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54)  Method  and  apparatus  for  casting. 

forced  into  tne  moia.  Aaaitionaiiy,  mere  is  a  memuu 
for  reducing  the  required  mold  strength  by  control- 
ling  the  pressuie  at  the  mold  wall  by  controlling  the 
pressurization  rate. 

xerox  uopy  uentre 

@  An  apparatus  comprising  a  pressure  vessel  and 
a  device  for  evacuating  and  pressurizing  the  vessel. 
The  evacuating  and  pressurizing  device  is  in  fluidic 
connection  with  the  vessel.  The  apparatus  is  also 
comprised  of  a  crucible  disposed  in  the  pressure 
vessel  within  which  material  is  melted.  There  is  a 
mold  chamber  disposed  in  the  pressure  vessel  with- 
in  which  a  mold  is  held.  The  mold  chamber  is  in 
fluidic  connection  with  the  crucible.  Additionally,  the 
apparatus  is  comprised  of  a  device  for  heating  ma- 
terial  in  the  crucible  and  the  mold  in  the  mold 
chamber  such  that  material  is  melted  in  the  crucible 
and  stays  melted  as  it  is  drawn  to  the  mold  chamber 

j^j  while  the  evacuating  and  pressurizing  device  acts  on 
^ the   vessel,  and  when  it  is  forced  into  the  mold  while 

the  evacuating  and  pressurizing  device  pressurizes 
Jvjthe  vessel.  The  heating  device  is  disposed  in  the 

vessel.  Additionally,  there  is  a  method  comprising 
the  steps  of  placing  in  a  mold  chamber  of  a  pressure 

qq  vessel  a  fiber  array  mold;  placing  in  a  crucible  of  the 
CO  pressure  vessel  a  material;  evacuating  the  vacuum 
_   vessel  through  the  mold  chamber;  melting  the  ma- 

terial  in  the  crucible;  placing  the  crucible  in  fluidic 
Om  connection  with  the  mold  chamber;  and  charging  the 
^vessel  while  it  is  continually  evacuated  such  that  the 

melted  material  is  drawn  into  the  mold  chamber  and 



I EP  0  388  235  A2 3 

METHOD  AND  APPARATUS  FOR  CASTING 

rIELD  OF  THE  INVENTION 

The  present  invention  is  related  to  an  appara- 
tus  for  casting.  More  specifically,  the  present  in- 
dention  is  related  to  an  apparatus  and  method  for 
producing  fiber  reinforced  materials. 

BACKGROUND  OF  THE  INVENTION 

Fiber  reinforced  materials,  where  the  material 
is  commonly  a  metal,  provide  a  level  of  strength  to 
a  structure  that  otherwise  cannot  be  attained  with 
just  the  material  itself.  The  fibers  in  the  material 
increase  the  stiffness  of  the  material  such  that  for  a 
given  applied  load,  the  material  deflects  less  than 
an  unreinforced  material.  In  order  to  produce  fiber 
reinforced  materials,  the  fibers  are  typically  bun- 
dled  together  in  some  fashion  and  form  corre- 
sponding  to  the  ultimate  devised  shape  of  the  fiber 
reinforced  material.  Then  the  material  must  some- 
how  be  forced  into  the  fiber  bundle  so  it  com- 
pletely  fills  the  interstices  of  the  fiber  bundle.  This 
is  normally  accomplished  by  liquifying  the  material 
and  then  forcing  it  into  the  fiber  bundle.  U.S.  Patent 
4573517  to  Booth,  et  al.  discloses  an  apparatus 
and  method  for  forcing  melted  metal  into  a  fiber 
bundle.  It  requires  the  apparatus  wherein  this  meth- 
od  is  performed  to  first  be  evacuated  through  a 
furnace  thereof.  Then  melted  metal  is  forced  into  a 
fiber  bundle  under  pressure  of  gas  pumped  into 
the  vessel.  However,  this  technique  requires,  as  do 
ail  other  techniques  heretofore  known,  that  the 
chamber  within  which  the  production  of  the  fiber 
reinforced  material  occurs  be  strong  enough  to 
withstand  the  necessary  pressures  so  it  does  not 
explode  apart  either  from  the  inside  or  the  outside. 
Additionally,  in  the  patent  to  Booth,  the  level  of 
melted  metal  within  the  structure  must  be  carefully 
controlled  or  cooling  thereto  causes  it  to  solidify 
making  the  process  useless. 

-  An  apparatus  is  disclosed  by  Masur,  L  J., 
Mortensen,  A.,  Comie,  J.  A.  and  Flemings,  M.  C; 
"Pressure  Casting  of  Fiber-Reinforced  Metals"  Pro- 
ceedings  of  the  Sixth  International  Conference  on 
Composite"  Materials  ICCM-VI,  FX  MatthewsT 
N.L.R.  Bushell,  and  J.  M.  Hodginson,  Eds.  London, 
1987,  Elsevier  Applied  Science,  pp.  2.320-2.329 
wherein  a  furnace  is  disposed  inside  a  pressure 
vessel  and  pressure  alone  is  used  to  fill  a  fiber 
preform  with  melted  material.  However,  since  this 
apparatus  is  for  the  purpose  of  determining  the 
pressure  necessary  to  penetrate  a  fiber  preform, 

usable  products  therefrom  are  questionable. 
The  present  invention  requires  only  that  a  pres- 

sure  vessel  be  strong  enough  to  withstand  the 
necessary  pressures  inside  the  vessel.  As  a  result, 

5  a  mold  chamber  holding  a  fiber  array  mold  inside 
the  vessel  is  subject  only  to  small  pressure  differ- 
ences,  thus  allowing  much  thinner  or  low  strength 
mold  chamber  structures.  This  enables  the  present 
invention  to  be  easier  to  use  and  quicker  to  use 

w  and  enables  a  more  uniform  heating  of  the  mold 
chamber  with  a  single  furnace  design.  Moreover, 
the  level  of  melted  material  is  not  of  great  concern 
as  long  as  it  fills  the  mold  chamber  since  cooling  of 
the  melted  material  is  actually  used  for  the  benefit 

75  of  the  process  as  opposed  to  a  detriment  of  the 
process. 

SUMMARY  OF  THE  INVENTION 
20 

The  present  invention  pertains  to  an  apparatus 
for  casting.  The  apparatus  is  comprised  of  a  pres- 
sure  vessel  and  means  for  evacuating  and  pres- 

25  surizing  the  vessel.  The  evacuating  and  pressuriz- 
ing  means  is  in  fluidic  connection  with  the  vessel. 
The  apparatus  is  also  comprised  of  a  crucible 
disposed  in  the  pressure  vessel  within  which  ma- 
terial  is  melted.  There  is  a  mold  chamber  disposed 

30  in  the  pressure  vessel  within  which  a  mold  is  held. 
Additionally,  the  apparatus  is  comprised  of  means 
for  heating  material  in  the  crucible  and  the  mold  in 
the  mold  chamber  such  that  material  is  melted  in 
the  crucible  and  stays  melted  as  it  is  drawn  up  to 

35  the  mold  chamber  while  the  evacuating  and  pres- 
surizing  means  evacuates  the  vessel,  and  when  it 
is  forced  into  the  mold  while  the  evacuating  and 
pressurizing  means  charges  the  vessel.  The  heat- 
ing  means  is  disposed  in  the  vessel. 

40  In  a  preferred  embodiment,  the  evacuating  and 
pressurizing  means  includes  means  for  evacuating 
the  vessel  and  means  for  pressurizing  the  vessel. 
The  evacuating  means  is  fluidically  connected  to 
the  mold  chamber  through  the  vessel,  and  the 

45  pressurizing  means  is  fluidically  connected  to  the 
vessel.  Additionally,  the  mold  chamber  includes  a 
feeder  tube  fluidically  connected  thereto  and  ex- 
tending  out  therefrom.  The  feeder  tube  is  disposed 
in  the  vessel.  Additionally,  the  apparatus  preferably 

so  includes  a  crucible  lifter  connected  to  the  crucible 
for  lifting  the  crucible  such  that  it  is  in  fluidic 
connection  with  the  feeder  tube  that  extends  from 
the  mold  chamber. 

In  a  more  preferred  embodiment,  a  pressuriz- 
ing  means  includes  means  for  controlling  the  rate 

2 



which  pressurization  occurs  such  that  tne  pres- 
jre  in  the  mold  chamber  is  able  to  have  time  to 
3  driven  toward  instantaneous  equilibrium  with  the 
jssel  pressure. 

The  present  invention  also  pertains  to  a  meth- 
j  for  casting.  The  method  comprises  the  steps  of 
lacing  in  a  mold  chamber  of  a  pressure  vessel  a 
told;  placing  in  a  crucible  of  the  pressure  vessel  a 
laterial;  evacuating  the  vacuum  vessel  through  the 
lold  chamber;  melting  the  material  in  the  crucible; 
lacing  the  crucible  in  fluidic  connection  with  the 
lold  chamber;  and  pressurizing  the  vessel  while  it 
;  continually  evacuated  such  that  the  melted  ma- 
jrial  is  drawn  into  the  mold  chamber  and  forced 
ito  the  mold. 

iRIEF  DESCRIPTION  OF  THE  DRAWINuo 

In  the  accompanying  drawings,  the  preterrea 
mbodiments  of  the  invention  and  preferred  meth- 
ds  of  practicing  the  invention  are  illustrated  in 
/hich: 

Figure  1  is  a  cross-sectional  schematic  view 
if  an  apparatus  for  casting. 

Figure  2  is  a  cross-sectional  side  view  of  an 
ipparatus  for  casting  having  a  crucible  in  a  first 
losition. 

Figure  3  is  a  cross-sectional  schematic  view 
>f  an  apparatus  for  casting  wherein  the  crucible  is 
n  fluidic  connection  with  a  mold  chamber. 

Figure  4  is  a  cross-sectional  schematic  re- 
Dresentation  of  an  apparatus  for  casting  being  load- 
id. 

Figure  5  is  a  cross-sectional  schematic  view 
3f  the  apparatus  for  casting  wherein  material  in  the 
rrucible  is  melted  in  a  vessel  wherein  the  mold  and 
/essel  is  evacuated  through  the  mold. 

Figure  6  is  a  cross-sectional  schematic  view 
Df  the  apparatus  for  casting  wherein  the  crucible  is 
placed  in  fluidic  communication  with  the  mold 
:hamber  isolating  the  mold  chamber  from  the  ves- 
sel  interior. 

Figure  7  is  a  cross-sectional  schematic  view 
of  the  apparatus  for  casting  wherein  the  melted 
material  in  the  crucible  is  being  drawn  into  the 
mold  chamber. 

Figure  8  is  a  cross-sectional  schematic  view 
of  the  apparatus  for  casting  wherein  a  solidification 
plug  is  formed. 

Figure  9  is  a  cross-sectional  schematic  view 
of  the  apparatus  for  casting  wherein  controlled  in- 
creasing  pressure  is  provided  to  the  vessel  to  force 
the  melted  material  into  the  mold. 

Figure  10  is  a  cross-sectional  schematic 
view  of  the  apparatus  for  casting  wherein  the  melt- 
ed  material  is  undergoing  directional  solidification. 

ngure  i  i  is  a  uiuao-oeouuuai  owwuouv 
view  of  the  apparatus  for  casting  being  unloaded. 

Figure  12  is  a  side  view  of  the  apparatus  for 
casting  wherein  a  support  frame  holds  the  vessel 
with  quick  release  heads. 

Figure  13  is  a  partial  cross-sectional  side 
view  of  the  apparatus  for  casting  wherein  a  foil  seal 
is  in  place  over  the  fill  tube. 

) 
DESCRIPTION  OF  THE  PREFERRED  EMBODI- 

MENT 

5  neverrmg  now  iu  me  uiawmyo  mraoui  m\o 
reference  numerals  refer  to  similar  or  identical 
parts  throughout  the  several  views  and  more  spe- 
cifically  to  Figure  1  thereof,  there  is  shown  a  cross- 
sectional  schematic  view  of  an  apparatus  10  for 

o  casting.  The  apparatus  10  comprises  a  pressure 
vessel  12  and  means  for  evacuating  and  pressuriz- 
ing  the  vessel  12.  The  vessel  12  is  preferably 
made  of  316  stainless  steel.  The  evacuating  and 
pressurizing  means  is  in  fluidic  connection  with  the 

5  vessel  12.  The  apparatus  10  is  also  comprised  of  a 
crucible  14  disposed  in  the  pressure  vessel  12 
within  which  material  16,  such  as  aluminum,  is 
melted.  There  is  a  mold  chamber  18  disposed  in 
the  pressure  vessel  12  within  which  a  mold  20, 

to  such  as  preferably  a  fiber  array  mold,  is  held 
although  the  invention  is  not  in  any  way  limited  to 
fiber  array  molds.  The  mold  chamber  18  is  prefer- 
ably  made  of  304  stainless  steel  however,  other 
materials  can  also  be  used  and  the  crucible  14  is 

is  preferably  graphite.  The  fibers  used  are  preferably 
made  of  silicon  carbide.  When  the  mold  chamber 
18  is  in  fluidic  connection  with  the  crucible  14, 
melted  material  16  in  the  crucible  14  can  be  drawn 
into  the  mold  chamber  18  as  the  evacuating  and 

to  the  pressurizing  means  pressurizes  the  vessel  12. 
Typical  pressures  for  use  with  silicon  carbide  fi- 
bers,  and  melted  aluminum  are  1000  PSI-2000  PSI 
and  preferably  1300  PSI-1500  PSI.  The  pressure 
required  is  related  to  the  volume  fraction  of  fibers. 

45  In  general,  the  more  fibers  per  given  unit  of  vol- 
ume,  the  greater  pressure  is  required  to  force  the 
melted  material  between  the  fibers. 

The  apparatus  is  also  comprised  of  means  for 
heating  material  16  in  the  crucible  14  and  the  fiber 

50  array  mold  20  in  the  mold  chamber  8  such  that 
material  16  is  melted  in  the  crucible  14  and  stays 
melted  as  it  is  drawn  up  to  the  mold  chamber  18 
while  the  evacuating  and  pressurizing  means  evac- 
uates  the  vessel  12,  and  when  it  is  forced  into  the 

55  fiber  array  mold  20  while  the  evacuating  and  pres- 
surizing  means  pressurizes  the  vessel  12.  The 
heating  means  is  preferably  disposed  in  the  vessel 
12.  The  heating  means  should  provide  enough  heat 

-3 
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to  maintain  the  material  in  a  melted  state.  For 
instance,  with  aluminum,  the  temperature  should  be 
over  600  *  C  and  preferably  between  650  °  C  and 
700°  C. 

Preferably,  the  evacuating  and  charging  means 
includes  means  22  for  evacuating  the  vessel  and 
means  24  for  pressurizing  the  vessel,  such  as  a 
vacuum  pump  23  and  a  pressure  pump  25,  respec- 
tively.  The  evacuating  means  22  is  fluidically  con- 
nected  to  the  mold  chamber  18  in  the  vessel  12 
and  the  pressurising  means  is  fluidically  connected 
to  the  vessel  12.  The  heating  means  preferably 
includes  a  mold  furnace  26  for  heating  the  mold 
chamber  18  and  a  crucible  furnace  28  for  heating 
the  crucible  14.  The  mold  furnace  26  is  preferably 
positioned  about  the  mold  chamber  18  and  the 
crucible  furnace  28  is  preferably  positioned  about 
the  crucible  14  to  provide  essentially  uniform  heat- 
ing  to  the  mold  chamber  18  and  crucible  14,  re- 
spectively.  It  should  be  noted  however  that  the 
mold  furnace  26  is  not  necessary  for  the  effective 
operation  of  the  apparatus. 

The  evacuating  means  22  preferably  includes  a 
snorkel  30  fluidically  connected  to  the  mold  cham- 
ber  18  and  extending  therefrom  out  of  the  vessel 
12.  The  evacuating  means  22  also  preferably  in- 
cludes  means  for  solidifying  the  melted  material  16 
and  the  snorkel  30  to  form  a  solidification  plug 
when  the  melted  material  16  is  drawn  therein. 
Preferably,  the  solidifying  means  includes  a  water 
cooled  head  34  in  thermal  communication  with  the 
snorkel  30.  In  such  an  embodiment,  the  melted 
material  solidifies  to  form  the  solidification  plug  as 
it  moves  adjacent  the  head  34.  The  head  34  can 
then  be  used,  as  above,  to  start  a  directional  solidi- 
fication  down  the  mold  such  that,  for  instance, 
metal  shrinkage  during  the  solidification  can  be  fed 
with  additional  metal  from  the  crucible. 

The  mold  chamber  18  preferably  includes  a 
feeder  tube  38  fluidically  connected  thereto  and 
extending  out  therefrom.  The  feeder  tube  is  dis- 
posed  in  the  vessel  12.  The  crucible  14  is  fluidical- 
ly  connected  to  the  mold  chamber  18  through  the 
feeder  tube  38  such  that  melted  material  16  in  the 
crucible  14  can  be  drawn  to  the  mold  chamber  18 
as  the  vacuum  pump  23  evacuates  the  vessel  12 
and  the  mold  chamber  18  interior  is  fluidically 
isolated  from  direct  communication  with  the  vessel 
12  interior.  Note  the  pressure  pump  can  also  be 
used  to  aid  in  filling  the  mold  chamber  18  with 
melted  material  16  by  pressurizing  the  vessel  12 
and  forcing  the  melted  material  16  in  the  crucible 
14  into  the  mold  chamber  18. 

In  an  alternative  embodiment,  fiber  array  molds 
20  can  also  be  heated  and  evacuated  prior  to 
insertion  in  the  vessel  with  the  use  of  a  foil  seal  41 
disposed  at  the  bottom  of  the  snorkel  30,  as  shown 
in  Figure  13.  The  foil  seal  41  is,  for  instance,  made 

out  of  the  same  material  16  as  the  material  16  in 
the  crucible  14.  The  foil  seal  41  melts  when  placed 
in  the  crucible  14  filled  with  melted  material  16, 
thus  fluidically  isolating  the  interior  of  the  mold 

5  chamber  18  from  direct  communication  with  the 
interior  of  the  vessel  and  allowing  material  16  to 
move  into  the  feeder  tube  38.  In  such  an  embodi- 
ment,  the  material  can  be  melted  subsequent  to 
insertion  of  the  fill  tube  30  therein,  thus  eliminating 

70  the  need  for  any  furnaces  or  a  crucible  lifter  40. 
Preferably,  the  apparatus  10  includes  a  cru- 

cible  lifter  40  connected  to  the  crucible  14  for  lifting 
the  crucible  14  such  that  it  is  placed  in  fluidic 
connection  with  the  feeder  tube  38  that  extends 

75  from  the  mold  chamber  18,  as  shown  in  Figures  2 
and  3.  Figures  2  and  3  are  cross-sectional  sche- 
matic  views  of  an  apparatus  10  with  the  crucible  12 
out  of  fluidic  connection  with  the  feeder  tube  38, 
and  in  fluidic  connection  with  the  feeder  tube  38 

20  after  the  crucible  lifter  40  has  lifted  the  crucible  14, 
respectively.  (Note  Figures  1  ,  2  and  3  are  drawn  to 
scale  so  that  the  relationship  of  the  various  ele- 
ments  and  structures  thereof  are  defined  regard- 
less  of  the  actual  size  chosen  therefore.) 

25  The  apparatus  10  preferably  is  water  cooled, 
for  instance,  with  pipes  42  positioned  about  the 
vessel  12.  The  apparatus  10  also  preferably  in- 
cludes  insulation  44  disposed  in  the  vessel  12  and 
positioned  about  the  mold  furnace  26  and  the  cru- 

30  cible  furnace  28  for  maintaining  heat  therein. 
The  present  invention  also  pertains  to  a  meth- 

od  for  producing  a  fiber  reinforced  material.  The 
method  comprises  the  steps  of  placing  in  the  mold 
chamber  18  of  the  pressure  vessel  12  the  fiber 

35  array  mold  20.  Then  the  step  of  placing  in  the 
crucible  14  of  the  pressure  vessel  12  the  material 
16,  as  shown  in  Figure  4,  is  performed.  Next,  the 
step  of  evacuating  the  pressure  vessel  12  through 
the  mold  chamber  18,  and  melting  the  material  16 

40  in  the  crucible  14,  as  shown  in  Figure  5,  is  per- 
formed.  Then  the  step  of  placing  the  crucible  14  in 
fluidic  communication  with  the  mold  chamber  18, 
as  shown  in  Figure  6,  is  performed.  Next,  the  step 
of  pressurizing  the  vessel  12  while  it  is  continually 

45  evacuated  such  that  the  melted  material  16  is 
drawn  into  the  mold  chamber  18  and  forced  into 
the  fiber  array  mold  20,  as  shown  in  Figures  7  and 
8,  is  performed.  The  pressurizing  step  preferably 
includes  the  step  of  controlling  the  rate  at  which 

so  pressurization  of  the  vessel  1  2  occurs  such  that  the 
pressure  in  the  mold  chamber  18  is  able  to  have 
time  to  be  driven  toward  instantaneous  equilibrium 
with  the  pressure  in  the  vessel  12. 

Preferably,  before  the  pressurizing  step,  there 
55  is  included  the  step  of  forming  a  solidification  plug 

such  that  further  evacuation  is  prevented  from  the 
pressure  vessel  12,  as  shown  in  Figure  8,  and  the 
melted  material  is  prevented  from  leaving  the  ves- 

4 
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el  12  via  the  snorkel  30.  After  the  solidification 
lug  forms,  the  continuous  pressurizing  from  the 
iressure  pump  25  of  the  vessel  12  forces  the 
lelted  material  16  through  the  feeder  tube  38  into 
ie  mold  chamber  18.  This  continuous  pressure 
auses  the  melted  material  16  to  penetrate  into  the 
ber  array  mold  20  and  eventually  fill  the  fiber 
,rray  mold  20,  as  shown  in  Figures  9  and  10. 

The  fact  that  the  mold  chamber  18  and  cru- 
mble  14  are  disposed  inside  the  vessel  12  as  are 
he  mold  furnace  26  and  crucible  furnace  28  re- 
tires  that  only  the  pressure  vessel  12  be  strong 
snough  to  withstand  the  internal  forces  that  build 
ip  under  the  pressure  from  the  pressure  pump  25. 
3ut  since  the  pressure  in  the  pressure  vessel  12  is 
iniform  essentially  throughout,  by  controlling  the 
iressurization  rate  of  the  vessel  such  that  the  pres- 
lure  in  the  mold  chamber  is  able  to  have  time  to 
>e  driven  toward  instantaneous  equilibrium  with  the 
'essel  pressure,  only  a  small  differential  pressure 
>etween  the  interior  of  the  mold  chamber  18  and 
he  interior  of  the  pressure  vessel  1  2  exists  at  any 
jive  moment.  Consequently,  strength  concerns  of 
he  mold  chamber  structure  and  mold  seals  are 
ninimized.  This  small  pressure  differential  between 
he  interior  of  the  mold  chamber  18  and  the  interior 
)f  the  pressure  vessel  12  is  kept  to  a  minimum  due 
o  the  action  of  the  melted  material  16  being  forced 
nto  the  mold  chamber  18  by  the  pressure  pump 
15  in  an  amount  corresponding  to  the  pressure  on 
:he  melted  material  16. 

Once  the  fiber  array  mold  20  is  saturated  with 
nelted  material  16,  the  temperature  of  the  mold 
chamber  18  is  lowered  to  allow  the  melted  material 
16  to  solidify.  Then  pressure  is  released  and  the 
nold  20  is  removed  from  the  pressure  vessel  12. 

In  the  operation  of  the  preferred  embodiment, 
the  crucible  14  is  loaded  with  aluminum  and  placed 
In  the  vessel  12  which  is  then  sealed,  as  shown  in 
Figure  4,  with  high  temperature  VITON®  seals.  The 
crucible  furnace  28  and  mold  furnace  26  is  then 
activated  to  melt  the  aluminum  in  the  crucible  14. 
At  the  same  time,  the  vacuum  pump  23  is  activated 
which  evacuates  the  vessel  12  through  the  mold 
chamber  18,  as  shown  in  Figure  5.  As  can  be  more 
clearly  realized  with  respect  to  Figure  1  ,  the  vacu- 
um  pump  23  evacuates  the  pressure  vessel  12 
through  the  mold  chamber  18  by  drawing  fluid 
present  in  the  vessel  12  first  through  the  feeder 
tube  and  then  through  the  mold  chamber  18  and 
then  through  the  snorkel  30.  By  evacuating  the 
mold  20,  there  is  less  chance  of  voids  being 
formed  in  the  fiber  reinforced  material  after  the 
melted  material  has  infiltrated  the  mold  20. 

When  the  aluminum  in  the  crucible  14  is  melt- 
ed,  the  crucible  lifter  40  is  activated  causing  tile 
crucible  14  to  be  moved  in  fluidic  connection  with 
the  snorkel  30  fluidically  isolating  the  interior  of  the 

moid  cnamoer  rrom  aireci  communiuauun  wmi  me 
vessel  interior  such  that  the  melted  aluminum  in 
the  crucible  14  can  be  drawn  up  to  the  mold 
chamber  18  through  the  snorkel  30  under  the  ac- 

;  tion  of  the  vacuum  pump,  as  shown  in  Figures  6 
and  7.  At  the  same  time,  the  vessel  pressurization 
is  started  with  nitrogen  gas  to  assist  in  forcing  the 
aluminum  into  the  feeder  tube.  As  the  vacuum 
pump  23  continues  to  draw  fluid  out  of  the  vessel 

o  12,  the  melted  aluminum  is  drawn  up  through  the 
feeder  tube  38  into  the  mold  chamber  18  where  it 
surrounds  the  fiber  array  mold  20  and  comes  into 
contact  with  the  water  cooled  head  in  the  snorkel 
30,  a  solidification  plug  is  formed. 

5  Once  the  melted  aluminum  has  filled  the  mold 
chamber  18  as  much  as  possible  under  the  action 
of  the  vacuum  pump  23,  the  pressure  pump  25 
pumps  nitrogen  gas  into  the  vessel  12,  as  shown  in 
Figure  8.  The  pressure  in  the  vessel  12  is  con- 

io  sequently  increased  throughout  the  vessel  12  and 
specifically  at  the  surface  of  the  melted  aluminum 
in  the  crucible  14.  As  the  melted  aluminum  in  the 
crucible  14  prevents  the  pressurized  gas  in  the 
vessel  12  from  entering  the  feeder  tuber  38  and 

>5  reaching  the  mold  chamber  18  since  the  interior  of 
the  mold  chamber  18  is  fluidically  isolated  from 
direct  communication  with  the  interior  of  the  pres- 
sure  vessel,  a  pressure  differential  is  created  be- 
tween  the  interior  of  the  vessel  12  and  the  interior 

jo  of  the  mold  chamber  18.  This  pressure  differential 
results  in  the  melted  aluminum  being  forced  up 
through  the  feeder  tube  38  and,  into  the  mold 
chamber  18,  as  shown  in  Figure  9.  The  amount  of 
melted  aluminum  that  is  forced  into  the  mold 

35  chamber  1  8  and  consequently  the  fiber  array  mold 
20  corresponds  to  the  amount  of  pressure  in  the 
vessel  1  2  at  the  surface  48  of  the  melted  aluminum 
in  the  crucible  14.  The  more  pressure  in  the  vessel, 
the  more  fluid  is  forced  into  the  mold  chamber  18 

to  and  fiber  array  mold  20  to  compensate  for  the 
difference  in  the  pressure  between  the  inside  of  the 
mold  chamber  20  and  the  inside  of  the  vessel  12, 
as  shown  in  Figure  9.  As  the  aluminum  is  forced 
into  the  fiber  array  mold  20,  the  pressure  is  equal- 

45  ized  between  the  inside  of  the  fiber  array  mold  20 
and  the  inside  of  the  vessel  12  itself.  By  controlling 
the  pressurization  rate,  it  is  possible  to  control  the 
difference  between  the  pressure  on  the  inside  and 
outside  of  the  fiber  array  mold  20.  The  slower  the 

so  rate,  the  lower  the  pressure  exerted  on  the  outside 
of  the  mold  and  so  a  thinner  or  lower  stength  wall 
thereof  is  required.  Quick  pressurization  rates  re- 
quire  heavy  walls  to  withstand  the  pressures  ex- 
erted  on  the  walls  of  the  mold  chamber. 

55  As  the  melted  aluminum  fills  the  fiber  array 
mold  20,  the  melted  aluminum  is  also  forced  into 
the  snorkel  36.  when  the  melted  aluminum  reaches 
the  top  of  the  snorkel,  the  water  cooled  head  34 
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:auses  the  melted  aluminum  in  the  snorkel  36 
learest  the  water  cooled  head  34  to  solidify.  This 
solidification  of  the  melted  aluminum  forms  the 
solidification  plug.  This  solidification  of  the  melted 
iluminum  propagates  as  a  wave  down  from  the 
solidification  plug,  fiber  array  mold  20  and  to  the 
;rucible  14,  as  shown  in  Figure  10.  The  pressure 
Dump  25  is  then  turned  off  and  the  mold  chamber 
1  8  with  the  fiber  array  mold  20  therein  is  removed 
rom  the  pressure  vessel  12.  The  vessel  12  is 
naintained  in  a  support  frame  46,  as  shown  in 
-igure  12,  through  the  process. 

Although  the  invention  has  been  described  in 
detail  in  the  foregoing  embodiments  for  the  pur- 
Dose  of  illustration,  it  is  to  be  understood  that  such 
detail  is  solely  for  that  purpose  and  that  variations 
;an  be  made  therein  by  those  skilled  in  the  art 
without  departing  from  the  spirit  and  scope  of  the 
nvention  except  as  it  may  be  described  by  the 
following  claims. 

Claims 

1.  An  apparatus  for  casting  comprising: 
a  pressure  vessel; 
means  for  evacuating  the  vessel,  said  evacuating 
means  fluidically  connected  to  the  mold  chamber 
in  the  vessel: 
means  for  pressurizing  the  vessel,  said  pressuriz- 
ing  means  fluidically  connected  to  the  vessel; 
a  crucible  disposed  in  the  pressure  vessel  within 
which  material  is  melted; 
a  mold  chamber  disposed  in  the  pressure  vessel 
within  which  a  mold  is  held,  said  mold  chamber  in 
fluidic  connection  with  the  crucible  such  that  melt- 
ed  material  in  the  crucible  can  be  drawn  to  the 
mold  chamber  as  the  evacuating  means  and  pres- 
surizing  means  acts  on  the  mold  chamber; 
means  for  controlling  the  rate  at  which  pressuriza- 
tion  occurs  such  that  the  pressure  in  the  mold 
chamber  is  able  to  have  time  to  be  driven  toward 
instantaneous  equilibrium  with  the  vessel  pressure, 
means  for  heating  material  in  the  crucible  and  the 
mold  in  the  mold  chamber  such  that  material  is 
melted  in  the  crucible  and  stays  melted  as  it  is 
drawn  up  to  the  mold  chamber  while  the  evacuat- 
ing  and  pressurizing  means  evacuates  the  mold 
chamber,  and  when  it  is  forced  into  the  mold  while 
the  evacuating  and  pressurizing  means  pressurizes 
the  vessel,  said  heating  means  disposed  in  the 
vessel. 

2.  An  apparatus  as  described  in  Claim  1 
wherein  the  heating  means  includes  a  mold  furnace 
for  heating  the  mold  chamber  and  a  crucible  fur- 
nace  for  heating  the  crucible. 

3.  An  apparatus  as  described  in  Claim  2 
wherein  the  evacuating  means  includes  a  snorkel 

fluidically  connected  to  the  mold  cnamber  and  ex- 
tending  therefrom  out  of  the  vessel;  and  means  for 
solidifying  the  melted  material  in  the  snorkel  to 
form  a  solidification  plug  when  the  melted  material 

5  is  drawn  therein. 
4.  An  apparatus  as  described  in  Claim  3 

wherein  the  mold  chamber  includes  a  feeder  tube 
fluidically  connected  thereto  and  extending  out 
therefrom,  said  feeder  tube  disposed  in  the  vessel; 

'0  and  including  a  crucible  lifter  connected  to  the 
crucible  for  lifting  the  crucible  such  that  it  is  in 
fluidic  connection  with  the  feeder  tube  that  extends 
from  the  mold  chamber,  and  the  mold  chamber  is 
fluidically  isolated  from  direct  communication  with 

is  the  vessel  interior. 
5.  An  apparatus  as  described  in  Claim  4 

wherein  the  solidifying  means  includes  a  water 
cooled  head  in  thermal  communication  with  the 
snorkel. 

20  6.  An  apparatus  as  described  in  Claim  5 
wherein  the  vessel  is  water  cooled. 

7.  An  apparatus  as  described  in  Claim  6  includ- 
ing  thermal  insulation  disposed  in  the  vessel  and 
positioned  about  the  mold  furnace  and  the  crucible 

25  furnace. 
8.  An  apparatus  as  described  in  Claim  7 

wherein  the  evacuating  means  includes  a  vacuum 
pump  fluidically  connected  to  the  snorkel  for  evac- 
uating  the  vessel  through  the  mold  chamber;  and 

30  wherein  the  pressurizing  means  includes  a  pres- 
sure  pump  fluidically  connected  to  the  vessel  for 
pressurizing  the  vessel. 

9.  A  method  for  casting  comprising  the  steps 
of: 

35  placing  in  a  mold  chamber  of  a  pressure  vessel  a 
mold; 
placing  in  a  crucible  of  the  pressure  vessel  a 
material; 
evacuating  the  mold  chamber; 

40  melting  the  material  in  the  crucible; 
placing  the  crucible  in  fluidic  communication  with 
the  mold  chamber;  and 
pressurizing  the  vessel  at  a  controlled  rate  such 
that  the  pressure  in  the  mold  chamber  is  able  to 

45  have  time  to  be  driven  toward  instantaneous  equi- 
librium  with  the  vessel  pressure  while  it  is  contin- 
ually  evacuated  such  that  the  melted  material  is 
drawn  into  the  mold  chamber  and  forced  into  the 
mold. 

so  10.  A  method  as  described  in  Claim  9  including 
before  the  pressurizing  step,  the  step  of  forming  a 
solidification  plug  such  that  further  evacuation  is 
prevented  from  the'  pressure  vessel. 

11.  A  method  as  described  in  Claim  10  includ- 
55  ing  the  step  of  cooling  the  mold  with  the  material 

forced  therein  to  form  the  fiber  reinforced  material. 
12.  A  method  as  described  in  Claim  11  includ- 

ing  before  the  cooling  step,  the  step  of  solidifying 

6 
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irectionally  the  melted  material  in  the  mold. 
13.  An  apparatus  for  casting  comprising: 

pressure  vessel; 
leans  for  evacuating  the  vessel,  said  evacuating 
leans  in  fluidic  connection  with  the  vessel; 
leans  for  pressurizing  the  vessel,  said  pressuriz- 
ig  means  in  fluidic  connection  with  the  vessel; 

crucible  disposed  in  the  pressure  vessel  within 
'hich  material  is  melted; 

mold  chamber  disposed  in  the  pressure  vessel 
fithin  which  a  mold  is  held,  said  mold  chamber 
aving  a  feeder  tube  fluidically  connected  thereto 
nd  extending  out  therefrom,  said  feeder  tube  dis- 
used  in  the  vessel; 
leans  for  controlling  the  rate  at  which  pressuriza- 
on  occurs  such  that  the  pressure  in  the  mold 
hamber  is  able  to  have  time  to  be  driven  toward 
istantaneous  equilibrium  with  the  vessel  pressure, 
i  crucible  lifter  connected  to  the  crucible  for  lifting 
ne  crucible  such  that  it  is  in  fluid  connection  with 
he  feeder  tube  that  extends  from  the  mold  cham- 
ier,  and  the  mold  chamber  interior  is  fluidically 
solated  from  direct  communication  with  the  vessel 
iterior  so  melted  material  in  the  crucible  can  be 
irawn  to  the  mold  chamber  as  the  evacuating 
neans  evacuates  the  vessel; 
neans  for  heating  material  in  the  crucible  and  the 
nold  in  the  mold  chamber  such  that  material  is 
nelted  in  the  crucible  and  stays  melted  as  it  is 
jrawn  up  to  the  mold  chamber  as  the  evacuating 
neans  evacuates  the  vessel,  and  when  it  is  forced 
nto  the  fiber  array  mold  as  the  pressurizing  means 
pressurizes  the  vessel,  said  heating  means  dis- 
)Osed  in  the  vessel. 

14.  An  apparatus  as  described  in  Claim  13 
wherein  the  heating  means  includes  a  mold  furnace 
or  heating  the  mold  chamber  and  a  crucible  fur- 
nace  for  heating  the  crucible. 

15.  An  apparatus  as  described  in  Claim  14 
wherein  the  evacuating  means  includes  a  snorkel 
fluidically  connected  to  the  mold  chamber  and  ex- 
tending  therefrom  out  of  the  vessel;  and  means  for 
solidifying  the  melted  material  in  the  snorkel  to 
form  a  solidification  plug  when  the  melted  material 
is  drawn  therein. 

16.  An  apparatus  for  casting  comprising: 
a  pressure  vessel; 
means  for  evacuating  the  vessel,  said  evacuating 
means  fluidically  connected  with  the  vessel; 
means  for  pressurizing  the  vessel; 
a  crucible  disposed  in  the  pressure  vessel  within 
which  material  is  melted; 
a  mold  chamber  disposed  in  the  pressure  vessel 
within  which  a  mold  is  held,  said  mold  chamber  in 
fluidic  connection  with  the  crucible  such  that  melt- 
ed  material  in  the  crucible  can  be  drawn  to  the 
mold  chamber  as  the  evacuating  means  and  pres- 
surizing  means  act  on  the  mold  chamber  in  the 

vessel,  said  pressurizing  means  nuiuiuany  ^ummo^- 
ed  with  the  vessel  and  providing  pressure  at  a 
controlled  rate  such  that  the  pressure  in  the  mold 
chamber  is  able  to  have  time  to  be  driven  toward 
instantaneous  equilibrium  with  the  vessel  pressure; 
means  for  heating  material  in  the  crucible  and  the 
mold  in  the  mold  chamber  such  that  material  is 
melted  in  the  crucible  and  stays  melted  as  it  is 
drawn  up  to  the  mold  chamber  as  the  evacuating 

i  means  acts  on  the  vessel,  and  when  it  is  forced 
into  the  fiber  array  mold  as  the  pressurizing  means 
pressurizes  the  vessel. 
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