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(54)  Low  pressure  die-casting  machine  and  low  pressure  die-casting  method. 

(57)  A  low  pressure  die-casting  machine  having  a 
ladle  unit,  a  molten  metal  pressurizing  unit,  a 
switching  unit,  and  a  controller.  The  ladle  unit 
has  an  intake/discharge  port  with  a  cross- 
sectional  area  in  a  range  of  from  20  to  80  mm2 
so  as  to  be  capable  of  successively  supplying 
the  molten  metal  to  a  desired  location.  The 
molten  metal  pressurizing  unit  is  switchable 
between  two  positions.  One  position  is  for 
selectively  supplying  compressed  air  to  the  la- 
dle  to  positively  discharge  the  molten  metal 
from  the  ladle  through  the  intake/discharge 
port.  The  other  position  is  for  selectively  isolat- 
ing  the  ladle  in  order  to  retain  the  molten  metal 
therein.  The  switching  unit  is  connected  be- 
tween  the  molten  metal  pressurizing  unit  and 
the  ladle.  It  is  switchable  between  first  and 
second  change-over  positions.  The  first 
change-over  position  is  for  providing  fluid  com- 
munication  between  the  ladle  and  the  molten 
metal  pressurizing  unit.  The  second  change- 
over  position  is  for  providing  fluid  communi- 
cation  between  the  ladle  and  the  atmosphere. 
The  controller  is  connected  to  the  molten  metal 
pressurizing  unit  for  selectively  driving  the  mol- 
ten  metal  pressurizing  unit.  The  controller  is 
also  connected  to  the  switching  unit  for  driving 
the  switching  unit. 
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The  present  invention  relates  to  a  low-pressure 
die-casting  machine  and  method,  and  more  particu- 
larly,  to  a  die-casting  machine  and  method  for  suc- 
cessively  transporting  molten  metal  from  a  melting 
pot  to  the  casting  port  of  a  metal  mold  and  filling  the 
cavity  of  the  metal  mold  with  the  molten  metal.  Here- 
inafter,  introducing  molten  metal  into  a  ladle  so  that 
the  molten  metal  accumulates  therein  for  transport- 
ing  the  molten  metal  from  the  melting  pot  to  the  metal 
mold  will  be  referred  to  as  "supply."  Hereinafter,  dis- 
charging  molten  metal  from  the  ladle  into  a  casting 
port  of  the  metal  mold  will  be  referred  to  as  "pouring." 

Problems  have  been  observed  when  automati- 
cally  pouring  a  molten  metal  having  a  small  mass, 
such  as  from  5  grams  to  several  hundreds  grams,  into 
a  casting  port  of  a  die-casting  machine.  That  is,  main- 
taining  accuracy  of  the  pouring  amount  and  prevent- 
ing  the  molten  metal  from  cooling  in  the  ladle  have 
proven  difficult.  Several  proposals  have  been  made 
to  overcome  these  problems. 

For  example,  Japanese  Patent  No.  87747  disclo- 
ses  a  piston/cylinder  arrangement  in  which  a  piston  is 
slidably  disposed  in  a  cylinder  whose  one  end  is 
formed  with  a  molten  metal  intake/discharge  port. 
The  piston  is  slidingly  moved  in  one  direction  while 
the  cylinder  is  dipped  in  the  molten  metal  accumulat- 
ed  in  a  melting  pot.  This  generates  negative  pressure 
within  the  cylinder  so  the  molten  metal  flows  into  the 
cylinder  through  the  molten  metal  intake/discharge 
port.  The  piston  is  later  slidingly  moved  in  the  oppo- 
site  direction,  whereupon  the  molten  metal  retained  in 
the  cylinder  is  discharged  into  a  metal  mold  through 
the  molten  metal  intake/discharge  port. 

Further,  Japanese  Patent  Application  Kokai  No. 
SHO  50-13225  discloses  a  device  having  a  support 
tube  movable  in  the  vertical  direction  and  rotatable 
about  its  axis  and  a  plurality  of  casting  tubes  radially 
extending  from  the  support  tube.  An  air  intake  pas- 
sage  and  air  chamber  are  formed  in  the  support  tube. 
The  air  chamber  is  in  communication  with  the  casting 
tubes  through  arm  tubes.  Generating  negative  pres- 
sure  at  the  air  intake  passage  applies  negative  pres- 
sure  to  the  arm  tubes  through  the  air  chamber  where- 
upon  molten  metal  accumulated  in  a  pot  is  sucked  into 
the  casting  tubes.  While  maintaining  this  state,  the 
support  tube  is  rotated  to  bring  the  casting  tube  into 
a  predetermined  position  corresponding  with  a  cast- 
ing  port  of  a  metal  mold. 

Furthermore,  Japanese  Utility  Model  Application 
Kokai  No.  HEI-2-42751  describes  a  pouring  device 
having  a  ladle  for  rotary  style  low  pressure  casting. 
The  ladle  has  an  intake/discharge  port  formed  in  the 
lower  tip.  A  plug  is  movably  provided  in  the  interior  of 
the  ladle  for  closing  and  opening  the  intake/discharge 
port.  The  ladle  is  lowered  into  the  molten  metal  until 
the  intake/discharge  port  is  dipped  therein.  The  inter- 
ior  of  the  ladle  is  then  decompressed  via  a  pressuriz- 
ing/decompressing  device  so  that  the  molten  metal  is 

sucked  into  the  interior  of  the  ladle.  After  a  predeter- 
mined  amount  of  molten  metal  is  supplied  to  the  ladle, 
the  plug  seals  the  intake/discharge  port.  The  ladle  is 
then  moved  to  a  casting  port  of  the  metal  mold  and 

5  brought  into  sealing  contact  therewith.  Before  the 
plug  is  moved  away  from  the  discharge  port,  the  pres- 
surizing/decompressing  device  slightly  decompress- 
es  the  interior  of  the  ladle  so  that  when  the  plug  opens 
the  intake/discharge  port,  pouring  is  performed  in  a 

10  controlled  manner.  The  interior  of  the  ladle  is  then  re- 
turned  to  atmospheric  pressure  to  expedite  the  rate  of 
pouring. 

The  above  described  conventional  molten  metal 
supplying  devices  have  several  disadvantages.  First, 

15  in  the  Japanese  Patent  87747  reference,  the  molten 
metal  may  enter  into  the  sliding  portion  of  the  cylin- 
der/piston  mechanism.  If  molten  metal  solidifies 
there,  subsequent  molten  metal  cannot  be  supplied. 
This  problem  tends  to  worsen  the  smaller  the  amount 

20  of  molten  metal  supplied.  This  is  because  smaller 
amounts  of  molten  metal  have  smaller  heat  capacity 
so  the  temperature  of  smaller  amounts  rapidly  de- 
creases.  Further,  if  the  molten  metal  enters  into  the 
opposite  side  of  the  piston,  the  reciprocating  mecha- 

25  nism  there  may  also  be  damaged.  Moreover,  the  suc- 
tion  of  the  molten  metal  by  negative  pressure  may 
cause  excessive  turbulence  in  the  molten  metal  in  the 
cylinder.  If  the  cylinder  is  elevated  while  the  molten 
metal  is  turbulent,  the  amount  of  the  molten  metal 

30  within  the  cylinder  cannot  be  accurately  gauged, 
which  in  turn  degrades  accuracy  in  the  molten  metal 
supply.  On  the  other  hand,  waiting  for  the  molten  met- 
al  to  become  stationary  requires  a  relatively  pro- 
longed  period. 

35  According  to  Japanese  Patent  Application  Kokai 
No.  50-13225,  the  plurality  of  casting  tubes  radially 
provided  around  the  support  tube  requires  intricate 
molten  metal  passages  be  formed  within  the  support 
tube  and  the  casting  tubes.  This  complicated  struc- 

40  ture  increases  production  cost  of  the  device.  Further, 
since  the  molten  metal  is  sucked  under  negative  pres- 
sure,  the  molten  metal  abruptly  enters  the  casting 
tubes.  This  could  cause  the  molten  metal  to  enter  into 
the  molten  metal  passages  in  the  arm  tubes.  If  the 

45  molten  metal  adheres  to  the  walls  of  the  passage  and 
solidifies  there,  a  clog  may  form  which  prevents  sub- 
sequent  supply  of  molten  metal.  Further,  the  device 
has  drawbacks  similar  to  those  of  the  above  descri- 
bed  patent  reference  since  a  vacuum  suction  system 

so  is  also  utilized. 
The  same  problems  can  also  occur  in  the  pouring 

device  described  in  Japanese  Utility  Model  Applica- 
tion  Publication  (Kokai)  No.  HEI-2-42751  which  also 
uses  a  pressurizing/decompressing  device  for  sup- 

55  plying  molten  metal  into  the  ladle.  Also  because  the 
supply/discharge  port  is  sealed  and  opened  using  a 
plug,  impurities,  for  example  aluminum,  that  solidify 
and  accumulate  around  the  exterior  of  the  intake/dis- 
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charge  port  can  prevent  the  ladle  from  coming  into 
sealing  contact  with  the  casting  port,  thereby  ob- 
structing  pouring.  Also  if  aluminum  impurities  deposit 
to  the  interior  of  the  intake/discharge  port  or  the  ex- 
terior  of  the  plug,  the  plug  will  not  form  a  complete 
seal  with  the  intake/discharge  port  so  that  molten 
metal  will  drip  from  the  ladle  during  transport  of  the 
molten  metal.  The  low  pressure  of  the  ladle  interior  at 
the  time  of  pouring  can  cause  air  to  enter  therein, 
thereby  generating  voids  in  the  casted  product.  Pour- 
ing  can  become  impossible  at  certain  levels  of  de- 
compression.  Because  many  trials  must  be  per- 
formed  to  determine  the  most  appropriate  pressure, 
adjusting  pressure  is  troublesome. 

It  is  therefore,  an  object  of  the  present  invention 
to  overcome  the  above  described  prior  art  drawbacks 
and  to  provide  an  improved  low  pressure  die  casting 
apparatus  and  method  in  which  temperature  drop  of 
the  molten  metal  in  the  ladle  can  be  prevented  in  spite 
of  the  transfer  of  the  small  amount  of  the  molten  met- 
al,  and  leakage  of  the  molten  metal  from  the  ladle  is 
avoidable  during  the  transfer,  to  thereby  maintaining 
accuracy  in  pouring  amount. 

Another  object  of  the  invention  is  to  provide  such 
apparatus  and  method  capable  of  reducing  shot  cy- 
cle,  and  avoiding  air  entry  into  the  molten  metal  in  the 
ladle  at  the  time  of  pouring,  and  capable  of  promptly 
discharging  the  molten  metal  in  the  ladle  toward  the 
metal  mold. 

These  and  other  objects  of  the  invention  will  be 
attained  by  providing  a  low  pressure  die-casting  ap- 
paratus  including  a  metal  mold  having  a  casting  port, 
and  a  ladle  unit  for  retaining  and  transporting  a  pre- 
determined  amount  of  a  molten  metal  in  a  metal  pot 
to  the  casting  port,  the  ladle  unit  having  an  upper  por- 
tion,  a  bottom  portion  having  a  molten  metal  in- 
take/discharge  port  formed  therein,  and  an  inner  sur- 
face  defining  a  molten  metal  accumulation  space,  a 
molten  metal  pressurizing  means,  a  switching  means 
and  a  controller.  The  intake/discharge  portion  of  the 
ladle  unit  has  a  cross-sectional  area  in  a  range  of  from 
20  to  80  mm2,  and  the  bottom  portion  of  the  ladle  unit 
is  in  pressure  contactable  with  the  casting  port.  The 
molten  metal  pressurizing  means  is  switchable  to  one 
position  for  selectively  applying  pneumatic  pressure 
to  the  accumulation  space  in  order  to  positively  dis- 
charge  the  molten  metal  through  the  intake/dis- 
charge  port  to  the  metal  mold.  The  molten  metal  pres- 
surizing  means  is  also  switchable  to  another  position. 
The  switching  means  is  connected  between  the  mol- 
ten  metal  pressurizing  means  and  the  upper  portion 
of  the  ladle  unit.  The  switching  means  is  switchable 
between  a  first  position  for  isolating  the  accumulation 
space  from  an  atmosphere  and  a  second  position  for 
providing  fluid  communication  between  the  accumu- 
lation  space  and  the  atmosphere.  The  controller  is 
connected  to  the  switching  means  and  produces  a 
first  signal  for  driving  the  switching  means  between 

the  first  position  and  the  second  position.  The  control- 
ler  is  also  connected  to  the  molten  metal  pressurizing 
means  and  produces  a  second  signal  for  selectively 
driving  the  molten  metal  pressurizing  means  between 

5  the  one  position  and  the  other  position. 
In  another  aspect  of  the  invention,  there  is  pro- 

vided  a  low  pressure  die-casting  method  including 
the  steps  of  communicating  an  interior  of  a  ladle  with 
an  atmosphere  for  supplying  molten  metal  accumulat- 

10  ed  in  a  pot  to  the  interior  of  the  ladle  through  an  in- 
take/discharge  port  formed  in  the  bottom  portion  of 
the  ladle,  isolating  the  interior  of  the  ladle  from  atmos- 
phere  for  transporting  the  ladle  to  a  casting  port  of  a 
metal  mold,  pressure  contacting  the  ladle  with  the 

15  casting  port,  communicating  the  interior  of  the  ladle 
with  the  atmosphere  for  pouring  the  molten  metal  by 
atmospheric  pressure  and  the  weight  of  the  molten 
metal  from  the  interior  of  the  ladle  into  a  cavity  formed 
in  the  metal  mold,  subjecting  the  molten  metal  to  a  low 

20  pressure  after  a  predetermined  duration  of  time  pass- 
es  for  expediting  discharge  of  the  molten  metal  from 
the  interior  of  the  ladle  to  the  cavity,  applying  pres- 
sure  to  the  molten  metal  in  the  cavity  during  solidifi- 
cation  of  the  molten  metal  in  the  cavity,  opening  the 

25  metal  mold  after  another  predetermined  duration  of 
time  passes,  and  removing  a  casted  product  from  the 
opened  metal  mold. 

For  supplying  the  molten  metal  into  the  ladle,  the 
interior  of  the  ladle  is  communicated  with  the  atmos- 

30  phere  by  the  switch  means,  and  the  ladle  is  main- 
tained  at  a  predetermined  height  relative  to  the  pot. 
Since  the  intake/discharge  port  has  a  sufficient 
cross-sectional  area  capable  of  allowing  the  molten 
metal  to  be  smoothly  introduced  into  the  ladle  interior, 

35  the  molten  metal  can  be  supplied  into  the  ladle  in  a 
short  time  until  the  surface  level  of  the  molten  metal 
in  the  ladle  becomes  equal  to  the  surface  level  of  the 
molten  metal  in  the  pot.  Then,  the  switch  means  is  op- 
erated  to  isolate  the  ladle  interior  from  the  atmos- 

40  phere.  The  ladle  is  then  moved  to  the  casting  port 
with  maintaining  this  isolation.  In  this  case,  since  the 
intake/discharge  port  has  a  cross-sectional  area  ca- 
pable  of  providing  a  sufficient  surface  tension  which 
can  avoid  leakage  of  the  molten  metal  through  the 

45  port,  the  molten  metal  is  not  scattered  out  of  the  ladle. 
Further,  in  this  case,  the  molten  metal  is  slightly  low- 
ered  because  of  its  own  weight,  so  that  the  a  part  of 
the  molten  metal  is  bulged  out  of  the  intake/discharge 
port.  Therefore,  internal  air  volume  is  slightly  in- 

50  creased  to  reduce  internal  pressure.  Thus,  the  molten 
metal  retaining  ability  of  the  ladle  can  further  be  en- 
hanced.  In  this  aspect  also,  the  cross-sectional  area 
of  the  intake/discharge  port  is  determined  so  as  to 
overcome  the  molten  metal  bulging  thereat.  When 

55  the  intake/discharge  port  is  aligned  with  the  casting 
port,  the  switch  means  is  operated  so  as  to  again 
communicate  the  ladle  interior  with  the  atmosphere, 
so  that  the  molten  metal  can  be  discharged  into  the 
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metal  mold  because  of  its  own  weight  and  the  atmos- 
pheric  pressure  applied  thereto.  Further,  the  molten 
metal  pressurizing  means  is  operated  so  that  a  low 
pressure  is  applied  to  the  molten  metal  in  the  ladle 
through  the  switch  means,  which  has  its  open  state, 
to  expedite  the  discharge  of  the  molten  metal. 

In  the  drawings; 
Fig.  1  is  a  schematic  view  showing  a  low  pressure 
die-casting  machine  according  to  a  first  embodi- 
ment  of  the  present  invention  in  a  supply  state; 
Fig.  2  is  a  schematic  view  showing  a  low  pressure 
die-casting  machine  according  to  a  first  embodi- 
ment  of  the  present  invention  in  a  pouring  state; 
Fig.  3  is  a  view  showing  a  molten  metal  introduc- 
tion  state  for  description  of  molten  metal  retaining 
principle  in  the  ladle; 
Fig.  4  is  a  view  showing  a  molten  metal  retaining 
state  for  description  of  molten  metal  retaining 
principle; 
Fig.  5  is  a  view  showing  a  configuration  of  the  re- 
tained  molten  metal  at  an  intake/discharge  port 
for  description  of  molten  metal  retaining  principle; 
Fig.  6  is  a  schematic  view  showing  a  low  pressure 
die-casting  machine  according  to  a  second  em- 
bodiment  of  this  invention; 
Fig.  7  is  a  schematic  view  showing  a  low  pressure 
die-casting  machine  according  to  a  third  embodi- 
ment  of  this  invention;  and 
Fig.  8  is  a  schematic  view  showing  an  essential 
portion  of  a  low  pressure  die-casting  machine  ac- 
cording  to  a  fourth  embodiment  of  this  invention. 
A  low  pressure  die-casting  machine  and  method 

according  to  a  first  embodiment  of  the  present  inven- 
tion  will  be  described  with  reference  to  Figs.  1  and  2. 
A  ladle  3  used  in  the  depicted  embodiment  is  adapted 
to  be  movably  dipped  in  molten  metal  2  accumulated 
in  a  pot  1.  The  ladle  3  has  an  upper  open  end  portion 
3a  and  a  tapered  bottom  portion  3b.  The  apex  of  the 
bottom  portion  3b  is  formed  with  a  molten  metal  in- 
take/discharge  port  3c.  A  lid  portion  5  is  engageable 
with  the  upper  open  end  portion  3a  for  closing  the 
open  end  thereof.  The  lid  portion  5  and  the  ladle  3  de- 
fine  a  molten  metal  accumulating  space  3d.  Athrough 
hole  5a  is  bored  in  the  lid  portion  5.  The  through  hole 
5a  is  connected  to  a  switching  unit  4  via  a  tube  11  .  A 
molten  metal  detection  sensor  71,  which  is  connected 
to  a  controller  60  of  the  die-casting  machine,  is  pro- 
vided  to  the  lid  portion  5  for  adjusting  the  downward 
movement  of  the  ladle  3. 

The  switching  unit  4  has  a  block  8  and  a  first  elec- 
tromagnetic  valve  19.  In  the  block  8  is  formed  a  fluid 
passage  8a.  One  end  of  the  fluid  passage  8a  is  con- 
nected  to  the  tube  11  and  the  other  end  8b  to  the  first 
electromagnetic  valve  19.  The  electromagnetic  valve 
19a  has  a  solenoid  which  is  electrically  connected 
with  the  controller  60.  The  solenoid  1  9a  switches  the 
electromagnetic  valve  19  between  a  first  change- 
over  position  1  9Aand  a  second  change-over  position 

1  9B  according  to  a  switching  signal  output  by  the  con- 
troller  60.  The  first  change-over  position  19A  brings 
the  other  end  8bofthe  block8,and  subsequently  the 
accumulation  space,  into  communication  with  a  mol- 

5  ten  metal  pressurizing  unit  50  to  be  described  later. 
The  second  change-over  position  19B  brings  the 
other  end  8b  of  the  block  8  into  communication  with 
the  atmosphere. 

The  ladle  3  and  the  switching  unit  4  constitute  a 
10  molten  metal  supplying  unit  12  which  is  supported  by 

a  vertical  moving  unit  13.  The  vertical  moving  unit  13 
includes  a  drive  motor  14  electrically  connected  to  the 
controller  60  of  the  die-casting  machine,  a  ball  screw 
15  coupled  to  the  drive  motor  14,  and  a  slider  16 

15  threadingly  engaged  with  the  ball  screw  15.  The  block 
8  is  attached  to  the  slider  16.  The  ball  screw  1  5  rotates 
about  its  axis  when  the  drive  motor  14  rotates.  The  ro- 
tation  of  the  ball  screw  15,  depending  on  the  direction 
of  the  rotation,  raises  or  lowers  the  slider  16  so  the 

20  dipping  amount  of  the  ladle  3  into  the  pot  1  is  control- 
lable.  The  vertical  moving  unit  13  is  connected  to  a 
transfer  unit  17,  such  as  a  transport  rail,  for  horizon- 
tally  carrying  the  ladle  3  until  its  intake/discharge  port 
3c  is  aligned  with  the  casting  port  (not  shown  in  Fig. 

25  1)  of  a  die-casting  machine  (to  be  described  later).  Af- 
ter  pouring,  the  transfer  unit  17  returns  the  ladle  3  to 
the  pot  1. 

The  switching  unit  4  is  connected  to  the  molten 
metal  pressurizing  unit  50.  The  molten  metal  pressur- 

30  izing  unit  50  is  for  introducing  a  low  pressure  fluid  into 
the  ladle  3  within  a  predetermined  time  after  start  of 
pouring  for  expediting  discharge  of  molten  metal  from 
the  ladle  3.  The  molten  metal  pressurizing  unit  50  in- 
cludes  a  pressurized  fluid  source  32  for  supplying  air 

35  or  an  inert  gas,  a  pressure  regulation  valve  30  con- 
nected  to  the  pressurized  fluid  source  32  by  a  line 
40b,  a  second  electromagnetic  valve  21  connected  to 
the  pressure  regulation  valve  30  by  a  line  40a,  an  in- 
dicator  31  connected  to  line  40a  between  the  pres- 

40  sure  regulation  valve  30  and  the  second  electromag- 
netic  valve  21,  and  a  flow  rate  regulation  valve  22, 
having  a  check  valve,  connected  to  line  40c  between 
the  first  and  second  electromagnetic  valves  19  and 
21. 

45  The  second  electromagnetic  valve  21  has  a  sol- 
enoid  21a  electrically  connected  to  the  controller  60 
of  the  die-casting  machine.  The  solenoid  21a 
switches  the  second  electromagnetic  valve  21  be- 
tween  a  first  change-over  position  21  A  and  a  second 

so  change-over  position  21  B.  The  first  change-over  pos- 
ition  21  Af  luidly  connects  the  pressurized  fluid  source 
32  with  the  first  electromagnetic  valve  19.  The  sec- 
ond  change-over  position  21  B  blocks  fluid  communi- 
cation  between  the  pressurized  fluid  source  32  and 

55  the  first  electromagnetic  valve  19.  Upon  receiving  a 
command  signal  from  the  controller  60,  the  solenoid 
21a  switches  the  second  electromagnetic  valve  21  to 
the  first  change-over  position  21A.  Pressurized  fluid 

4 
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from  the  pressure  fluid  source  32  can  then  flow 
through  the  pressure  regulation  valve  30,  the  second 
electromagnetic  valve  21  ,  and  the  line  40c,  where  the 
flow  rate  regulation  valve  22  limits  the  inherently  large 
volume  of  pressurized  fluid  into  small  volume  of  the  5 
fluid  before  it  is  introduced  to  the  molten  metal  at  the 
interior  of  the  ladle  3. 

Molten  metal  retaining  principle  of  the  ladle  3  will 
next  be  described  with  reference  to  Figs.  3  through  5. 
Since  the  supplying  device  12  has  a  structure  in  10 
which  an  interior  of  the  ladle  is  selectively  communi- 
cated  with  the  atmosphere,  various  problems  may 
arise  if  the  cross-sectional  area  of  the  intake/dis- 
charge  port  3c  is  too  large  or  too  small. 

Although  molten  metal  flows  more  rapidly  15 
through  a  large  port,  whereupon  the  efficiency  of 
supply  is  increased,  if  the  port  is  too  large,  the  molten 
metal  within  the  ladle  may  easily  leak  through  the 
port.  Leakage  lowers  accuracy  of  molten  metal 
amount  and  might  damage  or  otherwise  affect  ambi-  20 
ent  mechanical  components  and  working  areas  drip- 
ped  on  during  transfer  of  the  molten  metal.  Also,  a 
large  cross-sectional  area  may  allow  the  oxide  film 
formed  on  the  surface  of  the  molten  metal  in  the  pot 
to  flow  into  the  ladle  with  the  molten  metal.  When  the  25 
oxide  layer  is  poured  into  the  metal  mold,  the  quality 
of  the  resultant  casted  product  may  be  degraded. 

On  the  other  hand,  although  a  small  cross- 
sectional  area  at  the  intake/discharge  port  3c  pre- 
vents  the  molten  metal  from  leaking  through  the  port,  30 
it  also  prevents  the  molten  metal  from  being  smoothly 
introduced  into  the  ladle.  Further,  molten  metal  dis- 
charging  speed  from  the  ladle  may  drop.  This  results 
in  a  prolonged  shot  cycle  and  lower  productivity. 
When  small  amounts  of  the  molten  metal  are  carried  35 
in  the  ladle,  slight  increases  in  the  shot  cycle  can 
cause  great  decreases  in  the  temperature  of  the  mol- 
ten  metal.  In  view  of  the  above,  the  area  of  the  molten 
metal  intake/discharge  port  is  extremely  important. 

Assuming  that  a  sleeve  member  C  having  both  40 
open  ends  has  a  cross-sectional  area  of  S  and  a 
length  of  L.  The  sleeve  member  C  is  partially  dipped 
into  a  liquid  having  a  density  p  to  a  depth  h  as  shown 
in  Fig  3.  The  part  of  the  sleeve  member  C  that  does 
not  dip  into  the  liquid  has  a  volume  A,  and  isatatmos-  45 
pheric  pressure  P.  While  maintaining  this  condition, 
as  shown  in  Fig.  4,  the  upper  open  end  of  the  sleeve 
member  C  is  closed  by  a  lid  D,  and  then  the  sleeve 
member  C  is  removed  from  the  liquid.  Provided  that 
the  diameter  of  the  sleeve  member  C  is  smaller  than  50 
a  certain  size,  the  liquid  is  preventing  from  discharg- 
ing  from  the  sleeve  member  C.  However,  the  liquid 
bulges  out  of  the  lower  open  end  as  shown  in  Fig.  4. 
Accordingly,  as  shown  in  Fig.  4,  the  liquid  height  in 
the  sleeve  member  C  drops  from  h  to  h',  the  volume  55 
of  the  inner  space  defined  by  the  lid  D  increases  from 
A  to  B,  and  the  inner  pressure  drops  from  P  to  P'.  The 
force  balance  capable  of  retaining  the  liquid  in  the 

sleeve  member  C  can  be  equationally  represented  as: 
P'  +  ph'  =  P 

because  atmospheric  pressure  P  is  applied  to  the 
lower  open  end  portion  of  the  sleeve  C.  Incidentally, 
the  pneumatic  pressure  P'  within  the  confined  space 
of  the  sleeve  C  can  be  equationally  represented  as: 

P'  =  (L  -  h)P/(L  -  h'). 
Since  the  numerator  (L-h)  is  smaller  than  the  denom- 
inator  (L-h'),  P'  is  evidently  smaller  than  P. 

The  liquid  surface  at  the  bottom  open  end  of  the 
sleeve  C  has  a  roundish  shape  as  shown  in  Fig.  5.  Be- 
cause  of  the  surface  tension  of  the  liquid,  the  liquid 
in  the  sleeve  C  can  be  retained  therein.  The  pressure 
difference  AP  between  inner  and  outer  surfaces  of 
the  retained  liquid  can  be  equationally  represented 
as: 

AP  =2T/R 
where  T  represents  the  surface  tension,  and  R  repre- 
sents  radius  of  curvature  of  the  bulging  liquid.  If  the 
pressure  difference  AP  is  lowerthan  a  predetermined 
level,  it  becomes  impossible  for  the  surface  tension 
of  the  liquid  to  hold  the  liquid  in  the  sleeve  at  the  lower 
open  end  portion  thereof.  On  the  other  hand,  since 
the  radius  of  curvature  is  proportional  to  the  diameter 
of  the  sleeve,  the  radius  of  curvature  R  becomes 
large  if  the  sleeve  has  a  large  diameter.  The  pressure 
difference  AP  therefore  lowers  because  the  surface 
tension  T  is  a  constant  value. 

This  analysis  of  the  sleeve  diameter  can  be  ap- 
plied  to  determine  the  intake/discharge  port  diameter 
of  the  ladle  3  shown  in  Fig.  1.  That  is,  in  order  to  re- 
duce  the  shot  cycle  and  to  enhance  the  pressure  re- 
ducing  effects  provided  by  the  liquid  bulging,  a  rela- 
tively  large  diameter  sleeve  is  required.  However,  in 
order  to  maintain  the  reduction  in  the  pressure  differ- 
ence  AP  within  a  predetermined  range,  the  diameter 
of  the  sleeve  must  be  relatively  small.  Thus,  it  would 
be  understood  that  the  diameter  must  be  determined 
in  view  of  these  conflicting  criteria. 

The  cross-sectional  area  of  the  intake/discharge 
port  3c  of  the  depicted  embodiment  is  analogous  to 
the  cross-sectional  area  of  the  sleeve  member  C.  Ex- 
periments  have  been  conducted  using  different  sized 
sleeves  in  order  to  investigate  amounts  of  molten  met- 
al  which  would  leak  from  various  diameter  intake/dis- 
charge  ports  3c.  The  molten  metal  was  aluminum  (Jl- 
SADC10),  and  the  temperature  of  the  molten  metal 
was  770  +  10  C°.  Ten  sleeve  members  were  prepared 
having  diameters  of  5  mm,  6  mm,  7  mm,  8  mm,  9  mm, 
10  mm,  11  mm,  12  mm,  13  mm,  and  15  mm.  Molten 
metal  supplying  amounts  were  60  plus  minus  1  0  g  and 
180  plus  minus  10  g,  and  leakage  of  the  molten  metal 
through  the  sleeve  members  were  measured  in  each 
case  for  both  supplying  amounts. 

The  result  of  the  experiments  where  that  when 
supplying  60  plus  or  minus  10  g  of  molten  metal  no 
molten  metal  leaked  from  sleeve  members  having  di- 
ameters  ranging  from  5  mm  to  10  mm.  On  the  other 
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hand,  small  amounts  of  molten  metal  leaked  from 
sleeve  members  having  diameters  ranging  from  11  to 
13  mm.  A  great  deal  of  molten  metal  leaked  from 
sleeves  having  15  mm  diameter.  The  results  were  the 
same  when  180  plus  or  minus  10  g  of  molten  metal 
was  supplied. 

As  is  apparent  from  the  above  described  experi- 
ments,  10  mm  is  the  greatest  diameter  whereby  sur- 
face  tension  prevents  leakage  and  retains  molten 
metal  in  the  ladle  3.  Thus,  the  maximum  available 
cross-sectional  area  is  about  80  mm2  . 

Next,  molten  metal  entering  ability  into  the  ladle 
3  in  relation  to  the  area  of  the  intake/discharge  port 
3c  is  investigated.  As  described  above,  the  molten 
metal  can  be  retained  in  the  ladle  3  if  the  area  of  the 
intake/discharge  port  3c  is  not  more  than  78.5  mm2 
(about  80  mm2).  On  the  other  hand,  if  the  area  is  too 
small,  like  having  a  diameter  of  5  mm,  that  is  smaller 
than  1  9.6  mm2(about  20  mm2),  the  supply  speed  and 
pouring  speed  of  molten  metal  drops.  Consequently, 
the  temperature  of  the  molten  metal  in  the  ladle  may 
drop,  which  causes  a  degradation  of  the  molded  prod- 
uct.  Further,  a  prolonged  shot  cycle  may  result  thus 
lowering  productivity.  The  above  discussion  shows 
clearly  that  a  cross-sectional  area  between  20  mm2 
and  80  mm2  is  appropriate. 

Next,  the  metal  mold  7  for  which  the  present  in- 
vention  is  used  will  be  described  while  referring  to  Fig. 
2.  The  metal  mold  7  includes  a  stationary  metal  die  7c, 
fixed  to  a  stationary  platen  6a  of  the  metal  mold  7,  and 
a  movable  metal  die  7d  fixed  to  a  movable  platen  6b. 
At  parting  faces  of  the  stationary  metal  die  7c  and  the 
movable  metal  die  7d  a  cavity  7e  and  a  runner  7b  are 
formed.  A  casting  port  7a,  which  is  in  communication 
with  the  runner  7b  is  formed  in  the  upper  surface  of 
the  metal  mold  7.  The  casting  port  7a  is  in  a  form  of 
a  conical  recess  having  a  shape  mating  with  the  lower 
outer  portion  profile  of  the  ladle  3.  A  heat  insulation 
material  7f  is  provided  to  the  surface  of  the  casting 
port  7a. 

Next,  operation  of  the  low  pressure  casting  ma- 
chine  according  to  the  first  preferred  embodiment  will 
be  described.  The  controller  60  sends  a  signal  to  a 
metal  die  opening/closing  device  (not  shown),  where- 
upon  the  metal  mold  opening/closing  device  moves 
the  movable  metal  die  7d  into  abutment  contact  with 
the  stationary  metal  die  7c.  After  the  metal  mold  7  is 
closed  and  while  the  second  electromagnetic  valve 
21  has  the  second  change-over  position  21  B,  the 
controller  60  of  the  die-casting  machine  outputs  an 
open  valve  signal  to  the  solenoid  19a  of  the  switching 
unit  4.  The  first  electromagnetic  valve  19  then 
switches  to  the  second  change-over  position  19B. 
Therefore,  the  molten  metal  accumulation  space  3d 
of  the  ladle  3  is  brought  in  communication  with  the  at- 
mosphere  via  the  tube  11,  the  fluid  passage  8a 
formed  in  the  block  8  and  the  first  electromagnetic 
valve  19. 

A  lowering  signal  is  outputted  from  the  controller 
60  of  the  die-casting  machine  to  the  vertical  moving 
unit  13  whereupon  the  motor  14  rotates  by  a  prede- 
termined  angular  amount  so  as  to  rotate  the  ball 

5  screw  1  5  about  its  axis,  to  thereby  lower  the  slider  16 
to  a  predetermined  position.  Thus,  the  lower  portion 
of  the  ladle  3  is  dipped  in  the  molten  metal  2  by  a  pre- 
determined  depth.  That  is,  when  the  molten  metal  de- 
tection  sensor  71  detects  the  molten  metal,  a  molten 

10  metal  detection  signal  is  outputted  to  the  controller  60 
whereupon  output  of  the  lowering  signal  is  stopped 
and  the  position  of  the  ladle  3  is  maintained.  Because 
the  molten  metal  accumulating  space  3d  is  commu- 
nicated  with  the  atmosphere  via  the  tube  11,  the  fluid 

15  passage  8a  formed  in  the  block  8,  and  the  electro- 
magnetic  valve  19  as  described  above,  the  molten 
metal  2  in  the  pot  1  flows  into  the  molten  metal  accu- 
mulation  space  3d  until  the  level  of  the  molten  metal 
in  the  space  is  equal  to  the  molten  metal  surface  level 

20  in  the  pot  1. 
When  a  predetermined  duration  of  time  passes 

after  the  molten  metal  detection  signal  is  outputted, 
the  controller  60  outputs  a  valve  closing  signal  to  the 
solenoid  19a  of  the  first  electromagnetic  valve  19. 

25  The  solenoid  19a  switches  the  first  electromagnetic 
valve  19  to  the  first  change-over  position  19A,  com- 
municating  the  molten  metal  accumulation  space  3d 
with  the  second  electromagnetic  valve  21.  Because 
the  second  electromagnetic  valve  21  is  in  the  second 

30  change-over  position  21  B  at  this  point,  the  molten 
metal  accumulation  space  3d  is  shut  off  from  the  at- 
mosphere. 

Subsequently,  a  raising  command  from  the  con- 
troller  60  causes  the  vertical  moving  unit  1  3  to  elevate 

35  the  molten  metal  supplying  unit  12.  That  is,  the  ball 
screw  15  rotates  reversely  so  that  the  ladle  3  rises. 
Because  the  molten  metal  accumulation  space  3d  is 
shut  off  from  the  atmosphere  and  because  the  in- 
take/discharge  port  3c  has  a  proper  diameter,  molten 

40  metal  2  is  not  discharged  from  the  intake/discharge 
port  3c.  When  the  slider  reaches  a  maximum  upper 
position,  the  motor  14  stops. 

Afterthe  molten  metal  supplying  unit  12  is  elevat- 
ed,  the  transfer  unit  1  7  is  operated  for  moving  the  mol- 

45  ten  metal  supplying  unit  12  to  directly  above  the  mov- 
able  metal  die  7d  and  the  stationary  metal  die  7c, 
whereupon  the  vertical  moving  unit  13  is  operated  to 
lower  the  molten  metal  supplying  unit  12  to  a  prede- 
termined  position  where  the  lower  portion  of  the  ladle 

so  3  is  engaged  with  the  insulating  material  7f  at  the 
casting  port  7a. 

When  lowering  is  completed,  the  molten  metal  in 
the  ladle  3  is  poured  into  the  cavity  7e.  That  is,  the 
controller  60  again  sends  a  valve  opening  signal  to 

55  the  first  electromagnetic  valve  19,  whereupon  the 
first  electromagnetic  valve  1  9  switches  to  the  second 
change-over  position  19B.  Consequently,  atmos- 
phere  enters  the  molten  metal  accumulation  space  3d 
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of  the  ladle  3  via  the  first  electromagnetic  valve  19, 
the  fluid  passage  8a,  the  tube  11,  and  the  through 
hole  5a.  As  a  result,  the  molten  metal  in  the  ladle  3 
pours  through  the  intake/discharge  port  3c  and  the 
runner  7b,  by  atmospheric  pressure  and  its  own 
weight,  and  fills  the  cavity  7e. 

After  a  predetermined  amount  of  time  passes, 
the  controller  60  sends  discharge  signals  to  the  first 
electromag  netic  valve  1  9  and  t  he  second  electromag- 
netic  valve  21,  whereupon  the  first  electromagnetic 
valve  19  switches  to  the  first  change-over  position 
19A  and  the  second  electromagnetic  valve  21 
switches  to  the  first  change-over  position  21A.  This 
brings  the  pressurized  fluid  source  32  into  fluid  con- 
nection  with  the  molten  metal  accumulation  space  3d. 
Because  the  rate  at  which  pressurized  fluid  is  re- 
leased  from  pressurized  fluid  supply  32  is  regulated 
to  a  predetermined  low  pressure  by  the  pressure  reg- 
ulation  valve  30,  a  low  pressure  is  applied  to  the  mol- 
ten  metal  accumulation  space  3d.  The  low  pressure 
expedites  discharge  of  the  molten  metal  from  the  ac- 
cumulation  space  3d  so  that  pouring  time  is  mini- 
mized.  Also  pouring  is  accurate.  The  time  duration 
that  the  pressurized  fluid  is  applied  can  be  adjusted 
by  a  timer  (not  shown)  in  the  controller  60  to  corre- 
sponding  to  the  pouring  time.  Low  pressure  is  also  ap- 
plied  for  a  predetermined  duration  of  time  after  the 
molten  metal  fills  the  cavity  7e  for  hardening  the  mol- 
ten  metal  to  prevent  shrinkage  cavities. 

After  pouring  is  completed  (i.e.  after  a  predeter- 
mined  duration  of  time  has  passed),  the  vertical  mov- 
ing  unit  13  raises  the  molten  metal  supplying  unit  12 
to  the  upper  maximum  position.  The  controller  60  of 
the  die-casting  machine  outputs  a  transport  drive  sig- 
nal,  whereupon  the  transfer  unit  17  moves  the  molten 
metal  supplying  unit  12  to  a  position  above  the  pot  1  . 
After  another  predetermined  time  duration  passes  af- 
ter  start  of  pouring,  the  controller  60  outputs  a  metal 
mold  opening  signal  to  the  metal  mold  opening/clos- 
ing  device(not  shown),  whereupon  the  movable  metal 
die  7d  is  moved  away  from  the  stationary  metal  die 
7c.  Acasted  product  pushing  device  (not  shown)  then 
pushes  the  casted  product  from  the  movable  metal 
die  7d.  Afterward,  an  air  blow  device  (not  shown) 
blows  air  onto  the  surface  of  the  cavity  7e  formed  in 
the  stationary  metal  die  7c  and  the  movable  metal  die 
7d  to  remove  casting  fin,  etc.  therefrom.  Next,  a  re- 
leasing  agent  applicator  (not  shown)  applies  a  releas- 
ing  agent  to  the  surface  of  the  cavity  7e.  The  above 
operation  is  repeatedly  carried  out  for  effectively  and 
successively  pouring  a  predetermined  amount  of  mol- 
ten  metal  into  the  cavity  7e. 

Next,  a  low  pressure  die-casting  machine  accord- 
ing  to  a  second  embodiment  of  this  invention  will  be 
described  with  reference  to  Fig.  6,  wherein  like  parts 
and  components  are  designated  by  the  same  refer- 
ence  numerals  as  those  shown  in  Figs.  1  and  2.  The 
second  embodiment  is  substantially  similar  to  the  first 

embodiment  except  for  the  switching  unit  4'. 
More  specifically,  the  switching  unit  4'  of  the  sec- 

ond  embodiment  includes  a  valve  body  8',  an  open- 
ing/closing  valve  10,  an  pneumatic  cylinder  9  for 

5  opening  and  closing  the  opening/closing  valve  10, 
and  an  opening/closing  valve  drive  unit  18  to  be  de- 
scribed  later.  The  opening/closing  valve  10  is  con- 
nected  to  a  piston  10a  which  is  slidingly  provided  in 
the  pneumatic  cylinder  9.  The  piston  10a  separates 

10  the  pneumatic  cylinder  9  into  a  first  cylinder  chamber 
9a  and  a  second  cylinder  chamber  9b.  The  first  and 
second  cylinder  chambers  9a  and  9b  are  connected 
to  ends  of  a  first  through  passage  9c  and  a  second 
through  passage  9d  respectively.  The  other  ends  of 

15  the  first  through  passage  9c  and  the  second  through 
passage  9d  are  connected  to  the  pressurized  fluid 
source  32  via  the  opening/closing  valve  drive  unit  1  8. 
The  valve  body  8'  has  a  valve  chamber  8'd  in  which 
the  opening/closing  valve  10  is  movably  provided. 

20  The  valve  body  8'  is  provided  with  a  seal  member  8'c 
and  is  formed  with  a  bore8'a  at  a  position  in  abutment 
with  the  opening/closing  valve  10.  Further,  a  commu- 
nication  hole  8'b  is  formed  at  a  side  wall  of  the  valve 
chamber  8'd  for  bringing  the  valve  chamber  8'd  into 

25  communication  with  the  atmosphere  via  a  electro- 
magnetic  valve  21  '  to  be  described  later.  The  bore  8'a 
is  connected  to  the  through  hole  5a  of  the  lid  5  by 
means  of  the  tubular  member  11. 

The  opening/closing  valve  drive  unit  includes  a 
30  first  electromagnetic  valve  1  8  having  a  first  and  a  sec- 

ond  solenoids  1  8a  and  1  8b.  The  first  electromagnetic 
valve  18  is  connected  to  the  pressurized  fluid  source 
32  by  way  of  a  fluid  passage  51  .  The  first  and  second 
solenoids  18a  and  18b  are  connected  to  the  controller 

35  60  of  the  die-casting  machine  through  lines  60a  and 
60b,  respectively.  The  controller  60  sends  open  valve 
signals  to  the  first  solenoid  18a  via  line  60a,  and  close 
valve  signals  to  second  solenoid  18b  via  line  60b,  for 
switching  the  first  electromagnetic  valve  18  between 

40  a  first  change-over  position  18X  and  a  second 
change-over  position  18Y.  (Fig.  6  shows  the  second 
change-over  position  18Y.)  The  ends  of  the  first  and 
second  passages  9c  and  9d  that  oppose  the  ends 
connected  to  the  first  and  second  cylinder  chamber 

45  9a  and  9b,  respectively,  are  connected  to  the  first 
electromagnetic  valve  18.  Thus,  pressurized  fluid  is 
selectively  applied  to  one  of  the  first  and  the  second 
cylinder  chambers  9a  and  9b  for  moving  the  piston  10 
downwardly  or  upwardly  to  thereby  open  or  close  the 

so  opening/closing  valve  10. 
The  communication  hole  8'b  of  the  valve  cham- 

ber  8'd  is  connected  to  the  molten  metal  pressurizing 
unit  50'.  The  molten  metal  pressurizing  unit  50'  is  pro- 
vided  for  smoothly  discharging  the  molten  metal  from 

55  the  ladle  3.  As  described  above,  while  the  open- 
ing/closing  valve  10  is  open  during  pouring,  the  mol- 
ten  metal  pressurizing  unit  50'  applies  a  small  amount 
of  low  pressure  pressurized  fluid  to  the  surface  of  the 

7 
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molten  metal  within  the  ladle  3  via  the  fluid  passage 
formed  by  the  tube  11,  the  bore  8'a,  the  valve  cham- 
ber  8'd,  and  the  communication  hole  8'b.  Therefore, 
the  molten  metal  pressurizing  unit  50'  in  the  second 
preferred  embodiment  has  almost  exactly  the  same 
structure  as  that  of  the  first  preferred  embodiment, 
except  that  in  the  second  preferred  embodiment,  the 
second  electromagnetic  valve  21'  is  provided  with  re- 
lease  port  21  'c.  Also,  in  the  second  preferred  embodi- 
ment,  the  molten  metal  accumulation  space  3d  is 
brought  into  communication  with  the  atmosphere 
through  the  release  port  21  'c  (See  Fig.  6)  when  the 
first  electromagnetic  valve  18  is  in  the  second 
change-over  position  18Y  while  the  second  electro- 
magnetic  valve  21  '  is  in  the  first  change-over  position 
21'X. 

As  in  the  first  preferred  embodiment  the  second 
electromagnetic  valve  21'  is  provided  with  a  solenoid 
21  'a  which  is  connected  to  the  controller  60.  Also  sim- 
ilar  to  the  first  preferred  embodiment,  the  solenoid 
21  'a  has  a  second  change-over  position  21  'y  for  con- 
necting  the  molten  metal  accumulation  space  3d  with 
the  pressurized  fluid  source  32.  As  shown  in  Fig.  6, 
the  second  electromagnetic  valve  21'  is  urged  into 
the  first  change-over  position  21  'X  by  the  spring  21  'b. 
Therefore  until  an  operating  signal  is  sent  to  the  sec- 
ond  electromagnetic  valve  21',  fluid  communication 
between  the  pressurized  fluid  source  32  and  the 
communication  hole  8'b  is  obstructed.  In  this  condi- 
tion,  the  communication  hole  8'b  is  in  communication 
with  the  atmosphere  via  the  line  40c  and  the  release 
port  21'  c  of  the  second  electromagnetic  valve  21'. 
The  pneumatic  cylinder  9  is  electrically  connected  to 
the  controller  60  of  the  die-casting  machine.  The  air 
cylinder  9  outputs  an  operation  completion  signal  S1 
to  the  controller  60  after  the  opening/closing  valve  10 
is  opened.  In  response  to  the  operation  completion 
signal,  the  controller  60  sends  an  operation  signal  to 
the  second  electromagnetic  valve  21'. 

Operation  of  the  low  pressure  die-casting  ma- 
chine  according  to  the  second  preferred  embodiment 
will  be  explained.  As  in  the  first  preferred  embodi- 
ment,  after  closing  the  metal  molds  7c,  7d,  and  while 
the  second  electromagnetic  valve  21'  has  its  first 
change-over  position  21  'x,  the  controller  60  outputs 
opening  signals  to  the  solenoid  18a  via  line  60a.  Con- 
sequently,  the  first  electromagnetic  valve  18switches 
from  the  first  change-over  position  1  8X  to  the  second 
change-over  position  18Y.  (Fig.  6  shows  the  electro- 
magnetic  valve  18  in  the  second  change-over  posi- 
tion  18Y.)  Therefore,  the  pressurized  fluid  from  the 
pressurized  fluid  source  32  is  supplied  to  the  second 
cylinder  chamber  9b,  via  the  fluid  passage  51,  the 
first  electromagnetic  valve  18,  and  the  second  pas- 
sage  9d,  and  the  pressurized  fluid  in  the  first  cylinder 
chamber  9a  is  discharged  to  the  atmosphere  via  the 
first  passage  9c  and  the  electromagnetic  valve  18. 
Therefore,  the  opening/closing  valve  10  moves  away 

from  the  seal  member  8'cand  the  bore  8'a  so  that  the 
bore  8'a  and  the  communication  hole  8'b  come  into 
fluid  communication  with  each  other.  Thus,  atmos- 
phere  enters  the  molten  metal  accumulation  space  3d 

5  via  the  release  port  21  'c,  the  line  40c,  the  communi- 
cation  hole  8'b,  the  valve  chamber  8'd,  the  tube  11, 
and  the  through  hole  5a. 

As  in  the  first  preferred  embodiment,  the  vertical 
moving  unit  13  lowers  the  ladle  3  to  a  predetermined 

10  depth  into  the  molten  metal  2.  After  a  predetermined 
amount  of  molten  metal  enters  the  ladle  3,  the  open- 
ing/closing  valve  10  is  closed.  That  is,  when  the  open- 
ing/closing  valve  closing  signal  from  the  controller  60 
of  the  die-casting  machine  reaches  the  solenoid  18b, 

15  the  first  electromagnetic  valve  1  8  switches  to  the  first 
change-over  position  18X  and  pressurized  fluid  from 
the  pressurized  fluid  source  32  is  supplied  to  the  first 
cylinder  chamber  9a  via  the  fluid  passage  51,  the 
electromagnetic  valve  18,  and  the  first  passage  9c. 

20  The  pressurized  fluid  within  the  second  cylinder 
chamber  9b  is  discharged  to  the  atmosphere  via  the 
second  passage  9d  and  the  electromagnetic  valve 
18.  Therefore,  the  opening/closing  valve  10  comes 
into  abutment  contact  with  the  seal  8'c  so  that  the 

25  molten  metal  accumulation  space  3d  is  cut  off  from 
the  atmosphere. 

Next,  as  in  the  first  preferred  embodiment,  the 
vertical  moving  unit  13  raises  the  ladle  3  from  the  mol- 
ten  metal  2.  The  molten  metal  supplying  unit  12  is 

30  brought  by  the  transport  unit  1  7  and  the  vertical  mov- 
ing  unit  13  into  contact  with  the  heat  insulation  mate- 
rial  7f  at  the  casting  port  7a. 

Pouring  operations  are  the  same  as  in  the  first 
preferred  embodiment.  That  is,  the  opening/closing 

35  valve  10  is  opened  by  again  operating  the  pneumatic 
cylinder  9,  whereupon  atmosphere  enters  the  molten 
metal  accumulating  space  3d  via  the  release  port21  'c 
of  the  second  electromagnetic  valve  21'.  The  molten 
metal  pours  into  the  cavity  7e  via  the  intake/dis- 

40  charge  port  3c  because  of  its  own  weight  and  atmos- 
pheric  pressure. 

After  the  opening/closing  valve  10  is  opened  by 
the  operation  of  the  pneumatic  cylinder  9,  an  opera- 
tion  completion  signal  is  sent  to  the  controller  60  of 

45  the  die-casting  machine,  which  in  turn  outputs  an  op- 
eration  command  signal  to  the  second  electromag- 
netic  valve  21'.  The  second  electromagnetic  valve 
21'  switches  from  the  first  change-over  position  21  'x 
shown  in  Fig.  6  to  the  second  change-over  position 

so  21  'y.  The  pressurized  fluid  supplied  from  the  pressu- 
rized  fluid  source  32  then  passes  through  the  flow 
rate  regulation  valve  22  at  a  regulated  rate.  A  small 
amount  of  pressurized  fluid  is  thus  sent  to  the  ladle 
3,  thereby  expediting  the  discharge  of  molten  metal 

55  from  the  molten  metal  accumulation  space  3d.  As  a 
result,  pouring  time  is  reduced.  Also,  pouring  is  accu- 
rate.  Subsequent  operations  are  the  same  as  in  the 
first  preferred  embodiment  and  so  their  explanation 

8 



15 EP  0  578  387  A1 16 

will  be  omitted. 
Next,  a  low  pressure  casting  machine  according 

to  a  third  preferred  embodiment  of  the  present  inven- 
tion  will  next  be  described  with  reference  to  Fig.  7. 
The  third  preferred  embodiment  is  an  improvement 
on  the  first  and  the  second  preferred  embodiments  in 
order  to  further  prevent  the  molten  metal  retained  in 
the  ladle  3  from  leaking  out  of  the  intake/discharge 
port  3c  during  transportation  of  the  ladle  3.  To  be 
more  specific,  during  transfer  of  the  molten  metal, 
heat  from  the  molten  metal  may  cause  air  confined  in 
the  ladle  3  and  the  tube  11  to  expand.  Therefore,  in 
Fig.  4,  the  pressure  P'  of  the  confined  space  B  may 
increase  and  reach  the  proximity  of  atmospheric 
pressure  P.  The  inner  pressure  increase  may  cause 
molten  metal  2  retained  in  the  ladle  3  to  drip  there- 
from. 

Stated  differently,  the  molten  metal  may  leak 
through  the  port  3c  until  the  increased  inner  pressure 
drops  back  to  P'.  Such  molten  metal  leakage  may 
cause  reduction  or  variation  in  the  casting  amount, 
which  in  turn  degrades  accuracy.  This  problem  in- 
creases  the  larger  the  cross-sectional  area  of  in- 
take/discharge  port  3c,  for  example,  when  the  diam- 
eter  of  the  port  3c  is  in  the  proximity  of  10  mm.  The 
third  embodiment  is  provided  with  a  suction  unit  120 
communicated  with  the  hermetically  confined  space 
B  in  Fig.  4  for  decompressing  the  air  therein  by  an 
amount  corresponding  to  the  expansion  amount,  i.e., 
in  order  to  maintain  the  inner  pressure  P'  within  the 
confined  space  B  of  Fig.  4. 

In  Fig.  7,  a  confined  space  B'  in  the  ladle  3  and 
the  tube  11  corresponds  to  the  confined  space  B 
shown  in  Fig.  4.  The  confined  space  B'  is  connected 
to  the  suction  unit  120.  The  suction  unit  120  includes 
a  pneumatic  cylinder  123,  a  cylinder  rod  123a,  a  pis- 
ton  123b,  a  cylinder  125,  an  O-ring  124,  and  an  elec- 
tromagnetic  valve  122.  One  end  of  the  cylinder  125  is 
connected  to  one  end  of  a  fluid  line  127.  The  other 
end  of  the  air  line  127  is  connected  to  a  communica- 
tion  hole  8'e  in  communication  with  the  bore  8'a  of  the 
valve  body  8'.  The  piston  123b  is  slidably  disposed 
within  the  cylinder  125  through  the  0-ring  124.  The 
piston  123b  is  integrally  coupled,  through  the  rod 
123a,  to  a  piston  123c  which  is  slidably  disposed  in 
the  pneumatic  cylinder  123.  The  piston  123c  divides 
the  pneumatic  cylinder  123  into  first  and  second 
chambers  123d  and  123e  which  are  connected  to  the 
electromagnetic  valve  122  through  passages  128a 
and  128b,  respectively.  The  electromagnetic  valve 
122  can  be  switched  between  first  and  second 
change-over  positions  122X  and  122Y.  The  first  and 
second  solenoids  122a  and  122b  are  connected  to  a 
controller  60  of  the  die-casting  machine  through  lines 
60d  and  60c,  respectively. 

With  this  arrangement,  the  molten  metal  is  re- 
tained  in  the  ladle  3  by  shutting  off  the  molten  metal 
accumulation  space  3d  from  the  atmosphere  by  a 

method  similar  to  that  used  in  the  second  preferred 
embodiment,  that  is,  by  closing  the  opening/closing 
valve  10.  In  the  depicted  embodiment,  operation  of 
the  suction  unit  120  is  started  when  the  ladle  3  is  in  i- 

5  tially  raised  from  an  upper  surface  of  the  molten  metal 
2  in  the  pot  1  in  accordance  with  the  lifting  motion  of 
the  molten  metal  supplying  unit  12  by  the  actuation  of 
the  vertical  moving  unit  1  3.  However,  the  operational 
start  timing  of  the  suction  unit  120  is  not  limited  to  this 

10  ladle  timing.  Various  timings  are  conceivable  in  con- 
junction  with  change  in  inner  pressure  caused  by  the 
temperature  increase  in  the  confined  space  B'. 

A  decompression  signal  S2  is  transmitted  from 
the  controller  60  of  the  die-casting  machine  to  the 

15  first  solenoid  122a  of  the  electromagnetic  valve  122 
through  the  line  60d.  As  a  result,  the  electromagnetic 
valve  122  is  changed-over  to  the  first  change-over 
position  122X,  so  that  pressurized  fluid  in  the  pressu- 
rized  fluid  source  32  is  supplied  to  the  first  chamber 

20  1  23d  of  the  cylinder  123  through  the  pressurized  fluid 
line  128a.  Consequently,  the  piston  123b  is  moved 
leftwardly  in  Fig.  7  to  have  a  chain  line  position.  Thus, 
inner  volume  of  the  confined  space  B'  increases, 
thereby  reducing  pressure  in  the  space  B'.  The 

25  amount  of  air  to  be  positively  sucked  from  the  con- 
fined  space  B'  is  determined  according  to  the  pres- 
sure  increase  in  the  tube  11,  etc.  caused  by  thermal 
expansion  of  the  air  incurred  when  molten  metal  is  in- 
troduced  into  the  ladle  3.  To  this  effect,  the  piston 

30  1  23c  undergoes  a  stroke-adjustment.  Therefore,  in 
the  illustrated  embodiment,  pressure  increase 
caused  by  the  air  expansion  in  the  confined  space 
B'  can  be  canceled  by  the  suction  of  air,  to  thereby 
maintain  the  inner  pressure  to  the  P'  level  or  less  than 

35  P'  in  the  confined  space  B'.  Thus  dripping  of  the  mol- 
ten  metal  from  the  intake/discharge  port  3c  during  la- 
dle  transportation  is  avoided. 

Pouring  molten  metal  into  the  cavity  7e  is  ach- 
ieved  in  a  manner  similar  to  that  described  in  the  first 

40  embodiment.  Here,  in  order  to  facilitate  the  molten 
metal  discharge  from  the  ladle  3,  the  suction  unit  120 
provides  a  pouring  stand-by  state  in  which  inner  pres- 
sure  of  the  confined  space  B'  is  slightly  increased. 
That  is,  a  stand-by  signal  is  transmitted  from  the  con- 

45  trailer  60  to  the  second  solenoid  122b  of  the  electro- 
magnetic  valve  122  through  the  line  60c,  so  that  the 
electromagnetic  valve  122  is  changed-over  to  the 
second  change-over  position  122Y.  Accordingly, 
pressurized  fluid  in  the  pressurized  fluid  supply  32  is 

so  supplied  to  the  second  chamber  123e  of  the  cylinder 
123  through  the  pressurized  fluid  line  128b  for  mov- 
ing  the  piston  123b  rightwardly  in  Fig.  7.  Thus,  the 
piston  123b  has  the  solid  line  position  for  slightly  in- 
creasing  pressure  in  the  confined  space  B'  for  facili- 

55  tating  discharge  of  the  molten  metal.  That  is,  the  suc- 
tion  unit  1  20  doubles  as  the  molten  metal  pressurizing 
unit  in  the  first  and  second  preferred  embodiments. 

Although  in  the  third  preferred  embodiment  as 
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shown  in  Fig.  7,  the  molten  metal  accumulation  space 
3d  is  in  communication  with  the  atmosphere  via  the 
hole  8'b  when  the  opening/closing  valve  4'  is  in  the 
open  state,  a  molten  metal  pressurizing  means 
50'  such  as  shown  in  Fig.  6  could  be  connected  to  the 
hole  8'b. 

Next,  a  low  pressure  die-casting  machine  accord- 
ing  to  a  fourth  embodiment  of  this  invention  will  be  de- 
scribed  with  reference  to  Fig.  8.  Similar  to  the  third 
embodiment,  the  forth  embodiment  is  an  improve- 
ment  on  the  first  and  the  second  embodiments  in  that 
suction  unit  120A  is  provided.  However,  structure  of 
the  suction  unit  120A  is  different  from  that  of  the  third 
embodiment.  The  suction  unit  120Aof  the  fourth  em- 
bodiment  generally  includes  an  electromagnetic  valve 
134  and  an  ejector  131.  The  electromagnetic  valve 
134  is  connected  to  a  communication  hole  8'e'  for- 
med  in  the  valve  body  8'  through  an  air  passage  135, 
and  is  connected  to  the  ejector  131  through  a  check 
valve  1  33.  The  ejector  131  has  an  inlet  port  connected 
to  a  pressurized  fluid  source  32  and  an  outlet  port 
connected  to  a  muffler  132.  A  pressurized  fluid  such 
as  compressed  air  is  continuously  supplied  to  the 
ejector  131  from  the  pressurized  fluid  source  32,  and 
the  air  is  discharged,  with  noise  reduction,  to  the  at- 
mosphere  through  the  muffler  132.  Therefore,  a  low 
pressure  zone  131a  with  pressure  lower  than  atmos- 
pheric  pressure  is  provided  within  the  ejector  131. 
The  electromagnetic  valve  134  is  provided  for  selec- 
tively  communicating  the  low  pressure  zone  131a 
with  the  communication  hole  8'e. 

The  electromagnetic  valve  134  is  provided  with  a 
solenoid  134a  connected  to  the  controller  60  of  the 
die-casting  machine  so  as  to  provide  first  and  second 
change-over  positions  134c  and  134d  of  the  valve 
134.  Further,  a  spring  134b  is  connected  to  the  elec- 
tromagnetic  valve  134  for  normally  urging  the  latter 
134  toward  the  first  change-over  position  134c.  Fur- 
thermore,  a  close  port  134e  is  provided  at  the  first 
change-over  position  side  of  the  electromagnetic 
valve  1  34,  and  is  plugged  by  a  plug  member  1  34f.  The 
controller  60  is  provided  with  a  timer  (not  shown).  Dur- 
ing  the  timer  ON  state,  a  suction  signal  is  continuously 
applied  to  the  solenoid  134  for  switching  the  electro- 
magnetic  valve  134  to  the  second  change-over  posi- 
tion  134d.  Incidentally,  the  timing  and  duration  of  the 
ON  period,  during  which  the  increased  pressure  in 
the  confined  space  B'  is  reduced  to  the  pressure  P', 
are  previously  determined  by  tests. 

With  this  arrangement,  the  low  pressure  zone 
131a  is  always  provided  within  the  ejector  131  be- 
cause  of  the  continuous  compressed  air  supply  from 
the  pressurized  fluid  source  32.  Similar  to  the  third 
embodiment,  the  opening/closing  valve  10  is  closed 
before  transport  of  the  ladle  3  to  shut  off  the  molten 
metal  accumulation  space  3d  from  the  atmosphere  in 
order  to  retain  the  molten  metal  in  the  ladle  3.  The 
vertical  moving  unit  13  is  operated  for  lifting  the  mol- 

ten  metal  supplying  portion  12.  Immediately  after  the 
ladle  3  leaves  the  surface  of  the  molten  metal  in  the 
pot  1  ,  the  timer  is  rendered  ON.  In  response  to  the  ON 
signal,  the  suction  signal  is  transmitted  to  the  sole- 

5  noid  134a  for  moving  the  electromagnetic  valve  134 
to  the  second  change-over  position  1  34d  against  the 
biasing  force  of  the  spring  134b.  Therefore,  the  low 
pressure  zone  131a  is  brought  into  communication 
with  the  confined  space  B'  through  the  check  valve 

10  133,  the  electromagnetic  valve  134,  and  the  air  pas- 
sage  135.  Accordingly,  the  pressure  which  has  in- 
creased  within  the  confined  space  B'  due  to  the  heat 
of  the  molten  metal  is  introduced  into  the  ejector  131. 
Thus,  similar  to  the  third  embodiment,  the  pressure 

15  increase  within  the  confined  space  B',  i.e.,  within  the 
ladle  and  the  tube  11,  is  canceled  so  that  the  pressure 
within  the  space  B'  becomes  equal  to  or  less  than  the 
pressure  P',  to  thereby  avoid  leakage  of  the  molten 
metal  during  transport. 

20  When  the  timer  is  rendered  OFF,  generation  of 
the  suction  signal  stops.  Thus,  the  electromagnetic 
valve  134  is  moved  to  the  first  change-over  position 
134c  because  of  the  biasing  force  of  the  spring  134b. 
Accordingly,  the  confined  space  B'  is  disconnected 

25  from  the  ejector  1  31  .  The  plug  member  1  34f  prevents 
the  air  within  the  confined  space  B'  from  discharging 
to  the  atmosphere. 

The  fourth  preferred  embodiment  as  shown  in 
Fig.  8  can  be  connected  at  the  communication  hole 

30  8'b  (see  Fig.  7)  to  a  molten  metal  pressurizing  unit  50 
or  50'  which  is  the  same  as  shown  in  Fig.  1  or  Fig.  6 
for  filling  the  cavity  7e  with  the  molten  metal. 

Further,  in  the  foregoing  preferred  embodiments, 
additional  pressurizing  unit  can  be  provided  in  addi- 

35  tion  to  the  pressurizing  unit  50  or  50'.  The  additional 
pressurizing  unit  introduces  fluid  into  the  ladle  at  a 
pressure  value  higher  than  the  pressure  of  the  fluid 
provided  by  the  molten  metal  pressurizing  unit  50  or 
50'.  Accordingly,  molten  metal  that  remains  in  the 

40  molten  metal  accumulation  space  3d  or  that  hangs 
from  the  intake/discharge  port  3c  in  an  icicle  fashion 
can  be  blown  away  by  the  highly  pressurized  fluid. 
That  is,  by  introducing  the  pressurized  fluid  at  vol- 
umes  or  pressures  much  greater  than  those  of  the 

45  pressurized  fluid  introduced  into  the  ladle  at  the  time 
of  pouring,  molten  metal  suspended  from  the  in- 
take/discharge  port  can  be  removed  so  that  subse- 
quent  molten  metal  can  be  accurately  introduced  into 
the  ladle  in  the  next  shot  cycle. 

so  As  described  above,  according  to  the  low  pres- 
sure  die-casting  machine  of  this  invention,  since  the 
cross-sectional  area  of  the  intake/discharge  port  of 
the  ladle  is  properly  selected,  dripping  of  the  molten 
metal  from  the  ladle  during  transportation  is  avoided 

55  and  the  molten  metal  in  the  ladle  can  be  stably  and 
easily  retained  therein.  Since  no  molten  metal  drips 
from  the  ladle,  accuracy  in  molten  metal  supplying 
amount  can  be  improved.  Further,  since  the  cross- 

10 
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sectional  area  of  the  intake/discharge  port  is  not  less 
than  20  mm2,  the  molten  metal  can  be  smoothly  in- 
troduced  into  the  ladle,  and  the  molten  metal  can  be 
smoothly  discharged  therefrom  without  any  signifi- 
cant  reduction  in  the  discharge  speed.  Accordingly, 
temperature  decrease  of  the  molten  metal  in  the  ladle 
can  be  kept  to  a  minimum  by  reducing  the  shot  cycle. 
Because  of  the  reduction  in  the  shot  cycle,  generation 
of  the  oxide  film  at  the  molten  metal  surface  in  the  la- 
dle  can  also  be  avoided,  which  leads  to  the  enhance- 
ment  of  quality  of  the  molded  product. 

A  low  pressure  die-casting  machine  or  method 
according  to  the  present  invention  has  the  additional 
improvement  of  applying  a  low  pressure  pressurized 
fluid  to  the  molten  metal  in  the  ladle  during  pouring  to 
expedite  discharge  of  the  molten  metal  from  the  in- 
take/discharge  port  more  effectively  than  solely  by  at- 
mospheric  pressure  and  the  weight  of  the  molten  met- 
al.  Therefore,  pouring  time  can  be  reduced.  Also, 
pouring  amount  is  more  accurate.  Because  pouring 
time  is  reduced,  temperature  reduction  of  the  molten 
metal  in  the  ladle  can  be  minimized.  Also,  the  shot  cy- 
cle  can  further  be  reduced.  Further,  no  positive  pres- 
sure  reduction  in  the  ladle  is  executed  during  poring, 
and  therefore,  air  does  not  enter  the  ladle  through  the 
intake/discharge  port,  thereby  guaranteeing  high 
quality  of  the  casted  product.  The  overall  structure  of 
the  die-casting  is  simplified,  thereby  reducing  its 
manufacture  costs. 

Furthermore,  according  to  the  low  pressure  de- 
vice  of  the  third  and  fourth  embodiments,  the  suction 
unit  is  selectively  connected  to  the  confined  space  of 
the  ladle  and  the  tube  extending  between  the  ladle 
and  the  switching  unit  in  order  to  preventthe  pressure 
within  the  confined  space  from  increasing.  Therefore, 
pressure  increase  due  to  air  expansion  incurred  by 
the  retention  of  the  heated  molten  metal  can  be  can- 
celed,  to  thereby  further  avoid  dripping  of  the  molten 
metal  from  the  ladle  during  transport.  Consequently, 
casting  accuracy  can  be  further  improved,  and  clean 
and  safe  working  condition  can  be  provided. 

Claims 

1  .  A  low  pressure  die-casting  apparatus  including  a 
metal  mold  having  a  casting  port,  and  a  ladle  unit 
for  retaining  and  transporting  a  predetermined 
amount  of  a  molten  metal  in  a  metal  pot  to  the 
casting  port,  the  ladle  unit  having  an  upper  por- 
tion,  a  bottom  portion  having  a  molten  metal  in- 
take/discharge  port  formed  therein,  and  an  inner 
surface  defining  a  molten  metal  accumulation 
space,  the  apparatus  comprising: 

the  intake/discharge  portion  of  the  ladle 
unit  having  a  cross-sectional  area  in  a  range  of 
from  20  to  80  mm2,  and  the  bottom  portion  of  the 
ladle  unit  being  in  pressure  contactable  with  the 

casting  port; 
a  molten  metal  pressurizing  means  switch- 

able  to  one  position  for  selectively  applying  pneu- 
matic  pressure  to  the  accumulation  space  in  or- 

5  der  to  positively  discharge  the  molten  metal 
through  the  intake/discharge  port  to  the  metal 
mold,  the  molten  metal  pressurizing  means  being 
switchable  to  another  position; 

a  switching  means  connected  between 
10  the  molten  metal  pressurizing  means  and  the  up- 

per  portion  of  the  ladle  unit  and  switchable  be- 
tween  a  first  position  for  isolating  the  accumula- 
tion  space  from  an  atmosphere  and  a  second 
position  for  providing  fluid  communication  be- 

15  tween  the  accumulation  space  and  the  atmos- 
phere; 

a  controller  connected  to  the  switching 
means  and  producing  a  first  signal  for  driving  the 
switching  means  between  the  first  position  and 

20  the  second  position,  the  controller  being  also 
connected  to  the  molten  metal  pressurizing 
means  and  producing  a  second  signal  for  selec- 
tively  driving  the  molten  metal  pressurizing 
means  between  the  one  position  and  said  an- 

25  other  position. 

2.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  1,  wherein  the  switching  means 
comprises: 

30  a  first  electromagnetic  valve  fluidly  con- 
nected  to  the  upper  portion  of  the  ladle  unit,  the 
first  electromagnetic  valve  having  a  solenoid  con- 
nected  to  the  controller  and  a  biasing  means,  the 
biasing  means  urging  the  first  electromagnetic 

35  valve  into  the  second  position  where  the  accumu- 
lation  space  is  communicated  with  the  atmos- 
phere,  the  solenoid  switching  the  electromagnet- 
ic  valve  into  the  first  position  against  the  urging 
of  the  biasing  means  upon  receiving  the  first  sig- 

40  nal  outputted  from  the  controller,  the  first  position 
isolating  the  accumulation  space  from  the  atmos- 
phere  when  the  molten  metal  pressurizing  means 
is  in  said  another  position. 

45  3.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  2,  wherein  the  molten  metal 
pressurizing  means  comprises: 

a  second  electromagnetic  valve  having  a 
second  solenoid  connected  to  the  controller  and 

so  a  second  biasing  means,  the  second  biasing 
means  urging  the  second  electromagnetic  valve 
into  said  another  position,  the  second  solenoid 
switching  the  second  electromagnetic  valve  into 
the  one  position  against  the  urging  of  the  second 

55  biasing  means  upon  receiving  the  second  signal 
outputted  from  the  controller; 

a  pressurized  fluid  source  for  supplying 
pressurized  fluid  to  the  accumulation  space 
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when  the  second  electromagnetic  valve  is  in  the 
one  position  and  the  switching  means  is  in  the 
first  position. 

The  low  pressure  die-casting  apparatus  as  5 
claimed  in  claim  3,  wherein  the  molten  metal 
pressurizing  means  further  comprises: 

a  pressure  regulation  valve  provided  be- 
tween  the  pressurized  fluid  source  and  the  sec- 
ond  electromagnetic  valve  for  providing  a  pressu-  10 
rized  fluid  to  the  second  electromagnetic  valve  at 
a  predetermined  pressure;  and 

a  flow  rate  regulation  valve  provided  be- 
tween  the  second  electromagnetic  valve  and  the 
first  electromagnetic  valve  for  regulating  the  15 
pressurized  fluid  and  supplying  the  fluid  to  the 
first  electromagnetic  valve. 

The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  1  ,  wherein  the  switching  means  20 
comprises: 

a  valve  body  having  a  first  communication 
hole  formed  therein  in  communication  with  the 
molten  metal  pressurizing  means  and  a  bore 
formed  therein  in  communication  with  the  upper  25 
portion; 

an  opening/closing  valve  movable  in  the 
valve  body  for  selectively  closing  the  bore; 

a  pneumatic  cylinder  mounted  on  the 
valve  body,  the  pneumatic  cylinder  defining  30 
therein  an  internal  space; 

a  piston  connected  to  the  opening/closing 
valve  and  movable  in  the  pneumatic  cylinder,  the 
piston  dividing  the  internal  space  into  a  first 
chamber  and  a  second  chamber;  and  35 

a  cylinder  driving  mechanism  for  moving 
the  piston  to  thereby  move  the  opening/closing 
valve  toward  and  away  from  the  bore. 

The  low  pressure  die-casting  apparatus  as  40 
claimed  in  claim  5  wherein  the  cylinder  driving 
mechanism  comprises: 

a  first  electromagnetic  valve  connected  to 
the  first  chamber  and  the  second  chamber  of  the 
pneumatic  cylinder,  the  first  electromagnetic  45 
valve  having  one  solenoid  and  another  solenoid 
those  connected  to  the  controller  for  switching 
the  first  electromagnetic  valve  between  a  bore 
close  position  and  a  bore  open  position  in  re- 
sponse  to  the  first  signal  sent  from  the  controller;  50 
and 

a  pressurized  fluid  source  connected  to 
the  first  electromagnetic  valve  for  selectively  sup- 
plying  pressurized  fluid  into  the  first  chamber  of 
the  pneumatic  cylinder  when  the  first  electro-  55 
magnetic  valve  is  in  the  bore  close  position  and 
into  the  second  chamber  of  the  pneumatic  cylin- 
der  when  the  first  electromagnetic  valve  is  in  the 

bore  open  position. 

7.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  6  wherein  the  molten  metal  pres- 
surizing  means  comprises: 

a  second  electromagnetic  valve  having  a 
second  solenoid  and  biasing  means,  the  biasing 
means  urging  the  second  electromagnetic  valve 
into  said  another  position,  the  second  solenoid 
switching  the  second  electromagnetic  valve  into 
the  one  position  against  the  urging  of  the  biasing 
means  upon  receiving  the  second  signal  output- 
ted  from  the  controller;  and 

the  pressurized  fluid  source  connected  to 
the  second  electromagnetic  valve  for  supplying 
pressurized  fluid  to  the  accumulation  space 
when  the  second  electromagnetic  valve  is  in  the 
one  position  and  t  he  first  electromag  netic  valve  is 
in  the  bore  open  position. 

8.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  7,  wherein  the  molten  metal 
pressurizing  means  further  comprises: 

a  pressure  regulation  valve  provided  be- 
tween  the  pressurized  fluid  source  and  the  sec- 
ond  electromagnetic  valve  for  providing  pressu- 
rized  fluid  to  the  second  electro-magnetic  valve 
at  a  predetermined  pressure;  and 

a  flow  rate  regulation  valve  provided  be- 
tween  the  second  electromagnetic  valve  and  the 
first  communication  hole  for  regulating  the  pres- 
surized  fluid  and  supplying  the  regulated  pressu- 
rized  fluid  to  the  valve  body. 

9.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  1,  wherein  the  switching  means 
comprises: 

a  valve  body  having  a  first  communication 
hole  formed  therein  for  providing  direct  fluid  com- 
munication  between  the  valve  body  and  atmos- 
phere,  a  second  communication  hole  formed 
therein  for  providing  fluid  communication  be- 
tween  the  upper  portion  of  the  ladle  unit  and  the 
molten  metal  pressurizing  means,  and  a  bore 
formed  therein  in  communication  with  the  upper 
portion; 

an  opening/closing  valve  movable  in  the 
valve  body  for  selectively  closing  the  bore  and 
thereby  blocking  communication  between  the 
first  communication  hole  and  the  accumulation 
space; 

a  pneumatic  cylinder  mounted  on  the 
valve  body  and  defining  therein  an  internal 
space; 

a  piston  connected  to  the  opening/closing 
valve  and  movable  in  the  pneumatic  cylinder,  the 
piston  dividing  the  internal  space  into  a  first 
chamber  and  a  second  chamber;  and 
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a  cylinder  driving  mechanism  for  moving 
the  piston  to  thereby  move  the  opening/closing 
valve  toward  and  away  from  the  bore. 

10.  The  low  pressure  die-casting  apparatus  as  5 
claimed  in  claim  9,  wherein  the  cylinder  driving 
mechanism  comprises: 

a  first  electromagnetic  valve  connected  to 
the  first  chamber  and  the  second  chamber  of  the 
pneumatic  cylinder,  the  first  electromagnetic  10 
valve  having  one  solenoid  and  another  solenoid 
those  connected  to  the  controller  for  switching 
the  first  electromagnetic  valve  between  a  bore 
close  position  and  a  bore  open  position  according 
to  the  first  signal  sent  from  the  controller;  and  15 

a  pressurized  fluid  source  connected  to 
the  first  electromagnetic  valve  for  selectively  sup- 
plying  pressurized  fluid  into  the  first  chamber  of 
the  pneumatic  cylinder  when  the  first  electro- 
magnetic  valve  is  in  the  bore  close  position  and  20 
into  the  second  chamber  of  the  pneumatic  cylin- 
der  when  the  first  electromagnetic  valve  is  in  the 
bore  open  position. 

electromagnetic  valve  further  comprises  a  third 
solenoid  connected  to  the  controller  for  switching 
the  second  electromagnetic  valve  into  the  an- 
other  position  in  response  to  the  suction  signal, 
the  molten  metal  pressurizing  means  also  serv- 
ing  as  suction  means  for  reducing  a  fluid  pressure 
in  the  accumulation  space  during  transfer  of  the 
ladle  unit  by  the  transfer  means,  the  pressurized 
fluid  source  being  connected  to  the  another  cy- 
linder  chamber  by  the  third  solenoid  for  decom- 
pressing  the  pressure  in  the  accumulation  space. 

14.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  1,  further  comprising  a  transfer 
means  for  transferring  the  ladle  unit  between  the 
pot  and  the  casting  port. 

15.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  14,  further  comprising  suction 
means  in  communication  with  the  molten  metal 
accumulation  space  for  reducing  a  fluid  pressure 
therein  during  transfer  of  the  ladle  unit  by  the 
transfer  means. 

11.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  10,  wherein  the  molten  metal 
pressurizing  means  comprises: 

a  second  pneumatic  cylinder  in  communi- 
cation  with  the  second  communication  hole; 

a  second  piston  slidably  movable  in  the 
second  pneumatic  cylinder; 

a  third  pneumatic  cylinder  having  an  inter- 
nal  space  ; 

a  third  piston  connected  to  the  second  pis- 
ton,  the  third  piston  dividing  an  internal  space  of 
the  third  pneumatic  cylinder  into  one  cylinder 
chamber  and  another  cylinder  chamber; 

a  second  electromagnetic  valve  connect- 
ed  to  the  one  and  another  cylinder  chambers, 
and  having  a  second  solenoid  connected  to  the 
controller,  the  second  solenoid  switching  the  sec- 
ond  electromagnetic  valve  into  the  one  position 
upon  receiving  the  second  signal  outputted  from 
the  controller;  and 

said  pressurized  fluid  source  being  also 
connected  to  the  second  electromagnetic  valve 
for  applying  the  pressurized  fluid  to  the  one  cy- 
linder  chamber  to  compress  fluid  in  the  accumu- 
lation  space. 

12.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  11,  further  comprising  transfer 
means  for  transferring  the  ladle  unit  between  the 
pot  and  the  casting  port. 

13.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  12,  wherein  the  controller  gener- 
ates  a  suction  signal,  and  wherein  the  second 

25  16.  The  low  pressure  die-casting  apparatus  as 
claimed  in  claim  15,  wherein  the  suction  means 
comprises: 

a  pressurized  fluid  source; 
an  ejector  connected  to  the  pressurized 

30  fluid  source  for  continuously  providing  a  negative 
pressure  therein  because  of  a  flow  of  the  pressu- 
rized  fluid  in  the  ejector;  and 

a  change-over  means  connected  to  the 
controller  and  being  fluidly  connected  to  the  ac- 

35  cumulation  space,  the  change-over  means  hav- 
ing  a  first  change-over  position  disconnecting 
from  the  ejector  and  a  second  change-over  pos- 
ition  connecting  to  the  ejector  for  applying  nega- 
tive  pressure  in  the  accumulation  space. 

40 
17.  The  low  pressure-die  casting  apparatus  as 

claimed  in  claim  16,  wherein  the  switching  means 
comprises: 

a  valve  body  having  a  first  communication 
45  hole  formed  therein  for  providing  direct  fluid  com- 

munication  between  the  valve  body  and  atmos- 
phere,  a  second  communication  hole  formed 
therein  for  providing  fluid  communication  be- 
tween  the  upper  portion  of  the  ladle  unit  and  the 

50  molten  metal  pressurizing  means,  a  third  commu- 
nication  hole  formed  therein,  and  a  bore  formed 
therein  in  communication  with  the  upper  portion; 

an  opening/closing  valve  movable  in  the 
valve  body  for  selectively  closing  the  bore  and 

55  thereby  blocking  communication  between  the 
first  communication  hole  and  the  accumulation 
space; 

a  pneumatic  cylinder  mounted  on  the 
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valve  body  and  defining  therein  an  internal 
space; 

a  piston  connected  to  the  opening/closing 
valve  and  movable  in  the  pneumatic  cylinder,  the 
piston  dividing  the  internal  space  into  a  first  5 
chamber  and  a  second  chamber;  and 

a  cylinder  driving  mechanism  for  moving 
the  piston  to  thereby  move  the  opening/closing 
valve  toward  and  away  from  the  bore,  the 
change-over  means  being  fluidly  connected  to  10 
the  third  communication  hole. 

18.  A  low  pressure  die-casting  method  comprising 
the  steps  of: 

communicating  an  interior  of  a  ladle  with  15 
an  atmosphere  for  supplying  molten  metal  accu- 
mulated  in  a  pot  to  the  interior  of  the  ladle  through 
an  intake/discharge  port  formed  in  the  bottom 
portion  of  the  ladle; 

isolating  the  interior  of  the  ladle  from  at-  20 
mosphere  for  transporting  the  ladle  to  a  casting 
port  of  a  metal  mold; 

pressure  contacting  the  ladle  with  the 
casting  port; 

communicating  the  interior  of  the  ladle  25 
with  the  atmosphere  for  pouring  the  molten  metal 
by  atmospheric  pressure  and  the  weight  of  the 
molten  metal  from  the  interior  of  the  ladle  into  a 
cavity  formed  in  the  metal  mold; 

subjecting  the  molten  metal  to  a  low  pres-  30 
sure  after  a  predetermined  duration  of  time  pass- 
es  for  expediting  discharge  of  the  molten  metal 
from  the  interior  of  the  ladle  to  the  cavity; 

applying  pressure  to  the  molten  metal  in 
the  cavity  during  solidification  of  the  molten  met-  35 
al  in  the  cavity; 

opening  the  metal  mold  after  another  pre- 
determined  duration  of  time  passes,  and 

removing  a  casted  product  from  the 
opened  metal  mold.  40 

19.  The  method  as  claimed  in  claim  18,  further  com- 
prising  the  step  of  decompressing  a  fluid  pres- 
sure  in  the  interior  of  the  ladle  during  transporta- 
tion  of  the  ladle  to  the  metal  mold.  45 
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