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©  Method  for  debulking  partially  procured  thermoplastic  composite  laminae. 

©  A  method  for  forming  a  thermoplastic  laminate 
having  a  desired  laminate  thickness  is  disclosed. 
Layers  of  composite  material  using  precured  or  par- 
tially  precured  thermoplastic  resin  laminate  layers 
are  layed-up  on  a  forming  tool.  A  relatively  constant, 
uniform  pressure  is  applied  to  the  layers  to  produce 
a  preconsolidated  laminate  having  a  thickness  ap- 
proximately  equal  to  the  ultimate  desired  taminate 
thickness.  The  laminate  layers  are  free  to  slide  rela- 
tive  to  one  another  during  debulking  because  they 
are  either  cured  or  partially  cured.  Thus,  wrinkles  are 
avoided.  The  debulked  laminae  are  then  consoli- 
dated  in  a  conventional  autoclave  under  elevated 
temperature  and  pressure. 
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METHOD  FOR  DEBULKING  PARTIALLY  PRECURED  THERMOPLASTIC  COMPOSITE  LAMINAE 

layers  because  the  layers  are  sticky.  After  the 
uncured  laminate  has  been  layed-up,  breather  lay- 
ers  are  positioned  around  and  above  the  laminate. 
A  microporous  film,  commonly  referred  to  as  a 

5  vacuum  bag,  is  then  positioned  over  the  uncured 
laminate,  breather  layers  and  is  sealed  to  the  for- 
ming  tool.  The  vacuum  bag  is  evacuated  and  the 
entire  assembly  is  cured  at  elevated  temperatures 
and  pressures  in  an  autoclave.  The  use  of  ther- 

70  mosetting  resins  is  particularly  well  adapted  to  the 
autoclave  processing  technique  because  the  un- 
cured  laminate  is  substantially  void  free  and  has 
approximately  the  same  thickness  as  the  resulting 
cured  laminate.  This  process  is  also  applicable  to 

15  very  large  parts  as  relatively  large  autoclaves  are 
presently  available. 

In  contrast  to  the  above,  composite  materials 
made  with  thermoplastic  resins  are  somewhat  dif- 
ficult  to  handle.  The  thermoplastic  resins  are  at 

20  least  partially  cured  when  supplied  in  the  rolled 
form.  The  laminae  are  not  tacky  at  room  tempera- 
ture  as  are  laminae  made  with  thermosetting  res- 
ins.  The  laminae  tend  to  slide  relative  to  one  an- 
other  when  positioned  in  a  laminate  stack.  There- 

25  fore,  air  pockets  can  not  be  squeegeed  or  rolled 
out  of  the  laminate  layers  as  the  layers  are  applied. 
Furthermore,  the  layers  often  retain  a  slight  cur- 
vature  from  the  roll  and  tend  to  stack  up  in  a  bulky 
stack  with  many  air  gaps.  For  example,  in  a  24-ply 

30  laminate  of  thermoplastic  resin  pre-impregnated 
composite  material,  the  unconsolidated  laminate 
will  have  a  thickness  of  approximately  four  inches. 
The  ultimate,  desired  thickness  for  the  consolidated 
thermoplastic  laminate  is  only  approximately  0.12 

35  inch.  The  conventional  autoclave  method  described 
above  does  not  satisfactorily  debulk  the  laminate 
stack. 

Thermoplastic  laminates  are  typically  formed 
by  the  press-work  method  because  of  the  above 

40  described  limitations  of  the  conventional  autoclave 
technique.  The  press-work  method  involves  the  use 
of  a  two  part  mold  which,  when  assembled,  forms  a 
void  having  the  ultimate,  desired  shape  of  the 
composite  part.  Layers  of  composite  material  are 

45  placed  in  the  mold.  The  mold  halves  are  then 
forced  together  and  heated  to  a  high  temperature 
to  compress  and  consolidate  the  layers.  This  meth- 
od  has  proven  satisfactory  for  producing  small 
parts  in  high  volume.  However,  economic  disadvan- 

50  tages  are  associated  with  the  press-work  method,  if 
relatively  few  parts  are  made,  or  if  the  parts  are 
extremely  large  requiring  very  large  molds  and 
presses. 

As  stated  above,  composite  materials  have  re- 
placed  metal,  even  in  structural  applications  for 

Technical  Field 

The  invention  relates  to  methods  and  appara- 
tus  for  forming  composite  laminates  from  layers  of 
composite  material.  More  specifically,  the  invention 
relates  to  methods  for  forming  thermoplastic  com- 
posite  laminates. 

Background  of  the  Invention 

Composite  materials  are  increasingly  used  in 
modern  aircraft  to  increase  the  strength  to  weight 
ratio,  load  capacity  and  performance  characteristics 
thereof.  In  some  modern  aircraft,  composite  materi- 
als  such  as  graphite  fiber/epoxy  resin  composites 
have  replaced  metal  components  as  structural  ele- 
ments  of  the  aircraft.  As  composite  materials  have 
replaced  metal  materials,  new  fabrication  tech- 
niques  for  making  composite  material  structures 
have  been  developed. 

There  are  two  generic  classes  of  plastic  resins 
which  are  used  in  combination  with  reinforcing  fi- 
bers  of  the  composite  material.  One  class  of  plastic 
resins  is  known  as  thermosetting  resins,  the  other 
class  is  known  as  thermoplastic  resins.  Thermo- 
plastic  resin/fiber  reinforced  composite  materials 
are  characterized  in  that  the  resins  are  reformable 
under  heat  after  the  resins  have  been  cured.  Com- 
posites  made  from  thermosetting  resins  and  re- 
inforcing  fibers  cannot  be  reformed  once  they  have 
been  cured.  There  are  also  differences  in  the  man- 
ner  of  handling  and  forming  laminates  from  these 
different  classes  of  materials. 

Thermosetting  techniques  are  most  familiar  to 
the  general  public  and  are  often  employed  in  the 
construction  of  fiberglass  boats.  Composites  which 
use  a  thermosetting  resin  are  typically  supplied  on 
large  rolls  in  the  form  of  tape.  The  uncurved  resin 
is  tacky  at  room  temperature.  Therefore,  the  tape  is 
supplied  with  a  backing  which  permits  the  material 
to  be  coiled  on  a  roll.  This  tackiness  or  "drape"  of 
the  thermosetting  composite  materials  is  advanta- 
geous  in  many  applications.  For  example,  ther- 
mosetting  composite  materials  can  be  placed  up- 
side  down  in  a  mold  and  will  remain  in  place. 

Thermosetting  materials  are  typically  cured  in 
an  autoclave  under  elevated  temperatures  and 
pressures.  In  a  conventional  autoclave  technique, 
layers  of  thermosetting  resin,  pre-impregnated,  fi- 
brous  material,  are  layed-up  on  or  around  a  for- 
ming  tool.  Air  pockets  can  be  squeegeed  or  rolled 
out  of  the  laminate  layers  as  the  layers  are  applied. 
Air  does  not  reenter  the  laminate  between  the 
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The  present  invention  may  provide  a  method 
for  forming  large,  composite  structures  made  from 
thermoplastic  laminates. 

The  present  invention  may  also  consolidate 
5  composite  structures  made  from  thermoplastic 

laminates  in  an  autoclave. 
Further,  the  present  invention  may  achieve  the 

above  while  preventing  voids  or  wrinkles  from  oc- 
curring  in  the  thermoplastic  composite  structure. 

10  The  invention  may  provide  for  the  positioning 
of  a  plurality  of  non-tacky,  at  least  partially  precur- 
ed  thermoplastic  composite  layers,  one  on  top  of 
the  other,  on  a  forming  tool  to  form  a  bulky  lami- 
nate  stack.  The  stack  has  a  height  which  is  sub- 

75  stantially  greater  than  the  ultimate  desired  laminate 
thickness.  A  vacuum  bag  is  then  positioned  over 
the  bulky  laminae  and  the  forming  tool.  Sufficient 
pressure  is  applied  to  the  vacuum  bag  to  debulk 
the  laminae  to  approximately  the  desired  laminate 

20  thickness.  The  vacuum  bag  is  then  tensioned  to 
eliminate  wrinkles  and  sealed  to  the  forming  tool. 
Wrinkles  between  the  laminate  layers  are  avoided 
because  the  layers  are  not  tacky  and  are  free  to 
slide  locally  with  respect  to  one  another. 

25  In  the  preferred  embodiment,  the  forming  tool, 
debulked  laminate  stack  and  vacuum  bag  are  pro- 
cessed  in  an  autoclave  at  an  elevated  temperature 
and  pressure  to  consolidate  the  debulked  laminate 
stack. 

30 

Brief  Description  of  the  Drawings 

Figure  1  is  an  isometric,  exploded  view  of  an 
35  apparatus  for  laying-up  thermoplastic  resin  com- 

posite  materials  on  a  forming  tool. 
Figure  2  is  a  cross-sectional  view  illustrating 

a  first  step  of  the  inventive  method. 
Figure  3  is  a  cross-sectional  view  illustrating 

40  a  second  step  of  the  inventive  method. 
Figure  4  is  a  cross-sectional  view  illustrating 

a  third  step  of  the  inventive  method. 
Figure  5  graphically  illustrates  processing  of 

the  assembly  shown  in  Figure  4  according  to  an 
45  elevated  temperature  and  pressure  schedule. 

Figure  6  is  a  cross-sectional  view  illustrating 
one  application  of  the  method  of  the  present  inven- 
tion. 

aircraft,  such  as  frame,  members  and  stringers. 
Stringers  may  be  in  the  form  of  I-beams  or  T- 
beams  of  up  to  40  feet  long  or  longer.  A  great 
advantage  can  be  obtained  if  thermoplastic  materi- 
als  are  used  for  construction  of  these  beams  be- 
cause  the  thermoplastic  structural  element  can  be 
reformed  by  local  application  of  heat  to  correct 
manufacturing  errors  or  deviations  in  manufacturing 
tolerances. 

Thus,  a  need  exists  for  a  method  for  preparing 
large,  composite  structures  from  thermoplastic  ma- 
terials  which  does  not  require  the  use  of  expensive 
molds  or  large  presses. 

Summary  of  the  Invention 

According  to  one  aspect  of  the  invention,  there 
is  provided  a  method  for  forming  a  thermoplastic 
laminate  having  a  desired  laminate  thickness,  from 
a  plurality  of  layers  of  at  least  partially  precured 
thermoplastic  composite  material,  comprising  the 
steps  of: 
positioning  a  plurality  of  non-tacky,  partially  precur- 
ed  thermoplastic  composite  layers  one  on  top  of 
another  on  a  forming  tool  to  form  a  bulky  laminate 
stack  having  a  height  substantially  greater  than  the 
desired  laminate  thickness; 
positioning  a  vacuum  bag  over  the  laminae  stack 
and  forming  tool; 
applying  pressure  to  the  vacuum  bag  to  debulk  the 
laminae  stack  to  approximately  the  desired  lami- 
nate  thickness; 
tensioning  the  vacuum  bag  to  eliminate  wrinkles; 
and 
sealing  the  vacuum  bag  to  the  forming  tool. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  method  for  forming  a  thermo- 
plastic  laminate  having  a  desired  laminate  thick- 
ness,  from  a  plurality  of  layers  of  precured  thermo- 
plastic  composite  material,  comprising  the  steps  of: 
positioning  a  plurality  of  non-tacky,  precured  ther- 
moplastic  composite  layers  one  on  top.  of  another 
on  a  forming  tool  to  form  a  bulky  laminate  stack 
having  a  height  substantially  greater  than  the  de- 
sired  laminate  thickness; 
positioning  a  weight  having  a  substantially  uniform 
density  and  a  substantially  planar  bottom  surface 
on  the  vacuum  bag  to  apply  a  substantially  uni- 
form,  continuous  pressure  of  approximately  10  to 
1  5  psig  thereto; 
tensioning  the  vacuum  bag; 
sealing  the  vacuum  bag  to  the  forming  tool; 
evacuating  the  bag;  and 
processing  the  forming  tool,  debulked  laminae 
stack  and  vacuum  bag  in  an  autoclave  at  an  ele- 
vated  temperature  and  pressure  to  consolidate  the 
debulked  laminae  stack. 

50 
Detailed  Description  of  the  Preferred  Embodiments 

An  autoclave  assembly,  for  use  with  the  meth- 
od  of  the  present  invention,  is  generally  indicated 

55  at  referenced  numeral  10  in  Figure  1.  The  assem- 
bly  10  includes  a  flat  forming  tool  12  which  is 
constructed  of  a  metal  capable  of  withstanding 
temperatures  in  excess  of  700°  F  without  significant 
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density  and  applies  a  pressure  of  approximately  1  0 
to  15  pounds  per  square  inch  (gage)  to  the  layers. 
It  has  been  found  that  this  pressure  is  sufficient  to 
debulk  the  layers  approximately  to  the  ultimate 

5  desired  laminate  thickness  of  0.12  inch.  During 
debulking,  the  laminate  layers  are  free  to  slide  with 
respect  to  one  another,  thus,  wrinkles  are  avoided. 
Other  techniques  for  debulking  the  layers,  such  as 
spot  welding  layers  of  the  material  to  one  another 

io  prior  to  evacuating  the  assembly,  prevent  the  lay- 
ers  from  sliding  with  respect  to  one  another  and 
result  in  laminates  with  voids  and/or  wrinkles. 

In  a  subsequent  step  shown  in  Figure  3,  the 
thin  film  22  is  tensioned  to  remove  any  wrinkles 

75  therefrom. 
As  shown  in  Figure  4,  edges  of  the  thin  film  22 

are  then  sealed  to  the  forming  tool  by  peripheral 
plates  30  and  C-clamps  32.  The  seal  material  24  is 
conventional.  The  assembly  is  then  evacuated 

20  through  vacuum  tube  26  and  processed  in  a  con- 
ventional  autoclave. 

As  shown  in  Figure  5,  the  assembly  is  rela- 
tively  slowly  heated  to  a  temperature  of  approxi- 
mately  740°  F.  During  this  period,  autoclave  pres- 

25  sure  is  steadily  increased  to  approximately  140 
psig.  The  autoclave  is  maintained  at  a  temperature 
of  approximately  740  "  F  for  30  minutes.  The  auto- 
clave  and  assembly  are  then  allowed  to  cool  as 
rapidly  as  is  practicable.  The  resulting  laminate  has 

30  a  thickness  of  approximately  0.12  inch  and  is  sub- 
stantially  void-free.  The  laminate  can  be  reformed 
by  localized  heating  to  a  variety  of  different 
shapes.  For  example,  in  Figure  6,  a  T-beam  is 
shown  having  a  lower  flange  36  connected  to  first 

35  and  second  L-beams  38,  39.  A  radius  filler  44  is 
used  to  prevent  the  formation  of  a  void  at  the 
junction  of  these  three  pieces.  The  L-beams  are 
formed  by  reforming  a  sheet  similar  to  lower  flange 
36  about  a  forming  tool.  By  merely  heating  the 

40  forming  tool  and  applying  pressure  to  the  sheet, 
the  L-shape  is  obtained.  The  radius  filler  44  is  then 
positioned  on  top  of  the  lower  flange  36,  and  the  L- 
beams  are  positioned  as  shown.  The  entire  struc- 
ture  is  then  heated  to  approximately  740  'F  to 

45  consolidate  the  beam. 
As  will  be  apparent  to  those  of  ordinary  skill  in 

the  art,  very  large  sheets  of  thermoplastic  material 
can  be  made  by  this  process.  Large  presses  and 
molds  are  not  required  as  in  the  press-work  meth- 

50  od.  Variations  and  other  embodiments  of  the  inven- 
tive  method  are  also  contemplated.  Therefore,  the 
invention  is  not  to  be  limited  by  the  above  descrip- 
tion  but  is  to  be  determined  in  scope  by  the  claims 
which  follow. 

55 

loss  of  stiffness.  The  forming  tool  provides  a  work- 
ing  surface  for  producing  a  desired  laminate  having 
a  sheet-like  appearance.  Figures  1-5  illustrate  a 
method  for  producing  a  twenty-four  layer  laminate 
of  graphite  reinforcing  fibers  and  a  thermoplastic 
polyether-ether  ketone  resin.  The  method  of  the 
present  invention  permits  thermoplastic  composite 
materials  to  be  processed  in  an  autoclave.  After 
consolidation  in  an  autoclave,  the  laminate  will  have 
a  thickness  of  approximately  0.12  inch.  The  size  of 
thermoplastic  sheets  produced  by  this  method  is 
only  limited  by  the  size  of  available  autoclaves. 

In  a  first  step,  layers  14  of  graphite 
fiber/thermoplastic  resin  material  are  stacked  one 
on  top  of  the  other  on  the  forming  tool  12.  Periph- 
eral  layers  of  breather  material  16,  having  a  thick- 
ness  approximately  equal  to  the  desired  thickness 
of  the  consolidated  laminate,  are  positioned  around 
the  periphery  of  the  layers  14.  Layers  of  dry, 
fiberglass  fabric  18  are  positioned  on  top  of  the 
thermoplastic  layers  14.  The  peripheral  breather 
materials  16  and  fiberglass  fabric  18  are  conven- 
tionally  used  in  autoclave  procedures.  In  confor- 
mance  with  conventional  autoclave  techniques,  a 
thin  film  22  of  high  temperature  material  is  placed 
over  the  peripheral  breather  material  16,  dry  fiber- 
glass  fabric  18,  to  be  sealed  to  the  forming  tool  12 
by  a  peripheral  seal  24.  A  vacuum  tube  26  permits 
air  to  be  evacuated  from  beneath  the  thin  film  22. 
Film  22  is  commonly  referred  to  in  the  industry  as 
a  vacuum  bag,  although  the  film  in  and  of  itself 
does  not  enclose  a  volume. 

The  twenty-four  layers  of  thermoplastic  ma- 
terial  14  will  have  an  unconsolidated  thickness  of 
approximately  four  inches.  Only  five  layers  have 
been  shown  for  purposes  of  illustration  in  the  fig- 
ures.  As  shown  in  Figure  2,  voids  and  air  gaps  20 
exist  between  the  layers  14.  Processing  of  the 
layers  using  conventional  autoclave  techniques 
would  not  successfully  compress  the  unconsolidat- 
ed  layers  and  will  result  in  a  laminate  having  an 
unacceptably  large  number  of  voids.  Furthermore, 
the  laminate  would  not  be  consolidated  to  the  ulti- 
mate  desired  thickness  of  0.12  inch. 

In  the  inventive  method  shown  in  the  figures,  it 
is  important  that  the  cured,  or  partially  cured  ther- 
moplastic  material  14  is  used.  That  is,  the  layers 
must  not  be  sticky  or  tacky  and  must  be  free  to 
slide  relative  to  one  another  when  assembled  as 
shown  in  Figure  2.  The  relative  slideability  of  the 
layers  prevents  the  formation  of  wrinkles  in  the 
layers  during  a  debulking  step  which  is  described 
below. 

In  contrast  to  conventional  thermosetting  auto- 
clave  techniques,  a  flat  weight  28  (Figure  3),  manu- 
factured  from  a  suitable  high  temperature  material, 
is  positioned  on  top  of  the  thin  film  22  to  debulk 
the  layers  14.  The  weight  has  substantially  uniform 
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on  the  vacuum  bag  to  apply  a  substantially  uni- 
form,  continuous  pressure  of  approximately  10  to 
15  psig  thereto; 
tensioning  the  vacuum  bag; 
sealing  the  vacuum  bag  to  the  forming  tool; 
evacuating  the  bag;  and 
processing  the  forming  tool,  debulked  laminae 
stack  and  vacuum  bag  in  an  autoclave  at  an  ele- 
vated  temperature  and  pressure  to  consolidate  the 
debuiked  laminae  stack. 

Claims 

1.  A  method  for  forming  a  thermoplastic  lami- 
nate  having  a  desired  laminate  thickness,  from  a 
plurality  of  layers  of  at  least  partially  precured  s 
thermoplastic  composite  material,  comprising  the 
steps  of: 
positioning  a  plurality  of  non-tacky,  partially  precur- 
ed  thermoplastic  composite  layers  one  on  top  of 
another  on  a  forming  tool  to  form  a  bulky  laminate  10 
stack  having  a  height  substantially  greater  than  the 
desired  laminate  thickness; 
positioning  a  vacuum  bag  over  the  laminae  stack 
and  forming  tool; 
applying  pressure  to  the  vacuum  bag  to  debulk  the  ?s 
laminae  stack  to  approximately  the  desired  lami- 
nate  thickness; 
tensioning  the  vacuum  bag  to  eliminate  wrinkles; 
and 
sealing  the  vacuum  bag  to  the  forming  tool.  20 

2.  The  method  of  claim  1  wherein  during  the 
pressure  applying  step  a  substantially  continuous 
pressure  of  approximately  10  to  15  psig  is  applied 
and  maintained  during  the  tensioning  and  sealing 
steps.  25 

3.  The  method  of  claim  2  wherein  the  pressure 
is  applied  by  positioning  a  weight  having  a  sub- 
stantially  uniform  density  and  a  substantially  planar 
bottom  surface  on  the  vacuum  bag. 

4.  The  method  of  claim  1  including  the  steps  30 
of: 
evacuating  the  vacuum  bag;  and 
processing  the  forming  tool,  debulked  laminate 
stack  and  vacuum  bag  in  an  autoclave  at  an  ele- 
vated  temperature  and  pressure  to  consolidate  the  35 
debulked  laminate  stack. 

5.  The  method  of  claim  4  wherein  during  the 
pressure  applying  steps  a  substantially  continuous 
pressure  of  approximately  10  to  15  psig  is  applied 
and  maintained  during  the  tensioning,  sealing,  40 
evacuating  and  processing  steps. 

6.  The  method  of  claim  5  wherein  the  pressure 
is  applied  by  positioning  a  weight  having  a  sub- 
stantially  uniform  density  and  a  substantially  planar 
bottom  surface  on  the  vacuum  bag.  45 

7.  A  method  for  forming  a  thermoplastic  lami- 
nate  having  a  desired  laminate  thickness,  from  a 
plurality  of  layers  of  precured  thermoplastic  com- 
posite  material,  comprising  the  steps  of: 
positioning  a  plurality  of  non-tacky,  precured  ther-  so 
moplastic  composite  layers  one  on  top  of  another 
on  a  forming  tool  to  form  a  bulky  laminate  stack 
having  a  height  substantially  greater  than  the  de- 
sired  laminate  thickness; 
positioning  a  vacuum  bag  over  the  laminate  stack  55 
and  forming  tool; 
positioning  a  weight  having  a  substantially  uniform 
density  and  a  substantially  planar  bottom  surface 
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