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Description 

This  invention  is  directed  to  resin  transfer 
molding  ("RTM")  and,  more  specifically,  to  an 
RTM  preform,  to  a  core  for  such  preform,  and  to  an 
RTM  process  employing  same. 

Resin  transfer  molding  is  a  closed  mold,  low 
pressure  process  applicable  to  the  fabrication  of 
complex,  high  performance  composite  articles  of 
both  large  and  small  size.  Several  different  resin 
transfer  molding  processes  are  well  known  to  the 
skilled  of  the  art.  The  process  is  differentiated  from 
various  other  molding  processes  in  that  reinforce- 
ment  material,  such  as  fiberglass  or  other  fiber 
reinforcement  material,  is  placed  separately  into  a 
molding  tool  cavity  and  then  combined  with  resin 
within  the  mold  cavity  to  form  a  fiber  reinforced 
plastic  ("FRP")  composite  product.  Typically,  a 
pre-shaped  fiber  reinforcement  is  positioned  within 
a  molding  tool  cavity  and  the  molding  tool  is  then 
closed.  A  feed  line  connects  the  closed  molding 
tool  cavity  with  a  supply  of  liquid  resin  and  the 
resin  is  pumped  or  "transferred"  into  the  tool  cavity 
where  it  impregnates  and  envelops  the  fiber  re- 
inforcement  and  subsequently  cures.  The  cured  or 
semi-cured  FRP  product  then  is  removed  from  the 
molding  tool  cavity.  It  should  be  understood  that  as 
used  herein,  the  term  resin  transfer  molding  and 
RTM  refer  to  any  molding  process  wherein  a  fiber 
reinforcement  material  or  structure  is  positioned 
within  a  mold  into  which  resin  is  subsequently 
introduced.  Thus,  variations  such  as  so-called 
press  molding  or  squeeze  molding  and  the  like  are 
within  the  scope  of  such  terms.  Another  variant  of 
resin  transfer  molding,  often  referred  to  as  struc- 
tural  reaction  injection  molding,  uses  a  highly  reac- 
tive  resin  system  comprising  two  components 
pumped  from  separate  holding  tanks  under  rela- 
tively  high  pressure  into  an  impingement  mixing 
chamber,  and  from  there  directly  into  the  molding 
tool  cavity.  The  tooling  typically  comprises  a  metal- 
lic  shell  to  facilitate  heat  transfer.  Although  the 
mixing  pressure  is  high,  the  overall  pressure  of  the 
resin  in  the  molding  tool  typically  is  only  about 
345-689  kPa  (50-100  psi)  resin  flows  into  the  mold- 
ing  tool  cavity  and  wets-out  the  fiber  reinforcement 
as  the  curing  reaction  is  occurring.  Typically,  the 
fiber  reinforcement  material  can  be  used  in 
amounts  up  to  about  20-30  weight  percent  of  the 
fiber  plus  resin  composite.  Due  to  the  rapid  resin 
cure,  flow  distances  are  limited  and  for  longer  flow 
distances  multiple  inlet  ports  may  be  required.  An- 
other  variant  of  resin  transfer  molding,  referred  to 
generally  as  high  speed  resin  transfer  molding,  is 
particularly  suitable  for  commercial  production  of 
products  requiring  a  3-dimensional  preform  com- 
prising  a  core,  with  attachment  inserts,  etc.  as 
required,  and  fiber  reinforcement  material  over  all 

or  selected  portions  of  the  surface  of  the  core. 
Fiber  content  typically  is  in  the  35-50  weight  per- 
cent  range  and  may  be  a  mixture  of  both  continu- 
ous  fiber  (random  and/or  oriented)  and  chopped 

5  random  material.  Tooling  for  high  production  vol- 
umes  typically  comprises  steel  in  order  to  contain 
moderate  molding  Pressures  of  689-3445  kPa 
(100-500  psi)  and  for  good  heat  transfer  char- 
acteristics.  For  more  limited  production  require- 

io  ments,  aluminum  or  zinc  tooling  may  be  accept- 
able.  Typically,  molding  is  carried  out  at  elevated 
temperatures  to  reduce  the  cure  time.  The  preform 
is  positioned  within  the  mold,  the  mold  is  closed 
and  resin  is  injected.  At  higher  reinforcement  lev- 

75  els,  that  is,  at  higher  fiber  weight  content,  the  mold 
may  be  left  slightly  opened  during  resin  injection  to 
promote  more  rapid  filling  of  the  molding  cavity; 
the  mold  cavity  would  then  be  fully  closed.  Prefer- 
ably,  the  curing  of  the  resin  is  accomplished  in  the 

20  mold  such  that  the  product  will  require  no  post- 
bake  cycle  and  will  have  an  acceptable  dimen- 
sional  stability.  For  complex  components  or  com- 
ponents  having  critical  tolerance  requirements,  a 
fixtured  post-cure  may  be  required  for  adequate 

25  dimensional  stability.  Typically,  cycle  times  range 
from  about  1  minute  to  about  4  minutes  for  small 
components  and  from  about  8  minutes  to  about  12 
minutes  or  longer  for  large,  complex  structures. 

In  view  of  the  fact  that  RTM  processes  allow 
30  placement  of  fiber  reinforcement  materials,  contain- 

ing  any  of  the  various  available  fiber  types  or 
combinations  thereof,  in  the  mold  cavity  with  mini- 
mal  subsequent  movement  of  the  reinforcement 
during  injection  of  the  resin,  the  fiber  reinforcement 

35  can  be  designed  for  optimum  performance  at  mini- 
mum  weight.  That  is,  the  fiber  reinforcement  can 
be  designed  and  assembled  with  the  most  appro- 
priate  fiber  type  (glass,  graphite,  aramid,  etc.),  ei- 
ther  chopped  or  continuous,  random  or  oriented,  in 

40  each  of  the  various  different  portions  of  the  re- 
inforcement  structure.  Again,  this  yields  a  product 
of  more  optimum  performance  at  reduced  weight. 
Also,  the  low  pressure  required  for  the  low  resin 
injection  pressures  which  are  used  allows  the  use 

45  of  less  expensive  presses  and  the  use  of  tooling 
somewhat  less  costly  than  that  employed  in  high 
volume  compression  molding  or  thermoplastic 
stamping  processes.  Furthermore,  there  is  the  op- 
portunity  for  significant  tooling  expense  reduction, 

50  when  compared  to  steel  components  for  example, 
where  a  significant  degree  of  sub-part  integration  is 
achieved.  In  addition,  the  low  pressures  employed 
in  RTM  processes  enables  much  larger  structures 
to  be  molded,  since  current  compression  molding 

55  processes  are  limited  by  the  availability  of  suffi- 
ciently  large  presses. 

A  significant  advantage  of  the  RTM  processes 
is  the  ability  to  incorporate  cores  and  inserts  into 
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the  product  design.  That  is,  in  addition  to  the  fiber 
reinforcement  material,  hollow  cores  or  foam  cores, 
for  example,  so-called  structural  foam  cores,  or  the 
like  can  be  incorporated  into  a  fiber  reinforcement 
preform  which  is  positioned  within  the  mold  cavity 
prior  to  introducing  the  resin.  Typically,  the  fiber 
reinforcement  is  wound  onto  the  core  or  otherwise 
attached  to  the  surface  thereof.  As  used  herein,  the 
term  preform  refers  to  a  reinforcement  structure 
which  is  adapted  to  be  placed  in  an  RTM  molding 
tool  cavity  and  which  comprises  a  core,  in  one  or 
more  segments,  and  fiber  reinforcement  material 
on  the  outer  surface  of  the  core.  Inserts,  such  as 
metal  devices  to  serve  as  attachment  means  for 
assembly  of  the  FRP  product  with  other  structures, 
and  a  wide  variety  of  other  devices  can  be  incor- 
porated  into  the  preform.  The  incorporation  of 
cores,  including,  for  example,  structural  and  semi- 
structural  foam  cores  and  removable  cores,  en- 
ables  a  great  deal  of  control  over  the  strength, 
weight  and  other  physical  properties  of  the  FRP 
product.  It  enables  the  fabrication  of  3-dimensional 
structures  with,  for  example,  deep  sections  dis- 
continuous  contours  and  other  configuration  com- 
plexities. 

Considerable  effort  is  now  being  made  to  fur- 
ther  advance  the  technology  of  RTM  processes. 
Specifically,  development  is  on-going  in  the  areas 
of  tooling  fabrication,  resin  chemistry,  control  of 
resin  flow  and  cure  rates  and  fabrication  of  com- 
plex  preforms  and  the  cores  for  same.  Fabrication 
of  the  preform  is  an  area  most  critical  to  the 
successful  implementation  of  an  RTM  process  in 
the  production  of  any  given  product,  and  especially 
in  the  case  of  a  product  having  a  complex  surface 
geometry.  Design  and  development  of  an  opti- 
mized  preform  and  of  a  process  to  fabricate  same 
must  take  into  account  and  utilize  the  physical 
characteristics  of  the  various  available  composite 
materials.  With  respect  to  the  fibrous  reinforcement 
material,  chopped,  random  E-glass  fiber  material 
may  be  employed,  where  suitable,  in  view  of  its 
low  cost  and  ease  of  use.  Such  random  fiber 
reinforcement  material  is  available  in  the  form  of 
flat  sheets  or  mats  which  can  be  cut  and  formed  to 
fit,  as  needed,  onto  the  surface  of  the  core.  Several 
layers  of  mat  can  be  overlapped  to  provide  greater 
depth  of  material  where  needed.  Typically,  the 
several  layers  are  stitched  together  either  prior  to 
or  at  the  time  of  attachment  to  the  core.  For  some 
applications,  it  will  be  required  to  employ  flat 
sheets  or  mats  of  random  glass  which  have  been 
pre-shaped  prior  to  attachment  to  the  core.  Such 
mats  comprise  not  only  the  random  glass  but  also 
small  amounts  of  binder  resin,  either  thermoset  or, 
more  typically,  thermoplastic  binder  resin.  The 
binder  allows  the  sheet  to  retain  the  desired  shape 
when  heated  and  pressed  in  a  suitable  forming  die, 

without  the  cutting  and  piercing  required  for  non- 
resinated  mats.  Small  amounts  of  continuous  re- 
inforcement  fibers  are  in  some  cases  included  in 
the  mat  to  improve  the  physical  properties,  where 

5  required.  Presently,  however,  this  process  cannot 
easily  produce  radical  3-dimensional  shapes,  such 
as  deep  concavities. 

The  most  versatile  technique  for  creating  3- 
dimensional  RTM  preforms  of  complex  shape  is 

io  the  so-called  spray-up  process,  wherein  chopped 
glass  ravings  are  sprayed  onto  a  screen.  A  small 
amount  of  resin  is  introduced  into  the  stream  of 
chopped  glass  to  cause  it  to  be  retained  on  the 
screen.  When  the  fibers  accumulate  to  the  proper 

is  weight  or  depth,  the  resin  is  cured,  causing  the 
resultant  preform  to  retain  its  shape.  Typically, 
vacuum  is  applied  to  the  back  side  of  the  screen  to 
hold  the  glass  onto  the  screen  as  it  accumulates 
and  also  to  help  ensure  uniformity  of  fiber  depth  in 

20  the  various  areas  of  the  screen.  As  the  holes  in  the 
screen  become  covered  by  glass,  the  remaining 
open  areas  tend  to  attract  more  glass,  causing  a 
self-leveling  action.  This  process,  while  capable  of 
producing  preforms  of  complex  shape,  is  suitable 

25  generally  to  produce  only  products  of  moderate  to 
low  physical  properties  (i.e.,  strength,  etc.).  Not 
only  does  the  binder  resin  sprayed  with  the 
chopped  reinforcement  tend  to  seal  off  the  fiber 
bundles,  resulting  in  incomplete  resin  impregnation 

30  of  the  preform  during  the  molding  process,  but  in 
addition,  chopped  random  reinforcement  is  at  the 
lower  end  of  structural  composite  performance. 
Products  requiring  greater  strength  generally  re- 
quire  the  use  of  oriented  continuous  fiber  reinforce- 

35  ment  material,  at  least  in  selected  areas. 
There  are  currently  several  techniques  for  mak- 

ing  preforms  containing  oriented  materials.  Orient- 
ed  materials,  generally  comprising  continuous 
glass  roving,  can  be  attached  to  the  surface  of  a 

40  core  or  preform.  A  typical  oriented  reinforcement 
material,  oriented  glass  fiber  fabric,  may  be  in  the 
form  of  woven,  knitted  or  braided  fabric  or  may 
comprise  simply  uniaxial  bundles  of  fibers,  referred 
to  as  roving,  arranged  in  parallel,  optionally  with 

45  multiple  layers  oriented  at  an  angle  to  one  another. 
That  is,  such  sheets  may  comprise  either  a  single 
layer,  all  the  reinforcement  being  in  the  0°  direc- 
tion,  or  multiple  layers  with  one  layer  at  some 
angle  to  its  adjacent  layers.  These  materials  are 

50  not  woven,  as  in  cloth,  but  rather  are  stitched 
together  with  a  thread  of  polyester,  KEVLAR  (trade- 
mark),  or  the  like.  Use  of  uniaxial  rather  than  woven 
fiber  fabrics  often  yields  improved  physical  prop- 
erties  and  better  resin  wet-out  in  the  final  product. 

55  The  structural  efficiency  of  preforms  employing 
oriented  fibers  is  due  primarily  to  the  more  exact 
placement  and  orientation  of  the  reinforcement  ma- 
terial  where  needed.  Layers  of  oriented  reinforce- 
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ment  sheets  can  be  stacked  and  further  stitched 
together  into  a  3-dimensional  structure.  Oriented 
fibers  also  can  be  added  to  an  RTM  core  or 
preform  by  known  filament  winding  techniques, 
wherein  the  core  (or  a  preform,  e.g.  a  core  already 
having  some  random  and/or  oriented  reinforcement 
material)  receives  continuous  fibers  unwound  from 
a  plurality  of  spools  onto  the  surface  of  the  core.  In 
one  alternative  the  core  is  rotated  to  pull  fibers 
from  the  source  spools.  In  another  alternative  the 
core  is  held  stationary  while  the  fibers  are  wrapped 
around  it.  Similarly,  continuous  fiber  reinforcement 
material  can  be  woven,  braided  or  knit  around  the 
core. 

The  use  of  RTM  processes  has  proven  prob- 
lematic  in  connection  with  products  of  complex 
geometry  or  surface  configuration,  particularly  with 
respect  to  the  delivery  and  distribution  of  resin  to 
all  areas  of  the  surface  of  the  preform.  This  may  be 
due  in  part  to  the  length  of  the  path  from  the  point 
of  resin  input  and/or  to  the  entrapment  of  air  within 
a  molding  tool  cavity,  preventing  the  flow  of  resin 
into  the  area  occupied  by  the  entrapped  air.  Resin 
may  flow  poorly,  particularly  at  low  resin  filled 
pressures,  into  remote  surface  areas  of  the  RTM 
preform  within  the  molding  tool  cavity.  It  has  been 
suggested  to  form  shallow  depressions  in  the  sur- 
face  of  the  preform  to  act  as  channels  in  which 
resin  can  flow  more  easily  to  such  remote  areas  of 
the  preform,  such  as  is  done  in  the  FRP  boat  hull 
construction  industry.  This  approach  is  generally 
unsuitable,  however,  where  more  uniform  surface 
strength,  appearance,  etc.  is  required,  since  the 
resin  channels  so  formed  result  in  resin-rich  areas 
in  the  finished  product.  In  addition,  such  channels 
generally  cannot  e  maintained  resin-free  during  an 
early  stage  of  introducing  resin  into  the  molding 
cavity  and,  hence,  do  not  provide  a  channel  for 
evacuation  of  entrapped  air.  A  channel  in  the  outer 
surface  of  the  core  is  also  unsuitable  in  that  the 
resulting  resin-rich  areas  are  found  to  be  prone  to 
cracking  and  other  failure  modes. 

US-A-4,560,523  is  directed  to  a  method  of  for- 
ming  a  composite  structure  which  begins  with  the 
formation  of  a  foam  core  having  an  internal  com- 
munication  passage  that  terminates  with  a  plurality 
of  outlet  openings  in  the  outer  surface  of  the  core. 
After  being  wrapped  with  layers  of  porous  material, 
such  as  fiberglass  cloth,  it  is  positioned  in  the 
cavity  of  a  molding  tool  having  an  inlet  port  com- 
municating  with  the  inlet  of  the  internal  passage.  A 
source  of  uncured  resin  is  connected  to  the  inlet 
port.  The  mold  cavity  is  evacuated  by  applying  a 
vacuum  to  a  hermetically  sealed  bag  which  en- 
closes  the  entire  molding  tool.  Resin  then  is  intro- 
duced  via  the  internal  communication  passage.  US- 
A-4,560,523  does  not  teach  or  suggest  a  core 
having  within  it  an  internal  communication  passage, 

separate  and  apart  from  that  one  through  which 
resin  is  introduced  into  the  mold,  for  evacuating  air 
from  the  molding  tool  cavity. 

Accordingly,  it  is  an  object  of  the  present  in- 
5  vention  to  provide  a  resin  transfer  molding  core 

and  a  preform  comprising  same,  wherein  resin  can 
be  provided  to  all  surface  areas  of  the  preform, 
even  in  the  case  of  products  of  complex  geometry 
or  surface  configuration.  More  specifically,  it  is  an 

io  object  of  the  present  invention  to  provide  an  RTM 
core  and  preform  which  facilitates  controlled  resin 
delivery  to,  and  air  evacuation  from,  all  surface 
areas  of  the  preform  during  the  molding  process.  It 
is  a  further  object  of  the  present  invention  to  pro- 

15  vide  an  RTM  process  employing  such  core  and 
preform. 

According  to  the  invention  there  is  provided  a 
method  of  resin  transfer  molding  a  composite 
structure,  which  method  comprises; 

20  (A)  providing  a  core  having  an  outer  surface  and 
comprising  at  least  one  first  internal  communica- 
tion  passage  (20)  within  the  core,  said  commu- 
nication  passage  (20)  having  an  inlet  opening 
(21)  and  at  least  one  discharge  opening  (22) 

25  extending  through  the  outer  surface  of  said  core, 
(B)  affixing  fiber  reinforcement  material  to  said 
outer  surface  of  said  core  to  form  a  resin  trans- 
fer  molding  preform  (10), 
(C)  positioning  said  preform  (10)  in  a  cavity  of  a 

30  molding  tool  having  a  first  port, 
(D)  closing  said  molding  tool  and  forming  a  fluid 
tight  communication  between  said  first  port  and 
said  inlet  opening  (21)  of  said  first  internal  com- 
munication  passage  (20), 

35  (E)  introducing  uncured  resin  into  said  cavity 
through  said  first  port,  to  and  through  said  inlet 
opening  (21)  of  said  first  internal  communication 
passage  (20),  and 
(F)  curing  said  resin  to  provide  said  composite 

40  structure;  characterised  in  that  said  method  fur- 
ther  comprises  providing  said  core  with  at  least 
one  second  internal  communication  passage 
(30)  separate  from  said  at  least  one  internal 
communication  passage  and  having  a  discharge 

45  opening  (31)  extending  through  said  outer  sur- 
face  of  the  core  and  at  least  one  inlet  opening 
(32)  forming  a  fluid  tight  communication  be- 
tween  a  second  port  of  said  tool  and  said  dis- 
charge  opening  (31)  of  said  second  internal 

50  communication  passage  (30)  and  venting  said 
cavity  through  said  discharge  opening  (31)  to 
and  through  said  second  port  in  said  step  (E). 

Further  according  to  the  invention  there  is  pro- 
vided  a  core  for  a  resin  transfer  molding  process, 

55  said  core  having  an  outer  surface  and  comprising 
at  least  one  first  internal  communication  passage 
(20),  for  the  introduction  of  uncured  resin  thereth- 
rough  when  said  core  is  placed  in  a  cavity  of 

5 
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molding  tool,  said  first  passage  having  an  inlet 
opening  (21)  and  at  least  one  discharge  opening 
(22)  extending  through  the  outer  surface  of  said 
core,  characterised  in  that  said  core  further  com- 
prises  at  least  one  second  internal  communication 
passage  (30)  for  venting  said  cavity  therethrough, 
said  second  passage  being  independent  of  said 
first  passage  and  having  a  discharge  opening  (31) 
extending  through  the  outer  surface  of  the  core  and 
at  least  one  inlet  opening  (32),  and  wherein  said 
first  and  second  internal  communication  passages 
are  formed  by  tubes  embedded  within  said  foam. 

According  to  another  aspect  of  the  invention,  a 
preform  for  a  resin  transfer  molding  process  is 
provided.  Such  preform  comprises  a  core  as  de- 
scribed  above  and  fiber  reinforcement  material  af- 
fixed  to  the  outer  surface  of  the  core. 

The  invention  will  now  be  described  further  by 
way  of  example  with  reference  to  the  accompany- 
ing  drawings,  in  which  is  a  perspective  view  of  an 
RTM  core  or  preform  according  to  the  present 
invention. 

Referring  now  to  the  drawing,  a  resin  transfer 
molding  core  10  is  shown.  This  also  represents  an 
RTM  preform  if  the  surface  is  taken  as  comprising 
fiber  reinforcement  material  attached  to  the  surface 
of  such  core.  For  convenience  in  the  following 
discussion,  reference  will  be  made  to  item  10  as  a 
preform,  the  fiber  reinforcement  material  on  the 
surface  thereof  not  being  separately  illustrated.  The 
skilled  of  the  art  will  understand  this  to  illustrate 
also  an  RTM  core  according  to  the  invention. 
Preform  10  is  seen  to  have  a  complex  shape  and 
surface  configuration.  This  shape/configuration, 
chosen  to  illustrate  the  present  invention  and  not 
intended  as  a  limitation  thereof,  closely  approxi- 
mates  the  shape/configuration  of  a  motor  vehicle 
front  end  cross  member,  a  structural  component 
used  in  the  frame/body  structure  of  certain  motor 
vehicles.  It  will  be  understood  that  the  present 
invention  and  the  advantages  thereof  are  not  spe- 
cific  to  any  particular  part  or  part  configuration  or 
geometry  but,  rather,  are  general  to  FRP  compos- 
ite  structures  produced  through  a  resin  transfer 
molding  process. 

The  preform  10  is  seen  to  comprise  several 
channels  extending  from  port  area  13  in  surface  15 
of  the  preform.  Port  area  13  is  seen  to  comprise  an 
inlet  opening  or  outlet  opening  of  several  internal 
communication  passages  extending  through  the  in- 
terior  of  the  preform  from  the  port  area  to  remote 
locations  at  the  surface  of  the  preform.  Specifically, 
internal  passage  20  is  seen  to  have  inlet  opening 
21  at  port  area  13  and  outlet  22  in  surface  16  of 
the  preform.  Internal  passage  30  is  seen  to  have 
outlet  31  at  port  area  13  and  inlet  32  in  surface  17 
of  the  preform.  Internal  passage  40  is  seen  to  have 
outlet  41  at  port  area  13  and  inlet  42  in  surface  18 

of  the  preform.  Internal  passage  50  is  seen  to  have 
inlet  51  at  port  area  13  and  outlet  52  in  surface  19 
of  the  preform. 

In  a  resin  transfer  molding  operation,  the  RTM 
5  preform  of  the  invention  described  in  the  drawing 

would  be  employed  to  advantage  in  the  following 
manner.  The  preform  would  be  positioned  within 
the  cavity  of  an  RTM  molding  tool  and  the  mold 
would  be  closed  around  it.  The  molding  tool  would 

io  provide  a  first  port(s)  forming  a  fluid-tight  (resin- 
tight)  communication  with  the  inlet  opening(s)  of 
each  resin-in  passage  of  the  preform,  these  being 
passages  20  and  50  in  the  embodiment  described 
above.  Passages  20  and  50  are  referred  to  as 

is  "resin-in"  passages  in  that  resin  is  introduced  into 
the  molding  tool  cavity  through  these  passages. 
The  molding  tool  would  provide  second  port(s) 
forming  fluid-tight  communication  with  the  dis- 
charge  (i.e.,  outlet)  opening  of  the  air-out  passages 

20  of  the  preform,  these  being  passages  30  and  40  of 
the  above-described  embodiment.  Passages  30 
and  40  are  "air-out"  passages  in  that  they  are  used 
to  vent  air  from  within  the  molding  tool  cavity. 
Within  the  scope  of  the  invention  they  may  simply 

25  be  open  to  the  atmosphere  or,  in  the  alternative,  a 
vacuum  may  be  drawn  in  the  molding  tool  cavity 
through  the  air-out  passages.  Generally,  it  will  be 
preferred  to  locate  the  inlet  openings  of  the  resin-in 
passages  and  the  outlet  openings  of  the  air-out 

30  passages  in  close  proximity  to  one  another  so  as  to 
have  a  single  port  area  in  the  molding  tool  through 
which  the  resin-fill  operation  takes  place.  As  noted 
above,  resin  is  introduced  into  the  molding  cavity 
through  passages  20  and  50  and  air  is  evacuated 

35  therefrom  through  passages  30  and  40.  These  two 
functions  are  preformed  generally  in  any  sequence 
found  suitable  to  the  operation  although,  generally, 
it  will  be  necessary  that  air  is  evacuated  from  the 
cavity  either  prior  to  or  simultaneous  with  resin 

40  introduction.  It  will  be  apparent  that  the  number 
and  placement  of  the  resin-in  and  air-out  passages 
will  be  a  matter  within  the  ability  of  those  skilled  in 
the  art  of  resin  transfer  molding  given  the  present 
disclosure.  In  general,  this  will  depend  on  the  par- 

45  ticular  geometry  and  surface  configuration  of  the 
part  being  produced,  on  the  desired  resin-fill  time 
and  on  the  nature  of  the  materials  used,  especially 
the  viscosity,  etc.  of  the  resin. 

According  to  one  preferred  embodiment  of  the 
50  invention,  air  or  other  suitable  gas  is  used  to  purge 

the  resin-in  passages,  that  is,  to  evacuate  them  or 
nearly  evacuate  them  of  resin  at  the  end  of  the 
resin  injection  operation.  Such  purging  easily  can 
be  calculated  to  result  in  the  needed  amount  of 

55  resin  reaching  the  surface  of  the  preform.  Since 
resin  is  not  left  in  the  internal  resin  passages,  there 
is  a  commensurate  savings  in  weight  and  cost  in 
the  final  product.  It  may  be  necessary  or  preferable 
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to  apply  back  pressure  into  the  air-out  passages  to 
prevent  resin  from  flowing  or  being  drawn  into  the 
inlet  end  thereof.  Of  course,  it  will  be  apparent  that 
such  back  pressure  into  the  air-out  passages  will 
preferably  occur  only  after  some  resin  has  entered 
the  inlet  end  thereof  to  prevent  blowing  resin  away 
from  the  surface  of  the  preform  at  the  inlet  end  of 
the  air-out  passages.  In  this  regard,  it  is  a  particu- 
larly  preferred  embodiment  of  the  invention  that 
sensing  means  be  employed  to  sense  the  pres- 
ence  of  resin  at  a  location  within  the  air-out  pas- 
sages.  Such  sensing  can  be  by  means  of  tempera- 
ture  sensing,  since  the  resin  generally  will  be  at  a 
higher  temperature  than  the  air  being  evacuated 
from  the  molding  tool  cavity.  Alternatively,  a  pho- 
toelectric  eye  or  other  visual  sensing  means  can  be 
employed  according  to  commercially  available 
means.  Other  suitable  sensing  means  will  be  ap- 
parent  to  the  skilled  of  the  art  in  view  of  the 
present  disclosure.  Thus,  once  resin  has  been 
sensed  at  a  suitable  location  within  the  air-out 
passages,  back  pressure  can  be  applied  without 
risk  of  injecting  gaseous  fluid  into  the  surface  area 
of  the  preform.  According  to  a  most  particular 
preferred  embodiment,  an  air-out  passage  is  used 
first  to  apply  vacuum  and  then  switched  to  apply 
back  pressure  in  the  air-out  passages,  this  switch 
being  computer  controlled  according  to  a  pre-de- 
termined  protocol  based  on  the  aforesaid  sensing 
of  resin  within  the  passages.  The  computer  control 
of  the  switching  and  back  filling  of  resin  to  air-out 
passages  could  be  based  not  only  on  resin  sensed 
within  the  tube  but  also  on  back  pressure,  resin 
flow  rate  and/or  other  process  parameters  and  con- 
ditions.  Alternatively,  the  switch  from  applied  vacu- 
um  to  applied  back  pressure  can  be  determined  by 
trial  and  error  techniques  for  each  specific  part 
design.  Such  sensing  means  also  can  be  used  in 
the  same  way  to  determine  the  proper  amount  of 
purging  gas  to  be  used  in  the  resin-in  passages. 

According  to  a  preferred  alternative  embodi- 
ment  of  the  invention,  one  or  more  air-cut  pas- 
sages  of  the  preform  are  used  to  introduce  resin 
into  the  molding  tool  cavity  following  use  thereof  to 
evacuate  air  from  the  cavity.  Thus,  for  example,  an 
air-out  passage  could  be  allowed  to  back  fill  with 
resin  from  the  surface  of  the  prototype  all  the  way 
to  the  discharge  opening  of  such  passage  (where  it 
forms  the  aforesaid  fluid-tight  communication  with  a 
port  of  the  molding  tool).  At  this  point  flow  can  be 
reversed  within  the  tube  such  that  resin  is  intro- 
duced  into  the  cavity  therethrough,  with  little  or  no 
air  bubble  in  the  line.  Of  course,  such  air-out  pas- 
sage  could  thereafter  be  evacuated  of  resin  by 
purging  it  with  air  or  other  suitable  gas,  as  de- 
scribed  above  for  the  resin-in  passages. 

Following  the  resin  injection  operation,  the  un- 
cured  resin  is  solidified  or  partially  solidified 

through  cooling  (in  the  case  of  a  thermoplastic)  or 
through  curing  (in  the  case  of  a  thermoset  plastic). 
The  resulting  FRP  composite  structure  then  is  re- 
moved  from  the  molding  tool  cavity  and  the  pro- 

5  cess  can  be  repeated  to  produce  additional  parts. 
After  the  cured  part  is  removed  from  the  molding 
tool  cavity,  it  may  be  desirable  according  to  the 
design  of  certain  parts  to  remove  portions  of  the 
core  therefrom.  It  will  be  within  the  ability  of  those 

io  skilled  in  the  art,  in  view  of  the  present  disclosure, 
to  fashion  internal  communication  passages  suit- 
able  for  use  in  RTM  preforms  comprising  remov- 
able  core  portions.  Thus,  for  example,  one  could 
readily  fashion  internal  communication  passages 

is  which  are  detachable  at  the  parting  line  between  a 
removable  core  portion  and  that  portion  of  the  core 
(and  internal  communication  passage)  which  re- 
mains  in  the  molded  product.  Further  regarding 
removal  of  core  portions  after  curing  of  an  FRP 

20  part,  it  will  be  apparent  to  the  skilled  of  the  art  that 
the  present  invention  is  compatible  with  and  en- 
compasses  so-called  "lost  core"  molding  methods, 
wherein  the  core  comprises  wax,  fusible  metal, 
resinated  sand  or  the  like  or  other  material  which 

25  can  be  melted  or  dissolved  out  from  within  the  FRP 
part  following  cure  of  the  resin.  In  this  case  the 
internal  communication  passages  of  the  core  could 
be  formed  simply  in  such  meltable/dissolvable/etc. 
material,  as  described  above  for  foam  cores.  Alter- 

30  natively,  the  tubes  could  formed  of  material  which 
is  similarly  meltable/dissolvable/etc.  or  could  sim- 
ply  be  left  within  the  interior  of  the  finished  FRP 
composite  structure. 

Suitable  cores  according  to  the  present  inven- 
35  tion  can  comprise  any  of  the  numerous  core  ma- 

terials  known  to  those  skilled  in  the  art  and  may 
include,  for  example,  any  of  the  various  cores 
mentioned  above.  Thus,  for  example,  structural  and 
semi-structural  foam  can  be  molded  in  a  suitable 

40  molding  tool  to  form  a  core  having  the  desired 
configuration.  While  the  selection  of  suitable  foam 
material  will  depend  largely  on  the  application  for 
which  the  core  and  the  ultimate  product  are  in- 
tended,  generally  preferred  in  view  of  its  favorable 

45  costs  and  good  physical  properties  are  any  of  the 
numerous  commercially  available  polyurethane 
foams.  It  will  be  understood,  however,  that  suitable 
cores  also  can  comprise  any  of  numerous  alter- 
native  materials.  Thus,  for  example,  a  suitable  core 

50  may  comprise  a  formed  metal  or  plastic  sheet  or 
screen  having  the  desired  configuration.  In  appro- 
priate  applications  one  or  more  segments  or  the 
entire  core  may  be  removable  from  the  product 
following  the  molding  processing.  Thus,  for  exam- 

55  pie,  where  it  is  desired  to  render  a  certain  portion 
of  the  product  more  readily  crushable  (i.e.,  less 
strong  in  the  sense  of  being  more  readily  crusha- 
ble)  than  another  portion  of  the  product,  the  core 
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from  the  former  portion  of  the  product  may  be 
removed.  Suitable  cores  also  include  pressurized 
bladders,  which  optionally  are  deflatable  and  re- 
movable,  and  other  types  of  mandrels,  the  primary 
consideration  being  that  it  act  as  a  support  for  the 
fibrous  reinforcement  material  during  the  resin 
transfer  molding  process.  Additionally,  as  used 
herein,  it  will  be  understood  that  the  core  onto 
which  the  continuous  oriented  fibers  are  wound, 
wrapped,  woven,  knitted,  etc.  may  already  com- 
prise  fibrous  reinforcement  material,  either  in  the 
same  section  being  overwrapped  with  the  continu- 
ous  oriented  fibers  and/or  in  different  sections 
thereof. 

Suitable  fibrous  reinforcement  materials  have 
been  described  above  and  include,  for  example, 
numerous  materials  known  to  the  skilled  of  the  art, 
among  which  are  such  commercially  available  ma- 
terials  as  E  glass  fibers,  S  glass  fibers,  graphite 
fibers,  aramid  fibers  (including  KEVLAR  (trade- 
mark))  and  the  like.  For  use  in  the  preforms  and  in 
the  preform  cores  of  the  present  invention,  such 
fibrous  reinforcement  material  can  be  used  in  any 
of  various  configurations  including,  for  example, 
random  chopped  fiber,  continuous  random  fiber, 
and  oriented  continuous  fiber,  for  example,  non- 
woven,  woven,  knitted,  braided,  etc.  As  discussed 
above,  chopped  fiber  can  be  used  either  in  the 
form  of  a  mat  or  can  be  blown  onto  a  screen  to 
which  it  is  held,  optionally,  with  the  aid  of  a  vacu- 
um. 

Resins  suitable  for  RTM  processes  are  well 
known  to  the  skilled  of  the  art  and  include  many 
commercially  available  resins.  Suitable  resins  have 
been  discussed  above  and  include  both  thermoset- 
ting  plastic  and,  more  typically,  thermosetting  res- 
ins.  Most  common  are  the  epoxy  and  polyester 
resins  in  view  of  their  strength  and  performance 
characteristics  and  relatively  favorable  cost  and 
availability.  Additional  suitable  resins  for  use  in  the 
present  invention  will  be  apparent  to  the  skilled  of 
the  art  in  view  of  the  present  disclosure. 

The  internal  communication  passages  can  be 
formed  within  the  core/preform  in  any  of  various 
suitable  ways.  Where  the  core  comprises  structural 
or  semi-structural  foam,  for  example  polyurethane 
foam,  the  passages  can  be  formed  by  the  foam 
itself  such  as  by  means  of  retractable  slides  or 
mandrels  positioned  prior  to  the  foaming  process. 
Alternatively,  the  passages  can  comprise  tubing 
such  as,  for  example,  flexible  plastic  tubing,  metal 
tubing,  or  the  like.  In  general,  it  is  necessary  that 
the  passage  comprise  a  material  sufficient  durable 
and  resin-resistant  to  avoid  rupture  or  dislocation 
during  the  resin-fill  and  air  evacuation  operations. 
With  each  of  the  above-mentioned  passage  types, 
it  will  be  apparent  to  the  skilled  of  the  art  how  the 
passage  may  be  branched  to  have  multiple  outlets 

(in  the  case  of  the  resin-in  passages)  or  multiple 
inlets  (in  the  case  of  air-out  passages). 

Claims 
5 

1.  A  method  of  resin  transfer  molding  a  compos- 
ite  structure,  which  method  comprises; 

(A)  providing  a  core  having  an  outer  surface 
and  comprising  at  least  one  first  internal 

io  communication  passage  (20)  within  the 
core,  said  communication  passage  (20)  hav- 
ing  an  inlet  opening  (21)  and  at  least  one 
discharge  opening  (22)  extending  through 
the  outer  surface  of  said  core, 

is  (B)  affixing  fiber  reinforcement  material  to 
said  outer  surface  of  said  core  to  form  a 
resin  transfer  molding  preform  (10), 
(C)  positioning  said  preform  (10)  in  a  cavity 
of  a  molding  tool  having  a  first  port, 

20  (D)  closing  said  molding  tool  and  forming  a 
fluid  tight  communication  between  said  first 
port  and  said  inlet  opening  (21)  of  said  first 
internal  communication  passage  (20), 
(E)  introducing  uncured  resin  into  said  cav- 

25  ity  through  said  first  port,  to  and  through 
said  inlet  opening  (21)  of  said  first  internal 
communication  passage  (20),  and 
(F)  curing  said  resin  to  provide  said  com- 
posite  structure;  characterised  in  that  said 

30  method  further  comprises  providing  said 
core  with  at  least  one  second  internal  com- 
munication  passage  (30)  separate  from  said 
at  least  one  internal  communication  pas- 
sage  and  having  a  discharge  opening  (31) 

35  extending  through  said  outer  surface  of  the 
core  and  at  least  one  inlet  opening  (32) 
forming  a  fluid  tight  communication  between 
a  second  port  of  said  tool  and  said  dis- 
charge  opening  (31)  of  said  second  internal 

40  communication  passage  (30)  and  venting 
said  cavity  through  said  discharge  opening 
(31)  to  and  through  said  second  port  in  said 
step  (E). 

45  2.  A  method  as  claimed  in  claim  1,  wherein  said 
core  comprises  a  substantially  solid  body  of 
foam. 

3.  A  method  as  claimed  in  Claim  2,  wherein  said 
50  foam  is  structural  polyurethane  foam. 

4.  A  method  as  claimed  in  Claim  2  or  3,  wherein 
said  foam  itself  forms  said  internal  communica- 
tion  passages. 

55 
5.  A  method  as  claimed  in  Claim  2,  wherein  said 

internal  communication  passages  are  formed 
by  tubes  embedded  within  said  foam. 
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6.  A  method  as  claimed  in  Claim  5,  wherein  said 
tubes  comprise  flexible  plastic. 

7.  A  method  as  claimed  in  Claim  1  ,  further  com- 
prising  the  step  of  removing  at  least  a  portion 
of  said  core  from  said  composite  structure. 

8.  A  method  as  claimed  in  Claim  1  ,  wherein  sub- 
sequent  to  commencing  step  (E)  and  prior  to 
step  (F),  venting  said  cavity  through  said  dis- 
charge  opening  of  said  second  internal  com- 
munication  passage  is  terminated  and  pressure 
greater  than  atmospheric  pressure  is  applied  to 
said  discharge  opening  of  said  second  internal 
communication  passage. 

9.  A  method  as  claimed  in  Claim  8,  wherein  said 
pressure  is  applied  by  introducing  additional 
said  resin  into  said  discharge  opening  of  said 
second  internal  communication  passage. 

10.  A  method  as  claimed  in  Claim  9,  further  com- 
prising  the  step  of  sensing  the  presence  of 
resin  within  said  second  internal  communica- 
tion  passage  prior  to  applying  said  pressure 
therethrough. 

11.  A  method  as  claimed  in  Claim  10,  wherein  said 
sensing  comprises  sensing  the  temperature  at 
a  location  within  said  second  internal  commu- 
nication  passage. 

12.  A  method  as  claimed  in  claim  10,  wherein  said 
sensing  comprises  optically  sensing  the  pres- 
ence  of  resin  at  a  location  within  said  second 
internal  communication  passage. 

13.  A  method  as  claimed  in  claim  1,  further  com- 
prising  the  step  of  introducing  gaseous  fluid 
into  at  least  one  of  said  internal  communication 
passages  to  evacuate  resin  therefrom  subse- 
quent  to  step  (E)  and  prior  to  step  (F). 

14.  A  method  as  claimed  in  claim  1,  wherein  said 
venting  comprises  drawing  a  vacuum  in  said 
second  internal  communication  passage. 

15.  A  core  for  a  resin  transfer  molding  process, 
said  core  having  an  outer  surface  and  compris- 
ing  at  least  one  first  internal  communication 
passage  (20),  for  the  introduction  of  uncured 
resin  therethrough  when  said  core  is  placed  in 
a  cavity  of  molding  tool,  said  first  passage 
having  an  inlet  opening  (21)  and  at  least  one 
discharge  opening  (22)  extending  through  the 
outer  surface  of  said  core,  characterised  in  that 
said  core  further  comprises  at  least  one  sec- 
ond  internal  communication  passage  (30)  for 

venting  said  cavity  therethrough,  said  second 
passage  being  independent  of  said  first  pas- 
sage  and  having  a  discharge  opening  (31)  ex- 
tending  through  the  outer  surface  of  the  core 

5  and  at  least  one  inlet  opening  (32),  and 
wherein  said  first  and  second  internal  commu- 
nication  passages  are  formed  by  tubes  embed- 
ded  within  said  foam. 

70  16.  A  core  as  claimed  in  claim  15,  wherein  said 
core  comprises  a  substantially  solid  body  of 
foam. 

17.  A  core  as  claimed  in  claim  16,  wherein  said 
75  foam  is  structural  polyurethane  foam. 

18.  A  core  as  claimed  in  claim  15,  wherein  said 
tubes  comprise  flexible  plastic. 

20  19.  A  preform  for  a  resin  transfer  molding  process, 
said  preform  comprising  a  core  as  claimed  in 
any  one  of  claims  15  to  18  and  fiber  reinforce- 
ment  material  affixed  to  said  outer  surface  of 
said  core. 

25 
Patentanspruche 

1.  Verfahren  zum  Herstellen  einer  Struktur  aus 
einem  Verbundwerkstoff  im  Kunstharz-PreB- 

30  spritzverfahren,  wobie  dieses  Verfahren  folgen- 
des  umfaBt: 

(A)  Bereitstellung  eines  Kerns  mit  einer  Au- 
Benflache  und  wenigstens  einem  innerhalb 
des  Kerns  angeordneten  ersten  inneren  Ver- 

35  bindungskanal  (20),  wobei  besagter  Verbin- 
dungskanal  (20)  eine  EinlaBoffnung  (21)  und 
wenigstens  eine,  sich  durch  die  AuBenfla- 
che  des  besagten  Kerns  hindurch  erstrek- 
kende  AuslaBoffnung  (22)  aufweist, 

40  (B)  Fixieren  von  Faserverstarkungsmaterial 
auf  der  besagten  AuBenflache  des  besagten 
Kerns,  zur  Schaffung  eines  Kunstharz-PreB- 
spritz-Vorformlings  (10), 
(C)  Positionieren  des  besagten  Vorformlings 

45  (10)  in  dem  Hohlraum  eines  GieBwerkzeu- 
ges  mit  einer  ersten  Mundoffnung, 
(D)  VerschlieBen  des  besagten  GieBwerk- 
zeuges  und  Herstellen  einer  mediendichten 
Verbindung  zwischen  besagter  erster  Mund- 

50  offnung  und  besagter  EinlaBoffnung  (21) 
des  besagten  ersten  inneren  Verbindungs- 
kanals  (20), 
(E)  Einleiten  nicht  ausgeharteten  GieBharzes 
in  besagten  Hohlraum,  durch  die  besagte 

55  erste  Mundoffnung  hindurch,  zu  besagter 
EinlaBoffnung  (21)  des  besagten  ersten  in- 
neren  Verbindungskanals  (20)  hin  und  durch 
diese  hindurch,  und 

9 
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(F)  Ausharten  des  besagten  Harzes  zur  Her- 
stellung  der  besagten  Struktur  aus  Verbund- 
werkstoff;  dadurch  gekennzeichnet,  daB  das 
besagte  Verfahren  des  weiteren  umfaBt,  daB 
der  besagte  Kern  mit  wenigstens  einem 
zweiten  inneren  Verbindungskanal  (30)  ver- 
sehen  ist,  der  von  besagtem  wenigstens 
einem  inneren  Verbindungskanal  getrennt 
ist  und  eine  AuslaBoffnung  (31)  aufweist,  die 
sich  durch  die  besagte  AuBenflache  des 
Kerns  hindurch  erstreckt,  sowie  wenigstens 
eine  EinlaBoffnung  (32),  die  eine  medien- 
dichte  Verbindung  zwischen  einer  zweiten 
Mundoffnung  des  besagten  Werkzeuges 
und  besagter  AuslaBoffnung  (31)  des  be- 
sagten  zweiten  inneren  Verbindungskanals 
(30)  herstellt,  und  dadurch,  daB  besagter 
Hohlraum  in  besagtem  Schritt  (E)  durch  die 
besagte  AuslaBoffnung  (31)  hindurch,  zur 
besagten  zweiten  Mundoffnung  hin  und 
durch  diese  hindurch  entluftet  wird. 

2.  Verfahren  nach  Anspruch  1,  worin  besagter 
Kern  einen  im  wesentlichen  vollen  Schaum- 
stoffkorper  umfaBt. 

3.  Verfahren  nach  Anspruch  2,  worin  besagter 
Schaumstoff  Polyurethan-Strukturschaum  ist. 

4.  Verfahren  nach  Anspruch  2  oder  3,  worin  der 
besagte  Schaum  selbst  die  besagten  inneren 
Verbindungskanale  bildet. 

5.  Verfahren  nach  Anspruch  2,  worin  besagte  in- 
nere  Verbindungskanale  von  im  Schaumstoff 
eingebetteten  Rohren  gebildet  werden. 

6.  Verfahren  nach  Anspruch  5,  worin  besagte 
Rohren  aus  biegsamem  Kunststoff  bestehen. 

7.  Verfahren  nach  Anspruch  1,  des  weiteren  den 
Schritt  des  Entfernens  wenigstens  eines  Teils 
des  besagten  Kerns  aus  besagter  Struktur  aus 
Verbundwerkstoff  beinhaltend. 

8.  Verfahren  nach  Anspruch  1,  worin  nach  dem 
Beginn  des  Schrittes  (E)  und  vor  Schritt  (F)  die 
Entluftung  des  besagten  Hohlraumes  durch  be- 
sagte  AuslaBoffnung  des  besagten  zweiten  in- 
neren  Verbindungskanals  beendet  wird  und  ein 
uber  dem  Athmospharendruck  liegender  Druck 
an  besagter  AuslaBoffnung  des  besagten  zwei- 
ten  inneren  Verbindungskanals  angelegt  wird. 

9.  Verfahren  nach  Anspruch  8,  worin  der  besagte 
Druck  durch  Einleitung  zusatzlichen  besagten 
GieBharzes  in  die  besagte  AuslaBoffnung  des 
besagten  zweiten  inneren  Verbindungskanals 

erzeugt  wird. 

10.  Verfahren  nach  Anspruch  9,  auBerdem  den 
Schritt  der  Feststellung  der  Gegenwart  von 

5  GieBharz  in  besagtem  zweitem  innerem  Ver- 
bindungskanal  enthaltend,  bevor  dort  der  be- 
sagte  Druck  angelegt  wird. 

11.  Verfahren  nach  Anspruch  10,  worin  besagtes 
io  Feststellen  die  Messung  der  Temperatur  an 

einer  Stelle  innerhalb  des  besagten  zweiten 
inneren  Verbindungskanals  beinhaltet. 

12.  Verfahren  nach  Anspruch  10,  worin  besagtes 
is  Feststellen  die  optische  Feststellung  der  Ge- 

genwart  von  GieBharz  an  einer  Stelle  innerhalb 
des  besagten  zweiten  inneren  Verbindungska- 
nals  beinhaltet. 

20  13.  Verfahren  nach  Anspruch  1,  auBerdem  den 
Schritt  des  Einleitens  eines  gasformigen  Me- 
diums  in  wenigstens  einen  der  besagten  inne- 
ren  Verbindungskanale  beinhaltet,  so  daB  im 
AnschluB  an  Schritt  (E)  und  vor  Schritt  (F) 

25  GieBharz  aus  diesem  Kanal  evakuiert  wird. 

14.  Verfahren  nach  Anspruch  1,  worin  besagtes 
Entluften  das  Erzeugen  eines  Unterdruckes  in 
dem  besagten  zweiten  inneren  Verbindungska- 

30  nal  beinhaltet. 

15.  Kern  fur  ein  Kunstharz-PreBspritzverfahren,  wo- 
bei  dieser  Kern  eine  AuBenflache  und  wenig- 
stens  einen  ersten  inneren  Verbindungskanal 

35  (20)  aufweist,  zur  Einleitung  von  nicht  ausge- 
hartetem  GieBharz  durch  diesen  Kanal,  wenn 
besagter  Kern  in  einen  Hohlraum  eines  GieB- 
werkzeuges  eingesetzt  ist,  wobie  besagter  er- 
ster  Verbindungskanal  eine  EinlaBoffnung  (21) 

40  und  wenigstens  eine  sich  durch  die  AuBenfla- 
che  des  besagten  Kerns  hindurch  erstreckende 
AuslaBoffnung  (22)  aufweist,  dadurch  gekenn- 
zeichnet,  daB  dieser  besagte  Kern  auBerdem 
wenigstens  einen  zweiten  inneren  Verbin- 

45  dungskanal  (30)  zur  Entluftung  des  besagten 
Hohlraumes  durch  diesen  Kanal  aufweist,  wo- 
bei  der  besagte  zweite  Kanal  unabhangig  von 
besagtem  ersten  Kanal  ist  und  eine  sich  durch 
die  AuBenflache  des  Kerns  erstreckende  Aus- 

50  laBoffnung  (31)  und  wenigstens  eine  EinlaBoff- 
nung  (32)  aufweist,  und  worin  die  besagten 
ersten  und  zweiten  inneren  Verbindungskanale 
von  in  dem  besagten  Schaumstoff  eingebette- 
ten  Rohren  gebildet  werden. 

55 
16.  Kern  nach  Anspruch  15,  worin  der  besagte 

Kern  einen  im  wesentlichen  vollen  Korper  aus 
Schaumstoff  aufweist. 

10 
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17.  Kern  nach  Anspruch  16,  worin  besagter 
Schaumstoff  Polyurethan-Strukturschaum  ist. 

18.  Kern  nach  Anspruch  15,  worin  besagte  Rohren 
aus  biegsamem  Kunststoff  bestehen.  5 

19.  Vorformling  fur  ein  Kunstharz-PreBspritzverfah- 
ren,  wobei  besagter  Vorformling  einen  Kern 
nach  einem  beliebigen  der  Anspruche  15  bis 
18  aufweist,  sowie  an  der  besagten  AuBenfla-  10 
che  des  besagten  Kerns  fixiertes  Faserverstar- 
kungsmaterial. 

Revendicatlons 
75 

1.  Methode  de  moulage  par  transfert  de  resine 
d'une  structure  composite,  la  methode  consis- 
tant  a; 

(A)  fournir  un  noyau  presentant  une  surface 
externe  et  comprenant  au  moins  un  premier  20 
conduit  de  communication  interne  (20)  a 
I'interieur  du  noyau,  ledit  conduit  de  com- 
munication  (20)  ayant  une  ouverture  d'ad- 
mission  (21)  et  au  moins  une  ouverture  de 
deversement  (22)  s'etendant  a  travers  la  25 
surface  externe  dudit  noyau, 
(B)  fixer  une  matiere  de  renforcement  par 
fibre  sur  ladite  surface  externe  dudit  noyau 
de  maniere  a  former  une  preforme  (10)  de 
moulage  partransfert  de  resine,  30 
(C)  placer  ladite  preforme  (10)  dans  une 
cavite  d'un  outil  de  moulage  ayant  un  pre- 
mier  orifice, 
(D)  fermer  ledit  outil  de  moulage  et  former 
une  communication  etanche  entre  ledit  pre-  35 
mier  orifice  et  ladite  ouverture  d'admission 
(21)  dudit  premier  conduit  de  communica- 
tion  interne  (20), 
(E)  introduire  de  la  resine  non  vulcanisee 
dans  ladite  cavite  au  moyen  dudit  premier  40 
orifice,  dans  et  au  moyen  de  ladite  ouvertu- 
re  d'admission  (21)  dudit  premier  conduit 
de  communication  interne  (20),  et 
(F)  vulcaniser  ladite  resine  de  maniere  a 
fabriquer  ladite  structure  composite;  carac-  45 
terisee  en  ce  que  ladite  methode  consiste 
egalement  a  munir  ledit  noyau  d'au  moins 
un  second  conduit  de  communication  inter- 
ne  (30)  separe  d'au  moins  ledit  premier 
conduit  de  communication  interne  et  pre-  50 
sentant  une  ouverture  de  deversement  (31) 
s'etendant  a  travers  ladite  surface  externe 
du  noyau  et  au  moins  une  ouverture  d'ad- 
mission  (32)  formant  une  communication 
etanche  entre  un  second  orifice  dudit  outil  55 
et  ladite  ouverture  de  deversement  (31)  du- 
dit  second  conduit  de  communication  inter- 
ne  (30)  et  a  purger  ladite  cavite  au  moyen 

de  ladite  ouverture  de  deversement  (31) 
dans  et  au  moyen  dudit  second  orifice  du- 
rant  ladite  etape  (E). 

2.  Methode  selon  la  revendication  1  ,  dans  laquel- 
le  ledit  noyau  comprend  un  corps  de  mousse 
essentiellement  plein. 

3.  Methode  selon  la  revendication  2,  dans  laquel- 
le  ladite  mousse  est  de  la  mousse  de  polyure- 
thane  a  peau  integree. 

4.  Methode  selon  la  revendication  2  ou  3,  dans 
laquelle  ladite  mousse  elle-meme  forme  lesdits 
conduits  de  communication  internes. 

5.  Methode  selon  la  revendication  2,  dans  laquel- 
le  lesdits  conduits  de  communication  internes 
sont  formes  par  des  tubes  enrobes  dans  ladite 
mousse. 

6.  Methode  selon  la  revendication  5,  dans  laquel- 
le  lesdits  tubes  comprennent  du  plastique  flexi- 
ble. 

7.  Methode  selon  la  revendication  1,  comprenant 
egalement  I'etape  consistant  a  enlever  au 
moins  une  portion  dudit  noyau  de  ladite  struc- 
ture  composite. 

8.  Methode  selon  la  revendication  1  dans  laquel- 
le,  apres  avoir  commence  I'etape  (E)  et  avant 
de  commencer  I'etape  (F),  la  purge  de  ladite 
cavite  au  moyen  de  ladite  ouverture  de  dever- 
sement  dudit  second  conduit  de  communica- 
tion  interne  est  terminee  et  une  pression  supe- 
rieure  a  la  pression  atmospherique  est  appli- 
quee  a  ladite  ouverture  de  deversement  dudit 
second  conduit  de  communication  interne. 

9.  Methode  selon  la  revendication  8,  dans  laquel- 
le  ladite  pression  est  appliquee  en  introduisant 
de  la  resine  supplemental  dans  ladite  ouver- 
ture  de  deversement  dudit  second  conduit  de 
communication  interne. 

10.  Methode  selon  la  revendication  9,  comprenant 
egalement  I'etape  consistant  a  detecter  la  pre- 
sence  de  resine  dans  ledit  second  conduit  de 
communication  interne  avant  d'y  appliquer  la- 
dite  presion. 

11.  Methode  selon  la  revendication  10,  dans  la- 
quelle  ladite  detection  comprend  la  detection 
de  la  temperature  en  un  endroit  a  I'interieur 
dudit  second  conduit  de  communication  inter- 
ne. 

11 
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12.  Methode  selon  la  revendication  10,  dans  la- 
quelle  ladite  detection  comprend  la  detection 
de  maniere  optique  de  la  presence  de  resine 
en  un  endroit  a  I'interieur  dudit  second  conduit 
de  communication  interne.  5 

13.  Methode  selon  la  revendication  1,  comprenant 
egalement  I'etape  consistant  a  introduire  un 
fluide  gazeux  dans  au  moins  I'un  dedits 
conduits  de  communication  internes  de  manie-  10 
re  a  en  evacuer  la  resine  apres  I'etape  (E)  et 
avant  I'etape  (F). 

14.  Methode  selon  la  revendication  1,  dans  laquel- 
le  ladite  purge  consiste  a  creuser  un  vide  dans  is 
ledit  second  conduit  de  communication  interne. 

15.  Noyau  pour  un  procede  de  moulage  par  trans- 
fert  de  resine,  ledit  noyau  presentant  une  sur- 
face  externe  et  comprenant  au  moins  un  pre-  20 
mier  conduit  de  communication  interne  (20), 
pour  y  introduire  de  la  resine  non  vulcanisee 
lorsque  ledit  noyau  est  place  dans  la  cavite  de 
I'outil  de  moulage,  ledit  premier  conduit  pre- 
sentant  une  ouverture  d'admission  (21)  et  au  25 
moins  une  ouverture  de  deversement  (22) 
s'etendant  a  travers  la  surface  externe  dudit 
noyau,  caracterise  en  ce  que  ledit  noyau  com- 
prend  egalement  au  moins  un  second  conduit 
de  communication  interne  (30)  pour  purger  la  30 
cavite  au  moyen  de  celui-ci,  ledit  second 
conduit  etant  independant  dudit  premier 
conduit  et  presentant  une  ouverture  de  dever- 
sement  (31)  s'etendant  a  travers  la  surface 
externe  du  noyau  et  au  moins  une  ouverture  35 
d'admission  (32),  et  dans  lequel  lesdits  pre- 
mier  et  second  conduits  de  communication 
internes  sont  formes  de  tubes  enrobes  dans 
ladite  mousse. 

40 
16.  Noyau  selon  la  revendication  15,  dans  lequel 

ledit  noyau  comprend  un  corps  de  mousse 
essentiellement  plein. 

17.  Noyau  selon  la  revendication  16,  dans  lequel  la  45 
ladite  mousse  est  de  la  mousse  de  polyuretha- 
ne  a  peau  integree. 

18.  Noyau  selon  la  revendication  15,  dans  lequel 
lesdits  tubes  comprennent  du  plastique  flexi-  so 
ble. 

19.  Preforme  pour  procede  de  moulage  par  trans- 
fert  de  resine,  ladite  preforme  comprenant  un 
noyau  selon  I'une  des  revendications  15  a  18  55 
et  une  matiere  de  renforcement  par  fibre  fixee 
a  ladite  surface  externe  dudit  noyau. 
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