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(54)  Top  fill  casting 

(57)  There  is  disclosed  an  apparatus  for  casting 
comprising  a  pressure  vessel  (12)  comprising  a  melt 
section  (36)  and  a  mold  section  (34)  separated  by  a  sur- 
face  (52).  The  melt  section  (36)  is  disposed  in  the  upper 
portion  of  the  pressure  vessel  (12).  The  melt  section  (36) 
comprises  a  crucible  (40)  within  which  material  is  stored 
and  melted,  a  first  hole  (42)  disposed  on  the  crucible's 
bottom  surface  and  a  second  hole  (54)  disposed  under 
said  first  hole  (42)  in  the  surface  (52).  There  is  also  a 
plug  lift  system  (46)  comprising  a  plug  (44)  and  a  plug 
lifter  (48)  whereby  the  plug  lifter  (48)  raises  and  lowers 
the  plug  (44)  into  and  out  of  the  first  hole  (42)  such  that 
when  the  plug  (44)  is  lowered  into  the  first  hole  (42),  the 
melted  material  cannot  flow  out  of  the  crucible  (40).  The 
mold  section  (34)  is  disposed  in  the  lower  portion  of  the 
pressure  vessel  (12).  The  mold  section  (34)  is  also  com- 
prised  of  a  device  for  pressurizing  the  vessel  (12).  The 
pressurizing  device  is  in  fluidic  connection  with  the  ves- 
sel  (1  2).  There  is  a  mold  (20)  having  a  passage  (24)  flu- 
idically  connecting  said  chamber  (16)  to  the  interior  of 
the  mold  (20).  The  passage  (24)  includes  a  filter  (26) 
such  that  a  melted  material  is  prevented  from  entering 
the  interior  of  the  mold  (20)  prior  to  pressurization.  Ad- 
ditionally,  there  is  a  device  (50)  for  heating  material  in 
the  crucible  (40)  such  that  material  is  melted  in  the  cru- 
cible  (40)  and  stays  melted  as  it  flows  downward  into 
the  chamber  (16)  of  the  mold  section  (34)  as  the  plug 
lifter  (48)  lifts  the  plug  (44)  away  from  the  hole  (42)  of 
the  crucible  (40).  There  is  also  a  device  for  directionally 
solidifying  the  material. 
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Description 

FIELD  OF  THE  INVENTION 

The  present  invention  is  related  to  casting.  More 
specifically,  the  present  invention  is  related  to  an  appa- 
ratus  and  method  for  pressure  casting  whereby  the  ma- 
terial  is  forced  into  a  mold  from  the  top. 

BACKGROUND  OF  THE  INVENTION 

Composite  products  comprising  a  metal  matrix  and 
a  reinforcing  phase  such  as  ceramic  particulates,  show 
great  promise  for  a  variety  of  applications  because  they 
combine  the  stiffness  and  wear  resistance  of  the  rein- 
forcing  phase  with  the  ductility  and  toughness  of  the 
metal  matrix. 

Various  metallurgical  processes  have  been  de- 
scribed  for  the  fabrication  of  aluminum  matrix  compos- 
ites.  These  methods  are,  for  instance,  based  on  powder 
metallurgy  techniques  and  liquid  metal  infiltration  tech- 
niques  which  make  use  of  pressure  casting,  vacuum 
casting,  stirring  and  wetting  agents.  Pressure  Infiltration 
Casting  as  described  in  U.S.  Patent  Application  No. 
07/325,221  by  Arnold  J.  Cook  and  entitled  "Method  and 
Apparatus  for  Casting"  described  pressure  casting  ap- 
paratus  whereby  the  mold,  metal  and  heating  means  are 
contained  within  a  pressure  vessel.  The  described 
method  for  casting  essentially  comprises  the  steps  of 
evacuating  the  pressure  vessel  while  melting  the  metal 
within  a  crucible.  The  mold,  which  has  a  snorkel,  is  dis- 
posed  on  top  of  the  crucible.  The  molten  metal  is  fluidi- 
cally  connected  to  the  mold  by  disposing  the  snorkel  in 
the  crucible  of  molten  metal,  thereby  isolating  the  inside 
of  the  mold  from  the  interior  of  pressure  vessel.  Inert 
pressurized  gas  is  then  used  to  force  the  molten  metal 
into  the  mold.  This  method  necessitates  separate  steps 
for  melting  the  metal  and  fluidically  isolating  the  inside 
of  the  mold  from  the  interior  of  the  pressure  vessel.  Fur- 
ther,  a  mechanical  apparatus,  such  as  a  crucible  lifter, 
is  needed  to  connect  the  snorkel  and  melted  metal  be- 
fore  pressurization. 

An  improvement  of  this  process  and  apparatus  is 
described  in  the  present  invention  whereby  solid  metal 
is  disposed  in  a  chamber  on  top  of  the  mold.  A  passage 
fluidically  connects  this  chamber  to  the  inside  of  the 
mold.  As  the  metal  is  melted,  the  molten  metal  covers 
the  passage  thereby  fluidically  isolating  the  inside  of  the 
mold  from  the  interior  of  the  vessel  in  one  step. 

SUMMARY  OF  THE  INVENTION 

An  apparatus  for  casting  comprising  a  pressure 
vessel  and  means  for  pressurizing  the  vessel.  The  pres- 
surizing  means  is  in  fluidic  connection  with  the  vessel. 
The  apparatus  is  also  comprised  of  a  chamber  disposed 
in  the  pressure  vessel  within  which  material  is  melted. 
There  is  a  mold  adapted  to  contain  a  preform  disposed 

in  the  vessel  and  in  fluidic  connection  with  the  chamber 
by  a  passage  such  that  melted  material  in  the  chamber 
can  be  forced  down  into  the  mold  through  the  passage 
as  the  pressurizing  means  pressurizes  the  vessel.  A 

5  heating  device  is  disposed  in  the  vessel.  There  is  also 
means  for  directionally  solidifying  the  material  in  the 
mold. 

Additionally,  there  is  a  method  comprising  the  steps 
of  loading  the  pressure  vessel  by  disposing  the  material 

10  within  the  chamber  whereby  the  material  is  in  fluidic  con- 
nection  with  the  mold  adapted  to  contain  a  preform 
through  the  passage.  The  passage  has  a  filter  disposed 
therein.  Next,  there  is  the  step  of  melting  the  material  in 
the  chamber  whereby  the  melted  material  fluidically 

is  seals  the  passage  thereby  isolating  the  interior  of  the 
mold  from  the  interior  of  the  vessel.  The  filter  prevents 
melted  material  from  entering  the  interior  of  the  mold. 
Next,  there  is  the  step  of  pressurizing  the  vessel  such 
that  the  melted  material  is  forced  past  said  filter  and  into 

20  the  interior  of  the  mold  and  into  the  preform.  Then,  there 
is  the  step  of  directionally  solidifying  the  material  in  the 
mold. 

In  an  alternative  embodiment,  there  is  an  apparatus 
for  casting.  The  apparatus  for  casting  comprises  a  pres- 

25  sure  vessel  comprising  a  melt  section  and  a  mold  sec- 
tion  separated  by  a  surface.  The  melt  section  is  dis- 
posed  in  the  upper  portion  of  the  pressure  vessel.  The 
melt  section  comprises  a  crucible  within  which  material 
is  stored  and  melted,  a  first  hole  disposed  on  the  cruci- 

30  ble's  bottom  surface  and  a  second  hole  disposed  under 
said  first  hole  in  the  surface.  There  is  also  a  plug  lift  sys- 
tem  comprising  a  plug  and  a  plug  lifter  whereby  the  plug 
lifter  raises  and  lowers  the  plug  into  and  out  of  the  first 
hole  such  that  when  the  plug  is  lowered  into  the  first 

35  hole,  the  melted  material  cannot  flow  out  of  the  crucible. 
The  mold  section  is  disposed  in  the  lower  portion  of  the 
pressure  vessel.  The  mold  section  is  comprised  of  a 
chamber  for  holding  the  melted  material.  The  mold  sec- 
tion  is  also  comprised  of  means  for  pressurizing  the  ves- 

40  sel.  The  pressurizing  means  is  in  fluidic  connection  with 
the  vessel.  There  is  a  mold  having  a  passage  fluidically 
connecting  said  chamber  to  the  interior  of  the  mold.  The 
passage  includes  a  filter  such  that  a  melted  material  is 
prevented  from  entering  the  interior  of  the  mold  prior  to 

45  pressurization.  Additionally,  there  is  means  for  heating 
material  in  the  crucible  such  that  material  is  melted  in 
the  crucible  and  stays  melted  as  it  flows  downward  into 
the  chamber  of  the  mold  section  as  the  plug  lifter  lifts 
the  plug  away  from  the  hole  of  the  crucible.  There  is  also 

so  means  for  directionally  solidifying  the  material. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  accompanying  drawings,  the  preferred  em- 
55  bodiment  of  the  invention  and  preferred  methods  of 

practicing  the  invention  are  illustrated  in  which: 
Figures  1  A-1  F  are  cross-sectional  schematic  views 

showing  the  top  fill  casting  method. 
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Figures  2A-2G  are  cross-sectional  schematic  views 
showing  an  apparatus  and  a  method  for  top  fill  casting 
when  a  substantial  temperature  differential  between  the 
mold  and  material  is  desired. 

Figures  3A  and  3B  are  cross-sectional  schematic 
views  of  a  mold  being  moved  into  a  cold  chamber  of  a 
pressure  vessel. 

Figure  4  is  a  cross-sectional  schematic  view  of  a 
gas  chill. 

Figure  5  is  a  cross-sectional  schematic  view  of  a 
thermal  gas  gradient. 

Figure  6  is  a  cross-sectional  schematic  view  of  a 
cold  transfer  mechanism. 

DESCRIPTION  OF  THE  PREFERRED  EM  BOD  I  ME  NT 

Referring  now  to  the  drawings  wherein  like  refer- 
ence  numerals  refer  to  similar  or  identical  parts  through- 
out  the  several  views,  and  more  specifically  to  figure  1  A 
thereof,  there  is  shown  a  cross-sectional  schematic 
view  of  an  apparatus  10  for  casting.  The  apparatus  10 
comprises  a  pressure  vessel  12  and  means  for  pressu- 
rizing  and  preferably  evacuating  the  vessel.  The  vessel 
1  2  is  preferably  made  of  steel.  The  evacuating  and  pres- 
surizing  means  are  in  fluidic  connection  with  the  vessel 
1  2  through  port  1  4.  The  apparatus  1  0  is  also  comprised 
of  a  chamber  16  disposed  in  the  pressure  vessel  12 
within  which  material  18,  such  as  aluminum,  is  melted. 
There  is  a  mold  20  preferably  adapted  to  contain  a  pre- 
form  22  disposed  in  the  pressure  vessel  1  2  within  which 
a  preform  22  is  held  although  the  invention  is  not  in  any 
way  limited  to  the  presence  of  a  preform  22  within  the 
mold  20.  A  passage  24  fluidically  connects  the  chamber 
1  6  to  the  interior  of  mold  20.  Preferably,  a  filter  26,  such 
as  a  porous  ceramic  insert,  is  disposed  within  the  pas- 
sage  24  such  that  the  melted  material  18  is  prevented 
from  entering  the  interior  of  mold  20  while  the  vessel  1  2 
is  unpressurized.  The  mold  20  is  preferably  made  of  304 
stainless  steel,  however,  other  materials  can  also  be 
used  such  as  investment  material.  The  preform  22  is 
preferably  made  of  silicon  carbide  fibers. 

Since  the  mold  20  is  in  fluidic  connection  with  the 
melted  material  18,  melted  material  18  in  the  chamber 
16  can  be  forced  down  into  the  mold  20  as  the  pressu- 
rizing  means  pressurizes  the  vessel  12.  Typical  pres- 
sures  for  use  with  a  preform  of  silicon  carbide  fibers  in 
the  mold  20,  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.  In 
general,  the  more  fibers  per  given  unit  of  volume,  the 
greater  pressure  is  required  to  force  the  melted  material 
between  the  fibers. 

The  apparatus  is  also  comprised  of  means  for  heat- 
ing  material  1  8  in  the  chamber  1  6  and  mold  20  such  that 
material  1  8  is  melted  in  the  chamber  1  8  and  stays  melt- 
ed  as  it  forms  a  liquid  seal  over  the  passage  24  and 
when  it  is  forced  into  the  mold  20  while  the  pressurizing 
means  pressurizes  the  vessel  12.  The  heating  means 

is  preferably  disposed  in  the  vessel  12.  The  heating 
means  should  provide  enough  heat  to  maintain  the  ma- 
terial  in  a  melted  state.  For  instance,  with  aluminum,  the 
temperature  should  be  over  600°C  and  preferably  be- 

5  tween  650°C  and  700°C.  The  heating  means  preferably 
includes  a  furnace  28  for  heating  the  mold  20  and  ma- 
terial  16  and  is  preferably  positioned  about  the  mold  20 
to  provide  essentially  uniform  heating  to  the  mold  20, 
preform  22  and  material  1  8,  respectively.  The  apparatus 

10  is  also  comprised  of  means  for  directionally  solidifying 
the  material  in  the  mold. 

Preferably,  the  solidifying  means  includes  a  chill 
plate  30  connected  to  a  chill  plate  lifter  32  for  lifting  the 
chill  plate  30  such  that  it  is  placed  in  thermal  contact  with 

is  the  bottom  of  mold  20,  as  shown  in  figure  1  F.  Figure  1  F 
is  a  cross-sectional  schematic  view  of  an  apparatus  10 
with  the  mold  20  in  thermal  contact  with  the  chill  plate 
30  after  chill  plate  lifter  32  has  lifted  the  chill  plate  30. 
(Note:  Figure  1  is  drawn  to  scale  so  that  the  relationship 

20  of  the  various  elements  and  structures  thereof  are  de- 
fined  regardless  of  the  actual  size  chosen  therefore.) 

Alternatively,  the  directionally  solidifying  means  can 
include  means  for  moving  the  mold  20  with  the  melted 
material  1  8  into  a  cold  chamber  21  in  the  vessel  1  2.  The 

25  moving  means  can  include,  for  instance,  a  rod  or  cable 
23  attached  the  top  of  the  chamber  16,  a  piston  25  dis- 
posed  below  the  mold  20,  or  both,  to  move  the  mold  20 
into  the  cold  chamber  21  .  The  cold  chamber  21  can,  for 
instance,  be  tubes  27  of  water  flowing  around  a  lower 

30  portion  of  the  vessel  1  2  to  provide  the  cooling,  as  shown 
in  figures  3A  and  3B. 

The  solidifying  means  alternatively  can  include  an 
inlet  29  disposed  through  the  vessel  1  2  and  aligned  with 
the  mold  20  through  which  cool  gas  is  introduced  into 

35  the  vessel  1  2  such  that  the  gas  strikes  the  mold  20  and 
directionally  solidifies  the  material  1  8  in  the  mold  20,  as 
shown  in  figure  4. 

The  solidifying  means  may  instead  include  a  ther- 
mal  gas  gradient  in  the  vessel  12,  as  shown  in  figure  5. 

40  The  thermal  gas  gradient  is  formed,  for  instance,  by  first 
evacuating  the  vessel  12  having  melted  material  18  in 
the  chamber  16.  The  pressure  in  the  vessel  12  is  then 
increased  with  the  introduction  of  gas.  The  gas  forces 
the  melted  material  18  through  the  filter  26  to  the  mold 

45  20.  The  melted  material  18  forms  around  the  preform 
22  disposed  in  the  mold  20.  The  gas  that  first  enters  the 
vessel  1  2  to  pressurize  it  is  heated  by  the  melted  mate- 
rial  18.  As  further  gas  is  introduced  into  the  vessel  12, 
it  is  at  a  cooler  temperature  than  the  gas  that  has  already 

so  been  heated  by  the  melted  material  1  8.  As  the  pressure 
is  increased  due  to  more  gas  entering  the  vessel  1  2,  the 
melted  material  18  is  forced  into  and  infiltrates  the  pre- 
form  22.  The  heated  gas  already  in  the  vessel  12  rises 
as  the  cooler  gas  is  introduced  into  the  vessel  1  2  to  con- 

55  tinue  to  raise  the  pressure  therein.  Through  this  proce- 
dure,  for  instance,  a  pressure  of  1000  PSI  in  the  vessel 
1  2  creates  a  gradient  of  about  600°  between  the  top  and 
bottom  of  the  vessel  1  2  which  is  approximately  1  2  inch- 
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es  in  length.  The  cooler  gas  which  collects  at  the  bottom 
of  the  vessel  1  2  causes  a  directional  solidification  to  oc- 
cur  in  the  material  18. 

In  another  alternative  embodiment,  the  solidifica- 
tion  means  can  include  a  cooled  body  23  disposed  in 
the  vessel  12  which  is  in  spaced  relationship  with  the 
mold  20  such  that  as  pressure  increases  in  the  vessel 
12,  heat  transfer  increases  between  the  body  33  and 
the  mold  20,  directionally  solidifying  the  material  18.  The 
gas  which  provides  the  pressure,  serves  to  act  as  a  ther- 
mal  conductor  between  the  body  33  which,  for  instance, 
can  be  cooled  with  water  and  may  be  the  bottom  of  the 
vessel  12  and  the  part  of  the  mold  20  which  is  closest 
to  it,  thus  coding  it  and  setting  up  the  directional  solidi- 
fication.  As  the  pressure  increases  and  the  gas  therein 
becomes  denser,  the  heat  transfer  properties  of  the  gas 
increase,  thus  better  serving  to  cool  the  mold  20. 

In  an  alternative  embodiment  and  referring  to  figure 
2A,  the  vessel  12  comprises  a  mold  section  34  and  a 
melt  section  36.  The  mold  20  within  which  the  preform 
22  is  held  is  disposed  beneath  the  chamber  16  in  the 
mold  section  34.  The  mold  section  is  in  the  lowermost 
portion  of  vessel  12  and  comprises  its  own  heating 
means,  preferably  a  mold  furnace  38,  such  that  the  mold 
furnace  38  allows  the  material  to  remain  melted  as  it  en- 
ters  the  mold  20  and  the  preform  22.  It  should  be  noted, 
however,  that  the  mold  furnace  38  is  not  necessary  for 
the  effective  operation  of  the  apparatus  10. 

The  melt  section  comprises  a  crucible  40  within 
which  material  18  is  stored  and  melted.  The  crucible  40 
has  a  hole  42  disposed  through  its  bottom  surface.  A 
plug  44  of  plug  lift  system  46  fluidically  seals  and  opens 
the  hole  42,  as  the  plug  lifter  48  of  plug  lift  system  46 
raises  and  lowers  the  plug  44.  The  plug  44  is  preferably 
made  of  ceramic.  The  melt  section  further  comprises 
heating  means  such  that  the  material  18  in  crucible  40 
is  melted  and  stays  melted  as  it  flows  through  hole  42 
as  plug  lifter  48  is  raised.  For  instance,  with  aluminum, 
the  temperature  should  be  over  600°c  and  preferably 
between  650°C  and  700°c.  The  heating  means  prefer- 
ably  includes  melt  furnace  50  positioned  about  the  cru- 
cible  40  to  provide  essentially  uniform  heating  to  the  ma- 
terial  1  8.  The  mold  section  34  and  melt  section  are  sep- 
arated  by  an  insulative  barrier  52  having  an  insulation 
hole  54  disposed  below  the  hole  42  of  crucible  40  such 
that  the  melted  material  in  crucible  40  can  flow  through 
hole  42  and  insulation  hole  54,  as  the  plug  lifter  48  raises 
the  plug  46  away  from  hole  42  as  shown  in  figure  2C. 
The  insulative  material  52  maintains  a  heat  differential 
between  the  melt  section  and  the  mold  section.  Direc- 
tionally  solidifying  means  can  also  be  present,  as  de- 
scribed  above  to  directionally  solidify  the  melted  mate- 
rial. 

The  present  invention  also  pertains  to  a  method  for 
producing  a  fiber  reinforced  material.  The  method  com- 
prises  the  steps  of  loading  a  mold  20  containing  a  pre- 
form  22  and  having  a  passage  24  within  the  pressure 
vessel  1  2.  A  filter  26  is  disposed  within  the  passage  24. 

Then,  the  step  of  placing  in  the  chamber  1  6  of  the  pres- 
sure  vessel  1  2  the  material  1  8,  as  shown  in  figure  1  A  is 
performed.  Next,  the  step  of  evacuating  the  pressure 
vessel  12  through  the  port  14  as  shown  in  figure  1B  is 

5  performed.  Then,  the  step  of  melting  the  material  18  in 
the  chamber  16,  as  shown  in  figure  1C,  is  performed. 
Next,  the  step  of  pressurizing  the  vessel  12  such  that 
the  melted  material  18  is  forced  down  into  the  mold  20 
and  forced  into  the  preform  22,  as  shown  in  figure  1  D, 

10  is  performed.  The  pressurizing  step  preferably  includes 
the  step  of  controlling  the  rate  at  which  pressurization 
of  the  vessel  12  occurs  such  that  the  pressure  in  the 
mold  20  is  able  to  have  time  to  be  driven  toward  instan- 
taneous  equilibrium  with  the  pressure  in  the  vessel  12. 

is  Then,  the  step  of  directionally  solidifying  the  material, 
for  instance,  by  raising  the  chill  plate  lifter  32  allowing 
the  chill  plate  30  to  thermally  contact  the  bottom  of  mold 
20,  as  shown  in  figure  1  F,  is  performed,  thereby  initiating 
directional  solidification.  Then,  pressure  is  released  and 

20  the  mold  20  is  removed  from  the  pressure  vessel  12. 
The  present  invention  also  pertains  to  a  method  for 

using  the  pressure  vessel  1  2  having  separate  sections, 
a  melt  section  36  and  a  mold  section  34  to  produce  a 
fiber  reinforced  material.  The  method  comprises  the 

25  steps  of  loading  the  pressure  vessel  1  2  by  disposing  the 
mold  20,  containing  a  preform  22  and  a  filter  26  in  the 
mold  section  34  of  the  pressure  vessel  12  and  placing 
the  crucible  40  containing  material  18  within  the  melt 
section  of  the  pressure  vessel  12  such  that  the  plug  44 

30  of  plug  lift  system  46  seals  the  hole  42  of  crucible  40, 
as  shown  in  figure  2A.  Next,  the  step  of  evacuating  the 
pressure  vessel  12  through  port  14  as  shown  in  figure 
2B  is  performed.  Then,  the  step  of  melting  the  material 
18  in  crucible  40,  as  also  shown  in  figure  2B  is  per- 

35  formed.  Then,  the  step  of  lifting  the  plug  44  with  plug 
lifter  48  thereby  allowing  the  melted  material  18  to  flow 
through  hole  42  and  insulation  hole  54  and  into  the 
chamber  16.  Then,  the  step  of  pressurizing  the  vessel 
12  such  that  the  melted  material  18  is  forced  down  into 

40  the  mold  20  and  forced  into  the  preform  22,  as  shown 
in  figure  2D,  is  performed.  The  pressurizing  step  prefer- 
ably  includes  the  step  of  controlling  the  rate  at  which 
pressurization  of  the  vessel  12  occurs  such  that  the 
pressure  in  the  mold  20  is  able  to  have  time  to  be  driven 

45  toward  instantaneous  equilibrium  with  the  pressure  in 
the  vessel  1  2.  Then,  the  directionally  solidifying  step  of, 
for  instance,  raising  the  chill  plate  lifter  32  allowing  the 
chill  plate  30  to  thermally  contact  the  bottom  of  mold  20 
thereby  initiating  directional  solidification,  as  shown  in 

so  figure  2E  is  performed.  Then,  pressure  is  released  and 
the  mold  20  is  removed  from  the  pressure  vessel  12. 

In  the  operation  of  the  preferred  embodiment,  the 
chamber  16  is  loaded  with  aluminum  and  placed  in  the 
vessel  1  2  which  is  then  sealed,  preferably  with  high  tem- 

55  perature  VITO®.  seals.  The  vessel  is  then  evacuated 
through  port  1  4,  as  shown  in  figure  1  B  thereby  removing 
any  gas  from  the  vessel  1  2.  The  mold  furnace  28  is  then 
activated  to  melt  the  aluminum  in  chamber  1  6,  as  shown 

4 
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in  figure  1  C,  while  the  vessel  is  continuously  evacuated. 
By  evacuating  the  vessel  12  and  mold  20,  there  is  less 
chance  of  voids  being  formed  in  the  fiber  reinforced  ma- 
terial  after  the  melted  material  has  infiltrated  the  preform 
22. 

As  the  aluminum  in  the  chamber  14  is  melted,  the 
melted  aluminum  covers  the  passage  24  thereby  fluidi- 
cally  isolating  the  interior  of  the  mold  20  from  direction 
communication  with  the  vessel  interior  such  that  the 
melted  aluminum  in  the  crucible  14  can  be  forced  down 
into  the  mold  20  and  preform  22  through  the  passage 
24  under  the  action  of  the  pressurization  means,  as 
shown  in  figure  1  D. 

Once  the  melted  aluminum  has  been  melted,  the 
pressurization  means  introduces  pressurized  nitrogen 
gas  into  the  vessel  1  2,  as  shown  in  figure  1  D.  The  pres- 
sure  in  the  vessel  1  2  is  consequently  increased  through- 
out  the  vessel  12  and  specifically  at  the  surface  of  the 
melted  aluminum  in  the  chamber  1  6.  As  the  melted  alu- 
minum  in  the  chamber  1  6  prevents  the  pressurized  gas 
in  the  vessel  12  from  passage  24  and  reaching  the  in- 
terior  of  mold  20  since  the  interior  of  the  mold  20  is  flu- 
idically  isolated  from  direct  communication  with  the  in- 
terior  of  the  pressure  vessel,  a  pressure  differential  is 
created  between  the  interior  of  the  vessel  12  and  the 
interior  of  the  mold  chamber  1  8.  This  pressure  differen- 
tial  results  in  the  melted  aluminum  being  forced  down 
through  the  passage  24  and  through  the  porous  ceramic 
filter  26,  and  into  the  mold  chamber  1  8,  as  shown  in  fig- 
ure  1  D.  The  amount  of  melted  aluminum  that  is  forced 
into  the  mold  20  and  consequently  the  preform  22  cor- 
responds  to  the  amount  of  pressure  in  the  vessel  12  at 
the  surface  of  the  melted  aluminum  in  the  crucible  14. 
The  more  pressure  in  the  vessel,  the  more  fluid  is  forced 
into  the  meld  20  and  preform  22  to  compensate  for  the 
difference  in  the  pressure  between  the  inside  of  the  mold 
20  and  the  inside  of  the  vessel  12.  As  the  aluminum  is 
forced  into  the  preform  22,  the  pressure  is  equalized  be- 
tween  the  inside  of  the  mold  20  and  the  inside  of  the 
vessel  12  itself.  By  controlling  the  pressurization  rate,  it 
is  possible  to  control  the  difference  between  the  pres- 
sure  on  the  inside  and  outside  of  the  mold  20.  The  slow- 
er  the  rate,  the  lower  the  pressure  exerted  on  the  outside 
of  the  mold  20  and  so  a  thinner  or  lower  strength  wall 
thereof  is  required.  Quick  pressurization  rates  require 
heavy  walls  to  withstand  the  pressures  exerted  on  the 
walls  of  the  mold  20. 

After  the  melted  aluminum  fills  the  preform  22,  the 
lifter  32,  which  can  be  in  the  form  of  a  pneumatic  piston 
passing  through  the  vessel  and  sealed  with  an  o-ring, 
lifts  the  chill  plate  30  into  thermal  contact  with  the  bottom 
of  mold  20.  This  causes  the  melted  aluminum  in  mold 
20  nearest  the  water  cooled  chill  plate  30  to  solidify.  This 
solidification  of  the  melted  aluminum  propagates  as  a 
wave  from  the  bottom  of  mold  20.  The  pressurization 
means  remains  active  during  this  directional  solidifica- 
tion  allowing  extra  melted  to  fill  the  mold  20  as  the  alu- 
minum  in  the  mold  20  cools  and  thus  shrinks. 

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

10  Claims 

1.  An  apparatus  (10)  for  casting  comprising: 
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a  pressure  vessel  (12)  comprising  a  melt  sec- 
tion  (36)  and  a  mold  section  (34)  separated  by 
a  surface  (52),  said  melt  section  (36)  disposed 
in  the  upper  portion  of  the  pressure  vessel  (12), 
said  melt  section  (36)  comprising  a  crucible 
(40)  within  which  material  (1  8)  is  store  and  melt- 
ed,  a  first  hole  (42)  disposed  on  the  crucible's 
(40)  bottom  surface  and  a  second  hole  (54)  dis- 
posed  under  said  first  hole  (42)  in  the  surface 
(52),  and  a  plug  lift  system  (46)  comprising  a 
plug  (44)  and  a  plug  lifter  (48)  whereby  the  plug 
lifter  (48)  raises  and  lowers  the  plug  (44)  into 
and  out  of  the  first  hole  (42)  such  that  when  the 
plug  (44)  is  lowered  into  the  first  hole  (42),  the 
melted  material  (18)  cannot  flow  out  of  the  cru- 
cible  (40),  said  mold  section  (34)  is  disposed  in 
the  lower  portion  of  said  pressure  vessel  (12), 
said  mold  section  (34)  comprising  a  chamber 
(16)  for  holding  said  melted  material  (18); 
means  for  pressurizing  the  vessel  (12),  said 
pressurizing  means  in  fluidic  connection  with 
the  vessel  (12); 
a  mold  (20)  having  a  passage  (24)  fluidically 
connecting  said  chamber  (1  6)  to  the  interior  of 
said  mold  (20),  said  passage  (24)  includes  a 
filter  (26)  such  that  the  melted  material  (18)  is 
prevented  from  entering  the  interior  of  the  mold 
(20)  prior  to  pressurization; 
means  (50)  for  heating  material  (18)  in  the  cru- 
cible  (40)  such  that  material  (18)  is  melted  in 
the  crucible  (40)  and  stays  melted  as  it  flows 
downward  into  the  chamber  (16)  of  the  mold 
section  (34)  as  the  plug  lifter  (48)  lifts  the  plug 
(44)  away  from  the  hole  (42)  of  the  crucible  (40); 
and 
means  for  directionally  solidifying  the  material 
(33). 

An  apparatus  as  claimed  in  claim  1  including  means 
(28)  for  heating  the  mold  (20)  within  said  mold  sec- 
tion  (34)  such  that  the  melt  material  (18)  does  not 
solidify  as  it  enters  the  mold  (20). 
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