  glass  fiber  (1)  has  an  approximately  triangular 
25  cross-section. 

5.  A  method  of  producing  a  glass  fiber  strand  (21)  comprising:  spinning  a  plurality  of  groups  of  molten 
glass  filaments  from  a  plurality  of  groups  of  nozzle  ports  (18A,  18B,  18'  A,  18'B)  arranged  in  a  nozzle  plate 
(12),  the  nozzle  ports  of  each  group  being  in  close  proximity  to  one  another,  adjoining  said  filaments  of 
each  group  to  one  another  in  an  adjoining  area  thereby  forming  a  plurality  of  single  glass  fibers  (1  ;  20), 

30  gathering  said  glass  fibers  into  a  strand  (21),  and  winding  up  said  strand,  the  nozzle  ports  in  each  group 
of  nozzle  ports  being  so  arranged  and  the  temperature  of  the  filaments  in  the  adjoining  area  being  that 
low  that  fibers  are  formed  having  at  least  two  expanded  apex  portions  (3)  and  a  recess  (2)  provided  on 
each  side  extending  between  adjacent  apex  portions. 

6.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  claim  5,  wherein  said  nozzle  plate  (12)  is 
35  provided  on  the  lower  surface  thereof  with  a  plurality  of  recesses  (19,  19')  in  each  of  which  a  group  of 

nozzle  ports  (18A,  18B,  18C;  18'A,  18'B)  open  at  least  partially,  said  nozzle  ports  in  each  recess  being  ar- 
ranged  in  symmetry  with  respect  to  the  centre  of  said  recess. 

7.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  claim  6,  wherein  said  recess  (19,  19') 
has  a  conical  form. 

40  8.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  claim  6,  wherein  said  recess  (19)  has 
the  form  of  a  part  of  a  sphere. 

9.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  claim  6,  wherein  said  recess  (19)  has  a 
channel-like  form. 

10.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  one  of  claims  5  to  9,  wherein  each  said 
45  group  of  nozzle  ports  includes  a  pair  of  rectangular  nozzle  ports  (18A,  18B)  arranged  such  that  their  lon- 

gitudinal  axes  are  aligned  with  each  other. 
I  1  .  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  one  of  claims  5  to  9,  wherein  each  said 

group  of  nozzle  ports  includes  a  pair  of  oval  nozzle  ports  arranged  such  that  their  longitudinal  axes  are 
aligned  with  each  other. 

50  12.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  one  of  claims  5  to  8,  wherein  each  said 
group  of  nozzle  ports  includes  three  nozzle  ports  (18A,  18B,  18C)  arranged  at  the  apices  of  a  triangle. 

13.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  claim  12  wherein  each  nozzle  port 
(18A,  18B,  18C)  has  a  circular  cross-section. 

14.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  claim  5,  wherein  said  plurality  of 
55  groups  of  nozzle  ports  (18')  are  formed  one  in  each  of  a  plurality  of  tips  (17)  projecting  downwardly  from 

the  lower  surface  of  said  nozzle  plate  (12). 
15.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  Claim  14,  wherein  each  said  tip  (17')  is 

provided  at  the  lower  end  surface  with  a  recess  (19')  and  a  group  of  nozzle  ports  (181)  are  arranged  in 
said  recess  formed  in  the  lower  end  surface  of  said  each  tip  such  as  to  partially  open  in  said  recess, 

60  said  nozzle  ports  in  each  recess  being  arranged  in  symmetry  with  respect  to  the  center  of  said  recess. 
16.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  Claim  15,  wherein  said  recess  (191)  has 

a  conical  form. 
17.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  Claim  15,  wherein  said  recess  (19')  has 

the  form  of  a  part  of  a  sphere. 
65  18.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  Claim  14,  wherein  each  said  tip  (17"  A; 
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17'C)  has  a  bore  (26;  28)  of  a  comparatively  large  diameter  and  communicating  at  its  lower  end  with  said 
plurality  of  nozzle  ports  (18'a,  18'b;  18'c,  18'd). 

19.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  Claim  14,  wherein  said  nozzle  ports 
(18'A,  18'B)  are  separated  from  each  other  over  the  entire  length  of  said  tip  (17'). 

5  20.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  Claim  14,  wherein  said  nozzle  ports 
(18'c,  18'd)  formed  in  each  of  said  tips  (17'C)  are  inclined  such  as  to  converge  downwardly. 

21.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  any  of  Claims  14  to  20,  wherein  each 
of  said  tips  (17')  contains  a  pair  of  nozzle  ports  (18'). 

22.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  any  of  Claims  14  to  20,  wherein  each 
10  of  said  tips  (17'D)  contains  a  pair  of  nozzle  ports  (18'e,  18'f)  each  having  a  rectangular  cross-section, 

said  nozzle  ports  being  arranged  such  that  the  longitudinal  axes  thereof  are  aligned  with  each  other. 
23.  A  method  of  producing  a  glass  fiber  strand  (21)  according  to  any  of  Claims  14  to  20,  wherein  each 

tip  (17'E)  contains  three  nozzle  ports  (18'g)  which  are  arranged  at  the  apices  of  a  triangle. 

15 
Patentanspriiche 

1  .  Strang  (21  )  gekennzeichnet  durch  eine  Vielzahl  von  Glasfasern  (1  ),  deren  Querschnitt  jeweils  minde- 
stens  zwei  erweiterte  Scheitelabschnitte  (3)  und  eine  Ausnehmung  (2)  an  jeder  Seite  umfaBt,  die  sich  zwi- 

20  schen  benachbarten  Scheitelabschnitten  erstreckt. 
2.  Strang  (21)  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  jede  Glasfaser  (1)  naherungsweise  ei- 

nen  kokonformigen  Querschnitt  aufweist. 
3.  Strang  (21)  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  jede  Glasfaser  (1)  naherungsweise  ei- 

nen  polygonalen  Querschnitt  hat. 
25  4.  Strang  (21)  nach  Anspruch  3,  dadurch  gekennzeichnet,  daB  jede  Glasfaser  (1)  naherungsweise  ei- 

nen  dreieckformigen  Querschnitt  hat. 
5.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21),  gekennzeichnet  durch  Spinnen  einer  An- 

zahl  von  Gruppen  geschmolzener  Glasfasern  aus  einer  Anzahl  von  Gruppen  von  Dusenmundungen 
(18A,  18B,  18'A,  18'B),  die  in  einer  DQsenplatte  (12)  angeordnet  sind,  wobei  die  Dusenmundungen  einer  je- 

30  den  Gruppe  in  enger  Nachbarschaft  zueinander  sind,  Aneinanderfugen  der  Faden  jeder  Gruppe  in  ei- 
nem  Sammelbereich,  urn  dadurch  eine  Anzahl  einzeiner  Glasfasern  (1  ;  20)  zu  bilden,  und  Zusammenfas- 
sen  der  Giasfasern  in  einen  Strang  (21  )  und  Aufwickeln  des  Stranges,  wobei  die  Dusenmundungen  in  je- 
der  Gruppe  der  Dusenmundungen  so  angeordnet  sind  und  die  Temperatur  der  Faden  im  Sammelbereich 
so  niedrig  ist,  daB  Fasern  gebildet  werden,  die  mindestens  zwei  erweiterte  Scheitelabschnitte  (3)  und  ei- 

35  ne  Ausnehmung  (2)  an  jeder  Seite  haben,  die  sich  zwischen  benachbarten  Seitenbereichen  erstreckt. 
6.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  5,  dadurch  gekennzeich- 

net,  daB  die  Dtisenplatte  (12)  an  ihrer  Unterseite  mit  einer  Anzahl  Ausnehmungen  (19,  19')  versehen  ist,  in 
denen  jeweils  eine  Gruppe  Dusenmundungen  (1  8A,  1  8B,  1  8C;  1  8'A,  1  8'B)  mindestens  teilweise  munden,  und 
die  Dusenmundungen  in  jeder  Ausnehmung  symmetrisch  gegeniiber  dem  Mittelpunkt  der  Ausnehmung 

40  angeordnet  sind. 
7.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  6,  dadurch  gekennzeich- 

net,  daB  die  Ausnehmung  (1  9,  1  9')  eine  Kegelform  hat. 
8.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  6,  dadurch  gekennzeich- 

net,  daB  die  Ausnehmung  (19)  die  Form  eines  Kugelabschnittes  hat. 
45  9.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  6,  dadurch  gekennzeich- 

net,  daB  die  Ausnehmung  (1  9)  eine  kanalartige  Ausbildung  hat. 
10.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  einem  der  Anspruche  5  bis  9,  da- 

durch  gekennzeichnet,  daB  jede  der  Gruppen  der  Dusenmundungen  ein  Paar  rechteckformiger  Dusen- 
mundungen  (18A,  18B)  umfaBt,  die  derart  angeordnet  sind,  daB  ihre  Langsachsen  miteinander  ausgerich- 

50  tet  sind. 
11.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  einem  der  Anspruche  5  bis  9,  da- 

durch  gekennzeichnet,  daB  jede  Gruppe  der  Dusenmundungen  ein  Paar  ovaler  Dusenmundungen  um- 
faBt,  die  derart  angeordnet  sind,  daB  ihre  Langsachsen  miteinander  ausgerichtet  sind. 

12.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  einem  der  Anspruche  5  bis  8,  da- 
55  durch  gekennzeichnet,  daB  jede  der  Gruppen  der  Dusenmundungen  drei  Dusenmundungen  (18A,  18B, 

18C)  umfaBt,  die  an  den  Scheiteln  eines  Dreieckes  liegen. 
13.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  12,  dadurch  gekennzeich- 

net,  daB  jede  Dusenmundung  (18A,  18B,  18C)  einen  kreisformigen  Querschnitt  hat. 
14.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  5,  dadurch  gekennzeich- 

60  net,  daB  die  Anzahl  der  Gruppen  von  Dusenmundungen  (181)  jeweils  einzeln  in  einem  einer  Anzahl  von 
Vorsprungen  (17')  gebildet  werden,  die  nach  unten  von  der  Unterseite  der  DQsenplatte  (12)  vorstehen. 

15.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  14,  dadurch  gekennzeich- 
net,  daB  jeder  Vorsprung  (17')  an  der  unteren  Stirnflache  mit  einer  Ausnehmung  (19')  versehen  ist  und  ei- 
ne  Gruppe  von  Dusenmundungen  (18')  in  dieser  in  der  unteren  Stirnseite  eines  jeden  Vorsprunges  gebil- 

65  deten  Ausnehmung  derart  angeordnet  sind,  daB  sie  teilweise  in  die  Ausnehmung  munden,  und  die  Dusen- 

10 
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mundungen  in  jeder  Ausnehmung  symmetrisch  bezOglich  des  Mittelpunktes  der  Ausnehmung  angeordnet 
sind. 

16.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  15,  dadurch  gekennzeich- 
net,  daB  die  Ausnehmung  (191)  Kegelform  hat. 

5  17.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  15,  dadurch  gekennzeich- 
net,  daB  die  Ausnehmung  (191)  die  Form  eines  Kugelabschnittes  hat. 

18.  Verfahren  zur  Erzeugung  eines  Giasfaserstranges  (21)  nach  Anspruch  14,  dadurch  gekennzeich- 
net,  daB  jeder  Vorsprung  (17'A;  17'C)  eine  Bohrung  (26;  28)  mit  verhaltnismaBig  groBem  Durchmesser 
hat,  die  an  ihrem  unteren  Ende  mit  der  Anzahl  Dusenmundungen  (18'a,  18'b;  18'c,  18'd)  in  Verbin- 

10  dungsteht. 
19.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  14,  dadurch  gekennzeich- 

net,  daB  die  Dusenmundungen  (18'A,  18'B)  iiber  die  gesamte  Lange  des  Vorsprunges  (17')  voneinander 
getrennt  sind. 

20.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  Anspruch  14,  dadurch  gekennzeich- 
15  net,  daB  die  in  jedem  der  Vorsprunge  (17'C)  gebildeten  Dusenmundungen  (18'c,  18'd)  derail  geneigt  sind, 

daB  sie  nach  unten  konvergieren. 
21.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  irgendeinem  der  Anspriiche  14  bis 

20,  dadurch  gekennzeichnet,  daB  jeder  der  Vorsprunge  (17')  ein  Paar  Dusenmundungen  (18')  hat. 
22.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  irgendeinem  der  Anspruche  14  bis 

20  20,  dadurch  gekennzeichnet,  daB  jeder  der  Vorsprunge  (17'D)  ein  Paar  Dusenmundungen  (18'e,  18'f)  ent- 
halt,  wovon  jede  rechteckformigen  Querschnitt  hat  und  die  Dusenmundungen  derart  angeordnet  sind, 
daB  ihre  Langsachsen  miteinander  ausgerichtet  sind. 

23.  Verfahren  zur  Erzeugung  eines  Glasfaserstranges  (21)  nach  irgendeinem  der  Anspruche  14  bis 
20,  dadurch  gekennzeichnet,  daB  jeder  Vorsprung  (17'E)  drei  Dusenmundungen  (18'g)  enthalt,  die  an  den 

25  Scheiteln  eines  Dreieckes  liegen. 

Revendications 

30  1.  Fil  de  base  (21)  comprenant  plusieurs  fibres  de  verre  (1),  la  section  de  chaque  fibre  de  verre  ayant 
au  moins  deux  parties  (3)  formant  des  sommets  dilates  et  une  cavite  (2)  de  chaque  cote,  entre  les  parties 
adjacentes  de  sommets. 

2.  Fil  de  base  (21)  selon  la  revendication  1,  dans  lequel  chaque  fibre  de  verre  (1)  a  une  section  corres- 
pondant  approximativement  a  celle  d'un  cocon. 

35  3.  Fil  de  base  (21)  selon  la  revendication  1  ,  dans  lequel  chaque  fibre  de  verre  (1)  a  une  section  approxi- 
mativement  polygonale. 

4.  Fil  de  base  (21)  selon  la  revendication  3,  dans  lequel  chaque  fibre  de  verre  (1)  a  une  section  approxi- 
mativement  triangulaire. 

5.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  comprenant  le  filage  de  plusieurs 
40  groupes  de  filaments  de  verre  fondu  a  partir  de  plusieurs  groupes  de  buses  de  filiere  (18A,  18B,  18'  A, 

18'B)  disposes  dans  une  plaque  de  filiere  (12),  les  buses  de  filiere  de  chaque  groupe  etant  tres  proches 
les  unes  des  autres,  la  mise  des  filaments  de  chaque  groupe  a  proximity  les  uns  des  autres  dans  une  zo- 
ne  de  rapprochement  avec  formation  de  plusieurs  fibres  uniques  de  verre  (1  ;  20),  I'association  des  fi- 
bres  de  verre  sous  forme  d'un  fil  de  base  (21),  et  le  bobinage  du  fil  de  base,  les  buses  de  filiere  de  cha- 

45  que  groupe  de  buses  de  filiere  ayant  une  certaine  disposition  et  la  temperature  des  filaments  dans  la  zo- 
ne  de  rapprochement  etant  suffisamment  faible  pour  que,  compte  tenu  de  cette  disposition,  les  fibres 
soient  mises  a  une  configuration  ayant  au  moins  deux  parties  de  sommets  dilates  (3)  et  une  cavite  (2)  for- 
mee  de  chaque  cote,  entre  les  parties  adjacentes  de  sommets. 

6.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  5,  dans  lequel 
50  la  plaque  de  filiere  (12)  a,  a  sa  face  inferieure,  plusieurs  cavites  (19,  19')  dans  chacune  desquelles  debou- 

che  au  moins  partiellement  un  groupe  de  buses  de  filiere  (18A,  18B,  18C;  18'A,  18'B),  les  buses  de  filiere 
placees  dans  chaque  cavite  etant  disposes  symetriquement  par  rapport  au  centre  de  la  cavite. 

7.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  6,  dans  lequel 
la  cavite  (19,  19')  a  une  forme  conique. 

55  8.  Proce'de  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  6,  dans  lequel 
la  cavite  (19)  a  la  forme  d'une  partie  de  sphere. 

9.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  6,  dans  lequel 
la  cavite  (19)  a  une  forme  de  canal. 

10.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  I'une  des  revendications  5  a  9, 
60  dans  lequel  chaque  groupe  de  buses  de  filiere  comporte  deux  trous  rectangulaires  (18A,  18B)  disposes 

de  maniere  que  leurs  axes  longitudinaux  soient  alignes  I'un  sur  I'autre. 
11.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  I'une  des  revendications  5  a  9, 

dans  lequel  chaque  groupe  de  buses  de  filiere  comporte  deux  buses  de  forme  ovale  disposees  de  manie- 
re  que  leurs  axes  longitudinaux  soient  alignes  I'un  sur  I'autre. 

65  12.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  I'une  des  revendications  5  a  8, 
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dans  lequel  chaque  groupe  de  buses  de  filiere  comporte  trois  buses  de  filiere  (18A,  18B,  18C)  disposees 
aux  sommets  d'un  triangle. 

13.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  12,  dans  le- 
quel  chaque  buse  de  filiere  (18A,  18B,  18C)  a  une  section  circulaire. 

5  14.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  5,  dans  lequel 
les  divers  groupes  de  buses  de  filiere  (18')  sont  formes  chacun  dans  I'un  de  plusieurs  embouts  (17')  de  fi- 
liere  depassant  au-dessous  de  la  surface  inferieure  de  la  plaque  de  filiere  (12). 

15.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  14,  dans  le- 
quel  chaque  embout  (171)  comporte,  a  sa  surface  inferieure  d'extremite,  une  cavite  (19')  et  un  groupe  de 

10  buses  de  filiere  (18')  est  forme  dans  la  cavite  de  la  surface  inferieure  de  chaque  embout  afin  que  les  bu- 
ses  debouchent  partiellement  dans  la  cavite,  les  buses  de  filiere  de  chaque  cavite  etant  places  symetri- 
quement  par  rapport  au  centre  de  la  cavite. 

16.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  15,  dans  le- 
quel  la  cavite  (19')  a  une  forme  conique. 

15  17.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  15,  dans  le- 
quel  la  cavite  (19')  a  la  forme  d'une  partie  de  sphere. 

18.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  14,  dans  le- 
quel  chaque  embout  (17'A;  17'C)  a  un  alesage  (26;  28)  de  diametre  relativement  grand  et  communiquant,  a 
son  extremite  inferieure  avec  les  buses  de  filiere  (18'a,  18'b;  18'c,  18'd). 

20  19.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  14,  dans  le- 
quel  les  buses  de  filiere  (18'  A,  18'B)  sont  separees  les  unes  des  autres  sur  toute  la  longueur  de  I'embout 
(17'). 

20.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  la  revendication  14,  dans  le- 
quel  les  buses  de  filiere  (18'c,  18'd)  formees  dans  chacun  des  embouts  (17'C)  sont  inclinees  afin  qu'elles 

25  convergent  vers  le  bas. 
21.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  I'une  quelconque  des  revendi- 

cations  14  a  20,  dans  lequel  chacun  des  embouts  (17')  a  une  paire  de  buses  de  filiere  (18'). 
22.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  I'une  quelconque  des  revendi- 

cations  14  a  20,  dans  lequel  chacun  des  embouts  (17'D)  contient  une  paire  de  buses  de  filiere  (18'e,  18'f) 
30  ayant  chacune  une  section  rectangulaire,  les  buses  de  filiere  etant  disposees  de  maniere  que  leurs  axes 

longitudinaux  soient  alignes  I'un  sur  I'autre. 
23.  Procede  de  fabrication  d'un  fil  de  base  (21)  de  fibres  de  verre  selon  I'une  quelconque  des  revendi- 

cations  14  a  20,  dans  lequel  chaque  embout  (17'E)  a  trois  buses  de  filiere  (18'g)  qui  sont  placees  au  som- 
met  d'un  triangle. 
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