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(54)  Method  of  and  apparatusfor  casting. 
(£7)  A  method  of  making  a  casting  comprising  the  steps  of,  at 
a  casting  station,  feeding  molten  metal  from  a  primary  source 
(10)  of  molten  metal  (11)  into  a  mould  cavity  (15)  through  an 
ingate  (49)  below  the  top  of  the  mould  cavity,  placing  the 
cavity  out  of  feeding  relationship  with  the  primary  source  by 
changing  the  orientation  of  the  cavity  relative  to  the  force  due 
to  gravity  to  prevent  flow  of  molten  metal  from  the  cavity 
towards  the  primary  source  and  to  permit  of  flow  of  metal 
from  a  secondary  source  (42)  to  the  cavity,  the  cavity  being 
continuously  connected  to  the  primary  source  during  said 
change  of  orientation,  transferring  the  mould  cavity  to  a  cool- 
ing  station  spaced  from  the  casting  station  and,  at  the  cooling 
station,  permitting  molten  metal  to  flow  to  the  cavity  from  the 
secondary  source  whilst  the  metal  in  the  cavity  solidifies. 
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Title:  Method  of  and  Apparatus  for  C a s t i n g  

This  invention  relates  to  a  method  of  and  apparatus  for  making  a 
casting  by  feeding  molten  metal  from  a  source  of  the  molten  metal  into  a 
mould  cavity  through  an  ingate  below  the  top  of  the  mould  cavity.  The 
invention  is  particularly,  but  not  exclusively,  concerned  with  a  method  and 

5  apparatus  for  making  a  casting  by  feeding  molten  metal  generally  upwardly  
from  the  source  thereof  into  the  mould  cavity  through  an  ingate  at  t he  
bottom  of  the  mould  cavity,  for  example,  by  pumping  the  metal  upwardly  
under  low  pressure  from  a  reservoir  disposed  below  the  level  of  the  mould 
cavity  through  an  ingate  at  the  bottom  of  the  mould  cav i ty .  

10  '  Hitherto  foundries  have  made  castings  by  this  method  by  allowing  t h e  
metal  to  solidify  within  the  mould  cavity  and  subsequently  placing  the  mould 
cavity  out  of  feeding  relationship  with  the  source  of  molten  metal  and 
placing  a  further  mould  cavity  in  feeding  relationship  with  the  source  of  t h e  
metal  for  repetition  of  the  m e t h o d .  

15  A  majority  of  the  time  taken  to  make  a  casting  by  this  method  is 
occupied  in  waiting  for  the  metal  to  solidify  in  the  mould  cavity  before  t h e  
source  of  metal  can  be  placed  out  of  feeding  relationship  with  the  mould 
cavity  and  placed  in  feeding  relationship  with  a  further  mould  cavity  and  t h e  
casting  cycle  r e p e a t e d .  

20  An  object  of  the  invention  is  to  provide  a  method  of  and  an  a p p a r a t u s  
for  making  a  casting  in  which  the  rate  of  production  of  castings  is  improved  
compared  with  known  methods  and  appa ra tus .  

According  to  one  aspect  of  the  invention  we  provide  a  method  of 
making  a  casting  comprising  the  steps  of,  at  a  casting  station,  feeding  mo l t en  

25  metal  from  a  primary  source  of  molten  metal  into  a  mould  cavity  through  an 
ingate  below  the  top  of  the  mould  cavity,  placing  the  cavity  out  of  feeding 

.relationship  with  the  primary  source  by  changing  the  orientation  of  the  c a v i t y  
relative  to  the  force  due  to  gravity  to  prevent  flow  of  molten  metal  from  the  

30 
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cavity  towards  the  primary  source  and  to  permit  flow  of  metal  from  a 

secondary  source  to  the  cavity,  the  cavity  being  continuously  connected  t o  

the  primary  source  during  said  change  of  orientat ion,   t ransferr ing  the  mould 

cavity  to  a  cooling  station  spaced  from  the  casting  station  and,  at  the  cool ing 

5  station,  permit t ing  molten  metal  to  flow  to  the  cavity  from  the  s econda ry  

source  whilst  the  metal  in  the  cavity  sol idif ies .  

Other,  optional  features  of  this  aspect  of  the  invention  are  as  set  out  

in  Claims  I  to  9  he r eo f .  

In  this  specif icat ion  reference  to  an  ingate  at  the  bottom  of  the  mould 

1  0  cavity  is  intended  to  cover  not  only  an  ingate  which  opens  through  a  b o t t o m  

wall  of  the  cavity  but  also  an  ingate  which  opens  through  a  side  wall  of  t h e  

cavity  with  at  least  part  of  the  ingate  being  disposed  within  the  bottom  ha l f  

of  the  overall  height  of  the  mould  cavity  and  preferably  with  the  bottom  p a r t  

of  the  ingate  being  at  or  substantial ly  at  the  level  of  the  bottom  wall  of  t h e  

15  cavity.  It  is  however  much  preferred  that  the  ingate  opens  through  sa id  

bottom,  upwardly  facing,  wall  of  the  cavity  so  that  the  flow  of  metal  t h rough  

the  ingate  is  substantially  vert ically  upwardly .  

Where  in  this  specif icat ion  it  is  stated  that  the  metal  in  the  mould  

cavity  may  be  subjected  to  a  low  pressure  we  mean  for  example,  su f f i c i en t  

20  pressure  only  to  ensure  that  the  cavity  is  filled  and  to  maintain  a  small  head ,  

for  example,  I  to  3  inches  of  metal  equivalent,   to  ensure  that  the  c a v i t y  

remains  full  whilst  the  cavity  is  placed  out  of  said  feeding  r e la t ionsh ip .  

Typically  the  low  pressure  is  less  than  I  bar,  although,  if  desired,  the  p ressure  

may  be  higher  than  th is .  

25  According  to  another  aspect  of  the  invention  we  provide  an  a p p a r a t u s  

for  making  a  casting  comprising  a  primary  source  for  molten  metal,  a  mould  

having  a  mould  cavity,  feed  means  to  feed  molten  metal,  in  use,  from  t h e  

primary  source  into  the  mould  cavity  through  an  ingate  below  the  top  of  t h e  

mould  cavity,  when  the  mould  is  at  a  casting  station,  means  for  placing  t h e  

30  mould  cavity  out  of  feeding  relationship  with  the  primary  source  compr is ing  

means  for  changing  the  orientat ion  of  the  mould  cavity  relative  to  the  f o r c e  

due  to  gravity  to  prevent  flow  of  molten  metal  from  the  cavity  towards  t h e  

primary  source  and  to  permit  of  flow  of  metal  from  a  secondary  source  to  t h e  

cavity,  means  continuously  to  connect  the  cavity  with  the  primary  sou rce  

35  during  said  change  of  orientat ion,   means  to  transfer  the  mould  cavity  to  a 

cooling  station  spaced  from  the  casting  station  where  at  molten  metal  m a y  
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flow  to  the  cavity  from  the  secondary  source  whilst  the  metal  in  the  c av i t y  
so l id i f ies .  

Other  optional,  features  of  this  aspect  of  the  invention  are  as  set  out  in 
Claim  10  to  32  hereof .  

5  Accordingly  to  another  aspect  of  the  invention  we  provide  a  c a s t i ng  
when  made  by  the  method  of  the  first  aspect  or  using  the  apparatus  of  t h e  
second  aspect  of  the  invention.  

Embodiments  of  the  invention  will  now  be  described  by  way  of  e x a m p l e  
with  reference  to  the  accompanying  drawings  where in .  

10  FIGURE  I  is  a  diagramatic  cross-sect ional   view  through  a  f i r s t  
embodiment   of  the  invention  showing  an  apparatus  in  position  ready  for  

feeding  metal  from  a  primary  source  into  the  mould  cavi ty .  
FIGURE  2  shows  the  apparatus  of  Figure  I  after  filling  of  the  mould  

cavity  with  metal  from  the  primary  sou rce .  

15  FIGURE  3  is  a  f ragmentary  cross-sect ional   view  on  the  line  3-3  of 

Figure  I. 

FIGURE  4  is  a  diagramatic  plan  view  of  the  apparatus  of  Figure  I. 

FIGURE  5  is  a  f ragmentary  d iagramat ic   cross-sectional  view  th rough  

part  of  a  second  embodiment  of  the  invention  which  is  a  modification  of  t h e  

20  embodiment   shown  in  Figures  1  to  4, 

FIGURE  5£  is  a  section  on  the  line  5a-5a_  of  Figure  5, 

FIGURE  5b  is  a  f ragmentary   cross-sect ional   view  through  a 
modification  of  the  embodiment  shown  in  Figure  5. 

FIGURE  6  is  a  f ragmentary  d iagramat ic   cross-sectional  view  th rough  

25  part  of  a  third  embodiment  of  the  invention  which  is  a  further  mod i f i c a t i on  

of  the  embodiment  shown  in  Figures  I  to  4, 

FIGURE  7  is  a  f ragmentary  d iagramat ic   cross-sectional  view  th rough  
part  of  a  fourth  embodiment  of  the  invention  which  is  a  further  mod i f i c a t i on  
of  the  embodiment  shown  in  Figures  I  to  4,  and  

30  FIGURE  8  is  a  diagramatic   cross  sectional  view  through  a  f i f t h  

embodiment  of  the  invention.  

Referring  now  to  Figures  1  to  4,  there  is  shown  an  apparatus  for  
making  metal  castings  comprising  a  primary  source  10  of  molten  metal  I  I 

connected  by  a  launder  system  12  to  a  mould  support  13.  Supported  on  t h e  

35  mould  support  13  is  a  mould  14  having  a  mould  cavity  15.  The  metal  I  I  to  be 
cast  is  in  this  example  an  aluminium  alloy  known  as  LM  25  but  may  be  any 
other  aluminium  alloy  or  any  other  metal  castable  by  a  "low  pressure"  m e a n s  
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.  for  example  magnesium,  zinc,  lead,  copper  and  alloys  of  any  of  these.  Fe r rous  
metals  may  also  be  cast.  Of  course  the  precise  components  used  are  chosen  

so  as  to  be  suitable  for  the  metal  to  be  c a s t .  

The  primary  source  10,  in  the  present  example,  comprises  a 

5  mel ter /holder   furnace  16  comprising  a  ref ractory  lined  reservoir  vessel  17 

having  a  rectangular   base  18  and  vertical  side  and  end  walls  19,20 

respectively.   A  roof  21  extends  across  the  whole  width  of  the  vessel  17  bu t  

stops  short  of  the  end  walls  20  to  provide  a  charging  well  22  and  a  pump  well  
23  at  opposite  ends  of  the  vesse l .  

10  The  roof  21  comprises  a  generally  horizontal  rectangular   top  part  24 
and  vertical  side  and  end  walls  25  and  26  respectively.   The  roof  21  c o m p r i s e s  
suitable  refractory  material   and  within  the  roof  are  provided  e l e c t r i c a l  
radiant  heaters  27. 

The  t empera tu re   of  the  heaters  27  and  the  number  thereof  and  the  a r e a  

15  of  the  top  part  24  of  the  roof  are  arranged  so  as  to  provide  sufficient  heat  t o  
melt  ingots  fed  into  the  vessel  17  at  the  charging  well  22  and  to  maintain  t h e  

metal  molten  in  the  remainder   of  the  vessel.  A  downwardly  depend ing  

ref rac tory   wall  28  is  provided  at  the  charging  well  end  of  the  vessel  t o  

separate   the  charging  well  22  from  the  main  heating  part  of  the  vessel  whi l s t  

20  downwardly  depending  and  upwardly  extending  refractory  walls  29,  30  a r e  

provided  at  the  pump  well  end  of  the  vessel  to  define  a  casting  vessel  r eg ion  
31  within  which  a  pump  32,  separate   from  the  vessel  17  is  provided.  In  t h e  

present  example  the  pump  is  an  e lec t romagnet ic   pump  which  pumps  m e t a l  

from  the  region  31  through  a  riser  tube  33.  If  desired  a  filter  34  may  be  

25  provided  between  the  walls  29  and  30  to  filter  metal  entering  the  c a s t i n g  
vessel  region  31.  The  riser  tube  33  and  pump  32  provide  a  passage  which  has  

a  lower  end  immersed  in  the  molten  metal  and  an  upper  end  externally  of  t h e  

vessel  17  and  an  in te rmedia te   portion  which  extends  through  the  free  upper  
surface  34  of  the  molten  m e t a l .  

30  If  desired  any  other  form  of  suitable  pump  separate  from  the  r e s e r v o i r  

vessel  17  may  be  provided  such  as  a  pressure  pump  in  which  metal  is  d r a w n  

into  a  body  disposed  within  the  reservoir  and  discharged  therefrom  by 
variation  of  pressure  within  the  body  through  a  riser  tube  as  described  in 

connection  with  the  pump  32. 

35  Alternatively,   and  not  i l lustrated,  the  metal  may  be  pumped  upwards  

through  a  riser  tube,  corresponding  to  the  riser  tube  33,  by  providing  t h e  

primary  source  as  a  reservoir  vessel  which  has  an  air  tight  enclosure  and  
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pressurizing  the  whole  of  the  interior  of  the  vessel  to  force  metal  upwardly 
through  the  riser  tube  which,  preferably,  provides  a  passage  having  a  lower 
end  immersed  in  the  molten  metal,  an  upper  end  externally  of  the  vessel  and 

an  in termediate   portion  which  extends  upwardly  through  the  free  upper  

5  surface  of  the  molten  metal.  This  version  is  part icularly  suitable  where  t he  
metal  to  be  cast  is  a  ferrous  metal  since  the  e lec t romagnet ic   pump  32 
illustrated  is  not  suitable  for  use  with  ferrous  m e t a l s  

Furthermore,   however  the  metal  is  pumped,  the  metal  may  be  fed  t o  
the  reservoir  vessel  in  moiten  state  rather  than  in  solid  state  if  it  is  desired 

10  not  to  provide  the  primary  source  16  in  the  form  of  a  melter /holder   fu rnace .  

The  riser  tube  33  comprises  part  of  the  launder  system  12  and  from  the  

upper  end  of  the  riser  tube  33  there  extends  a  generally  horizontal  but 

slightly  upwardly  inclined  conduit  35.  The  riser  tube  33  and  conduit  35  a re  
surrounded  by  thermally  insulating  material  36  and  may  be  provided  with 

1  5  hea t e r s .  

The  conduit  35  is  connected  to  the  mould  support  13  by  a  separab le  

rotary  joint  37.  The  joint  37  permits  of  rotat ion  about  a  horizontal  axis, 
between  the  mould  support  13  and  the  conduit  35  and  also  permits  of 

movement  of  the  mould  support  13  from  a  casting  station  CA  as  shown  in 

20  Figures  I  to  4  to  a  cooling  station  CO  spaced  from  the  casting  s t a t i on .  

The  mould  support  13  comprises  a  steel  open-topped  box  38  containing  a 

refractory  mass  39  in  which  is  formed  a  conduit  40  for  molten  metal  which 

extends  generally  horizontally  from  an  entry  port  41  to  a  header  portion  42 

which  extends  generally  upwardly  to  an  exit  port  43  of  the  mould  suppor t .  
25  The  volume  of  the  header  portion  42  is  arranged  so  as  to  contain  su f f i c i en t  

metal  to  provide  a  secondary  source  of  molten  metal  for  the  feeding  of  t he  

cavity  15  as  hereinaf ter   to  be  descr ibed.  

Supported  on  the  top  surface  44  of  the  mould  support  is  the  mould  14. 
In  the  present  example  the  mould  14  comprises  cope  and  drag  parts  45,  46 

30  respectively,  comprising  bonded  sand  and  defining  there  between  the  mould 

cavity  15  in  which  at  least  one  core  47  is  d isposed.  
The  cope  and  drag  parts  45,  46  comprise  mould  boxes  48  within  which 

the  bonded  sand  is  disposed  and  the  cavity  15  is  provided  with  an  ingate  49. 

Although  in  the  example  illustrated  there  is  only  a  single  mould  cav i ty  

35  and  a  single  header  portion  connected  directly  to  the  cavity  by  an  ingate  49, 
if  desired  a  plurality  of  cavities  may  be  provided  in  each  mould.  The  or  each 

cavity  may  contain  one  or  more  cores.  The  or  each  cavity  may  be  c o n n e c t e d  
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to  one  or  more  header  portions  by  one  or  more  ingates  for  the  or  each  cav i ty .  

.  For  example,   there  may  be  a  single  header  portion  having  a  channel  f r o m  

which  a  plurality  of  ingates  extend.  Where  there  are  a  plurality  of  c a v i t i e s  

there  may  be  a  single  ingate  for  each  cavity  or  a  plurality  of  ingates  for  a t  

5  least  some  of  the  cavities.  Hereinafter   re ference   to  header,  mould  cavity  and  

ingate  are  to  be  understood  to  refer  also  to  these  in  the  plural.  If  desired  t h e  

cope  and  drag  parts  may  be  made  in  boxless  form,  one  example  of  which  is 

described  here inaf ter   with  reference  to  Figure  5,  and/or  the  mould  m a y  
comprise  more  than  two  pa r t s .  

|0  The  steel  box  38  is  releasably  connected  to  a  manipulator  50  provided 

with  a  clamp  plate  51  by  which  the  mould  14  is  clamped  to  the  mould  suppor t  

13.  Clamp  plate  51  is  moveable  in  the  direction  of  the  arrow  A  whilst  t h e  

manipulator   is  capable  of  moving  the  mould  box  38  horizontally  in  t h e  

direction  of  the  arrow  B  vertically  in  the  direction  of  the  arrow  E  and  it  c an  

15  rotate   the  box  38  (  and  hence  the  mould  14  together   with  the  mould  suppor t  

13  )  about  a  horizontal  axis  H-H  as  indicated  by  the  arrow  C  and  about  a  

vertical  axis  as  indicated  by  the  arrow  D. 

The  rota table   joint  37  permits  of  rotation  between  the  first  and  s e c o n d  

conduits  35,  40  and  provides  a  seal  the rebe tween .   The  joint  37  comprises  a 

20  first  member  52  received  in  a  recess  in  the  re f rac tory   mass  39  with  a  jo in t ing  

gasket  39a  therebe tween  and  hence  fixed  relative  to  the  conduit  40.  The  

member  52  has  a  frusto-conical   recess  53  therein  which  co-operates   with  a  

part  spherical  surface  54  of  a  second  member  55  fixed  relative  to  the  condui t  

35.  The  members  52,  55  are  made  of  ref rac tory   or  ref ractory  f a c e d  

25  mater ia ls   which  can  maintain  a  seal  the rebe tween   and  not  abrade  each  o t h e r  

unduly  typically  relatively  hard  material  and  the  other  less  hard.  By 

providing  joint  faces  which  are  part  conical  and  part  spherical  as  desc r ibed  

above  a  degree  of  misalignment  can  be  a c c o m m o d a t e d .  

In  use,  a  mould  14  is  clamped  to  the  upper  surface  44  of  the  mould  

30  support  13  by  the  clamping  plate  51  of  the  manipulator  50  and  t h e  

manipulator   50  manipulates  the  assembly  so  as  to  move  the  sealing  s u r f a c e s  

53,  54  of  the  rotary  joint  37  into  sealing  engagement ,   with  the  mould  14 

disposed  above  the  mould  support  13  at  the  casting  station  CA,  as  shown  in 

Figures  I  and  4.  The  pump  32  is  then  operated  to  pump  metal  upwardly  ou t  

35  of  the  vessel  17  through  the  riser  tube  33,  conduit  35,  the  passage  de f ined  

within  and  surrounded  by  the  sealing  means  52-55  and  hence  into  the  condui t  

40  of  the  mould  support  13  and  then  upwardly  to  fill  the  header  portion  42 
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and  then  to  pass  into  the  mould  cavity  15  upwardly  through  the  ingate  4? 
Metal  movement  is  essentially  upwards  and  therefore  the  benefits  of  "uphill" 
f.ll.ng  are  achieved,  namely  lack  of  turbulent  flow  downwardly  under  g rav i ty  
thereby  avoiding  e n t r a p m e n t   of  oxide  and  other  particles  in  the  m e t a l  

5  surface  thereby  avoiding  sources  of  defect  nuc lea t ion .  
Preferably  the  ingate  and  mould  cavity  are  designed  so  that  the  c av i t y  

is  filled  without  any  or  at  least  any  substantial  flow  of  metal  downwardly  
The  pressure  of  the  metal  in  the  mould  is  maintained  at  a  desired  low 

pressure  as  described  h e r e i n b e f o r e .  

10  As  soon  as  the  mould  is  filled  and  with  the  above  described  p ressure  
being  maintained  the  manipulator  50  is  operated  to  rotate  the  mould 
support/mould  assembly  13,  14  about  the  axis  H-H  through  180°  to  invert  t h e  
support  mould  assembly  13,  14  to  the  orientation  shown  in  Figure  2.  Thus  t h e  
mould  cavity  is  placed  out  of  feeding  relationship  with  the  primary  source  16 

1  5  and  into  feeding  relationship  with  the  secondary  source  42  when  the  p ressure  in  the  pump  is  removed  to  allow  the  molten  metal  to  fall  back  through  t h e  
riser  tube  33  out  of  the  conduit  40  and  at  least  partly  out  of  the  conduit  35  t o  
the  level  shown  in  Figure  2.  Alternatively,   if  desired  the  metal  may  fall 
completely  out  of  the  conduit  35  and  riser  tube  33  to  lie  at  the  same  level  as  

20  the  metal  surface  34  in  the  vessel  1  7. 
Further  al ternatively,   but  not  desirably,  the  pressure  may  be  r educed  

before  or  whilst  the  mould  is  being  inverted  to  permit  of  some  flow  of  me ta l  
towards  the  primary  source  10.  In  this  case  a  reserve  volume,  not  shown 
may  be  provided  at  the  opposite  end  of  the  mould  cavity  15  to  the  header  42 

25  of  a  volume  to  ensure  that  the  cavity  remains  filled  during  inversion 
Alternatively,   the  cavity  may  be  allowed  to  become  partially  emptied  and 
then  refilled  from  the  secondary  source  when  inver ted .  

The  header  42  remains  containing  metal  and  thereby,  when  the  mould  is 
inverted,  maintains  a  pressure  on  the  mould  in  the  cavity  15  and  feeds  t he  

30  cavity  whilst  the  metal  in  the  cavity  1  5  solidif ies.  
It  should  be  noted  that  because  the  header  is  now  positioned  above  t he  

mould  cavity  15  heating  of  the  mould  cavity  by  convection  from  the  heade r  
.  or  headers  is  not  possible  and  so  the  presence  of  the  header  does  not  delay 

solidification  of  metal  as  a  result  of  convec t ion .  
35  As  soon  as  the  metal  in  the  conduit  35  of  the  launder  system  12  has 

cleared  the  joint  37  the  manipulator  50  is  operated  to  move  the  mou ld /mould  
support  assembly  13,  14  from  the  casting  station  CA  by  moving  the  assembly  
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horizontally  in  the  direction  of  the  arrow  B  away  from  the  launder  12  so 

separat ing  the  surfaces  53,  54  of  the  joint  37.  The  manipulator   50  is  t h e n  

operated  to  rotate  the  mould  support /mould  assembly  13,  I  4  about  a  ve r t i ca l  

axis  as  indicated  by  the  arrow  D  and  then  lowered  in  the  direction  of  t h e  

5  arrow  E  so  as  to  move  the  assembly  to  the  cooling  station  CO,  see  Figure  4 

whereat  the  mould  14  is  disposed  on  a  cooling  track  or  conveyor.  The  p l a t e  

51  is  then  released  so  that  the  manipulator  50  can  be  disengaged  from  the  

assembly  whilst  the  weight  of  the  mould  support  13  maintains  a  seal  b e t w e e n  

the  surface  44  thereof  and  the  now  upper  most  surface  of  the  mould  14  until  

10  the  metal  in  the  cavity  15  has  sol idif ied.  

After  the  manipulator  50  has  separated  from  the  mould  support  13  by 

movement   in  the  direction  of  arrow  B  it  is  rotated  about  the  vertical  axis  as 

indicated  by  the  arrow  D  so  as  to  proceed  to  a  loading  station  where,  a f t e r  

rotation  through  180°  about  the  axis  H-H,  it  is  engaged  with  another  mould  

15  support  assembly  and  mould.  The  manipulator  then  moves  the  further  mould 

support  and  mould  into  feeding  relationship  with  the  reservoir  17  at  t h e  

casting  station  CA  surface  by  moving  a  surface,  corresponding  to  the  s u r f a c e  

53  hereinbefore  described,  of  the  new  mould  support  into  sealing  e n g a g e m e n t  

with  the  surface  54  of  the  joint  member  55  fixed  relative  to  the  conduit  35. 

20  Then  the  cycle  is  repeated  by  again  causing  the  pump  32  to  pump  m e t a l  

upwardly  into  the  new  mould  cav i ty .  

In  the  mean t ime ,a f t e r   solidification  of  the  metal  in  the  cavity  15  and 

the  header  portion  42,  the  mould  support  is  lifted  clear  of  the  mould  14  by 

any  suitable  means  and  returned  to  the  loading  station  to  have  a  f u r t h e r  

25  mould  positioned  thereon  for  reuse .  

The  shape  of  the  header  portion  42  is  designed  to  permit  the  sol idif ied 

header  to  remain  behind  with  the  mould  14  when  the  mould  support  13  is 

lifted  therefrom  after  so l id i f ica t ion .  

It  is  considered  that  in  a  situation  where  5-8  castings  an  hour  can  be 

30  made  by  hi therto  known  technique;  by  using  the  method  and  appa ra tu s  

described  above  in  the  region  of  25-30  castings  may  be  made  per  hour  which 

is,  of  course,  a  very  substantial  increase  in  casting  rate  and  this  increase  is 

achieved  with  no  change  in  the  qi  -ility  and  yield  obtained  with  previously 

known  me thods .  

35  If  desired  the  manipulator  50  nay  be  provided  with  a  plurality  of  c l a m p  

plates  51  and  means  for  releasably  '.-igaging  a  mould  box,  for  example  four  a t  

locations  disposed  radially  around  lie  vertical  axis  so  that  operations  may  be 
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performed  sequentially  at  each  location.  For  example,  casting  at  the  ca s t ing  
station,  lowering  to  the  cooling  track  at  the  cooling  station,  movement  of  t h e  
mould  box  to  a  cleaning  station  and  pick  up  of  a  new  mould  at  the  loading 
station.  This  would  realize  greater  p roduc t iv i ty .  

5  Referring  now  to  Figure  5,  a  modification  of  the  apparatus  as  descr ibed  
with  reference   to  Figures  I  to  4  is  i l lustrated  and  the  same  r e f e r e n c e  
numerals,  but  preceded  by  a  figure  4,  are  used  for  corresponding  parts  as 
were  used  in  Figures  I  to  4.  In  this  modification  a  mould  414  corresponding 
to  the  mould  14  of  the  first  described  embodiment   is  of  boxless  form  and 

IQ  made  of  bonded  sand  in  conventional  manner.  The  mould  414  comprises  cope  
and  drag  parts  445,  446  respectively  and  a  mould  cavity  415  is  defined  t he re in  
in  which  at  least  one  core  447  is  disposed;  although,  of  course,  in  this  as  in 
all  embodiments  if  desired  the  mould  cavity  may  be  without  any  core .  

In  this  embodiment  the  cope  part  445  contains  a  header  portion  442  and 

1  5  a  conduit  440  comprising  a  feed  passage  406  and  a  running  passage  407. 
The  mould  support  413  is  of  reduced  height  compared  with  t h e  

embodiment   previously  described  and  the  re f rac tory   mass  439  is  in  the  fo rm 
of  a  insulating  slab.  The  box  438  may  be  in  the  form  of  a  frame  in  which  t h e  
re f rac tory   mass  439  is  retained  by  a  clamping  ring  405.  The  refractory  s l ab  

20  439  closes  the  open  section  of  the  part  407  of  the  conduit  440. 

Thus,  in  this  embodiment  the  header  442  and  conduit  440  is  part  of  t h e  
mould  414  as  is  the  entry  port  441.  The  primary  source  and  launder  are  as 
described  in  connection  with  the  first  embodiment  and  hence  only  the  end  of  
the  launder  412  adjacent  the  mould  414  is  shown.  A  rotary  joint  437  p e r m i t s  

25  of  rotation  about  a  horizontal  axis,  between  the  mould  414  and  the  condui t  
435  and  also  permits  of  movement  of  the  mould  414  from  a  casting  s t a t i o n  
CA,  shown  in  Figure  5  to  a  cooling  station  similar  to  the  station  CO  shown  in 
Figures  I  to  4.  The  rotatable  and  separable  joint  437  permits  of  r o t a t i o n  
between  the  conduits  435  and  440  and  provides  a  seal  therebetween.   The 

30  joint  437  comprises  a  first  member  452  received  in  a  recess  in  the  sand  of  t h e  
cope  part  445  and  is  in  the  form  of  a  ref rac tory   dished  washer.  The 
outwardly  facing  surface  of  the  washer  452  co-opera tes   with  an  annular  
surface  454  of  a  second  member  455  fixed  relative  to  the  conduit  435. 

A  seal  is  maintained  between  the  surface  454  and  the  outwardly  fac ing  
35  surface  453  of  the  washer  452  by  an  axial  load  therebetween  imposed  by  t h e  

a p p a r a t u s .  
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The  washer  452  may  contain  a  filler  element  of  wire  f ibre-giass  or 

r e f r ac to ry   mesh,  if  des i red .  

The  sequence  of  operations  is  as  described  in  connection  with  the  f i r s t  

embodiment   and  in  this  case,  when  in  the  inverted  position,  the  conduit  440  is 

5  drained  fully  leaving  the  secondary  source  or  header  442  ful l .  

This  arrangement   has  the  advantage  of  economy,  since  the  header  and  

feed  conduit  is  in  the  mould;  simplicity  of  sealing,  since  it  is  necessary  t o  

provide  only  a  simply  ref rac tory   washer  452;  versat i l i ty ,   in  that  the  mould  

support  413  may  be  the  same  for  all  moulds  i r respect ive  of  a  desired  h e a d e r  

|0  configurat ion  or  feed  conduit  configuration  since  each  casting  type  has  i t s  

own  secondary  source  and  feed  condui t .  

A  seal  is  effected  between  the  bottom  of  the  mould  414  and  t h e  

r e f rac to ry   mass  439  by  a  face  to  face  contact   under  load  only,  with  t h e  

clamping  ring  405  acting  as  a  sealing  "chill"  should  metal  find  a  small  e s c a p e  

15  p a t h .  

The  conduit  part  406  has  a  downward  inclination  in  the  filling  pos i t ion .  

This  inclination  is  shown  exagera ted   in  Figure  5  and  In  pract ice  an  ini t ia l  

re la t ively  slow  flow  rate  will  not  create  turbulent  conditions  as  metal  f lows 

slightly  downwardly  along  the  conduit  part  406  and  the  conduit  parts  406  a n d  

20  407  will  quickly  fill  so  that  subsequent  filling  can  be  carried  out  rap id ly  

without  turbulence  at  a  free  s u r f a c e .  

If  desired  the  conduit  part  406  may  be  horizontal  as  shown  in  Figure  5b. 

Referr ing  now  to  Figure  6  another  modification  of  the  apparatus  as  

described  with  reference  to  Figures  I  to  4  is  i l lustrated  and  the  s a m e  

25  re fe rence   numerals,  but  preceded  by  a  figure  I  ,  are  used  for  co r responding  

parts  as  were  used  in  Figures  I  to  4.  In  this  modif icat ion  a  mould  1  14 

corresponding  to  the  mould  4  of  the  first  described  embodiment   is  made  of  

unbonded  sand  using  an  in  situ  destroyable  pat tern  such  as  expanded  

polystyrene  and  in  which  a  conduit  140  and  header  portion  142  co r respond ing  

30  to  the  conduit  40  and  header  portion  42  of  the  first  described  embodiment  a r e  

defined  in  unbonded  sand  using  a  polystyrene  p a t t e r n .  

In  this  embodiment  a  mould  box  148  contains  unbonded  sand  160. 

Embedded  in  the  sand  160  is  a  polystyrene  pattern  161,  a  part  I6l£  of  which  

defines  the  mould  cavity  1  15  and  has  a  part  1  61b  which  defines  the  i n g a t e  

35  149.  The  pattern  161  parts  1  61a,  1  61b  are  formed  integrally  with  a  f u r t h e r  

pat tern   part  I6lc  which  defines  the  header  portion  142  and  conduit  140. 
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The  pattern  part  1  61c  is  formed  with  a  part,  in  the  present  example  
formed  as  three  legs  1  6  Id,  which  stands  on  the  upwardly  facing  surface  162 

of  the  bottom  wall  of  the  mould  box  148,  and  preferably  locating  means  a r e  
be  provided  to  prevent  lateral  movement   of  the  pattern  161  relative  to  t h e  

5  mould  box.  For  example  an  adhesive  may  be  provided  between  the  su r face  
162  and  the  bottoms  of  the  legs  I6ld  or  a  socket,  not  shown,  may  be  provided 
in  or  on  the  surface  162  in  which  the  bottom  ends  of  the  legs  1  6  Id  can  be 
received.  The  pat tern  161  is  thus  supported  and  retained  in  position  solely  as 
a  result  of  the  above  described  engagement  between  the  legs  16  Id  and  the  

I  q  surface  1  62. 

If  desired  the  pattern  part  1  6  la  may  be  formed  separate ly   from  and 
attached  to  the  pattern  part  161b  which  may  be  formed  integral  with  or 
separately  from  and  a t tached  to  the  pattern  part  161c  and  likewise  t h e  

pattern  part  I6ld  may  be  formed  integral  with  or  separate ly   from  and 

15  attached  to  the  pattern  part  I 6 l c .  

Alternatively  the  pattern  161  may  te rminate   at  the  upper  or  lower  end 
of  the  ingate  149  and  be  a t tached  to  a  hollow  refractory  channel  m e m b e r ,  
shown  in  dotted  line  at  163,  the  interior  of  which  provides  the  header  por t ion 
142  and  conduit  140,  and  if  necessary,  the  ingate  149.  In  this  case  t h e  

20  refractory  channel  member  163  is  provided  with  a  formation  to  stand  on  t h e  
surface  162  such  as  legs  I  63a  similar  to  the  legs  1  61  d  described  he re inbe fo re .  

The  primary  source  and  launder  are  as  described  in  connection  with  t he  

first  embodiment  and  hence  only  a  member  155  corresponding  to  the  m e m b e r  
455  of  the  embodiment  described  with  reference  to  Figure  5  is  shown.  A 

25  rotary  and  separable  joint  137  permits  of  rotation  about  a  horizontal  axis  
between  the  mould  I  14  and  the  conduit  135  and  also  permits  of  movement  of 
the  mould  I  14  away  from  a  casting  station,  shown  in  Figure  5,  to  a  cooling 
station  similar  to  that  shown  at  CO  in  Figure  4.  The  rotary  and  s epa rab le  
joint  137  permits  of  rotation  between  the  conduit  135  and  conduit  140  and  

30  provides  a  seal  therebe tween .   The  joint  137  comprises  a  first  member  152 
received  on  the  end  of  the  pattern  part  1  61c  (or  ref ractory  channel  m e m b e r  
163  when  provided)  and  accomodated   in  a  recess  170  in  the  side  wall  171  of 
the  mould  box  148  and  is  in  the  form  of  a  ref ractory  washer.  The  washer  152 
is  firmly  a t tached  to  the  pattern  part  16  Ic  (or  the  refractory  channel  

35  member  163)  but  is  completely  free  of  a t tachment   to  or  location  by  t h e  

mould  box  148.  To  that  end  the  recess  170  is  of  greater  diameter  than  t h e  

washer  152  so  as  to'  provide  a  c i rcumferent ia l ly   extending  space  172 
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the rebe tween .   The  washer  152  is  positioned  on  the  pattern  part  1  61c  (or 

channel  member  163)  at  such  a  position  as  to  be  adjecent  the  wall  173  of  t h e  

recesss  170  so  as  to  prevent  passage  of  sand  between  the  washer  and  t h e  

mould  box  148  during  filling  of  the  mould  box  with  unbonded  sand.  The  

c  washer  is  positioned  by  virtue  of  a  counter  bore  174  formed  therein  of  t h e  

appropriate   depth  so  that  the  washer  is  correct ly  positioned  in  relation  to  t h e  

surface  173  when  the  legs  16  Id  (or  163a)  are  correct ly  positioned  on  t h e  

surface  1  62. 

It  will  be  seen,  therefore,   that  the  pattern  161  (or  conduit  m e m b e r  

Iq  163)  is  totally  disconnected  from  the  mould  box  148  in  the  region  of  t h e  

entry  port  141  and  the  pattern  (or  conduit  member  163)  receive  no  suppor t  

nor  any  location  whatsoever  from  the  mould  box  148  in  the  region  of  t h e  

entry  port  141.  All  the  support  and  location  being  provided  solely  by  t h e  

above  described  engagement  of  the  legs  I6ld,  (I63o_)  with  the  surface  162. 

•  c  The  outwardly  facing  surface  of  the  washer  152  co -opera tes   with  an 

annular  surface  154  of  a  second  member  155  fixed  relative  to  the  condui t  

135.  A  seal  is  maintained  between  the  surface  154  and  the  outwardly  f a c ing  

surface  153  of  the  washer  152  by  an  axial  load  therebe tween  imposed  by  t h e  

apparatus.   The  washer  152  may  contain  a  filter  as  described  here inbefore   in 

yn  connection  with  the  washer  452  shown  in  Figure  5. 

The  sand  160  is  compacted  around  the  pattern(s)  or  (pattern(s)  and  

refractory  channel  member)  in  conventional  manner,  for  example,  by 

vibration  and/or  application  of  vacuum.  A  flexible  sealing  member  164, 

either  a  rubber  sheet  or  'cling  film1  or  other  suitable  material ,   is  retained  by 

2c  a  clamp  plate  165  and  the  mould  box  148  is  provided  with  a  exit  port  166 

connected  to  a  vacuum  pump  to  enable  a  vacuum  to  be  drawn  to  take  o f f  

products  of  evaporation  of  the  pattern  160  part  162  if  provided  and  to  r e t a i n  

consolidation  of  the  sand.  

The  mould  box  148  is  releasable  connected  to  a  manipulator  identical  t o  

3q  the  manipulator  50  and  the  casting  operation  is  as  described  hereinbefore   in 

connection  with  the  first  embodiment  except  that  there  is  no  separat ion  of  a 

mould  support  from  a  mould.  The  whole  assembly  remains  at  the  cool ing  

station  or  is  moved  along  the  cooling  track  until  the  metal  has  so l id i f ied  

sufficiently  for  the  vacuum  to  be  released  and  the  sand  poured  out  of  t h e  

■3c  mould  box  148.  Thereafter   the  mould  box  148  is  moved  to  a  moulding  s t a t i o n  

where  a  new  pattern(s)  (or  pattern(s)  and  refractory  channel  member)  is 

introduced,  washer  152  assembled  thereto,   and  unbonded  sand  poured  
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therearound  followed  by  consolidation  of  the  sand,  application  of  vacuum  and 

reengagement   by  the  manipulator  for  movement  into  feeding  r e l a t ionsh ip  

with  the  reservoir  17  at  the  casting  station  CA. 

If  desired  the  mould  box  148  may  be  a  unitary  construct ion  or  may,  as 

r  shown  in  Figure  6,  comprise  two  parts  which  may  be  permanent ly   or 

releasably  connected  together.   If  desired,  the  whole  or  part  of  the  b o t t o m  

wall  of  the  mould  box  may  be  separate  from  the  side  walls  thereof  and  may ,  
for  example,  be  provided  by  a  suitable  support  surface  against  which  the  s ide  

walls  abu t .  

|q  In  a  modification  of  the  embodiment  described  with  reference  to  F igu re  
6  and  i l lustrated  in  Figure  7  in  which  the  same  reference  numerals  but  

preceded  by  a  figure  2  are  used  for  corresponding  parts  as  were  used  in 

Figures  I  to  4  the  mould  support  113  may  be  substantially  as  described  in 

connection  with  the  embodiment  described  with  reference  to  Figures  I  to  4, 

15  namely,  comprising  a  refractory  mass  in  which  a  conduit  240  and  heade r  

portion  242  are  defined  in  the  same  way  as  the  conduit  40  and  header  por t ion 
42  of  the  Figures  I  to  4  embodiment  as  is  a  rotary  joint  corresponding  to  t h e  

joint  37.  In  this  case  a  gasket  270  of  refractory  material  is  positioned  on  t h e  

top  surface  244  of  a  mould  support  213  and  a  pattern  261  corresponding  t o  

2Q  the  pattern  161  of  the  Figure  5  embodiment  is  rested  thereon  and  sand  is 

poured  into  a  mould  box  248  prior  to  consolidation.  The  gasket  270  p reven t s  
the  sand  from  filling  the  header  portion  242.  In  this  modification  the  cas t ing  

operation  is  essentially  as  described  in  connection  with  the  first  e m b o d i m e n t  

in  that  after  cooling  at  the  cooling  station  CO  for  a  sufficient  period  of  t i m e  

25  for  the  metal  to  solidify  adequately,  the  mould  support  213  is  lifted  away  
from  the  mould  214  whilst  solidification  in  the  mould  continues.  If  desired  t o  

faci l i ta te   this,  a  further  flexible  seal  closure  may  be  provided  between  t h e  

mould  support  213  and  the  mould  214  so  that  the  vacuum  is  maintained  a f t e r  

the  mould  support  213  has  been  removed.  The  mould  support  213  is  t hen  

30  moved  back  to  the  loading  station  for  assembly  of  a  further  mould  214 

thereon  followed  by  a  movement  by  the  manipulator  of  the  new  assembly  
back  into  feeding  relationship  with  the  reservoir  17. 

Referring  now  to  Figure  8,  there  is  shown  a  further  embodiment  of  t h e  

invention  and  the  same  reference  numerals  but  preceded  by  a  figure  3  have  

25  been  used  for  corresponding  parts  as  were  used  in  Figure  I  to  4.  In  th is  

embodiment  a  mould  support  313  comprising  a  steel  box  338  is  mounted  for 

rotation  about  a  horizontal  axis  H-H  by  bearings  370  the  outer  races  of 
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which  are  carried  on  uprights  371.  The  box  338  has  mounted  thereon  c 
manipulator   means  372  which  comprises  a  clamp  plate  373  moveable  in  t h e  
direction  of  the  arrow  F  by  a  pneumatic  ram  374.  The  box  338  contains  a 
re f rac to ry   mass  339  within  which  is  defined  a  conduit  portion  340  which  has  

5  an  upwardly  extending  end  part  34a. 

The  upper  surface  of  the  refractory  mass  339  receives  and  supports  a  
mould  314  made  as  described  in  connection  with  the  first  e m b o d i m e n t  
described  with  reference  -to  Figures  I  to  4  thus  comprising  cope  and  d r a g  
parts  345,  346  and  is  arranged  to  be  clamped  to  the  mould  support  313  by  t h e  

10  clamping  plate  373  of  the  manipulator  372.  The  mould  314  has  a  mould  

cavity  315  defined  by  the  cope  and  drag  parts  345,  346  and  has  at  least  o n e  
core  347  therein.  An  ingate  349  communicates   with  a  header  portion  342 
which  is  connected  in  communicat ion  with  the  upwardly  extending  part  340a 
of  the  conduit  340. 

'5  A  gasket  375  is  disposed  bet  wen  the  surface  376  of  the  mould  and  t h e  
surface  344  of  the  mould  support  313  to  provide  a  seal  there  between.  The  

apparatus  is  provided  with  a  primary  source  of  metal  316  which  comprises  a 
holding  furnace  317  to  which  metal  is  fed  in  molten  state  and  pumped  
theref rom,   by  pressurising  the  interior  of  the  vessel  3I7, through  a  riser  t u b e  

20  333  and  launder  system  312  corresponding  to  that  of  the  first  embodiment.   If 

desired,  a l ternat ively,   the  metal  may  be  pumped  from  the  holding  f u rnace  
317  by  using  a  pump  separate   from  the  furnace  such  as  a  pump  similar  to  t h e  
electro  magnetic  pump  32  or  pressure  pump  described  in  connection  with  t h e  
embodiment   of  Figures  I  to  4.  Further  al ternatively  the  primary  source  m a y  

25  be  provided  by  a  mel te r /holder   furnace  and  fed  theref rom  as  described  in 
connection  with  the  embodiment  of  Figures  I  to  4. 

The  conduit  part  335  is  connected  to  the  mould  support  313  and  in 
part icular   the  conduit  340  thereof  by  a  rotary  joint  337  which,  in  the  p r e s e n t  
embodiment   is  not  capable  of  separation  but  only  of  rotat ion.   The  r o t a r y  

30  joint  is  made  between  re f rac tory   faced  parts  352  and  355  provided  with  c o -  
operating  sealing  surfaces  353,  354  which,  in  the  present  example,  a r e  
annular.  Surfaces  353,  354  are  maintained  in  sealing  engagement   by  r e s i l i en t  

biasing  means  such  as  coil  compression  springs  377  and  sufficient   flexibility  is 
built  into  the  launder  system  312  to  permit  such  biasing  to  o c c u r .  

35  In  use,  a  mould  314  is  picked  up  at  a  loading  stat ion  by  a  su i t ab l e  

mechanical   handling  means  and  moved  into  position  to  rest  on  the  surface  344 
of  the  mould  support  313  with  a  gasket  375  there  between.  The  man ipu la to r  
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372  is  then  act ivated  to  clamp  the  mould  314  in  position  with  the  c lamping 
plate  373. 

The  vessel  317  is  then  pressurized  to  pump  metai  upwardly  through  t he  
conduit  335  and  into  the  conduit  340  and  hence  upwardly  through  the  pa r t  

5  340a  thereof  into  the  header  portion  342,  ingate  349  and  cavity  315.  The 
mode  of  upward  feeding  is  therefore  essentially  as  described  within  t h e  

previous  embodiment  and  the  same  advantages  a c c r u e .  
When  the  mould  cavity  315  is  filled  and  whilst  pressure  is  main ta ined ,  

of  the  same  magnitude  as  previously  described,  the  mould  support  313  and 
10  mould  314  supported  thereon  are  rotated  about  the  axis  H-H  through  180°  by 

a  suitable  rotating  mechanism  and  then  the  applied  metal  pressure  is  r emoved  
and  the  metal  in  the  conduit  340  allowed  to  flow  back  into  the  reservoi r .  
Again  the  metal  may  be  lowered  to  the  extent  that  the  conduit  340  is  e m p t y  
whilst  metal  still  remains  in  at  least  part  of  the  riser  tube  or  metal  may  be 

15  allowed  to  fall  back  within  the  riser  tube  to  the  same  level  as  the  f r e e  
surface  of  the  metal  in  the  reservoir  17. 

As  soon  as  the  metal  has  fallen  to  clear  the  conduit  340  the  mould  314 
is  lowered  from  contact  with  the  mould  support  313  by  lowering  t h e  
clamping  plate  373.  The  thus  inverted  mould  can  then  be  removed  la te ra l ly  

20  by  a  suitable  mechanical  handling  device.  A  head  of  metal  is  maintained  by 
the  enlarged  header  portion  342  of  the  ingate  349  in  the  mould  itself  so  t h a t  

a,  reduced,  pressure  is  maintained  applied  to  the  metal  in  the  mould  cav i ty  
315  and  to  feed  the  cavity  315  during  solidification.   A  small  residual  volume 
of  metal  will  not  fully  drain  towards  the  reservoir  adjacent  to  the  inga te ,  

25  when  in  the  inverted  position  and,  if  this  is  not  retained  by  its  oxide  film  and 
surface  tension,  provision  may  be  made  to  prevent  it  flowing  from  the  mould 
by  providing  a  gutter  as  shown  at  378. 

If  desired,  the  embodiment  shown  in  Figure  8  may  be  modified  for  use 
with  a  mould  made  of  non-bonded  sand  using  an  in  situ  destroyable  p a t t e r n  

30  simply  by  providing  a  suitable  moulding  box  containing  unbonded  consol idated 
sand  surrounding  such  a  pattern  in  place  of  the  mould  314  described  here in  
before.  The  expanded  polystyrene  pattern  may  provide  the  whole  of  t he  
mould  cavity  315,  ingate  349  and  header  portion  342.  Alternatively,  if 
desired,  the  header  portion  342  and  ingate  349  may  be  provided  by  a 

35  re f rac tory   shell .  

In  all  the  embodiments  described  hereinbefore  a  filter,  such  as  t h e  
filter  F  shown  in  dotted  line  in  Figure  I  may  be  placed  in  the  path  of  flow  of 
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metal  from  the  reservoir  to  the  mould  cavity  to  further  control  movement  of 

contaminates   to  the  mould  cavity.  The  filter  in  the  example  i l lustrated  is  a 

disc  of  ceramic  filter  material  located  between  the  first  member  52  and  t h e  

ref rac tory   mass  39  in  place  of  the  jointing  gasket  39a. 

Although  in  the  examples  described  above  the  longitudinal  axis  of  t h e  

openings  for  the  passage  of  metal  through  the  first  and  second  members  o f  

the  rotary  joints  have  coincided  with  the  axis  of  rotation  of  the  mould  c a v i t y  

if  desired,  the  or  each  of  said  longitudinal  axes  may  be  offset  from  the  axis  

of  rotation  so  as  to  perform  a  circular  orbital  motion  around  said  axis .  

Moreover  the  mould  cavity  as  a  whole  may  be  moved  in  a  circular  or  o t h e r  

path,  for  example  elliptical  or  an  irregular  path  about  a  horizontal  or 

substantially  horizontal  axis  to  change  the  orientation  of  the  mould  c a v i t y  

relative  to  the  force  &ji  to  gravity.  Any  motion  which  results  in  a  c o m p l e t e  

or  partial  inversion  of  the  mould  cavity  is  to  be  regarded  as  falling  within  t h e  

ambit  of  this  invention  and  of  the  appended  claims.  Although  in  the  above  

example  the  cavity  has  been  fully  inverted  that  is,  rotated  through  180  f r o m  

the  position  it  occupies  during  filling,  if  desired,  it  may  be  only  p a r t i a l l y  

inverted,  the  angular  disposition  of  the  feeds  from  the  primary  source  and  

from  the  secondary  source  being  such  as  to  prevent  flow  of  metal  from  t h e  

cavity  towards  the  primary  source  and  to  permit  flow  of  metal  from  t h e  

secondary  source  to  the  cavity  when  the  mould  have  been  inverted  to  t h e  

desired  extent.   The  term  "inverted"  is  used  in  the  claims  hereof  to  refer  t o  

both  such  partial  inversion  as  well  as  full  inversion.  

Although  in  the  above  examples  the  metal  is  fed  by  being  subjected  to  a 

pressure  above  atmospheric,   if  desired,  the  metal  may  be  fed  from  t h e  

primary  source  into  the  mould  cavity  by  imposing  a  pressure  be low 

atmospheric   in  the  mould  cavity  and  the  metal  in  the  primary  source  being 

subject  to  a  higher  p ressure .  

In  the  above  example  the  mould  cavity  has  been  completely  filled  w i th  

metal  from  the  primary  source  prior  to  the  commencement   of  changing  t h e  

orientation  of  the  mould  cavity  relative  to  the  force  due  to  g r a v i t y .  

However,  if  desired,  the  mould  cavity  may  be  only  partially  filled  prior  to  t h e  

commencement   of  change  in  or ientat ion,   the  "head"  required  for  pa r t i a l  

filling  being  maintained  by  the  pump  during  change  in  orientation,  the  mould  

cavity  then  being  further  filled  by  virtue  of  flow  of  metal  from  the  p r i m a r y  

source .  

In  all  embodiments  described  hereinbefore  the  advantages  a cc ru ing  

from  bottom  filling  of  the  mould  are  a t ta ined  and  in  addition  the  inversion  of 

the  mould  and  its  removal  from  feeding  relationship  with  the  primary  s o u r c e  
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12.  An  apparatus  according  to  Claim  II  wherein  the  apparatus  includes  a 
passage  to  provide  a  path  for  flow  of  metal  from  the  primary  source  to  t h e  
mould  cavity  extending  generally  upwardly  from  the  primary  source  to  t h e  
mould  cavity  and  including  a  horizontal  or  substantial ly  horizontal  por t ion  

5  which  is  provided  with  a  rotary  joint  comprising  a  first  conduit,  r o t a t a b l e  
relative  to  a  second  conduit  fixed  relative  to  the  primary  source,  there  being 
sealing  means  the rebe tween   which  permits  of  the  first  and  second  conduits  to  
rotate   relative  to  each  other  while  sealing  the  joint  therebe tween  and  
encircling  the  path  of  flow  of  the  meta l .  

10  13.  An  apparatus  according  to  any  one  of  Claims  10  to  12  wherein  the  f e e d  
means  comprises  means  for  pumping  the  metal  generally  upwardly  into  t h e  
cavity  from  a  reservoir  for  molten  me ta l .  

I  A.  An  apparatus  according  to  any  one  of  Claims  10  to  13  wherein  t he  
apparatus  comprises  means  for  subjecting  the  metal  in  the  mould  cavity  to  a 

1  5  low  pressure  sufficient   to  ensure  that  the  metal  is  fed  to  the  cav i ty .  

15.  An  apparatus  according  to  any  one  of  Claims  10  to  14  wherein  t h e  
mould  cavity  is  removably  mounted  on  a  mould  support  which  includes  a 
passage  for  flow  of  metal  therethrough  from  the  primary  source  to  the  mould 
cavity,  the  passage  leading  to  a  header  portion  which  provides  the  s econda ry  

20  source,  the  header  portion  being  disposed  between  the  cavity  and  the  passage  
in  the  mould  suppor t .  

16.  An  apparatus  according  to  Claim  15  wherein  the  mould  suppor t  
comprises  the  header  por t ion .  

17.  An  apparatus  according  to  Claim  15  wherein  the  mould  comprises  t he  
25  header  por t ion.  

18.  An  apparatus  according  to  Claim  12  or  any  one  of  Claims  13  to  17  when 
dependant  on  Claim  12  wherein  the  rotatable  joint  is  separable  so  that  t h e  
first  and  second  conduits  can  be  separated  from  each  other  to  enable  r emova l  
of  the  mould  from  the  casting  s ta t ion .  



0 2 3 4 8 7 7  

-22-  

19.  An  apparatus   according  to  Claim  18  wherein  the  mould  support  is 

connected  to  a  manipulator  to  rotate  the  mould  support  about  said  axis,  t o  

move  the  mould  support  from  the  said  casting  station  to  the  cooling  s t a t i o n  

and  to  maintain  the  mould  in  casting  relationship  with  the  suppor t .  

5  20.  An  apparatus  according  to  Claim  19  wherein  after  moving  the  mould 

support  and  mould  thereon  out  of  feeding  relationship  with  the  first  source  a t  

the  casting  stat ion  to  the  cooling  station  the  maniplulator  is  d i sengagab ie  
theref rom  and  movable  to  a  loading  station  where  it  is  engagable  with  a 
further  mould  support  and  mould  and  operable  to  move  the  further  mould 

10  support  and  mould  into  feeding  relationship  with  the  primary  s o u r c e .  

21.  An  apparatus  according  to  Claim  15  wherein  the  mould  support  

comprises  said  passage  for  flow  of  metal  and  the  mould,  which  is  r e m o v a b l e  

mounted  on  the  mould  support,  is  itself  provided  with  a  header  po r t ion .  

22.  An  apparatus  according  to  Claim  21  wherein  the  ro ta table   joint  is  not 

15  separable  but  the  mould  is  removable  from  the  mould  support  after  inversion.  

23.  An  apparatus  according  to  Claim  22  wherein  the  support  includes  a 

handling  means  adapted  to  maintain  the  mould  in  feeding  relationship  wi th  

the  mould  support  during  feed  of  metal  from  the  primary  source  into  t h e  

mould  cavity  and  to  permit  of  removal  of  the  mould  from  the  mould  suppor t  

20  after  inversion  so  that  the  mould  can  be  moved  from  the  casting  station  t o  
the  cooling  s t a t i o n .  

24.  An  apparatus  according  to  Claim  23  wherein  the  mould  support  is 

const ructed   to  permit  a  mechanical  handling  device  to  gain  access  to  t h e  

mould  when  inverted  to  permit  of  the  removal  of  the  mould  from  the  cas t ing  

-r  station  to  the  cooling  s t a t i on .  

25.  An  apparatus  according  to  any  one  of  Claims  10  to  24  wherein  t h e  

mould  comprises  any  one  of:  at  least  two  assembled  together   parts  made  in 

bonded  sand  defining  therebetween  the  mould  caviry,  which  may  have  one  or 

more  cores  therein;  a  mould  box  containing  unboided  sand  having  e m b e d d e d  

30  therein  an  in  situ  destroyable  pattern  which  def  nes  said  mould  cavity;  or  a 
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permanent  mould  having  at  least  two  separate  parts  defining  t h e r e b e t w e e n  
the  mould  cav i ty .  

26.  An  apparatus  according  to  any  one  of  Claims  10  to  14  wherein  t h e  
mould  includes  a  passage  for  the  flow  of  metal  therethrough  from  t h e  

5  primary  source  to  the  mould  cavity,  the  passage  leading  to  a  header  po r t ion  
which  provides  a  secondary  source,  the  header  portion  being  disposed  b e t w e e n  
the  cavity  and  the  passage  in  the  mould.  

27.  An  apparatus  according  to  Claim  26  wherein  the  mould  comprises  a 
mould  box  containing  unbonded  sand  having  embedded  therein  an  ins i tu  

Iq  destroyable  pattern  which  defines  the  mould  cavi ty .  

28.  An  apparatus  according  to  Claim  27  wherein  the  unbonded  sand  has  
embedded  therein  an  insitu  destroyable  pattern  which  defines  the  pa s sage  
and/or  header  por t ion.  

29.  An  apparatus  according  to  Claim  27  wherein  the  unbonded  sand  has  

(5  embedded  therein  a  permanent   pattern  which  defines  the  passage  a n d / o r  
header  port ion.  

30.  An  apparatus  according  to  any  one  of  Claims  27  to  29  wherein  t h e  
pattern  which  defines  the  mould  cavity  is  located  and  supported  within  t h e  
mould  at  a  position  spaced  from  the  entry  port  of  the  metal  from  the  p r i m a r y  

2Q  source  into  the  mould  box. 

31.  An  apparatus  according  to  Claim  30  wherein  the  entry  port  is  in  a  s ide  
wall  of  the  mould  box  and  metal  passes  through  said  side  wall  in  a  ho r i zon ta l  
or  generally  horizontal  direction  and  the  pattern  is  supported  and  located  by 
a  bottom  wall  of  the  mould  box. 

25  32.  A  casting  when  made  by  a  method  as  claimed  in  any  one  of  Claims  I  t o  
-  9  or  using  the  apparatus  claimed  in  any  one  of  Claims  10  to  31. 
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