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Description 

The  present  invention  relates  to  a  mold  casting  process  and  a  mold  casting  apparatus  used  for  carrying 
out  the  process,  as  well  as  a  method  for  producing  mechanical  parts  by  application  of  the  mold  casting 

5  process. 
There  is  conventionally  known  a  mold  casting  process  wherein  a  temperature  gradient  is  applied  to  a 

mold  to  provide  a  directional  solidification,  but  timing  for  releasing  a  casting  from  the  mold  is  not 
considered  in  any  way  (see  Japanese  Utility  Model  Application  Laid-open  No.  82746/86,  and  also  U.S. 
Patent  4,162,700,  upon  which  the  preambles  of  claims  1  and  13  are  based,  which  shows  an  arrangement  for 

io  selectively  heating  different  areas  or  selectively  cooling  different  areas  of  a  mold). 
Chapter  20  of  "The  Making,  Shaping  and  Treating  of  Steel"  W.T.  Langford,  Jr.,  et  al  Tenth  Edition, 

Association  of  Iron  and  Steel  Engineers,  Pittsburgh,  U.S.A.,  discloses  the  releasing  of  ingots  from  molds 
whilst  the  centre  of  the  ingots  is  still  molten.  Again,  the  timing  for  releasing  a  casting  from  a  mold  is  not 
considered. 

75  When  a  cast  product  is  obtained  by  a  casting  process  using  a  mold  in  order  to  improve  the  productivity 
thereof,  the  following  problems  are  encountered:  Due  to  a  high  heat  transfer  coefficient  of  the  mold  and  the 
form  of  the  product,  the  solidification  and  shrinkage  of  the  cast  product  is  greatly  accelerated  in  certain 
areas,  so  that  a  portion  of  the  product  is  restrained  by  the  mold,  resulting  in  thermal  cracking  of  the  product 
and  damage  such  as  deformation  and  wearing  of  the  mold. 

20  To  provide  a  product  free  from  casting  defects  such  as  cavities,  it  is  necessary  to  take  corresponding 
measures,  but  no  special  measures  have  been  taken  in  the  prior  art. 

In  achieving  a  product  including  a  first  formed  portion  of  a  harder  structure  and  a  second  formed 
portion  of  a  softer  structure  in  a  casting  process  using  a  mold,  a  procedure  used  in  the  prior  art  is  to  rapidly 
cool  a  first  formed  portion  shaping  region  of  the  mold  with  cooling  water  and  to  prevent  rapid  cooling  of  a 

25  second  formed  portion  shaping  region  of  the  mold  by  a  block  formed  of  a  material  such  as  a  shell  sand. 
The  prior  art  process  is  accompanied  by  the  following  problem:  Thermal  insulation  between  the  first  and 

second  formed  portions  is  not  taken  into  account  positively  and  for  this  reason,  heat  transfer  takes  place 
therebetween,  and  the  manner  of  such  heat  transfer  is  not  even.  Thus,  the  structures  of  both  the  formed 
portions  are  widely  different  from  the  intended  structure. 

30  With  a  cast  product  having  a  thinner  portion  and  a  thicker  portion  integral  with  the  thinner  portion,  there 
is  a  problem  that  the  cooling  rates  for  both  portions  are  different  from  each  other  and  hence,  releasing  a 
resulting  product  from  a  mold  at  a  timing  suitable  for  the  thinner  portion  results  in  that  the  thicker  portion 
cannot  have  a  sufficient  shape  retainability  at  the  time  of  release,  whereas  releasing  the  resulting  product  at 
a  timing  suitable  for  the  thicker  portion  leads  to  the  possibility  of  producing  thermal  cracking  in  the  thinner 

35  portion. 
Further,  in  producing  a  mechanical  part  blank  in  a  casting  process  using  a  mold,  it  is  necessary  to 

correct  its  shape  when  a  deformation,  a  bend  or  the  like  are  produced  in  the  resulting  mechanical  part  blank 
released  from  the  mold.  However,  the  mechanical  part  blank  after  being  cooled  has  a  small  ductility  and 
hence,  a  large-sized  shape  correcting  or  setting  device  having  a  higher  pressing  force  must  be  provided, 

40  resulting  in  an  increase  in  cost  of  equipment  and  in  addition,  a  cracking  or  the  like  may  be  produced, 
resulting  in  a  defective  product. 

Yet  further,  in  efficiently  producing  a  high  strength  cast  product  having  a  fine  structure  through  a  rapid 
solidification  of  a  molten  metal  utilizing  a  high  heat  transfer  coefficient  of  a  mold,  it  is  required  to  increase 
the  pouring  rate  in  order  to  prevent  a  failure  of  running  of  the  molten  metal.  However,  increasing  the  pouring 

45  rate  only  produces  casting  defects  such  as  cavities  and  pin  holes  in  the  resulting  product,  because  the 
molten  metal  is  liable  to  include  slag  and  gas  thereinto.  In  addition,  even  if  a  slag  removing  portion  is 
provided  in  a  molten  metal  passage  communicating  with  a  cavity,  a  slag  removing  effect  is  less  achieved, 
because  the  molten  metal  within  the  slag  removing  portion  may  be  rapidly  solidified  to  form  a  solidified 
layer. 

50  There  is  also  known  a  mold  comprising  a  convex  shaping  portion  to  form  a  recess  in  a  resulting 
product,  and  in  such  conventional  known  mold,  its  body  and  convex  shaping  portion  are  integrally  formed  of 
the  same  material  (see  Japanese  Patent  Application  Laid-open  No.  8382/80). 

The  aforesaid  convex  shaping  portion  may  be  worn  by  the  flow  of  molten  metal  or  damaged  due  to  an 
adhesion  force  of  the  cast  product  attendant  upon  the  solidification  and  shrinkage  thereof.  For  this  reason,  if 

55  the  mold  body  and  the  convex  shaping  portion  are  integrally  formed  as  described  above,  a  repairing 
operation  on  a  large  scale  must  be  carried  out  by  welding,  machining  or  the  like  to  the  mold  body.  Such  a 
repairing  operation  is  very  troublesome  and  brings  about  a  reduction  in  production  efficiency. 
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Moreover,  to  prevent  the  tapping  of  gas  into  a  molten  metal,  it  is  a  conventional  practice  to  provide  a 
vent  hole  opened  into  a  cavity  in  a  mold,  or  to  provide  a  gas  venting  slit  in  a  split  face  of  a  mold. 

However,  with  the  above  mold,  even  though  gas  in  the  cavity  can  be  forced  out  and  removed  by  the 
molten  metal  before  pouring,  a  gas  venting  effect  is  poor  after  pouring  because  the  molten  metal  enters  and 

5  is  solidified  in  the  vent  hole  or  slit.  Therefore,  gas  produced  in  the  cavity  from  the  molten  metal  after 
pouring  cannot  be  sufficiently  removed. 

The  present  invention  seeks  to  provide  mold  casting  processes  and  mold  casting  apparatus  for  use  in 
carrying  out  these  processes,  wherein  one  or  more  of  the  above-mentioned  problems  are  avoided. 

According  to  a  first  aspect  of  the  present  invention  there  is  provided  a  mold  casting  process  comprising 
io  introducing  a  molten  metal  into  a  cavity  of  a  mold  made  at  least  partially  of  a  material  having  a  high  thermal 

conductivity,  controlling  the  temperature  of  the  mold  to  obtain  a  mechanical  part  or  component  cast  in  the 
mold,  and  rapidly  cooling,  after  introduction  of  the  molten  metal,  the  surface  of  the  mechanical  part  or 
component  in  contact  with  the  mold  so  as  to  form  a  shell-like  solidified  layer  on  the  part  or  component, 
characterized  by  the  step  of  releasing  the  resulting  part  or  component  from  the  mold  when  the  solidified 

is  layer  has  been  formed  at  the  surface  of  the  part  or  component  but  the  inner  region  of  the  mechanical  part 
or  component  has  not  yet  been  solidified  and  when  the  solidified  layer  is  at  an  elevated  temperature  whose 
value  is  correlated  to  the  material  of  the  part  or  component  such  that  thermal  cracking  of  the  mechanical 
part  or  component  is  substantially  avoided  and  adhesion  between  the  part  or  component  and  the  mold  is 
minimized  whereby  the  mold  will  be  subject  to  minimal  damage  due  to  solidification  and  shrinkage  of  the 

20  cast  mechanical  part  or  component. 
According  to  a  second  aspect  of  the  present  invention  there  is  provided  a  mold  casting  apparatus 

comprising  a  mold  for  obtaining  a  mechanical  part  or  component  by  casting,  the  mold  being  made  at  least 
partially  of  a  material  of  a  high  thermal  conductivity  and  including  a  cavity  having  different  portions  for 
casting  different  portions  of  the  mechanical  part  or  component,  and  a  cooling/heating  circuit  system  for  the 

25  mold, 
characterized  in  that  the  cooling/heating  circuit  system  comprises  a  cooling  circuit  associated  with  at 

least  one  of  the  portions  of  the  mechanical  part  or  component,  a  heating  circuit  separate  and  independent 
from  the  cooling  circuit  and  associated  with  another  of  the  portions  of  the  mechanical  part  or  component,  a 
cooling-temperature  controller  means  connected  to  the  cooling  circuit,  and  a  heating-temperature  controller 

30  means  connected  to  the  heating  circuit,  the  heating-temperature  controller  means  being  constructed  to 
activate  the  heating  circuit  to  heat  a  first  portion  of  the  different  portions  of  the  mold  prior  to  introduction  of 
a  molten  metal  into  the  mold  and  further  to  reduce  an  output  from  the  heating  circuit  after  commencement 
of  introduction  of  the  molten  metal  into  the  mold,  the  cooling-temperature  controller  means  being  con- 
structed  to  activate  the  cooling  circuit  to  cool  a  second  portion  of  the  different  portions  of  the  mold  after  the 

35  introduction  of  the  molten  metal  into  the  mold  for  rapidly  cooling  the  surface  of  the  at  least  one  portion  of 
the  cast  mechanical  part  or  component  associated  with  the  cooling  circuit  to  form  a  shell-like  solidified  layer 
on  the  latter  said  portion. 

For  a  better  understanding  of  the  present  invention,  and  to  show  how  it  may  be  carried  into  effect, 
reference  will  now  be  made  by  way  of  example  to  the  accompanying  drawings,  in  which:- 

40  Figures  1  to  3  illustrate  a  first  mold  casting  apparatus  for  casting  a  cast  iron  cam  shaft  blank,  wherein 
Fig.1  is  a  perspective  view  of  the  whole  apparatus; 
Fig.2  is  a  view  taken  in  a  direction  indicated  by  an  arrow  2  -  2  in  Fig.1; 
Fig.3  is  a  sectional  view  taken  along  a  line  3  -  3  in  Fig.2; 
Fig.4  is  a  front  view  of  a  cam  shaft  blank; 

45  Fig.5  is  an  equilibrium  state  diagram  of  an  Fe-C  system; 
Fig.6  is  a  graph  illustrating  a  relationship  between  the  temperature  of  a  surface  layer  of  a  cast  iron  cam 
shaft  blank  material  and  the  time  elapsed  after  pouring  of  a  molten  metal; 
Fig.7  is  a  sectional  view  of  a  setting  device; 
Fig.8  is  a  sectional  view  taken  along  a  line  8  -  8  in  Fig.7; 

50  Fig.9  is  a  graph  illustrating  a  relationship  between  the  temperature  of  the  cam  shaft  blank  material  and 
the  tensile  strength  thereof; 
Figs.  10  to  12  illustrate  a  second  mold  casting  apparatus  for  casting  a  cast  steel  cam  shaft  blank,  wherein 
Fig.1  0  is  a  perspective  view  of  the  whole  apparatus; 
Fig.1  1  is  a  view  taken  in  a  direction  indicated  by  an  arrow  11  -  11  in  Fig.1  0; 

55  Fig.1  2  is  a  sectional  view  taken  along  a  line  12  -  12  in  Fig.1  1; 
Fig.1  3  is  a  front  view  of  a  cam  shaft  blank; 
Fig.1  4  is  a  graph  illustrating  a  relationship  between  the  temperature  of  a  surface  layer  of  a  cast  steel  cam 
shaft  blank  material  and  the  time  elapsed  after  pouring  of  a  molten  metal; 
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Fig.1  5  is  an  equilibrium  state  diagram  of  an  Al-Si  system; 
Fig.1  6  is  a  graph  illustrating  a  relationship  between  the  temperature  of  a  surface  layer  of  a  cam  shaft 
blank  material  of  an  aluminum  alloy  casting  and  the  time  elapsed  after  pouring  of  a  molten  metal; 
Figs.  17  to  19  illustrate  a  third  mold  casting  apparatus  for  casting  a  cast  iron  cam  shaft  blank,  wherein 

5  Fig.1  7  is  a  view  of  the  whole  apparatus; 
Fig.1  8  is  a  view  taken  in  a  direction  indicated  by  an  arrow  18  -  18  in  Fig.1  7; 
Fig.1  9  is  a  sectional  view  taken  along  a  line  19  -  19  in  Fig.1  8; 
Fig.20  is  a  graph  illustrating  a  relationship  between  the  temperature  of  a  mold  and  the  time  elapsed  from 
the  start  of  pouring  of  a  molten  metal  for  a  cast  iron  cam  shaft  blank; 

io  Figs.21A  and  21  B  are  microphotographes  each  showing  a  metallographical  structure  of  a  cast  iron  cam 
shaft  blank; 
Figs.22  to  24  illustrate  a  fourth  mold  casting  apparatus  for  casting  a  cam  shaft  blank  of  a  steel  casting, 
wherein 
Fig.22  is  a  view  of  the  whole  apparatus; 

is  Fig.23  is  a  view  taken  in  a  direction  indicated  by  an  arrow  23  -  23  in  Fig.22; 
Fig.24  is  a  sectional  view  taken  along  a  line  24  -  24  in  Fig.23; 
Fig.25  is  a  graph  illustrating  a  relationship  between  the  temperature  of  a  mold  and  the  time  elapsed  from 
the  start  of  pouring  of  a  molten  metal  for  a  cast  steel  cam  shaft  blank; 
Fig.26  is  a  graph  illustrating  a  relationship  between  the  temperature  of  a  mold  and  the  time  elapsed  from 

20  the  start  of  pouring  of  a  molten  metal  for  a  cam  shaft  blank  of  an  aluminum  alloy; 
Figs.27  to  29  illustrate  a  fifth  mold  casting  apparatus  for  casting  a  cast  iron  cam  shaft  blank,  wherein 
Fig.27  is  a  front  view  in  longitudinal  section  of  the  apparatus; 
Fig.28  is  an  enlarged  sectional  view  of  a  mold; 
Fig.29  is  a  view  taken  in  a  direction  of  an  arrow  29  in  Fig.28; 

25  Figs.30  to  32  illustrate  a  sixth  mold  casting  apparatus  for  casting  a  cast  steel  cam  shaft  blank,  wherein 
Fig.30  is  a  front  view  in  longitudinal  section  of  the  apparatus; 
Fig.31  is  an  enlarged  sectional  view  of  a  mold; 
Fig.32  is  a  view  taken  in  a  direction  of  an  arrow  32  in  Fig.31; 
Figs.33  to  38  illustrate  a  seventh  mold  casting  apparatus  for  casting  a  cast  iron  cam  shaft  blank,  wherein 

30  Fig.33  is  a  perspective  view  of  details  of  the  apparatus; 
Fig.34  is  a  view  taken  in  a  direction  of  an  arrow  34  -  34  in  Fig.33; 
Fig.35  is  a  sectional  view  taken  along  a  line  35  -  35  in  Fig.34; 
Fig.36  is  a  sectional  view  taken  along  a  line  36  -  36  in  Fig.34; 
Fig.37  is  a  sectional  view  taken  along  a  line  37  -  37  in  Fig.34; 

35  Fig.38  is  a  sectional  view  taken  along  a  line  38  -  38  in  Fig.37; 
Figs.39A  and  39B  are  microphotographs  each  showing  a  metallographical  structure  of  a  cast  iron  cam 
shaft  blank; 
Figs.40  to  42  illustrate  a  eighth  mold  casting  apparatus  for  casting  a  cast  iron  nuckle  arm  blank,  wherein 
Fig.40  is  a  broken  sectional  front  view  of  details  when  a  mold  is  open; 

40  Fig.41  is  a  broken  sectional  front  view  of  the  details  during  casting; 
Fig.42  is  an  enlarged  view  of  the  details  shown  in  Fig.41; 
Fig.43  is  a  graph  illustrating  a  relationship  between  the  time  elapsed  after  pouring  of  a  molten  metal  and 
the  amount  of  mold  thermally  expanded  and  the  amount  of  nuckle  arm  blank  material  shrunk  under  a 
condition  where  a  movable  core  is  not  cooled; 

45  Fig.44  is  a  graph  similar  to  Fig.43  under  a  condition  where  the  movable  core  is  cooled; 
Fig.45  is  a  graph  illustrating  a  relationship  between  the  time  elapsed  after  pouring  of  a  molten  metal  and 
the  temperatures  of  a  mold  and  a  nuckle  arm  blank  material; 
Fig.46  is  a  front  view  of  a  mold,  similar  to  Fig.2; 
Fig.47  is  a  sectional  view  taken  along  a  line  47  -  47  in  Fig.46; 

50  Figs.48A  and  48B  are  views  each  showing  each  of  two  types  of  heat  resistant  members; 
Fig.49  is  a  sectional  view  of  details  of  another  mold; 
Fig.50  is  a  sectional  view  taken  along  a  line  50  -  50  in  Fig.49; 
Fig.51  is  a  front  view  of  a  mold,  similar  to  Fig.2; 
Fig.52  is  a  sectional  view  taken  along  a  line  52  -  52  in  Fig.51; 

55  Fig.53  is  an  enlarged  sectional  view  taken  along  a  line  53  -  53  in  Fig.51; 
Fig.54  is  an  enlarged  sectional  view  taken  along  a  line  54  -  54  in  Fig.53; 
Figs.55A  and  55B  are  perspective  views  each  showing  each  of  two  types  of  heat  resistant  members; 
Fig.56  is  a  front  view  of  a  mold,  similar  to  Fig.2;  and 
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Fig.57  is  an  enlarged  view  of  details  of  the  mold  shown  in  Fig.56. 

[I]  Production  of  Cast  Iron  Cam  Shaft 

5  (i)  Casting  of  Cam  Shaft  Blank 

Figs.1  to  3  shows  a  mold  casting  apparatus  M1  including  a  mold  1.  The  apparatus  M1  is  used  to  cast  a 
cam  shaft  blank  for  an  internal  combustion  engine  (mechanical  part  blank)  2i  shown  in  Fig.4. 

Referring  to  Fig.4,  the  cam  shaft  blank  2i  is  conventionally  well-known  and  includes  a  plurality  of  sets  of 
io  cam  portions  2a  adjacent  ones  of  which  are  one  set,  journal  portions  2b  respectively  located  between  the 

adjacent  cam  portions  2a  and  at  opposite  ends  of  the  cam  shaft  blank  2i  ,  neck  portions  2c  each  located 
between  the  adjacent  cam  portions  2a  and  journal  portions  2b,  and  smaller  diameter  portions  2d  respec- 
tively  located  outside  the  cam  portions  2a  at  the  opposite  ends  and  between  the  adjacent  sets  of  the  cam 
portions  2a. 

is  The  mold  1  is  formed  of  a  Cu-Cr  alloy  containing  0.8  to  4%  by  weight  of  Cr  and  has  a  thermal 
conductivity  of  0.4  to  0.8  cal/cm/sec./°  C. 

The  mold  1  is  constructed  of  a  first  die  1i  and  a  second  die  I2  of  a  split  type  and  is  opened  and  closed 
by  an  operating  device  which  is  not  shown.  Mold  faces  of  the  first  and  second  dies  1i  and  I2  define  a 
sprue  3,  a  runner,  a  gate  5,  a  cam  shaft  blank-molding  cavity  6,  and  a  vent  hole  7. 

20  Each  of  the  first  and  second  dies  1i  and  I2  is  provided  with  a  heating  circuit  8,  a  cooling  circuit  9  and 
knock-out  means  10.  Because  these  portions  are  substantially  the  same  for  the  both  dies  1i  and  I2,  the 
description  thereof  will  be  made  for  the  first  die  1  1  . 

The  heating  circuit  8  comprises  a  plurality  of  insertion  holes  11  perforated  in  the  first  die  1i,  and  bar- 
like  heaters  12  each  inserted  into  and  held  in  each  of  the  insertion  holes  11.  Each  of  the  insertion  holes  11 

25  is  disposed  so  that  a  portion  thereof  may  be  in  proximity  to  a  section  in  the  first  die  1  1  for  shaping  each  of 
the  smaller  diameter  portions  2d  of  the  cam  shaft  blank  2i  . 

The  cooling  circuit  9  comprises  an  inlet  passage  14  horizontally  made  in  an  upper  portion  of  the  first 
die  1i,  an  outlet  passage  15  horizontally  made  in  an  intermediate  portion  of  the  first  die,  and  a  plurality  of 
communication  passages  1  61  and  162  made  in  the  first  die  1i  to  extend  horizontally  and  vertically  in  an 

30  intersecting  relation  to  each  other  to  connect  the  inlet  passage  14  and  the  outlet  passage  15,  so  that  cooling 
water  introduced  into  the  inlet  passage  14  may  be  passed  through  the  individual  communication  passages 
1  61  and  162  and  discharged  from  the  outlet  passage  15.  The  inlet  passage  14,  the  discharge  passage  15 
and  the  individual  horizontal  communication  passage  1  61  are  disposed  so  that  a  portion  of  each  of  them 
may  be  in  proximity  to  a  region  of  the  first  die  1i  for  shaping  a  nose  2e  which  is  a  chilled  portion  of  the 

35  resulting  cam  portion  2a. 
Each  of  the  heaters  12  in  the  heating  circuit  8  is  connected  to  a  heating-temperature  controller  17 

having  a  function  for  activating  the  heating  circuit  8  prior  to  pouring  of  a  molten  metal,  i.e.,  energizing  each 
heater  12  to  heat  the  first  die  1i,  and  deactivating  the  heating  circuit  8  after  starting  of  pouring,  i.e., 
deenergizing  each  heater  12. 

40  Because  the  individual  heater  12  is  spaced  from  the  nose  2e  shaping  region  of  the  first  die  1i,  the 
temperature  of  that  region  is  lower  than  that  of  other  regions  during  heating.  Of  course,  each  of  the  heaters 
12  in  the  second  die  I2  is  also  connected  to  the  heating-temperature  controller  17. 

The  inlet  passage  14  and  the  outlet  passage  15  of  the  cooling  circuit  9  are  connected  to  a  cooling- 
temperature  controller  18  having  a  function  for  activating  the  cooling  circuit  9  after  starting  of  pouring,  i.e., 

45  permitting  the  cooling  water  to  flow  through  the  cooling  circuit  9  to  cool  the  first  die  1i  ,  rapidly  cooling  that 
surface  layer  of  the  resulting  cam  shaft  blank  2i  which  is  in  contact  with  the  first  die  1  1  ,  thereby  converting 
it  into  a  shell-like  solidified  layer. 

During  cooling,  it  is  possible  to  rapidly  cool  the  nose  2e  to  reliably  achieve  chilling  thereof,  because  the 
inlet  passage  14,  the  outlet  passage  15  and  the  individual  horizontal  communication  passages  1  61  are  in 

50  proximity  to  the  nose  2e  shaping  region  of  the  first  die  1  1  and  also  because  that  region  is  at  a  temperature 
lower  than  that  of  the  other  regions  at  the  heating  stage.  Of  course,  the  cooling  circuit  9  of  the  second  die 
I2  is  also  connected  to  the  cooling-temperature  controller  18. 

The  knock-out  means  10  comprises  a  plurality  of  pins  19,  a  support  plate  20  for  supporting  one  ends  of 
the  pins  19,  and  an  operating  member  21  connected  to  the  support  plate  20.  Each  of  the  pins  19  is  slidably 

55  received  in  each  of  insertion  holes  22  which  are  provided  in  the  first  die  1i  and  opened  into  the  sprue  3,  the 
runner  4  and  the  cavity  6.  In  the  cavity  6,  an  opening  of  each  insertion  hole  22  is  disposed  in  a  region  for 
shaping  each  journal  portion  2b  of  the  resulting  cam  shaft  blank  2i  . 
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Description  will  now  be  made  of  an  operation  for  casting  a  cam  shaft  blank  2i  in  the  above-described 
mold  casting  apparatus  M1. 

First,  a  molten  metal  of  an  alloy  chilled  cast  iron  containing  constituents  given  in  Table  1  is  prepared. 

5  Table  1 

Chemical  constituents  (%  by  weight) 

C  Si  Mn  Ni  Cr  Mo 

3.5  1.8  0.6  0.4  0.5  0.5 

The  alloy  chilled  cast  iron  has  a  composition  as  indicated  by  a  line  A1  in  an  equilibrium  phase  diagram 
shown  in  Fig.5,  with  a  eutectic  crystal  line  or  eutectic  temperature  Le1  interesting  the  line  A1  at 

75  approximately  1  150  °  C. 
The  mold  1  is  heated  by  the  heating  circuit  8  prior  to  pouring  of  the  molten  metal,  wherein  a  region  for 

shaping  the  smaller  diameter  portion  2d  is  maintained  at  approximately  450  °  C,  and  the  region  for  shaping 
the  nose  2e  is  at  150°C.  The  aforesaid  molten  metal  is  poured  at  a  temperature  in  a  range  of  1380  to 
1420°C  into  the  mold  1  to  cast  a  cam  shaft  blank  2i  .  The  amount  of  molten  metal  poured  at  this  time  is 

20  5kg. 
If  the  mold  1  has  been  previously  heated  as  described  above,  the  run  of  the  molten  metal  is  improved 

during  pouring,  and  it  is  possible  to  avoid  cracking  of  the  resulting  cam  shaft  blank  and  so  on  due  to  the 
rapid  cooling  of  the  molten  metal. 

After  pouring  is  started,  heating  of  the  mold  1  by  the  heating  circuit  8  is  stopped  and  at  the  same  time, 
25  the  mold  1  is  started  to  be  cooled  by  the  cooling  circuit  9. 

Fig.6  illustrates  a  temperature  drop  for  the  surface  layer  of  the  cam  shaft  blank  material  2i  in  contact 
with  the  mold  1  in  a  relationship  with  the  time  elapsed  after  pouring. 

The  surface  layer  of  the  cam  shaft  blank  material  2i  is  rapidly  cooled  under  a  cooling  effect  of  the 
mold,  and  when  the  temperature  of  the  surface  layer  is  dropped  down  to  about  1150°C  (eutectic 

30  temperature  or  eutectic  crystal  line  Le1)  indicated  by  a  point  ai  ,  the  cam  shaft  blank  2i  becomes  solidified 
with  the  surface  layer  thereof  converted  into  a  shell-like  solidified  layer. 

In  this  case,  if  the  temperature  of  the  surface  layer  is  lower  than  700  °  C  indicated  by  a  point  as  ,  it  is 
feared  that  thermal  cracking  may  be  produced  in  the  resulting  cam  shaft  blank  2i  .  In  addition,  if  the 
temperature  of  the  surface  layer  is  lower  than  800  °C  indicated  by  a  point  en,  it  is  also  feared  that  adhesion 

35  of  the  resulting  cam  shaft  blank  2i  to  the  mold  1  and  so  on  may  be  produced  due  to  the  solidificational 
shrinkage  of  the  cam  shaft  blank  material  2i  to  cause  damages  such  as  deformation  and  wearing  of  the 
mold  1. 

Thereupon,  when  the  temperature  of  the  surface  layer  of  the  cam  shaft  blank  material  2i  has  reached  a 
temperature  of  950  °C  indicated  by  a  point  &2  to  850  °C  indicated  by  a  point  az  in  about  3  to  about  8 

40  seconds  after  pouring,  the  mold  is  opened,  and  the  knock-out  pin  means  10  is  operated  to  release  the 
resulting  cam  shaft  blank  2i  from  the  mold. 

The  cam  shaft  blank  2i  provided  by  the  above  procedure  has  no  thermal  cracks  produced  therein,  and 
the  mold  1  is  not  damaged  in  any  way.  Moreover,  the  cam  shaft  blank  2i  is  covered  with  the  shell-like 
solidified  layer  and  hence,  deformation  in  releasing  the  blank  is  suppressed  to  the  utmost. 

45  Further,  the  nose  2e  of  each  cam  portion  2a  is  positively  chilled,  because  the  region  of  the  mold  1  for 
shaping  the  nose  2e  has  been  heated  to  a  relative  low  temperature  and  rapidly  cooled  at  the  cooling  stage. 

The  optimal  timing  for  releasing  the  cam  shaft  blank  2i  of  the  aforesaid  alloy  chilled  cast  iron  is  when 
the  temperature  of  the  surface  layer  thereof  is  in  a  range  of  about  1150  to  800  °C  and  thus  between  the 
eutectic  temperature  line  and  350  °  C  therebelow,  and  experiments  have  made  clear  that  the  same  is  true 

50  even  when  other  cast  irons  such  as  a  spherical  graphite  cast  iron  are  employed. 

(ii)  Setting  of  Shape  of  Cam  Shaft  Blank 

Figs.7  and  8  shows  a  shape  correcting  or  setting  apparatus  25  which  comprises  an  upper  pressing 
55  member  25i  and  a  lower  pressing  member  252.  Each  of  the  pressing  members  25i  and  252  includes,  at  its 

longitudinally  central  portion  and  opposite  ends,  pressing  portions  27i  ,  272  each  having  a  V-groove  26i  ,  262 
adapted  to  engage  each  of  outer  peripheral  surfaces  of  the  smaller  dismeter  portion  2d  at  the  central 
portion  of  the  cam  shaft  blank  2i  and  of  the  opposite  end  journal  portions  2b  at  the  opposite  ends  of  the 
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cam  shaft  blank  2i  . 
The  cam  shaft  blank  2i  which  is  at  a  high  temperature  immediately  after  release  from  the  mold  is 

clamped  between  both  the  pressing  members  25i  and  252  and  pressed  by  application  of  a  pressing  force 
thereto  through  the  upper  pressing  member  25i  .  This  pressing  treatment  is  conducted  one  or  more  times 

5  through  rotation  of  the  cam  shaft  blank  2i  ,  thereby  providing  a  cam  shaft  (mechanical  part). 
Fig.9  illustrates  a  relationship  between  the  temperature  and  the  tensile  strength  of  the  cam  shaft  blank 

2i  .  When  the  temperature  of  the  cam  shaft  blank  2i  is  in  a  range  of  750  to  1  ,000  °  C,  the  cam  shaft  blank  2i 
is  easy  to  deform,  so  that  the  setting  in  shape  thereof  can  be  reliably  carried  out  with  a  relatively  small 
pressing  force. 

io  In  this  embodiment,  the  aforesaid  setting  step  is  conducted  under  conditions  of  a  pressing  force  of  150 
to  450  kg  and  a  pressing  time  of  5  to  15  sec,  whereby  if  the  cam  shaft  blank  2i  released  from  the  mold  is 
bent,  then  the  bending  can  be  corrected.  For  example,  with  a  cam  shaft  blank  2i  having  an  overall  length  of 
450  mm,  if  the  center  of  the  central  smaller  diameter  portion  (a  diameter  of  30  mm)  deviates  by  0.8  mm  or 
more  with  respect  to  a  line  connecting  the  centers  of  the  journal  portions  (a  diameter  of  40  mm)  at  the 

is  opposite  ends,  then  such  deviation  can  be  corrected  within  0.3  mm. 

[II]  Production  of  Cast  steel  Cam  Shaft 

(i)  Casting  of  Cam  Shaft  Balnk 
20 

Figs.  10  to  12  show  a  mold  casting  apparatus  M2  including  a  mold  28.  The  apparatus  M2  is  used  to  cast 
a  cam  shaft  blank  22  shown  in  Fig.1  3. 

The  mold  28  is  formed  of  a  Cu-Cr  alloy  in  the  same  manner  as  described  above.  The  mold  28  is 
constructed  of  a  first  die  28i  and  a  second  die  282  into  a  split  type,  and  opened  and  closed  by  an  operating 

25  device  which  is  not  shown.  The  mold  surfaces  of  the  first  and  second  dies  281  and  282  define  a  sprue  29,  a 
runner  30,  a  gate  31  ,  a  cam  shaft  blank-molding  cavity  32  and  a  vent  hole  33. 

Each  of  the  first  and  second  dies  281  and  282  is  provided  with  a  heating  circuit  34,  a  cooling  circuit  35 
and  knock-out  means  36.  These  portions  are  the  same  for  both  the  dies  281  and  282  and  hence,  only  those 
for  the  first  dies  281  will  be  described  below. 

30  The  heating  circuit  34  is  comprised  of  a  plurality  of  insertion  holes  37  perforated  in  the  first  die  281  and 
bar-like  heaters  38  inserted  into  and  held  in  the  corresponding  insertion  holes  37. 

Each  of  the  heaters  38  is  connected  to  a  heating-temperature  controller  39  having  a  function  for 
activating  the  heating  circuit  34  prior  to  pouring  of  a  molten  metal,  i.e.,  energizing  each  heater  38  to  heat 
the  first  die  281  ,  and  deactivating  the  heating  circuit  34  after  starting  of  pouring,  i.e.,  deenergizing  each 

35  heater  38.  Of  course,  each  of  the  heaters  38  in  the  second  die  282  is  also  connected  to  the  heating- 
temperature  controller  39. 

The  cooling  circuit  35  is  comprised  of  a  horizontal  inlet  passage  40  made  in  an  upper  portion  of  the  first 
die  281  ,  a  horizontal  outlet  passage  41  made  in  a  lower  portion  of  the  first  die,  and  a  plurality  of  vertical 
communication  passages  42  made  in  the  first  die  281  to  connect  the  inlet  and  outlet  passages  40  and  41  , 

40  so  that  cooling  water  introduced  into  the  inlet  passage  14  may  be  passed  through  the  individual 
communication  passages  42  and  discharged  from  the  outlet  passage  41  . 

The  inlet  passage  40  and  the  outlet  passage  41  are  connected  to  a  cooling-temperature  controller  43 
which  has  a  function  for  activating  the  cooling  circuit  35  after  starting  of  pouring,  i.e.,  permitting  the  cooling 
water  to  flow  through  the  cooling  circuit  35  to  cool  the  first  die  281  ,  rapidly  cooling  that  surface  layer  of  the 

45  cam  shaft  blank  material  22  which  is  in  contact  with  the  first  die  281  ,  thereby  converting  it  into  a  shell-like 
solidified  layer.  Of  course,  the  cooling  circuit  35  of  the  second  die  282  is  also  connected  to  the  cooling- 
temperature  controller  43. 

The  knock-out  means  36  comprises  a  plurality  of  pins  44,  a  support  plate  45  for  supporting  one  ends  of 
the  pins  44,  and  an  operating  member  46  connected  to  the  support  plate  45.  Each  of  the  pins  44  is  slidably 

50  received  in  each  of  insertion  holes  47  which  are  provided  in  the  first  die  281  and  opened  into  the  sprue  29, 
the  runner  30  and  the  cavity  32. 

Description  will  now  be  made  of  an  operation  for  casting  a  cam  shaft  blank  22  in  the  above-described 
mold  casting  apparatus  M2. 

Fifty  to  seventy  %  by  weight  of  a  scrap  material  (steel)  and  50  to  60%  by  weight  of  a  return  material  as 
55  main  feeds  are  charged  into  a  high  frequency  furnace  and  dissolved  therein,  and  sub-feeds  such  as  C,  Fe- 

Cr,  Fe-Mo,  Fe-V,  etc.,  are  added  thereto  to  prepare  a  molten  metal  of  an  alloy  cast  steel  composition 
corresponding  to  an  alloy  tool  steel  (JIS  SKD-11)  given  in  Table  II. 
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Table  II 

Chemical  constituents  (%  by  weight) 

C  Si  Mn  P  S  Cr  Mo  V 

1.40  ^0.4  ^0.6  ^0.030  ^0.030  11.0  0.8  0.20 
-1.60  -13.0  -1.2  -0.50 

io  The  above  alloy  cast  steel  is  in  a  composition  range  A2  indicated  by  an  obliquely-lined  region  in  a  Fe-C 
equilibrium  phase  diagram  shown  in  Fig.5,  wherein  a  solid  phase  line  or  solidus  Ls  intersects  the 
composition  range  A2  at  approximately  1  ,250  °  C. 

The  molten  metal  is  increased  in  temperature  in  an  atmosphere  of  an  inert  gas  such  as  argon  gas  and 
subjected  to  a  primary  deacidification  wherein  0.2%  by  weight  of  Ca-Si  is  added  at  a  temperature  of  1  ,500 

is  to  1,530°C  and  a  secondary  deacidification  wherein  0.1%  by  weight  is  added  at  a  temperature  of  1,650  to 
1  ,670  •  C. 

The  mold  28  is  previously  heated  to  a  temperature  of  150  to  450  °C  by  the  heating  circuit  34  prior  to 
pouring.  The  molten  metal  deacidified  is  poured  into  the  mold  28  at  a  temperature  of  1,630  to  1,670°C  to 
cast  a  cam  shaft  blank  22.  The  amount  of  molten  metal  poured  at  this  time  is  5.0  kg. 

20  If  the  mold  28  has  been  previously  heated  as  described  above,  the  flow  of  the  molten  metal  is  improved 
during  pouring,  and  it  is  possible  to  avoid  cracking  of  the  resulting  cam  shaft  blank  and  so  on  due  to  the 
rapid  cooling  of  the  molten  metal. 

After  pouring  is  started,  heating  of  the  mold  28  by  the  heating  circuit  34  is  stopped  and  at  the  same 
time,  the  mold  28  is  started  to  be  cooled  by  the  cooling  circuit  35. 

25  Fig.1  4  illustrates  a  temperature  drop  for  the  surface  layer  of  the  cam  shaft  blank  material  22  in  contact 
with  the  mold  28  in  a  relationship  with  the  time  elapsed  after  pouring. 

The  surface  layer  of  the  cam  shaft  blank  material  22  is  rapidly  cooled  under  a  cooling  effect  of  the  mold 
28,  and  when  the  temperature  of  the  surface  layer  is  dropped  down  to  about  1  ,250  °  C  (eutectic  crystal  line 
Le1)  indicated  by  a  point  bi  ,  the  cam  shaft  blank  material  22  becomes  solidified  with  the  surface  layer 

30  thereof  converted  into  a  shell-like  solidified  layer. 
In  this  case,  if  the  temperature  of  the  surface  layer  is  lower  than  950  °  C  indicated  by  a  point  b5  ,  it  is 

feared  that  thermal  cracking  may  be  produced  in  the  resulting  cam  shaft  blank  22.  In  addition,  if  the 
temperature  of  the  surface  layer  is  lower  than  1,000°C  indicated  by  a  point  b+,  it  is  also  feared  that 
adhesion  of  the  resulting  cam  shaft  blank  22  to  the  mold  28  and  so  on  may  be  produced  due  to  the  rapid 

35  and  large  solidificational  shrinkage  of  the  cam  shaft  blank  material  22  to  cause  damage  such  as  deformation 
and  wearing  of  the  mold  28. 

Thereupon,  when  the  temperature  of  the  surface  layer  of  the  cam  shaft  blank  material  22  has  reached  a 
temperature  of  1,200°C  indicated  by  a  point  b2  to  1,100°C  indicated  by  a  point  b3  in  about  4  to  about  5 
seconds  after  pouring,  the  mold  is  opened,  and  the  knock-out  pin  means  36  is  operated  to  release  the 

40  resulting  cam  shaft  blank  22  from  the  mold. 
The  cam  shaft  blank  22  provided  by  the  above  procedure  has  no  thermal  cracks  produced  therein,  and 

the  mold  28  is  also  not  damaged  in  any  way.  Moreover,  the  cam  shaft  blank  22  is  covered  with  the  shell-like 
solidified  layer  and  hence,  deformation  in  releasing  the  blank  is  suppressed  to  the  utmost. 

The  optimal  timing  for  releasing  the  cam  shaft  blank  22  of  the  aforesaid  alloy  cast  steel  is  when  the 
45  temperature  of  the  surface  layer  thereof  is  in  a  range  of  about  1  ,250  to  1  ,000  °  C  and  thus  between  the  solid 

phase  line  or  solidus  Ls  and  250  °  C  therebelow,  and  experiments  have  made  clear  that  the  same  is  true 
even  when  carbon  cast  steels  are  employed. 

The  feed  materials  which  may  be  charged  is  not  limited  to  those  corresponding  to  the  above-described 
alloy  tool  steel,  and  include  those  prepared  from  a  main  feedstock  consisting  of  a  scrap  material  and  a 

50  return  material,  and  sub-feed(s)  selected  alone  or  in  a  combination  from  alloy  elements  such  as  C,  Ni,  Cr, 
Mo,  V,  Co,  Ti,  Si,  Al,  etc.,  added  thereto  in  a  manner  to  contain  0.14  to  1.8%  by  weight  of  C. 

(ii)  Setting  of  Shape  of  Cam  Shaft  Blank 

55  This  setting  step  is  effected  using  a  setting  apparatus  similar  to  that  described  above,  but  the  conditions 
therefor  are  of  a  temperature  of  950  to  1,200°C,  a  pressing  force  of  150  to  450  kg  and  a  pressing  time  of  5 
to  15  sec.  for  the  cam  shaft  blank  22. 
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[III]  Production  of  Cam  Shaft  of  Aluminum  Alloy  Casting 

The  mold  casting  apparatus  M2  for  the  above-described  cast  steel  cam  shaft  is  used  for  casting  a  cam 
shaft  blank  22.  In  a  casting  operation,  a  molten  metal  of  an  aluminum  alloy  composition  corresponding  to 

5  JIS  ADC  12  given  in  Table  III  is  first  prepared. 

Table  III 

Chemical  constituents  (%  by  weight) 

Cu  Si  Mg  Zn  Fe  Mn  Ni  Sn 

1.5-  9.6-  ^0.3  ^1.0  ^1.3  ^0.5  ^0.5  ^0.3 
3.5  12.0 

75 
The  aluminum  alloy  is  in  a  composition  range  A3  indicated  by  an  obliquely-lined  region  in  an  Al-Si 

equilibrium  phase  diagram  shown  in  Fig.1  5,  wherein  an  eutectic  temperature  line  Le2  intersects  the  above 
composition  range  A3  at  approximately  580  °  C. 

The  mold  28  is  previously  heated  to  a  temperature  of  100  to  300  °C  by  the  heating  circuit  34  prior  to 
20  pouring.  The  molten  aluminum  alloy  is  poured  into  the  mold  28  at  a  temperature  of  700  to  740  °C  to  cast  a 

cam  shaft  blank  22.  The  amount  of  molten  metal  poured  is  2.0  kg. 
If  the  mold  28  has  been  previously  heated  as  described  above,  the  run  of  the  molten  metal  is  improved 

during  pouring,  and  it  is  possible  to  avoid  cracking  of  the  resulting  cam  shaft  blank  22  and  so  on  due  to  the 
rapid  cooling  of  the  molten  metal. 

25  After  pouring  is  started,  heating  of  the  mold  28  by  the  heating  circuit  34  is  stopped  and  at  the  same 
time,  the  mold  28  is  started  to  be  cooled  by  the  cooling  circuit  35. 

Fig.1  6  illustrates  a  temperature  drop  for  the  surface  layer  of  the  cam  shaft  blank  material  22  in  contact 
with  the  mold  28  in  a  relationship  with  the  time  elapsed  after  pouring. 

The  surface  layer  of  the  cam  shaft  blank  material  22  is  rapidly  cooled  under  a  cooling  effect  of  the  mold 
30  28,  and  when  the  temperature  of  the  surface  layer  is  dropped  down  to  about  1  ,250  °  C  (eutectic  crystal  line 

Le2)  indicated  by  a  point  ci  ,  the  cam  shaft  blank  material  22  becomes  solidified  with  the  surface  layer 
thereof  converted  into  a  shell-like  solidified  layer. 

In  this  case,  if  the  temperature  of  the  surface  layer  is  lower  than  280  °C  indicated  by  a  point  c+,  it  is 
feared  that  thermal  cracking  may  be  produced  in  the  resulting  cam  shaft  blank  22.  In  addition,  if  the 

35  temperature  of  the  surface  layer  is  lower  than  350  °C  indicated  by  a  point  C3,  it  is  also  feared  that  adhesion 
of  the  resulting  cam  shaft  blank  22  to  the  mold  28  and  so  on  may  be  produced  due  to  the  rapid  and  large 
solidificational  shrinkage  of  the  cam  shaft  blank  material  22  to  cause  damages  such  as  deformation  and 
wearing  of  the  mold  28. 

Thereupon,  when  the  temperature  of  the  surface  layer  of  the  cam  shaft  blank  material  22  has  reached  a 
40  temperature  of  500  °C  indicated  by  a  point  c2  in  about  4.5  seconds  after  pouring,  the  mold  is  opened,  and 

the  knock-out  pin  means  36  is  operated  to  release  the  resulting  cam  shaft  blank  22  from  the  mold. 
The  cam  shaft  blank  22  provided  by  the  above  procedure  has  no  thermal  crack  produced  therein,  and 

the  mold  28  is  also  not  damaged  in  any  way.  Moreover,  the  cam  shaft  blank  22  is  covered  with  the  shell-like 
solidified  layer  and  hence,  deformation  in  releasing  thereof  is  suppressed  to  the  utmost. 

45  The  optimal  timing  for  releasing  the  casting  of  the  aforesaid  alloy  is  when  the  temperature  of  the 
surface  layer  thereof  is  in  a  range  of  about  580  to  350  °  C  and  thus  between  the  eutectic  temperature  Le2 
and  230  °C  just  therebelow,  and  experiments  have  made  clear  that  the  same  is  true  even  in  the  case  of 
aluminum  alloys  such  as  Al-Cu,  Al-Zn  and  the  like. 

50  (ii)  Setting  of  Shape  of  Cam  Shaft  Blank 

This  setting  step  is  effected  using  a  setting  apparatus  similar  to  that  described  above,  but  the  conditions 
therefor  are  of  a  temperature  of  300  to  500  °C,  a  pressing  force  of  130  to  300  kg  and  a  pressing  time  of  5 
to  15  sec.  for  the  cam  shaft  blank  22. 

55  It  should  be  noted  that  the  heating-temperature  controller  17,  39  may  be  designed  to  have  a  function  of 
reducing  output  from  the  heating  circuit  8,  34  and  thus  decreasing  an  energizing  current  for  each  heater  12, 
38  after  starting  of  pouring  in  each  of  the  above-described  casting  steps  [I]  to  [III]. 

10 



EP  0  275  177  B1 

[IV]  Casting  of  Cam  Shaft  Blank  of  Cast  Iron 

Figs.  17  to  19  show  a  mold  casting  apparatus  M3  including  a  mold  48.  The  apparatus  M3  is  used  to  cast 
a  cam  shaft  blank  2i  as  a  cast  iron  casting,  as  shown  in  Fig.4. 

5  The  mold  48  is  of  the  same  material  as  described  in  the  above  item  [I]. 
The  mold  48  is  constructed  of  a  first  die  48i  and  a  second  die  482  into  a  split  type,  and  opened  and 

closed  by  an  operating  device  which  is  not  shown.  The  mold  surfaces  of  the  first  and  second  dies  48i  and 
482  define  a  sprue  49,  a  runner  50,  a  gate  51  ,  a  cam  shaft  blank-molding  cavity  52  and  a  vent  hole  53. 

Each  of  the  first  and  second  dies  48i  and  482  is  provided  with  first  to  third  preheating  mechanisms  54i 
io  to  543,  first  to  third  cooling  mechanisms  55i  to  553  and  knock-out  means  56.  These  portions  are  the  same 

for  both  the  dies  48i  and  482  and  hence,  only  those  for  the  first  die  48i  will  be  described  below. 
The  first  preheating  mechanism  54i  comprises  heaters  58i  each  disposed  in  each  of  first  sections  57i 

each  defining  a  cam  portion  shaping  region  52a  in  a  cavity  defining  portion  57  of  the  first  die  48i  ,  and  a  first 
preheating-temperature  controller  59i  connected  to  the  individual  heaters  58i  . 

is  The  second  preheating  mechanism  542  comprises  heaters  582  each  disposed  in  each  of  second 
sections  572  each  defined  a  shank  portion  shaping  region  52b  for  molding  each  journal  portion  2b  and 
smaller  diameter  portion  2d  in  the  cavity  defining  portion  57,  and  a  second  preheating-temperature 
controller  592  connected  to  the  individual  heaters  582. 

The  third  preheating  mechanism  543  comprises  a  plurality  of  heaters  583  disposed  in  a  molten  metal 
20  passage  defining  portion  61  of  the  first  die  48i  for  defining  a  molten  metal  passage  consisting  of  the  sprue 

49,  the  runner  50  and  the  gate  51,  and  a  third  preheating-temperature  controller  593  connected  to  the 
individual  heaters  583. 

The  first  cooling  mechanism  55i  comprises  cooling  water  passages  62i  each  mounted  to  extend 
through  each  of  first  sections  57i  in  the  cavity  defining  portion  57  of  the  first  die  48i  ,  and  a  first  cooling- 

25  temperature  controller  63i  connected  to  the  individual  cooling  water  passages  62i  . 
The  second  cooling  mechanism  552  comprises  cooling  water  passages  622  each  mounted  to  extend 

through  each  of  second  sections  572  in  the  cavity  defining  portion  57,  and  a  second  cooling-temperature 
controller  632  connected  to  the  individual  cooling  water  passages  622. 

The  third  cooling  mechanism  553  comprises  a  plurality  of  cooling  water  passages  623  mounted  to 
30  extend  through  the  molten  metal  passage  defining  portion  61  of  the  first  die  48i  ,  and  a  third  cooling- 

temperature  controller  633  connected  to  the  individual  cooling  water  passages  623. 
The  knock-out  means  56  comprises  a  plurality  of  pins  64,  a  support  plate  65  for  supporting  one  ends  of 

the  knock-out  pins  64,  and  an  operating  member  66  connected  to  the  support  plate  65.  Each  of  the  pins  64 
is  slidably  received  in  each  of  insertion  holes  67  provided  in  the  first  die  48i  and  opened  into  the  sprue  49, 

35  the  runner  50  and  the  cavity  52.  In  the  cavity  52,  an  opening  of  each  insertion  hole  67  is  disposed  in  the 
shunk  portion  shaping  region  52b. 

Description  will  be  made  of  an  operation  for  casting  the  cam  shaft  blank  2i  in  the  above-described  mold 
casting  apparatus  M3. 

First,  there  is  prepared  a  molten  metal  of  a  cast  iron  composition  corresponding  to  JIS  FC20  to  FC30 
40  given  in  Table  IV. 

Table  IV 

Chemical  consituents  (%  by  weight) 

C  Si  Mn  P  S 

3.2  -  3.6  1  .7  -  1  .8  0.5  -  0.7   ̂ 0.1  <  0.1 

50  In  a  Fe-C  epuilibrium  phase  diagram  shown  in  Fig.5,  the  eutectic  temperature  Le1  intersects  a 
composition  region  of  the  above  cast  iron  at  approximately  1,150°C. 

Into  the  molten  metal,  there  is  added  0.15%  by  weight  of  Fe-Si,  so  that  the  resulting  cam  shaft  blank  2i 
has  a  composition  given  in  Table  V. 

55 

11 



EP  0  275  177  B1 

Table  V 

Chemical  consituents  (%  by  weight) 

C  Si  Mn  P  S 

3.2  -  3.6  1  .9  -  2.1  0.5  -  0.7   ̂ 0.1   ̂ 0.1 

The  mold  48  is  preheated  by  the  individual  preheating  mechanisms  54i  to  543  prior  to  pouring,  as 
io  shown  In  Fig.20,  so  that  the  individual  sections  57i  defining  the  corresponding  cam  portion  shaping  regions 

52a  are  maintained  at  approximately  70  °C  as  indicated  by  a  point  ei  of  a  line  D1;  the  individual  second 
sections  572  defining  the  corresponding  shunk  portion  shaping  regions  52b  are  at  approximately  120°C  as 
indicated  by  a  point  fi  of  a  line  D2,  and  the  molten  metal  passage  defining  portion  61  is  at  approximately 
110°C  as  indicated  by  a  point  g1  of  a  line  D3.  The  molten  metal  after  inoculation  is  poured  into  the  mold 

is  48  at  a  temperature  of  1  ,380  to  1  ,420  °  C  to  cast  a  cam  shaft  blank  2i  .  The  amount  of  molten  metal  poured 
is  5  kg. 

If  the  mold  48  has  been  previously  preheated  as  described  above,  the  run  of  the  molten  metal  during 
pouring  is  improved,  and  it  is  possible  to  avoid  cracking  and  the  like  of  the  cam  shaft  blank  2i  due  to  the 
rapid  cooling  of  the  molten  metal. 

20  As  indicated  by  the  point  ei  of  the  line  D1  in  Fig.20,  the  first  cooling  mechanism  55i  is  operated  at  the 
same  time  as  the  starting  of  pouring,  thereby  starting  the  cooling  of  the  individual  first  sections  57i  to  most 
rapidly  cool  the  molten  metal  present  in  the  individual  cam  portion  shaping  regions  52a  for  achivement  of 
chilling  of  each  of  the  resulting  cam  portions  2a. 

In  addition,  as  indicated  by  a  point  g2  of  the  line  D3  in  Fig.20,  the  third  cooling  mechanism  553  is 
25  operated  just  at  the  end  of  pouring,  thereby  starting  the  cooling  of  the  molten  metal  passage  defining 

portion  61  to  start  the  rapid  solidification  of  the  molten  metal  located  in  the  molten  metal  passage  60  into  an 
early  solidified  state. 

Further,  when  the  temperature  of  the  individual  second  section  572  has  reached  145  to  180°C,  e.g., 
150°C  as  indicated  by  a  point  f2  of  the  line  D2  in  Fig.20,  the  second  cooling  mechanism  552  is  operated  to 

30  start  the  cooling  of  the  individual  second  sections  572  to  rapidly  cool  the  molten  metal  located  in  the 
individual  shunk  portion  shaping  regions  52b. 

As  seen  in  Fig.6,  if  the  surface  layer  of  the  cam  shaft  blank  material  2i  is  rapidly  cooled  under  the 
above-decribed  cooling  effect  until  the  temperature  thereof  drops  to  about  1,150°C  (eutectic  crystal  line 
Le1)  indicated  by  the  point  ai  ,  the  cam  shaft  blank  material  2i  becomes  solidified  with  its  surface  layer 

35  converted  to  a  shell-like  solidified  layer. 
In  this  case,  if  the  temperature  of  the  surface  layer  is  lower  than  700  °  C  indicated  by  the  point  as  ,  it  is 

feared  that  thermal  cracking  may  be  produced  in  the  resulting  cam  shaft  blank  2i  .  In  addition,  if  the 
temperature  of  the  surface  layer  is  lower  than  800  °C  indicated  by  the  point  an,  it  is  also  feared  that 
adhesion  of  the  resulting  cam  shaft  blank  2i  to  the  mold  48  and  so  on  may  be  produced  due  to  the 

40  solidificational  shrinkage  of  the  cam  shaft  blank  material  22  to  cause  damage  such  as  deformation  and 
wearing  of  the  mold  48. 

Thereupon,  when  the  temperature  of  the  surface  layer  of  the  cam  shaft  blank  material  22  has  reached 
850  °  C  indicated  by  the  point  a3  from  950  °  C  indicated  by  the  point  a2  in  about  3  to  about  8  seconds  after 
pouring,  and  when  the  temperatures  of  the  individual  portions  57i  ,  572  and  61  of  the  mold  48  have  reached 

45  ranges  of  points  e2  to  e3,  points  f3  to  U  and  points  g3  to  g+  in  Fig.20,  the  mold  is  opened,  and  the  knock- 
out  pin  means  56  is  operated  to  release  the  resulting  cam  shaft  blank  2i  and  unnecessary  portions  shaped 
by  the  molten  metal  passage  60  from  the  mold. 

Then,  when  the  temperature  of  the  first  section  57i  is  dropped  down  to  approximately  75  °C  as 
indicated  by  the  points  e4  of  the  line  D1;  the  temperature  of  the  second  section  572  is  down  to 

50  approximately  125°C  as  indicated  by  a  point  f5  of  the  line  D2  and  further,  the  temperature  of  the  molten 
metal  passage  defining  portion  61  is  down  to  approximately  115°C  as  indicated  by  a  point  g5  of  the  line  D3 
in  Fig.20,  the  operations  of  the  individual  cooling  mechanisms  55i  to  553  are  stopped  to  stop  the  cooling  of 
the  first  and  second  sections  57i  and  572  and  the  molten  metal  passage  defining  portion  61  . 

The  first  to  third  preheating  mechanisms  54i  to  543  are  operative  even  after  the  start  of  pouring  to 
55  control  the  temperatures  of  the  first  and  second  sections  57i  and  572  and  the  molten  metal  passage 

defining  portion  61  as  indicated  by  the  lines  Di  to  D3,  so  that  the  temperatures  of  the  first  and  second 
sections  57i  and  572  and  the  molten  metal  passage  defining  portion  61  can  be  immediately  restored  to  the 
preheated  temperatures.  This  enables  starting  of  the  subsequent  casting  operation. 
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The  cam  shaft  blank  2i  produced  by  the  above  procedure  has  no  thermal  cracking  produced  therein, 
and  the  mold  48  is  also  not  damaged  in  any  way.  Moreover,  the  cam  shaft  blank  22  is  covered  with  the 
shell-like  solidified  layer  and  hence,  cannot  be  deformed  during  release  thereof.  Even  if  it  were  deformed, 
the  amount  deformed  is  very  slight. 

5  Further,  each  first  section  57i  is  cooled  just  at  the  start  of  pouring  and  hence,  the  molten  metal  located 
in  each  cam  portion  shaping  region  52a  is  rapidly  cooled,  thereby  ensuring  that  each  cam  portion  2a  can  be 
reliably  chilled. 

Fig.21A  illustrates  a  microphotograph  (100  times)  showing  a  metallographic  structure  of  the  cam  portion 
2a,  and  Fig.21B  illustrates  a  microphotograph  (100  times)  showing  metallographic  structures  of  the  journal 

io  portion  2b  and  the  smaller  diameter  portion  2d.  It  is  apparent  from  Fig.21  A  that  a  white  elongated  cementite 
crystal  is  observed  in  the  structure  of  the  cam  portion  2a  and  this  demonstrates  that  the  cam  portion  2a  is 
chilled. 

When  the  cavity  defining  portion  57  and  the  molten  metal  passage  defining  portion  61  have  been 
cooled  until  the  surface  layer  of  the  cam  shaft  blank  material  2i  has  become  a  solidified  layer,  as  described 

is  above,  the  resulting  cam  shaft  blank  is  released  from  the  mold.  In  addition,  after  releasing,  a  preheated- 
temperature  restoring  operation  conducted  for  both  the  defining  portions  57  and  61  by  the  above-described 
procedure  makes  it  possible  to  achieve  one  run  of  the  casting  operation  in  an  extremely  short  time  of  about 
28  seconds  as  apparent  from  Fig.20,  leading  to  an  improvement  in  productivity. 

The  optimal  timing  for  releasing  the  cast  iron  castings  of  the  cast  irons  corresponding  to  the  above- 
20  described  JIS  FC20  to  FC30  is  when  the  temperature  of  the  surface  layer  thereof  is  in  a  range  of  about 

1,150  to  800  °C  and  thus  between  the  eutectic  crystal  line  Le1  and  350  °C  therebelow,  and  experiments 
have  made  clear  that  the  same  is  true  even  in  the  case  of  cast  iron  castings  employing  other  cast  irons 
such  as  a  spheroidal  graphite  cast  iron. 

It  is  noted  that  the  above-described  cooling  operation  is  conducted  according  to  the  lines  D2  and  D3  for 
25  a  casting  having  no  chilled  portion. 

[V]  Casting  of  Cam  Shaft  Blank  of  Cast  Steel 

Figs.22  to  24  show  a  mold  casting  apparatus  M4  including  a  mold  68.  The  apparatus  M4  is  used  to  cast 
30  a  cam  shaft  blank  22  as  shown  in  Fig.1  3  as  a  steel  casting. 

The  mold  68  is  formed  of  a  Cu-Cr  alloy  in  the  same  manner  as  described  above.  The  mold  68  is 
constructed  of  a  first  die  681  and  a  second  die  682  into  a  split  type,  and  opened  and  closed  by  an  operating 
device  which  is  not  shown.  The  mold  surfaces  of  the  first  and  second  dies  681  and  682  define  a  sprue  69,  a 
runner  70,  a  gate  71  ,  a  cam  shaft  blank-molding  cavity  72  and  a  vent  hole  73. 

35  Each  of  the  first  and  second  dies  681  and  682  is  provided  with  first  and  second  preheating  mechanisms 
74i  and  742,  first  and  second  cooling  mechanisms  75i  and  753,  and  knock-out  means  76.  These  portions 
are  the  same  for  both  the  dies  681  and  682  and  hence,  only  those  for  the  first  dies  681  will  be  described 
below. 

The  first  preheating  mechanism  74i  comprises  a  plurality  of  heaters  78i  disposed  in  a  cavity  defining 
40  portion  77  of  the  first  die  681  ,  and  a  first  preheating-temperature  controller  79i  connected  to  the  individual 

heaters  78i  . 
The  second  preheating  mechanism  743  comprises  a  plurality  of  heaters  782  disposed  in  a  molten  metal 

passage  defining  portion  81  of  the  first  die  681  for  defining  a  molten  metal  passage  consisting  of  the  sprue 
69,  the  runner  70  and  the  gate  71,  and  a  second  preheating-temperature  controller  793  connected  to  the 

45  individual  heaters  783. 
The  first  cooling  mechanism  75i  comprises  a  plurality  of  cooling  water  passages  82i  mounted  to 

extend  through  the  cavity  defining  portion  77  of  the  first  die  681  ,  and  a  first  cooling-temperature  controller 
83i  connected  to  the  individual  cooling  water  passages  82i  . 

The  second  cooling  mechanism  753  comprises  a  plurality  of  cooling  water  passages  822  mounted  to 
50  extend  through  the  molten  metal  passage  defining  portion  81  of  the  first  die  681  ,  and  a  second  cooling- 

temperature  controller  633  connected  to  the  individual  cooling  water  lines  822. 
The  knock-out  means  76  comprises  a  plurality  of  pins  84,  a  support  plate  85  for  supporting  one  ends  of 

the  knock-out  pins  84,  and  an  operating  member  86  connected  to  the  support  plate  85.  Each  of  the  pins  84 
is  slidably  received  in  each  of  insertion  holes  87  provided  in  the  first  die  681  and  opened  into  the  sprue  69, 

55  the  runner  70  and  the  cavity  72. 
Description  will  be  made  of  an  operation  for  casting  the  cam  shaft  blank  22  in  the  above-described  mold 

casting  apparatus  M4. 
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A  molten  metal  of  the  same  alloy  cast  steel  composition  as  that  described  in  the  item  [II]  is  prepared 
and  subjected  to  similar  primary  and  secondary  deacidifying  treatments. 

The  mold  68  is  preheated  by  both  preheating  mechanisms  74i  to  742  prior  to  pouring,  as  shown  In 
Fig.25,  so  that  the  cavity  defining  portion  77  is  maintained  at  approximately  120°C  as  indicated  by  a  point 

5  ki  of  a  line  H1,  and  the  molten  metal  passage  defining  portion  81  is  also  at  approximately  110°C  as 
indicated  by  a  point  mi  of  a  line  H2.  The  molten  metal  deacidified  is  poured  into  the  mold  68  at  a 
temperature  of  1,630  to  1,670°C  to  cast  a  cam  shaft  blank  22.  The  amount  of  molten  metal  poured  at  this 
time  is  5.0  kg. 

If  the  mold  68  has  been  previously  preheated  as  described  above,  the  run  of  the  molten  metal  during 
io  pouring  is  improved,  and  it  is  possible  to  avoid  cracking  and  the  like  of  the  resulting  cam  shaft  blank  22  due 

to  the  rapid  cooling  of  the  molten  metal. 
As  indicated  by  a  point  m2  of  the  line  H1  in  Fig.25,  the  second  cooling  mechanism  752  is  operated  at 

the  same  time  as  the  start  of  pouring,  thereby  starting  the  cooling  of  the  molten  metal  passage  defining 
portion  81  to  start  the  rapid  solidification  of  the  molten  metal  located  in  the  molten  metal  passage  80  into  an 

is  early  solidified  state. 
In  addition,  when  the  temperature  of  the  cavity  defining  portion  77  has  reached  280  to  330  °C,  e.g., 

290  °C  as  indicated  by  a  point  k2  of  the  line  H1  in  Fig.25,  the  first  cooling  mechanism  75i  is  operated  to 
start  cooling  of  the  cavity  defining  portion  77  to  rapidly  cool  the  molten  metal  located  in  the  cavity  72. 

As  seen  in  Fig.6,  if  the  surface  layer  of  the  cam  shaft  blank  material  22  is  rapidly  cooled  under  the 
20  above-decribed  cooling  effect  so  that  the  temperature  thereof  drops  to  about  1,250°C  (solidus  line  Ls) 

indicated  by  the  point  bi  ,  the  cam  shaft  blank  22  assumes  a  solidified  state  with  its  surface  layer  converted 
to  a  shell-like  solidified  layer. 

In  this  case,  if  the  temperature  of  the  surface  layer  is  lower  than  950  °  C  indicated  by  the  point  b5  ,  it  is 
feared  that  thermal  cracking  may  be  produced  in  the  resulting  cam  shaft  blank  22.  In  addition,  if  the 

25  temperature  of  the  surface  layer  is  lower  than  1,000°C  indicated  by  the  point  b+,  it  is  also  feared  that 
adhesion  of  the  resulting  cam  shaft  blank  22  to  the  mold  68  and  so  on  may  be  produced  due  to  the  rapid 
and  large  solidificational  shrinkage  of  the  cam  shaft  blank  material  22  to  cause  damage  such  as  deformation 
and  wearing  of  the  mold  68. 

Thereupon,  when  the  temperature  of  the  surface  layer  of  the  cam  shaft  blank  material  22  has  reached 
30  1,100°C  indicated  by  the  point  b2  from  1,200°C  indicated  by  the  point  a3  in  about  3.5  to  about  6.5  seconds 

after  pouring,  and  also  when  the  temperatures  of  both  portions  77  and  81  of  the  mold  68  are  in  the  range  of 
points  k3  to  k+  and  points  rri3  to  m+  in  Fig.25,  the  mold  is  opened,  and  the  knock-out  pin  means  76  is 
operated  to  release  the  cam  shaft  blank  22  and  unnecessary  portions  shaped  by  the  molten  metal  passage 
80  from  the  mold. 

35  Then,  when  the  temperature  of  the  cavity  defining  portion  77  is  down  to  approximately  150°C  as 
indicated  by  a  point  k5  of  the  line  H2  and  the  temperature  of  the  molten  metal  passage  defining  portion  81 
is  down  to  approximately  140°C  as  indicated  by  a  point  rri5  of  the  line  H3  in  Fig.25,  the  operations  of  the 
individual  cooling  mechanisms  75i  and  752  are  stopped  to  stop  the  cooling  of  the  cavity  defining  portion  77 
and  the  molten  metal  passage  defining  portion  81  . 

40  The  first  and  second  preheating  mechanisms  74i  to  742  are  operative  even  after  the  start  of  pouring  to 
control  the  temperatures  of  both  defining  portions  77  and  81  as  indicated  by  the  lines  Hi  and  H2,  so  that 
the  temperatures  of  both  defining  portions  77  and  81  can  be  immediately  restored  to  the  preheated 
temperatures  after  the  cooling  has  been  stopped.  This  enables  starting  of  the  subsequent  casting  operation. 

The  cam  shaft  blank  22  produced  by  the  above  procedure  has  no  thermal  cracking  produced  therein, 
45  and  the  mold  48  is  also  not  damaged  in  any  way.  Moreover,  the  cam  shaft  blank  22  is  covered  with  the 

shell-like  solidified  layer  and  hence,  cannot  be  deformed  during  release  thereof.  Even  if  it  were  deformed, 
the  amount  deformed  is  very  slight. 

[VI]  Casting  of  Cam  Shaft  Blank  of  Aluminum  Alloy  Casting 
50 

The  mold  casting  apparatus  M4  for  the  steel  casting  described  in  the  above  item  [V]  is  used  for  casting 
a  cam  shaft  blank  22  as  an  aluminum  alloy  casting. 

In  a  casting  operation,  a  molten  metal  of  the  same  aluminum  alloy  composition  as  that  described  in  the 
item  [III]  is  prepared. 

55  The  mold  68  is  preheated  by  both  preheating  mechanisms  74i  and  742  prior  to  pouring,  as  shown  In 
Fig.26,  so  that  the  cavity  defining  portion  77  is  maintained  at  approximately  120°C  as  indicated  by  a  point 
pi  of  a  line  N1,  and  the  molten  metal  passage  defining  portion  81  is  also  at  approximately  110°C  as 
indicated  by  a  point  qi  of  a  line  N2.  The  molten  metal  of  the  aluminum  alloy  is  poured  into  the  mold  68  at  a 
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temperature  of  700  to  740  °C  to  cast  a  cam  shaft  blank  22.  The  amount  of  molten  metal  poured  at  this  time 
is  2.0  kg. 

If  the  mold  68  has  been  previously  preheated  as  described  above,  the  run  of  the  molten  metal  during 
pouring  is  improved,  and  it  is  possible  to  avoid  cracking  and  the  like  of  the  resulting  cam  shaft  blank  22  due 

5  to  the  rapid  cooling  of  the  molten  metal. 
As  indicated  by  a  point  q2  of  the  line  N1  in  Fig.26,  the  second  cooling  mechanism  752  is  operated  at 

the  same  time  as  the  start  of  pouring,  thereby  starting  the  cooling  of  the  molten  metal  passage  defining 
portion  81  to  start  the  rapid  solidification  of  the  molten  metal  located  in  the  molten  metal  passage  80, 
bringing  it  early  into  a  solidified  state. 

io  In  addition,  when  the  temperature  of  the  cavity  defining  portion  77  has  reached  140  to  170°C,  e.g., 
150°C  as  indicated  by  a  point  p2  of  the  line  N1  in  Fig.26,  the  first  cooling  mechanism  75i  is  operated  to 
start  the  cooling  of  the  cavity  defining  portion  77  to  rapidly  cool  the  molten  metal  located  in  the  cavity  72. 

As  seen  in  Fig.1  6,  if  the  surface  layer  of  the  cam  shaft  blank  material  22  is  rapidly  cooled  under  the 
above-decribed  cooling  effect  so  that  the  temperature  thereof  drops  to  about  580  °  C  (eutectic  crystal  line 

is  Le2)  indicated  by  the  point  ci  ,  the  cam  shaft  blank  22  assumes  a  solidified  state  with  its  surface  layer 
converted  to  a  shell-like  solidified  layer. 

In  this  case,  if  the  temperature  of  the  surface  layer  is  lower  than  280  °C  indicated  by  the  point  c+,  it  is 
feared  that  thermal  cracking  may  be  produced  in  the  resulting  cam  shaft  blank  22.  In  addition,  if  the 
temperature  of  the  surface  layer  is  lower  than  350  °C  indicated  by  the  point  c3,  it  is  also  feared  that 

20  adhesion  of  the  resulting  cam  shaft  blank  22  to  the  mold  68  and  so  on  may  be  produced  due  to  the  rapid 
and  large  solidificational  shrinkage  of  the  cam  shaft  blank  material  22  to  cause  damage  such  as  deformation 
and  wearing  of  the  mold  68. 

Thereupon,  when  the  temperature  of  the  surface  layer  of  the  cam  shaft  blank  22  has  reached  500  °C 
indicated  by  the  point  c2  in  about  3.0  to  about  10.8  seconds  after  pouring,  and  also  when  the  temperatures 

25  of  both  portions  77  and  81  of  the  mold  68  are  in  the  range  of  points  p3  to  p+  and  points  q3  to  q+  in  Fig.26, 
the  mold  is  opened,  and  the  knock-out  pin  means  76  is  operated  to  release  the  resulting  cam  shaft  blank  22 
and  unnecessary  portions  shaped  by  the  molten  metal  passage  80  from  the  mold. 

Then,  when  the  temperature  of  the  cavity  defining  portion  77  is  down  to  approximately  125°C  as 
indicated  by  a  point  p5  of  the  line  N2  and  the  temperature  of  the  molten  metal  passage  defining  portion  81 

30  is  down  to  approximately  115°C  as  indicated  by  a  point  q5  of  the  line  N3  in  Fig.26,  the  operations  of  the 
individual  cooling  mechanisms  75i  and  752  are  stopped  to  stop  the  cooling  of  the  cavity  defining  portion  77 
and  the  molten  metal  passage  defining  portion  81  . 

The  first  and  second  preheating  mechanisms  74i  to  742  are  operative  even  after  start  of  pouring  to 
control  the  temperatures  of  both  defining  portions  77  and  81  as  indicated  by  the  lines  Ni  and  N2,  so  that 

35  the  temperatures  of  both  defining  portoins  77  and  81  can  be  immediately  restored  to  the  preheated 
temperatures  after  the  cooling  has  been  stopped.  This  enables  starting  of  the  subsequent  casting  operation. 

The  cam  shaft  blank  22  produced  by  the  above  procedure  has  no  thermal  cracking  produced  therein, 
and  the  mold  48  is  also  not  damaged  in  any  way.  Moreover,  the  cam  shaft  blank  22  is  covered  with  the 
shell-like  solidified  layer  and  hence,  cannot  be  deformed  during  release  thereof.  Even  if  it  were  deformed, 

40  the  amount  deformed  is  very  slight. 
In  some  cases,  cooling  of  the  cavity  defining  portion  57,  77  in  each  of  the  casting  operations  in  the 

items  [IV]  to  [VI]  may  be  started  before  completion  of  pouring,  and  cooling  of  the  molten  metal  defining 
portion  61,  81  may  be  started  immediately  after  completion  of  pouring. 

45  [VII]  Casting  of  Cam  Shaft  Blank  of  Cast  Iron 

Figs.27  to  29  shows  a  mold  casting  apparatus  M5  which  is  used  to  cast  a  cam  shaft  blank  2i  as  shown 
in  Fig.4  as  a  cast  iron  casting. 

The  mold  casting  apparatus  M5  is  constructed  in  the  following  manner. 
50  Crucible  89  opened  at  its  upper  surface  is  contained  within  a  heater  88  likewise  opened  at  its  upper 

surface,  with  upward  openings  of  the  heater  88  and  the  crucible  89  being  closed  by  a  lid  90.  A  mold  91  is 
disposed  on  the  lid  90,  and  pressing  means  for  pressing  a  molten  metal  present  in  a  cavity  of  the  mold  91  , 
e.g.,  a  pressing  cylinder  93  in  the  illustrated  embodiment  is  disposed,  with  its  piston  rod  94  directed 
upwardly,  on  a  support  frame  92  on  the  lid  90.  The  piston  rod  94  has,  at  its  lower  end,  a  larger  diameter 

55  portion  95  of  a  copper  alloy,  which  is  of  a  water-cooled  construction,  but  instead  thereof,  a  lower  end 
portion  of  the  larger  diameter  portion  95  may  be  formed  of  a  ceramic  material. 

The  mold  91  comprises  a  cavity  defining  portion  97  including  a  cavity  96  for  casting  a  cam  shaft  blank, 
and  a  molten  metal  passage  defining  portion  99  having  a  frustoconical  molten  metal  passage  98  in 
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communication  with  a  lower  end  of  the  cavity  96.  In  the  illustrated  embodiment,  the  cavity  96  and  the 
molten  metal  passage  98  communicate  with  each  other  through  the  cavity  defining  portion  97.  The  molten 
metal  passage  98  communicates  at  its  lower  end  with  the  crucible  89  through  a  molten  metal  supply  pipe 
101  suspended  on  the  lid  99. 

5  The  cavity  defining  portion  97  is  constructed  of  first  and  second  components  97i  and  972  into  a  split 
type,  and  mold  surfaces  of  the  two  components  97i  and  972  define  a  through  hole  100,  the  cavity  96,  and  a 
pressing  hole  102  communicating  with  the  cavity  96  and  adapted  to  slidably  receive  the  larger  diameter 
portion  95  of  the  piston  rod  94.  The  two  components  97i  and  972  are  opened  and  closed  by  an  operating 
device  which  is  not  shown. 

io  The  molten  metal  defining  portion  99  is  also  constructed  of  first  and  second  blocks  99i  and  992  into  a 
split  type  in  association  with  the  cavity  defining  portion  97,  and  mold  surfaces  of  both  blocks  99i  and  992 
define  the  molten  metal  passage  98.  The  reference  numeral  103  designates  an  operating  cylinder  for 
opening  and  closing  the  two  blocks  99i  and  992. 

The  cavity  defining  portion  97  and  an  inner  portion  99a  of  the  molten  metal  passage  defining  portion  99 
is  are  formed  of  a  highly  heat  conductive  material,  e.g.,  a  Cu-Cr  alloy  containing  0.8  to  4%  by  weight  of  Cr, 

with  a  heat  conductivity  thereof  being  of  0.4  to  0.8  cal/cm/sec./°  C.  An  outer  portion  99b  of  the  molten  metal 
passage  defining  portion  99  are  formed  of  a  steel. 

In  the  molten  metal  passage  defining  portion  99,  a  first  cooling  circuit  104i  is  mounted  in  each  of  both 
inner  portions  99a.  The  first  cooling  circuit  104i  includes  a  water  passage  105a  located  around  the  molten 

20  metal  passage  98,  and  a  water  passage  105b  communicating  with  the  water  passage  105a  and  distributed 
throughout  the  inner  portion  99a,  with  a  supply  port  and  a  discharge  port  (both  not  shown)  being  provided  in 
the  water  passage  105b. 

The  first  cooling  circuits  104i  are  connected  to  a  first  cooling-temperature  controller  106i  which  has  a 
function  for  operating  each  of  the  first  cooling  circuit  104i  to  rapidly  cool  and  solidify  the  molten  metal 

25  within  the  molten  metal  passage  98  after  charging  of  the  molten  metal  into  the  cavity  96,  thereby  closing 
the  molten  metal  passage  98. 

In  the  cavity  defining  portion  97,  each  of  the  first  and  second  components  97i  and  972  is  provided  with 
a  heating  circuit  107,  a  second  cooling  circuit  1042  and  knock-out  means  108.  These  portions  are  the  same 
for  the  both  components  97i  and  972  and  hence,  only  those  for  the  first  component  97i  will  be  described. 

30  The  heating  circuit  107  is  constituted  of  a  plurality  of  insertion  holes  109  perforated  in  the  first 
component  97i  ,  and  bar-like  heaters  110  inserted  into  and  held  in  the  corresponding  insertion  holes  109, 
respectively.  Each  of  the  insertion  holes  109  is  disposed  with  a  portion  thereof  being  in  proximity  to  a 
region  for  shaping  each  smaller  diameter  portion  2d  of  the  cam  shaft  blank  2i  in  the  first  component  97i  . 

The  second  cooling  circuit  1042  comprises  an  upper  inlet  passage  111  horizontally  made  in  the  first 
35  component  97i  ,  a  lower  outlet  passage  112  likewise  made  in  the  first  component  97i  ,  and  a  plurality  of 

communication  passages  1  1  3i  and  1132  made  in  the  first  component  97i  to  extend  horizontally  and 
vertically  in  an  intersecting  relation  to  each  other  to  connect  the  inlet  and  oulet  passages  111  and  112,  so 
that  water  introduced  into  the  inlet  passage  111  is  passed  via  the  individual  communication  passages  1  1  3i 
and  1  1  32  and  discharged  through  the  outlet  passage  112.  The  inlet  passage  111,  the  outlet  passage  112 

40  and  the  individual  horizontal  communication  passages  1  1  3i  are  disposed  so  that  a  portion  of  each  of  them 
may  be  in  proximity  to  a  region  in  the  first  component  97i  for  shaping  the  nose  2e  which  is  a  chilled  portion 
of  the  cam  portion  2a. 

The  individual  heaters  110  of  the  heating  circuit  107  are  connected  to  a  heating-temperature  controller 
114  which  has  a  function  for  activating  the  heating  circuit  107  and  thus  energizing  the  individual  heaters  110 

45  to  heat  the  first  component  97i  prior  to  pouring  of  a  molten  metal  into  the  cavity  96,  and  deactivating  the 
heating  circuit  107  and  thus  deenergizing  the  individual  heaters  110  after  starting  of  pouring. 

During  heating,  each  heater  110  is  spaced  apart  from  the  nose  2e  shaping  region  of  the  first  component 
97i  and  hence,  the  temperature  of  that  region  is  lower  than  other  regions.  Of  course,  the  individual  heaters 
110  of  the  second  component  972  are  also  connected  to  the  heating-temperature  controller  114. 

50  The  inlet  passage  111  and  the  outlet  passage  112  of  the  second  cooling  circuit  1042  are  connected  to  a 
second  cooling-temperature  controller  1062  which  includes  a  function  for  activating  the  second  cooling 
circuit  1042  and  thus  permitting  cooling  water  to  flow  through  the  second  cooling  circuit  1042  to  cool  the 
first  component  97i  after  starting  of  pouring,  thereby  rapidly  cooling  a  surface  layer  of  the  cam  shaft  blank 
material  2i  in  contact  with  the  first  component  97i  to  convert  the  surface  layer  into  a  shell-like  solidified 

55  layer. 
During  cooling,  the  noses  2e  can  be  rapidly  cooled  to  ensure  that  they  are  reliably  chilled,  because  the 

inlet  passage  111,  the  outlet  passage  112  and  the  individual  horizontal  communication  passages  1  1  3i  are  in 
proximity  to  the  noses  2e  shaping  regions  of  the  first  component  97i  and  also  because  those  regions  are  at 
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a  lower  temperature  than  that  of  other  regions  at  the  heating  stage.  Of  course,  the  second  cooling  circuit 
1042  of  the  second  component  972  is  also  connected  to  the  second  cooling-temperature  controller  1062. 

The  knock-out  means  108  comprises  a  plurality  of  pins  115,  a  support  plate  116  for  supporting  one 
ends  of  the  pins  115,  and  an  operating  member  117  connected  to  the  support  plate  116.  Each  of  the  pins 

5  115  is  slidably  received  in  each  of  insertion  holes  118  opened  into  the  cavity  96. 
The  pressing  cylinder  93  has  a  function  for  applying  a  pressing  force  to  an  unsolidified  cam  shaft  blank 

material  2i  present  in  the  cavity  96  to  maintain  it  up  to  a  releasing  point,  after  the  molten  metal  passage  98 
has  been  closed. 

The  following  is  the  description  of  an  operation  for  casting  a  cam  shaft  blank  2i  in  the  above-described 
io  mold  casting  apparatus  M5. 

There  is  prepared  a  molten  metal  of  the  same  cast  iron  composition  as  that  described  in  the  item  [IV], 
and  the  molten  metal  is  subjected  to  a  similar  inoculation,  followed  by  placement  into  the  crucible  89  for 
heating. 

The  cavity  defining  portion  97  is  heated  prior  to  pouring  of  the  molten  metal,  so  that  a  region  for 
is  shaping  each  smaller  diameter  portion  2d  is  maintained  at  a  temperature  of  100  to  150°C,  and  the  region 

for  shaping  the  nose  2e  is  at  a  temperature  of  50  to  100  °  C. 
A  gas  pressure  is  applied  to  the  surface  of  the  molten  metal  in  the  crucible  89  at  a  molten  metal 

temperature  of  1380  to  1420°C  to  pour  the  molten  metal  into  the  cavity  96  through  the  molten  metal  supply 
pipe  101,  the  molten  metal  passage  98  and  the  through  hole  100,  thereby  casting  a  cam  shaft  blank  2i  .  The 

20  amount  of  molten  metal  poured  at  this  time  is  5  kg. 
If  the  cavity  defining  portion  97  has  been  previously  heated  as  described  above,  the  running  of  the 

molten  metal  during  pouring  is  improved,  and  it  is  possible  to  avoid  cracking  and  the  like  of  the  cam  shaft 
blank  2i  due  to  rapid  cooling  of  the  molten  metal. 

The  pouring  rate  is  controlled  at  a  constant  level  in  a  range  of  0.6  to  1.5  kg/sec,  and  this  makes  it 
25  possible  to  prevent  the  production  of  casting  defects  such  as  cavities  and  the  like  due  to  inclusion  of  gases, 

oxides  and  the  like. 
After  starting  of  pouring,  heating  of  the  cavity  defining  portion  97  by  the  heating  circuit  107  is  stopped 

and  at  the  same  time,  the  cavity  defining  portion  97  is  started  to  be  cooled  by  the  second  cooling  circuit 
1042. 

30  Then,  after  the  molten  metal  has  been  charged  into  the  cavity  96,  the  molten  metal  passage  defining 
portion  99  is  cooled  by  the  first  cooling  circuit  104i,  rapidly  cooling  and  solidifying  the  molten  metal  in  the 
molten  metal  passage  98  to  close  the  latter.  The  operation  of  the  first  cooling  circuit  104i  is  continued 
immediately  before  releasing  of  the  resulting  cam  shaft  blank.  The  molten  metal  in  the  molten  metal  supply 
pipe  101  is  passed  back  into  the  crucible  89  after  solidification  of  the  molten  metal  in  the  molten  metal 

35  passage  98. 
Then,  the  pressing  cylinder  93  is  operated  to  press  the  molten  metal  in  the  cavity  96,  i.e.,  the 

unsolidified  cam  shaft  blank  material  2i  with  a  pressure  of  0.8  to  1  .2  kg/cm2  by  the  larger  diameter  portion 
95.  This  operation  of  the  pressing  cylinder  93  is  continued  immediately  before  releasing  of  the  resulting 
cam  shaft  blank. 

40  Thereafter,  the  resulting  cam  shaft  blank  2i  is  released  from  the  mold,  and  the  timing  therefor  is  as 
described  in  the  item  [I]  with  reference  to  Fig.6. 

According  to  the  above  procedure,  an  effect  similar  to  that  in  the  item  [I]  can  be  provided  and 
particularly,  in  this  case,  it  is  possible  to  provide  a  good  quality  cam  shaft  blank  2i  free  from  interal  defects, 
because  rapid  cooling  of  the  cam  shaft  blank  material  2i  is  conducted  while  applying  a  pressure. 

45 
[VIII]  Casting  of  Cam  Shaft  Blank  of  Cast  Steel 

Figs.30  to  32  show  a  mold  casting  apparatus  M6  which  is  used  to  cast  a  cam  shaft  blank  22  as  a  steel 
casting  as  shown  in  Fig.1  3.  The  apparatus  M6  has  the  same  arrangements  as  those  described  in  the  item 

50  [VII]  except  for  a  mold  119.  Therefore,  in  the  Figures,  like  reference  characters  are  used  to  designate  like 
parts;  and  the  description  thereof  is  omitted  and  primarily,  the  mold  119  will  be  described  below. 

The  mold  119  comprises  a  cavity  defining  portion  121  including  a  cavity  120  for  a  cam  shaft  blank,  and 
a  molten  metal  passage  defining  portion  123  having  a  frustoconical  molten  metal  passage  122  communicat- 
ing  with  a  lower  end  of  the  cavity  120,  and  is  formed  of,  for  example,  the  same  material  as  that  described  in 

55  the  item  [VII].  In  the  illustrated  embodiment,  the  cavity  120  and  the  molten  metal  passage  122  communicate 
with  each  other  via  a  through  hole  124  in  the  cavity  defining  portion  121.  The  molten  metal  passage  122 
communicates  at  its  lower  end  with  the  crucible  89  through  the  molten  metal  supply  pipe  101  suspended  on 
the  lid  90. 

17 
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The  cavity  defining  portion  121  is  constructed  of  first  and  second  components  121i  and  1  21  2  into  a 
split  type,  and  mold  surfaces  of  the  two  components  121i  and  1  21  2  define  a  through  hole  124,  the  cavity 
120,  and  a  pressing  hole  125  adapted  to  slidably  receive  the  larger  diameter  portion  95  of  the  piston  rod  94. 
The  two  components  121i  and  1  21  2  are  opened  and  closed  by  an  operating  device  which  is  not  shown. 

5  The  molten  metal  passage  defining  portion  123  is  also  constructed  of  first  and  second  blocks  123i  and 
1232  into  a  split  type  in  association  with  the  cavity  defining  portion  121,  and  mold  surfaces  of  both  blocks 
123i  and  1232  define  the  molten  metal  passage  122. 

In  the  molten  metal  passage  defining  portion  123,  a  first  cooling  circuit  126i  is  mounted  in  each  of  the 
inner  portions  123a.  The  first  cooling  circuit  126i  includes  a  water  passage  127a  located  around  the  molten 

io  metal  passage  122,  and  a  water  passage  127b  communicating  with  the  water  passage  127a  and  distributed 
throughout  the  inner  portion  123a,  with  a  supply  port  and  a  discharge  port  (not  shown)  being  provided  in  the 
water  passage  127b. 

Both  the  first  cooling  circuits  126i  are  connected  to  a  first  cooling-temperature  controller  128i  which 
has  a  function  for  operating  each  of  the  first  cooling  circuit  126i  to  rapidly  cool  and  solidify  the  molten 

is  metal  within  the  molten  metal  passage  122  after  charging  of  the  molten  metal  into  the  cavity  120,  thereby 
closing  the  molten  metal  passage  122. 

In  the  cavity  defining  portion  121,  each  of  the  first  and  second  components  121i  and  1  21  2  is  provided 
with  a  heating  circuit  129,  a  second  cooling  circuit  1262  and  knock-out  means  130.  These  portions  are  the 
same  for  both  components  121i  and  1  21  2  and  hence,  only  those  for  the  first  component  121i  will  be 

20  described. 
The  heating  circuit  129  is  constituted  of  a  plurality  of  insertion  holes  131  perforated  in  the  first 

component  1  21  1  ,  and  bar-like  heaters  132  inserted  into  and  held  in  the  corresponding  insertion  holes  131, 
respectively. 

The  individual  heaters  132  are  connected  to  a  heating-temperature  controller  114  which  includes  a 
25  function  for  activating  the  heating  circuit  129  and  thus  energizing  the  individual  heaters  132  to  heat  the  first 

component  121i  prior  to  pouring  of  a  molten  metal,  and  deactivating  the  heating  circuit  129  and  thus 
deenergizing  the  individual  heaters  132  after  starting  of  pouring.  Of  course,  the  individual  heaters  129  of  the 
second  component  1  21  2  are  also  connected  to  the  heating-temperature  controller  133. 

The  second  cooling  circuit  1262  comprises  a  horizontal  inlet  passage  134  made  in  an  upper  portion  of 
30  the  first  component  1  21  1  ,  a  horizontal  outlet  passage  135  made  in  a  lower  portion  of  the  first  component, 

and  a  plurality  of  vertical  communication  passages  136  made  in  the  first  component  121i  to  connect  the 
inlet  and  outlet  passages  134  and  135,  so  that  a  cooling  water  introduced  into  the  inlet  passage  134  is 
permitted  to  flow  through  the  individual  communication  passage  136  and  discharged  through  the  outlet 
passage  135. 

35  The  inlet  passage  134  and  the  outlet  passage  135  are  connected  to  a  second  cooling-temperature 
controller  1282  which  includes  a  function  for  activating  the  second  cooling  circuit  1262  and  thus  permitting 
cooling  water  to  flow  through  the  second  cooling  circuit  1262  to  cool  the  first  component  121i  after  the 
starting  of  pouring,  thereby  rapidly  cooling  a  surface  layer  of  the  cam  shaft  blank  material  2i  in  contact  with 
the  first  component  121i  to  convert  the  surface  layer  into  a  shell-like  solidified  layer. 

40  The  knock-out  means  130  comprises  a  plurality  of  pins  137,  a  support  plate  138  for  supporting  one 
ends  of  the  pins  137,  and  an  operating  member  139  connected  to  the  support  plate  138.  Each  of  the  pins 
137  is  slidably  received  in  each  of  insertion  holes  118  provided  in  the  first  component  121i  and  opened  into 
the  cavity  120  and  through  hole  124. 

The  following  is  the  description  of  an  operation  for  casting  a  cam  shaft  blank  22  in  the  above-described 
45  mold  casting  apparatus  M5. 

There  is  prepared  a  molten  metal  of  the  same  cast  iron  composition  as  that  described  in  the  item  [II], 
and  the  molten  metal  is  subjected  to  similar  primary  and  secondary  deacidifying  treatments,  followed  by 
placement  into  the  crucible  89  for  heating. 

The  cavity  defining  portion  121  has  been  heated  to  a  temperature  of  50  to  180°C  by  the  heating  circuit 
50  129  prior  to  pouring  of  the  molten  metal.  A  gas  pressure  is  applied  to  the  surface  of  the  molten  metal  in  the 

crucible  89  at  a  molten  metal  temperature  of  1630  to  1670°C  to  pour  the  molten  metal  into  the  cavity  120 
through  the  molten  metal  supply  pipe  110,  the  molten  metal  passage  122  and  the  through  hole  124,  thereby 
casting  a  cam  shaft  blank  22.  The  pouring  rate  and  the  amount  of  molten  metal  poured  are  the  same  as 
those  in  the  item  [VII]. 

55  After  starting  of  pouring,  heating  of  the  cavity  defining  portion  121  by  the  heating  circuit  129  is  stopped 
and  at  the  same  time,  the  cavity  defining  portion  121  begins  to  be  cooled  by  the  second  cooling  circuit 
1262. 
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Then,  after  the  molten  metal  has  been  charged  into  the  cavity  120,  the  molten  metal  passage  defining 
portion  123  is  cooled  by  the  first  cooling  circuit  126i  ,  rapidly  cooling  and  solidifying  the  molten  metal  in  the 
molten  metal  passage  122  to  close  the  latter.  The  operation  of  the  first  cooling  circuit  126i  is  continued 
immediately  before  releasing  of  the  resulting  cam  shaft  blank. 

5  Then,  the  pressing  cylinder  93  is  operated  to  press  the  molten  metal  in  the  cavity  120,  i.e.,  the 
unsolidified  cam  shaft  blank  material  22  with  a  pressure  of  0.8  to  1  .2  kg/cm2  by  the  larger  diameter  portion 
95.  This  operation  of  the  pressing  cylinder  93  is  continued  immediately  before  releasing  of  the  resulting 
cam  shaft  blank. 

Thereafter,  the  resulting  cam  shaft  blank  22  is  released  from  the  mold,  and  the  timing  therefor  is  as 
io  described  in  the  item  [II]  with  reference  to  Fig.1  4. 

According  to  the  above  procedure,  an  effect  similar  to  that  in  the  item  [II]  can  be  provided  and 
particularly,  in  this  case,  it  is  possible  to  provide  a  good  quality  cam  shaft  blank  22  free  from  interal  defects, 
because  rapid  cooling  of  the  cam  shaft  blank  material  22  is  conducted  while  applying  a  pressure. 

is  [VIII]  Casting  of  Cam  Shaft  Blank  of  Aluminum  Alloy  Casting 

The  mold  casting  apparatus  M6  for  a  steel  casting  described  in  the  item  [VIII]  is  used  in  casting  a  cam 
shaft  blank  as  an  aluminum  alloy  casting. 

In  casting,  there  is  prepared  a  molten  metal  of  the  same  aluminum  alloy  composition  as  that  described 
20  in  the  item  [III],  and  the  molten  metal  is  placed  into  the  crucible  89  and  heated  therein. 

The  cavity  defining  portion  121  has  been  heated  to  a  temperature  of  100  to  140°C  by  the  heating 
circuit  129  prior  to  pouring  of  the  molten  metal.  A  gas  pressure  is  applied  to  the  surface  of  the  molten  metal 
in  the  crucible  89  to  pour  the  molten  metal  into  the  cavity  120  through  the  molten  metal  supply  pipe  101, 
the  molten  metal  passage  122  and  the  through  hole  124  at  a  temperature  of  700  to  749  °C  and  a  pouring 

25  rate  of  0.3  to  0.8  kg/sec,  thereby  casting  a  cam  shaft  blank  22.  The  amount  of  molten  metal  poured  at  this 
time  is  2.0  kg. 

If  the  cavity  defining  portion  121  has  been  previously  heated  as  described  above,  the  running  of  the 
molten  metal  during  pouring  is  improved,  and  it  is  possible  to  avoid  cracking  and  the  like  of  the  resulting 
cam  shaft  blank  22  due  to  rapid  cooling  of  the  molten  metal. 

30  After  starting  of  pouring,  heating  of  the  cavity  defining  portion  121  by  the  heating  circuit  129  is  stopped 
and  at  the  same  time,  the  cavity  defining  portion  121  is  started  to  be  cooled  by  the  second  cooling  circuit 
1262. 

Then,  after  the  molten  metal  has  been  charged  into  the  cavity  120,  the  molten  metal  passage  defining 
portion  123  is  cooled  by  the  first  cooling  circuit  126i  ,  rapidly  cooling  and  solidifying  the  molten  metal  in  the 

35  molten  metal  passage  122  to  close  the  latter.  The  operation  of  the  first  cooling  circuit  126i  is  continued 
immediately  before  releasing  of  the  resulting  cam  shaft  blank. 

Then,  the  pressing  cylinder  93  is  operated  to  press  the  molten  metal  in  the  cavity  120,  i.e.,  the 
unsolidified  cam  shaft  blank  material  22  with  a  pressure  of  0.2  to  0.5  kg/cm2  by  the  larger  diameter  portion 
95.  This  operation  of  the  pressing  cylinder  93  is  continued  immediately  before  releasing  of  the  resulting 

40  cam  shaft  blank. 
Thereafter,  the  resulting  cam  shaft  blank  22  is  released  from  the  mold,  and  the  timing  therefor  is  as 

described  in  the  item  [III]  with  reference  to  Fig.1  6. 
According  to  the  above  procedure,  an  effect  similar  to  that  in  the  item  [III]  can  be  provided  and 

particularly,  in  this  case,  it  is  possible  to  provide  a  good  quality  cam  shaft  blank  22  free  from  internal 
45  defects,  because  rapid  cooling  of  the  cam  shaft  blank  material  22  is  conducted  while  applying  a  pressure. 

The  pressing  pressure  has  been  applied  to  the  molten  metal  within  the  cavity  96,  120  by  the  pressing 
cylinder  93  in  the  items  [VII]  to  [IX],  but  it  should  be  understood  that  a  pressing  pressure  may  be  applied  to 
the  molten  metal  within  the  cavity  96,  120  by  a  riser.  In  addition,  the  heating-temperature  controller  114,  133 
may  have  a  function  for  reducing  an  output  from  the  heating  circuit  107,  129  and  thus  decreasing  an 

50  energizing  current  for  the  individual  heater  110,  132.  Further,  any  manner  may  be  used  to  pour  the  molten 
metal  into  the  cavity  96,  120,  and  for  example,  the  molten  metal  may  be  poured  horizontally  or  from  above. 
Yet  further,  the  cavity  defining  portion  97,  121  may  be  integral  with  the  molten  metal  passage  defining 
portion  99,  123. 

55  [X]  Casting  of  Cam  shaft  Blank  of  Cast  Iron 

There  is  prepared  a  cam  shaft  blank  2i  as  a  cast  iron  casting  as  shown  in  Fig.4.  In  the  cam  shaft  blank 
2i  ,  a  nose  2e  of  each  cam  portion  2a  as  a  first  component  is  of  a  hard  structure  and  in  this  embodiment,  of 
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a  chilled  structure,  and  other  portions,  i.e.,  a  base  circular  portion  2f  of  each  cam  portion  2a,  each  journal 
portion  2b,  each  neck  portion  2c  and  each  smaller  diameter  portion  2d  are  of  soft  structures  and  in  this 
embodiment,  of  eutectic  graphite  or  graphite  flake  structures. 

Figs.33  to  38  show  a  mold  casting  apparatus  M7  including  a  mold  141  for  casting  a  cam  shaft  blank  2i  . 
5  The  mold  141  is  constructed  of  a  first  die  1  41  1  and  a  second  die  1  41  2  into  a  split  type,  and  is  opened  and 

closed  by  an  operating  device  which  is  not  shown.  Mold  surfaces  141a  of  the  first  and  second  dies  141i 
and  141  2  define  a  sprue  142,  a  runner  143,  a  gate  144,  a  cam  shaft  blank  molding  cavity  145  and  a  riser 
gate  146. 

The  first  and  second  dies  141i  and  1  41  2  are  of  substantially  the  same  construction  and  hence,  only  the 
io  first  die  141i  will  be  described.  The  first  die  141i  comprises  a  body  147  including  the  sprue  142,  the  runner 

143  and  the  gate  144,  and  a  molding  block  150  having  the  cavity  145  and  the  riser  gate  146  and  fitted  in  a 
recess  148  in  the  body  147  with  a  heat  insulating  material  149i  interposed  therebetween. 

The  molding  block  150  comprises  a  slowly-cooled  portion  151  including  a  base  circular  portion  shaping 
zone  r1,  r2  (Fig.35,  36)  for  shaping  the  whole  or  one  half  of  the  base  circular  portion  2f  of  the  cam  portioon 

is  2a,  a  journal  portion  shaping  zone  r3  for  shaping  the  journal  portion  2b,  a  neck  portion  shaping  zone  u  for 
shaping  the  neck  portion  2c  and  a  smaller  diameter  portion  shaping  zone  r5  for  shaping  the  smaller 
diameter  portion  2d  to  serve  as  a  second  component  shaping  region,  and  a  plurality  of  plate-like  rapidly- 
cooled  portions  154i  and  1542  mounted  in  through  holes  152  and  153  in  the  body  147  and  the  slowly- 
cooled  portion  151  of  the  first  die  141i  to  serve  as  a  first  component  shaping  region  and  including  a  nose 

20  shaping  zone  re,  r7  (Fig.36,  37)  for  shaping  the  whole  or  one  half  of  the  nose  2e  of  the  cam  portion  2a. 
A  heat  insulating  material  1492  similar  to  that  described  above  is  interposed  between  the  slowly  cooling 

member  151  and  each  of  the  rapidly-cooled  portions  154i  and  1542,  but  in  the  vicinity  of  the  mold  surfaces 
141a,  the  slowly-cooled  portion  151  is  in  direct  contact  with  the  rapidly-cooled  portions  154i  and  1542.  This 
permits  a  heat  transfer  between  the  slowly-cooled  portion  151  and  the  rapidly-cooled  portions  154i  and 

25  1542,  but  such  heat  transfer  is  substantially  suppressed. 
The  body  147  and  the  rapidly-cooled  portions  154i  and  1542  are  formed  of  a  Cu-Cr  alloy  containing  0.8 

to  4%  by  weight  of  Cr  and  has  a  heat  conductivity  of  0.4  to  0.8  cals/cm/sec./°  C. 
The  slowly-cooled  portion  151  is  formed  of  graphite  and  has  a  heat  conductivity  of  0.005  to  0.4 

cals/cm/sec./°  C.  In  addition  to  graphite,  other  materials  for  forming  the  slowly-cooled  portion  151  can  be 
30  employed  such  as  ceramics,  copper  alloys,  steels,  etc.,  and  in  any  case,  materials  having  a  heat 

conductivity  lower  than  that  of  the  rapidly-cooled  portions  154i  and  1542  are  preferred. 
Each  of  the  heat  insulating  materials  149i  and  1492  used  are  of  a  ceramic  sheet  made  of  an  inorganic 

fiber  such  as  alumina  and  silica  fibers. 
A  cooling  circuit  155i  is  provided  in  the  body  147  and  comprised  of  a  vertical  cooling-water  inlet 

35  passage  156  made  in  the  body  147  along  the  sprue  142,  a  vertical  cooling-water  outlet  passage  157  made 
in  the  body  147  along  the  molding  block  150  at  the  opposite  side  from  the  sprue  142,  and  a  horizontal 
communication  passage  158  made  in  the  body  147  to  connect  to  both  passages  156  and  157  at  their  lower 
portions. 

The  slowly-cooled  portion  151  is  also  provided  with  a  heating  circuit  159  and  a  cooling  circuit  1552.  The 
40  heating  circuit  159  comprises  a  pair  of  vertical  insertion  holes  160  perforated  in  the  slowly-cooled  portion 

151  in  a  manner  to  sandwich  the  individual  rapidly-cooled  portions  154i  and  1542  and  in  close  proximity  to 
the  mold  surfaces  141a,  and  bar-like  heaters  161  mounted  in  the  corresponding  insertion  holes  160.  The 
cooling  circuit  1552  comprises  vertical  cooling-water  inlet  and  outlet  passages  162  and  163  made  in  the 
slowly-cooled  portion  151  to  sandwich  the  individual  rapidly-cooled  portions  154i  and  1542  and  to  extend 

45  away  from  the  mold  surfaces  141a,  and  a  horizontal  communication  passage  164  made  in  the  slowly-cooled 
portion  151  to  connect  both  passages  162  and  163  at  their  lower  portions.  In  this  case,  the  volume  of  the 
slowly-cooled  portion  151  occupied  by  the  cooling  circuit  1552  is  smaller. 

Further,  a  cooling  circuit  1553  is  provided  in  each  of  the  rapidly-cooled  portions  154i  and  1542  and 
comprises  horizontal  cooling-water  inlet  and  outlet  passages  165  and  166  made  in  the  rapidly-cooled 

50  portion  154i  and  1542,  and  a  horizontal  communication  passage  167  connecting  the  passages  165  and  166 
in  the  vicinity  of  the  nose  shaping  zone  re,  r7.  In  this  case,  the  volume  of  the  rapidly-cooled  portion  154i, 
1542  occupied  by  the  cooling  circuit  1553  is  larger. 

The  individual  heater  161  of  the  heating  circuit  159  in  each  of  the  first  and  second  dies  141i  and  1  41  2 
are  connected  to  a  heating-temperature  controller  168  which  includes  a  function  for  energizing  each  heater 

55  161  to  heat  the  slowly-cooled  portion  151  prior  to  pouring  of  a  molten  metal,  and  deenergizing  each  heater 
161  as  pouring  is  started. 

During  heating,  transferring  of  heat  from  the  slowly-cooled  portion  151  causes  the  rapidly-cooled 
portions  154i  and  1542  to  be  also  heated,  but  such  transferring  of  heat  is  substantially  suppressed,  because 
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the  heat  insulating  material  1492  is  interposed  between  the  members  151  and  154i,  1542  and  also  because 
the  both  members  151  and  154i  ,  1542  are  in  direct  contact  with  each  other  at  their  reduced  portions.  Thus, 
the  temperature  of  the  rapidly-cooled  portions  154i  and  1542  become  lower  than  that  of  the  slowly-cooled 
portion  151,  resulting  in  a  distinct  difference  in  temperature  therebetween. 

5  The  inlet  passages  156,  162  and  165  and  the  outlet  passages  157,  163  and  166  of  the  cooling  circuits 
155i  to  1553  in  the  first  and  second  dies  1  41  1  and  1  41  2  are  connected  to  a  cooling-temperature  controller 
169  which  includes  a  function  for  permitting  a  cooling  water  to  flow  through  the  individual  cooling  circuits 
155i  to  1553  to  cool  the  body  147,  the  slowly-cooled  portion  151  and  the  rapidly-cooled  portions  154i  and 
1542,  as  pouring  of  a  molten  metal  is  started. 

io  During  cooling,  the  slowly-cooled  portion  151  is  slowly  cooled  due  to  its  lower  heat  conductivity  and  the 
smaller  volume  occupied  by  the  cooling  circuit  1552.  On  the  other  hand,  the  rapidly-cooled  portions  154i 
and  1542  are  rapidly  cooled  due  to  its  higher  heat  conductivity  and  the  larger  volume  occupied  by  the 
cooling  circuit  1553.  In  this  case,  a  distinct  difference  in  temperature  is  produced  between  the  slowly-cooled 
portion  151  and  the  rapidly-cooled  portion  154i,  1542,  because  of  the  heat  insulating  material  1492 

is  interposed  between  the  portions  151  and  154i,  1542  and  also  because  of  the  difference  in  temperature 
before  pouring. 

This  enables  the  nose  2e  in  each  cam  portion  2a  of  the  resulting  cam  shaft  blank  2i  to  be  formed  of  a 
chilled  structure  and  also  enables  other  portions  of  the  resulting  cam  shaft  blank  2i  to  be  formed  in  an 
eutectic  graphite  or  graphite  flake  structure. 

20  Description  will  be  made  of  an  operation  for  casting  a  cam  shaft  blank  2i  in  the  above-described  mold 
casting  apparatus  M7. 

There  is  prepared  a  molten  metal  of  the  same  cast  iron  composition  as  that  described  in  the  item  [IV], 
and  the  molten  metal  is  subjected  to  a  similar  inoculation. 

The  mold  141  is  heated  by  the  heating  circuit  159  prior  to  pouring  of  the  molten  metal,  so  that  the 
25  slowly-cooled  portion  151  is  maintained  at  a  temperature  of  150  to  450  °C,  and  the  individual  rapidly-cooled 

portions  154i  and  1542  are  maintained  at  a  temperature  120°C.  The  molten  metal  after  inoculation  is 
poured  into  the  mold  141  at  a  temperature  1380  to  1420°C  to  cast  a  cam  shaft  blank  2i  .  The  amount  of 
molten  metal  poured  at  this  time  is  of  5  kg. 

If  the  mold  141  has  been  previously  heated  as  described  above,  the  running  of  the  molten  metal  during 
30  pouring  is  improved,  and  it  is  possible  to  avoid  cracking  and  the  like  of  the  resulting  cam  shaft  blank  2i  due 

to  rapid  cooling  of  the  molten  metal. 
After  starting  of  pouring,  heating  of  the  mold  141  by  the  heating  circuit  159  is  stopped,  and  at  the  same 

time,  the  mold  141  is  started  to  be  cooled  by  the  cooling  circuits  155i  to  1553,  so  that  the  slowly-cooled 
portion  151  is  slowly  cooled  and  the  individual  rapidly-cooled  portions  154i  and  1542  are  rapidly  cooled. 

35  This  cooling  operation  is  continued  until  the  solidification  of  the  cam  shaft  blank  material  2i  has  been 
completed  with  the  entire  outer  periphery  thereof  converted  into  a  shell-like  solidified  layer.  Thereafter,  the 
mold  is  opened,  and  the  resulting  cam  shaft  blank  2i  is  released  from  the  mold. 

The  temperature  of  the  solidified  layer  at  this  releasing  is  preferred  to  be  in  a  range  of  from  the  eutectic 
crystal  line  to  350  °  C  therebelow.  This  makes  it  possible  to  avoid  thermal  cracking  of  the  resulting  cam  shaft 

40  blank  2i  and  also  avoid  damage  of  the  mold  141  due  to  the  solidificational  shrinkage  of  the  cam  shaft  blank 
material  2i  . 

In  the  cam  shaft  blank  2i  ,  each  nose  2e  is  of  a  chilled  structure  having  fine  Fe3C  particles  (white 
portion),  as  apparent  from  a  microphotograph  (100  times)  shown  in  Fig.39A  for  illustrating  a  metallographical 
structure,  and  other  portions,  for  example,  a  journal  portion  4  is  of  a  structure  having  graphite  flake  particles 

45  (blank  portion),  as  apparent  from  a  microphotograph  shown  in  Fig.39B  for  illustrating  a  metallograpgical 
structure. 

Each  nose  2e  of  the  aforesaid  chilled  structure  is  excellent  in  wear  resistance,  and  the  journal  portion 
2b  or  the  like  of  the  aforesaid  graphite  flake  structure  has  a  toughness  and  a  good  workability. 

In  this  embodiment,  the  casting  material  is  not  limited  to  the  cast  iron,  and  a  carbon  cast  steel  and  an 
50  alloy  cast  steel  can  be  used.  Further,  the  heating-temperature  controller  168  may  be  designed  so  that  an 

energizing  current  to  the  individual  heaters  161  is  reduced  as  pouring  is  started,  thereby  decreasing  the 
amount  of  heat  for  heating  the  mold  141. 

The  mold  casting  processes  described  in  the  items  [I]  to  [X]  are  not  limited  to  the  production  of  the 
cam  shaft  blank,  and  are  also  applicable  to  the  casting  production  of  various  mechanical  parts  such  as 

55  crank  shaft,  brake  caliper  and  nuckle  arm  blanks. 
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[XI]  Casting  of  Nuckle  Arm  Blank  of  Cast  Iron 

As  shown  in  Figs.40  to  42,  a  nuckle  arm  blank  170  as  a  cast  iron  casting  includes  a  blank  body  170a  as 
a  thicker  portion  and  a  cylindrical  portion  170b  integral  with  the  body  170a  as  a  thinner  portion. 

5  A  mold  casting  apparatus  M8  for  casting  the  nuckle  arm  blank  170  comprises  a  pair  of  left  and  right  or 
first  and  second  stationary  base  plates  171i  and  1  71  2  between  which  a  plurality  of  guide  posts  171  are 
suspended.  A  movable  frame  173  is  slidably  supported  on  the  guide  posts  172,  and  a  piston  rod  175  of  an 
operating  cylinder  174  is  attached  to  the  first  stationary  base  plate  171i  and  connected  to  the  movable 
frame  173. 

io  The  mold  176  for  a  nuckle  arm  blank  comprises  a  mold  body  177  and  a  movable  core  178  mounted  in 
the  mold  body  177  for  shaping  the  cylindrical  portion  170b  in  cooperation  therewith.  The  mold  body  177  is 
comprised  of  a  movable  die  177i  attached  to  a  die  base  179  of  the  movable  frame  173,  and  a  stationary  die 
1772  attached  to  a  die  base  180  of  the  second  stationary  base  plate  1  71  2  ■  The  movable  core  178  is  slidably 
received  into  an  insertion  hole  181  provided  in  the  stationary  die  1772,  and  a  piston  rod  183  of  an  operating 

is  cylinder  182  is  attached  to  the  second  stationary  base  plate  1  71  2  and  connected  to  the  movable  core  178. 
The  reference  numeral  184  designates  a  knock-out  means  in  the  movable  die  177i  and  the  stationary  die 
1772.  Each  knock-out  means  184  comprises  a  plurality  of  pins  186  slidably  received  in  insertion  holes  in 
each  of  the  movable  die  177i  and  the  stationary  die  1772,  and  an  operating  cylinder  189  attached  to  the 
movable  frame  173  and  having  a  piston  rod  188  connected  to  a  support  plate  187. 

20  Each  of  the  movable  die  177i  and  the  stationary  die  1772  is  provided  with  a  cooling  circuit  191 
including  a  cooling-water  channel  distributed  over  the  entire  region  of  each  of  the  dies  177i  and  1772,  and  a 
heating  circuit  194  including  bar-like  heaters  193  inserted  into  and  held  in  a  plurality  of  insertion  holes, 
respectively.  A  cooling  circuit  196  including  a  cooling-water  channel  195  (Fig.42)  is  also  provided  in  the 
movable  core  178. 

25  Description  will  now  be  made  of  an  operation  for  casting  a  knuckle  arm  blank  170  in  the  above- 
described  mold  casting  apparatus  M8. 

As  shown  in  Fig.41,  the  movable  die  177i  is  moved  and  mated  to  the  stationary  die  1772,  with  the 
movable  core  178  placed  in  a  space  between  both  the  dies  1  71  1  and  1  71  2  ,  and  the  mold  is  clamped, 
thereby  defining  a  cavity  197  for  knuckle  arm  blank  110.  The  heating  circuit  194  is  operated  to  heat  the 

30  movable  die  177i  and  the  stationary  die  1772. 
There  is  prepared  a  molten  metal  of  the  same  cast  iron  composition  as  that  described  in  the  item  [IV)], 

and  the  molten  metal  is  subjected  to  a  similar  inoculation,  followed  by  pouring  into  the  cavity  197  for 
casting  of  the  knuckle  arm  blank  170. 

After  starting  of  pouring  of  the  molten  metal,  heating  of  the  movable  die  177i  and  the  stationary  die 
35  1772  by  the  heating  circuit  194  is  stopped  and  at  the  same  time,  the  cooling  circuits  191  in  both  dies  177i 

and  1772  are  operated  to  start  cooling  thereof.  During  this  casting  operation,  the  cooling  circuit  196  in  the 
movable  circuit  178  is  kept  inoperative. 

Surface  layers  of  the  blank  body  170a  and  the  cylindrical  portion  170b  are  rapidly  cooled  under  a 
rapidly-cooled  effect  of  the  movable  die  177i  ,  the  stationary  die  1772  and  the  movable  core  178.  When  the 

40  temperature  of  the  surface  layers  is  down  to  about  1150°C  (eutectic  crystal  line  Le1)  as  described  above, 
the  blank  body  170a  and  the  cylindrical  portion  170b  become  solidified  with  their  surface  layers  each 
converted  into  a  shell-like  solidified  layer. 

The  appearance  of  the  solidified  layer  is  earlier  on  the  cylindrical  portion  170b  because  of  its  thinner 
wall,  as  compared  with  that  on  the  thicker  blank  body  170a. 

45  Thus,  when  the  surface  layer  of  the  cylindrical  portion  178  has  been  converted  into  the  solidified  layer, 
the  movable  core  178  is  retracted  from  the  cylindrical  portion  170b,  as  shown  by  a  chain  line  in  Fig.42. 

Thereafter,  when  the  surface  layer  of  the  blank  body  170a  has  been  converted  into  the  solidified  layer, 
the  movable  die  177i  is  moved  to  provide  the  mold  opening,  and  the  resulting  nuckle  arm  170  is  released 
from  the  mold  by  the  knock-out  means  184. 

50  Fig.43  illustrates  a  relationship  of  the  amount  of  thermal  expansion  of  mold  176  and  the  amount  of 
shrinkage  of  knuckle  arm  blank  170  with  respect  to  elapsed  time  after  pouring  of  the  molten  metal,  wherein 
a  line  S1  corresponds  to  that  of  the  cylindrical  portion  shaping  region  of  the  mold  176;  a  line  T1 
corresponds  to  that  of  the  blank  body  shaping  region  of  the  mold  176;  a  line  S2  corresponds  to  that  of  the 
cylindrical  portion  170  of  the  knuckle  arm  blank  170;  and  a  line  T2  corresponds  to  the  blank  body  170a  of 

55  the  knuckle  arm  blank  170. 
It  can  be  seen  from  Fig.43  that  removal  of  the  movable  core  178  should  be  conducted  after  a  lapse  of 

about  4  to  6  seconds  from  the  pouring,  and  releasing  of  the  knuckle  arm  blank  170  from  the  mold  should  be 
conducted  after  a  lapse  of  about  12  to  about  16  seconds.  If  such  removal  and  releasing  are  conducted 
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earlier  the  cylindrical  portion  170b  and  the  blank  body  170a  have  no  shape  retention  because  of  their 
unsolidified  states.  On  the  other  hand,  if  removal  and  releasing  are  conducted,  later  thermal  cracking  of  the 
resulting  knuckle  arm  blank  170  and  damage  of  the  mold  176,  particularly  the  movable  die  177i  and  the 
stationary  die  1772  are  produced. 

5  Fig.44  illustrates  a  relationship  similar  to  that  in  Fig.43,  except  that  the  cooling  circuit  196  in  the 
movable  core  178  is  operated  after  the  starting  of  pouring  in  the  above-described  casting  operation,  so  that 
cooling  of  the  movable  core  178  is  also  used. 

Fig.45  illustrates  a  relationship  between  the  temperatures  of  the  mold  176  and  the  knuckle  arm  blank 
170  and  the  time  elapsed  after  pouring  of  the  molten  metal.  A  line  U1  corresponds  to  that  of  the  blank  body 

io  shaping  region  of  the  mold  176;  a  line  V1  corresponds  to  that  of  the  cylindrical  portion  170b  when  the 
movable  core  178  has  not  been  cooled;  a  line  V2  corresponds  to  that  of  the  movable  core  178  which  is  not 
cooled;  a  line  W1  corresponds  to  that  of  the  cylindrical  portion  170b  when  the  movable  core  178  has  been 
cooled;  and  a  line  W2  corresponds  to  that  of  the  movable  core  178  cooled. 

As  illustrated  in  Fig.45,  to  prevent  thermal  cracking  of  the  cylindrical  portion  170b,  the  consideration  is 
is  the  difference  between  the  amount  of  shrinkage  of  cylindrical  portion  170b  and  the  amount  of  thermal 

expansion  of  movable  core  178  and  thus  a  difference  in  temperature  between  the  cylindrical  portion  170b 
and  the  movable  core  178  with  respect  to  the  lapse  of  time  after  pouring  of  the  molten  metal.  However,  if 
the  movable  core  178  is  cooled,  a  difference  in  temperature  at  the  limit  time  point  for  removal  of  the 
movable  core  178  indicated  by  lines  W1  and  W2  can  be  maintained  for  a  period  of  time  longer  than  those 

20  indicated  by  lines  V1  and  V2  when  the  movable  core  178  is  not  cooled.  This  makes  it  possible  to  moderate 
the  severity  of  removal  of  the  movable  core  178,  while  widening  a  range  of  time  points  at  which  the 
movable  core  178  is  to  be  removed. 

In  the  above  embodiment,  it  is  possible  to  carry  out  a  directional  solidification  of  a  molten  metal  with  a 
temperature  gradient  provided  for  the  mold  176  by  controlling  the  heating  circuit  194  and  the  cooling 

25  circuits  191  and  196. 

[XII]  Mold  for  Casting  Cam  Shaft  Blank 

Figs.46  and  47  illustrate  a  first  die  similar  to  the  first  die  1i  of  the  split  type  mold  1,  except  that  the 
30  heating  circuit  8,  the  cooling  circuit  9  and  the  like  are  omitted. 

The  first  die  1i  is  comprised  of  a  mold  body  200  forming  a  main  portion,  and  a  plurality  of  plate-like 
heat  resistant  members  201  1  and  201  2  attachable  to  and  detachable  from  the  mold  body  200. 

In  the  cam  shaft  blank  2i  illustrated  in  Fig.4,  that  portion  2g  of  each  smaller  diameter  portion  2d  which 
is  connected  with  the  cam  portion  2a  and  each  neck  portion  2c  are  annular  recesses.  Thereupon,  convex 

35  portions  for  shaping  them  are  provided  in  the  heat  resistant  members  201  1  and  2012- 
The  heat  resistant  members  201  1  and  201  2  are  of  two  types,  one  of  which  includes  a  semi-annular 

convex  portion  202  for  shaping  one  half  of  the  connection  2g,  as  shown  in  Fig.  48A,  and  the  other  includes 
a  semi-annular  convex  portion  203  for  shaping  one  half  of  the  neck  portion  2c,  and  a  semi-annular  concave 
portion  204  adjacent  to  the  convex  shaping  portion  203  for  shaping  a  part  of  the  journal  portion  2b,  as 

40  shown  in  Fig.48B. 
Each  of  the  heat  resistant  members  201  1  and  201  2  is  formed  of  a  shell  sand  and  fitted  in  a  recess 

205i  ,  2052  of  the  first  die  1i  ;  and  forms  a  pair  with  each  of  the  heat  resistant  members  201  1  and  201  2  also 
likewise  fitted  in  the  second  die  (not  shown)  during  closing  of  the  mold,  thereby  shaping  each  connection 
portion  2g  and  each  neck  portion  2c. 

45  If  constructed  in  the  above  manner,  when  wearing  due  to  running  of  the  molten  metal  or  a  damage  due 
to  adhesion  attendant  upon  the  solidificational  shrinkage  of  the  cam  shaft  blank  material  2i  or  the  like  are 
produced  in  each  heat  resistant  member  201  1,  201  2,  it  is  possible  to  reconstruct  the  mold  1  only  by 
replacement  of  such  heat  resistant  member  201  1,  201  2  by  a  new  one.  With  each  of  the  heat  resistant 
members  201  1  201  2  formed  of  a  shell  sand  as  described  above,  it  is  preferred  to  replace  them  by  new 

50  ones  for  each  casting  operation  from  the  viewpoint  of  their  heat  resistance. 
Figs.49  and  50  illustrate  a  mold  including  a  heat  resistant  member  201  2  which  is  formed  of  a  material 

such  as  a  metal,  a  ceramic,  carbon,  etc.,  and  which  is  attached  to  the  mold  body  200  by  a  bolt  206. 
Although  not  shown  in  the  Figures,  the  other  resistant  member  201  1  is  similarly  formed.  In  this  case,  the 
heat  resistance  of  the  heat  resistant  members  201  1  and  201  2  can  be  improved  and  hence,  is  capable  of 

55  resisting  many  runs  of  casting  operations,  leading  to  a  decrease  in  the  number  of  replacing  operations. 
The  technological  thought  of  the  use  of  the  above-described  heat  resistant  members  is  not  limited  to 

the  casting  production  of  the  cam  shaft  blanks  and  is  also  applicable  to  the  casting  production  of  various 
castings  having  recesses. 
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[XIII]  Mold  for  Casting  Cam  Shaft  Blank 

Fig.51  illustrates  a  first  die  similar  to  the  first  die  1i  described  in  the  item  [XII]. 
As  shown  in  Fig.51  to  54,  the  first  die  1i  comprises  a  mold  body  207  forming  a  primary  portion,  plate- 

5  like  heat  resistant  members  208i  and  2O82  added  to  the  mold  body  207  for  shaping  a  plurality  of  neck 
portions  and  a  connection  portion. 

The  mold  body  207  includes  a  pair  of  air  flow  channels  209  made  along  a  back  side  of  a  cavity  6,  and 
holes  21  0i  and  21  02  opened  to  the  cavity  6  in  neck  portion-shaping  and  connection  portion-shaping  regions 
of  the  cavity  6,  so  that  the  heat  resistant  members  208i  and  2O82  are  mounted  into  the  corresponding  holes 

10  21  0i  and  21  02,  respectively.  A  bottom  of  each  of  the  holes  21  0i  and  21  02  communicates  with  the  two  air 
flow  channels  209. 

As  shown  in  Figs.55A  and  55B,  one  208i  of  the  heat  resistant  members  208i  and  2O82  serves  to  shape 
a  neck  portion  2c,  and  the  other  2O82  serves  to  shape  a  connection  2g.  These  members  are  substantially  of 
the  same  construction  and  hence,  description  will  be  made  of  the  neck  portion  shaping  heat-resistant 

15  member  208i  and  the  description  of  the  other  2O82  is  omitted,  except  that  the  same  characters  are  applied 
to  the  same  portions. 

The  heat  resistant  member  208i  is  formed  of  a  material  such  as  a  metal,  a  ceramic,  etc.,  and  includes  a 
semi-annular  cut  recess  21  1  at  a  portion  close  to  the  cavity  6  and  corresponding  to  the  neck  portion  2c,  and 
a  semi-annular  cut  recess  212  communicating  with  both  air  flow  channels  209.  Further,  the  heat  resistant 

20  member  208i  is  provided  on  its  one  side  face  with  three  projections  213  abutting  against  an  inner  surface 
of  the  hole  21  0i  in  the  mold  body  207.  Two  of  the  three  projections  213  are  disposed  at  places  to  sandwich 
an  opening  of  the  cut  recess  21  1  ,  and  the  remaining  one  is  disposed  on  a  bottom  surface  of  the  cut  recess 
211. 

The  height  of  each  of  the  projections  213  is  0.1  to  0.2  mm,  and  two  slits  215  are  defined  between  the 
25  adjacent  projections  213  and  between  the  recesses  214  and  the  inner  surface  of  the  hole  21  0i  .  The  slits 

permit  the  communication  between  the  cavity  6  and  the  air  flow  channels  209. 
The  width  of  the  slit  215  corresponds  to  the  height  of  the  projection  213.  If  the  slit  215  has  such  a  very 

small  width,  it  has  a  function  for  permitting  flow  of  air  thereinto  but  inhibiting  flow  of  a  molten  metal 
thereinto. 

30  The  air  flow  channels  209  are  connected  to  a  vacuum  pump  217  and  a  compressor  218  through  a 
switch  valve  216. 

With  the  above  construction,  in  casting,  both  air  flow  channels  209  are  connected  to  the  vacuum  pump 
217  through  the  switch  pump  216.  During  pouring  of  a  molten  metal,  a  gas  within  the  cavity  6  is  discharged 
through  a  vent  7  and  the  individual  slits  215,  and  a  gas  produced  after  pouring  is  efficiently  discharged 

35  through  the  individual  slits  215. 
After  the  resulting  cam  shaft  blank  2i  has  been  released  from  the  mold,  the  air  flow  channels  209  are 

connected  to  the  compressor  218  through  the  switch  valve  216,  so  that  compressed  air  is  supplied  to  both 
air  flow  channels  209.  Thus,  even  if  the  solidified  material  which  might  be  produced  due  to  entering  into  the 
individual  slits  215  is  present  in  the  latter,  the  compressed  air  causes  such  solidified  material  to  be 

40  discharged. 

[XIV]  Mold  for  Casting  Cam  Shaft  Blank 

Figs.56  and  57  illustrate  a  first  die  similar  to  the  first  die  1i  of  the  spilt  type  mold  1  described  in  the 
45  item  [I]  and  shown  in  Fig.2,  but  a  pair  of  cavities  6  are  provided,  and  the  heating  circuit  8  and  the  cooling 

circuit  9  or  the  like  are  omitted.  A  mold  1  is  formed  of  a  Cu-Cr  alloy  containing  0.75  to  1%  by  weight  of  Cr 
and  has  a  heat  conductivity  of  0.2  to  0.9  cal/cm/sec./°  C. 

A  filter  220  made  of  a  SiC  porous  material  having  an  average  pore  diameter  of  about  1  -  5  mm  is 
placed  in  each  of  a  molten  metal  passage,  i.e.,  a  sprue  3,  communicating  with  the  cavities  6,  a  runner  4 

50  communicating  with  one  of  the  cavities  6  and  a  gate  5  communicating  with  the  other  cavity  6. 
In  addition  to  SiC,  a  ceramic  material  selected  from  the  group  consisting  of  AI2O3,  Si02,  ShN  ̂ and  the 

like  may  be  used. 
In  each  filter-placed  portion  221,  first  and  second  frustoconical  recesses  222i  and  2222  having  larger 

diameter  end  faces  opposed  to  each  other  are  defined  on  molten  metal  entry  and  exit  sides  of  the  filter  220 
55  in  a  state  that  the  first  die  1  1  and  a  second  die  (not  shown)  has  been  mated  to  each  other.  For  example,  as 

shown  in  Fig.57,  the  diameters  d1  and  d2  of  a  smaller  diameter  end  face  and  the  larger  diameter  end  face 
of  the  first  recess  222i  are  of  20  and  30  mm,  respectively,  while  the  diameters  d3  and  d4  of  a  smaller 
diameter  end  face  and  the  larger  diameter  end  face  of  the  second  recess  2222  are  of  25  and  15  mm, 
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respectively.  Accordingly,  for  sectional  areas  of  the  individual  end  faces,  there  is  established  a  relationship 
of  the  larger  diameter  end  face  of  the  first  recess  222i  >  the  larger  diameter  end  face  of  the  second  recess 
2222  >  the  smaller  diameter  end  face  of  the  first  recess  222i  >  the  smaller  diameter  end  face  of  the  second 
recess  2222  . 

5  Setting  of  the  sectional  areas  of  the  individual  end  faces  in  such  a  relationship  enables  an  efficient 
filteration  of  a  molten  metal  and  also  enables  a  throttling  effect  to  be  provided  to  increase  the  pouring  rate. 

After  preparation  of  a  molten  metal  of  the  same  cast  iron  composition  as  that  described  in  the  item  [IV], 
the  molten  metal  was  subjected  to  a  similar  inoculaion  and  then  to  a  casting  process  using  the  mold  1 
under  the  following  conditions. 

io  The  conditions  were  such  that  a  preheating  temperature  of  the  nose  shaping  region  of  the  mold  1  was 
of  about  70  -  150°C;  preheating  temperatures  of  other  regions  were  of  about  120  -  450  °C;  a  pouring 
temperature  was  of  1380  to  1420°C;  a  pouring  time  was  of  4  -  15  seconds;  and  the  amount  poured  was  9 
kg.  After  a  lapse  of  about  3  to  8  seconds  from  the  pouring,  the  temperature  of  the  surface  layer  of  the  cam 
shaft  blank  material  was  at  a  temperature  of  950  to  850  °  C,  and  when  that  surface  layer  was  converted  into 

is  a  solidified  layer,  the  resulting  cam  shaft  blank  was  released  from  the  mold. 
The  above  procedure  makes  it  possible  to  reduce  the  time  required  from  the  start  of  pouring  to  the 

releasing  of  the  resulting  cam  shaft  blank  and  to  efficiently  produce  a  high  quality  cam  shaft  blank  21  .  This 
is  attributable  to  the  removal  of  slag  by  each  of  the  filters  220  and  the  control  of  running  of  the  molten  metal 
to  suppress  the  inclusion  of  gas  to  the  utmost.  In  addition,  becasue  the  pouring  rate  is  increased,  it  is 

20  possible  to  prevent  a  failure  of  running  of  the  molten  metal. 
Table  VI  shows  %  incidence  of  casting  defects  when  the  filter  220  was  used  and  not  used.  It  is 

apparent  from  Table  VI  that  the  use  of  the  filter  220  enables  the  %  incidence  of  casting  defects  to  be 
suppressed  substantially. 

25  Table  VI 

Casting  defect  Filter 

when  not  used  When  used 

Pin  hole  50  to  60%  2  to  3% 
Inclusion  of  slag  10  to  20%  1  to  2% 

It  should  be  noted  that  the  filter  220  may  be  placed  in  the  sprue  3,  the  runner  4  or  the  gate  5. 
35  The  above-described  slit  215,  the  heat  resistant  members  201  1  ,  201  2,  208i  and  2082  and  the  filter  220 

may  be  provided  in  the  above-described  several  mold  casting  apparatus,  as  required. 

Claims 

40  1.  A  mold  casting  process  comprising  introducing  a  molten  metal  into  a  cavity  (6)  of  a  mold  (1)  made  at 
least  partially  of  a  material  having  a  high  thermal  conductivity,  controlling  the  temperature  of  the  mold 
to  obtain  a  mechanical  part  or  component  (21)  cast  in  the  mold,  and  rapidly  cooling,  after  introduction 
of  the  molten  metal,  the  surface  of  the  mechanical  part  or  component  in  contact  with  the  mold  so  as  to 
form  a  shell-like  solidified  layer  on  the  part  or  component,  characterized  by  the  step  of  releasing  the 

45  resulting  part  or  component  from  the  mold  when  the  solidified  layer  has  been  formed  at  the  surface  of 
the  part  or  component  but  the  inner  region  of  the  mechanical  part  or  component  has  not  yet  been 
solidified  and  when  the  solidified  layer  is  at  an  elevated  temperature  whose  value  is  correlated  to  the 
material  of  the  part  or  component  such  that  thermal  cracking  of  the  mechanical  part  or  component  is 
substantially  avoided  and  adhesion  between  the  part  or  component  and  the  mold  is  minimized  whereby 

50  the  mold  will  be  subject  to  minimal  damage  due  to  solidification  and  shrinkage  of  the  cast  mechanical 
part  or  component. 

2.  A  mold  casting  process  according  to  claim  1,  wherein  the  mold  (91)  has  a  passage  (98)  communication 
with  the  cavity  (96)  for  guiding  the  molten  metal  into  the  cavity,  and  the  process  further  comprises 

55  preheating  the  cavity  and  the  passage  before  introducing  the  molten  metal  therein,  the  cooling  of  the 
mechanical  part  or  component  is  conducted  by  starting  cooling  of  the  mold  cavity  in  response  to  the 
introducing  step  of  the  molten  metal  and  starting  cooling  of  the  passage  in  response  to  completion  of 
the  introduction  of  the  molten  metal  so  that  any  molten  metal  present  in  the  passage  is  solidified,  and 
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the  cooling  of  the  cavity  and  the  passage  is  stopped  when  their  temperatures  have  dropped  to  a  level 
near  the  preheating  temperature. 

3.  A  mold  casting  process  according  to  claim  1,  wherein  the  mold  (91)  has  a  passage  (98)  communicating 
5  with  the  cavity  (96)  for  introducing  the  molten  metal  into  the  cavity,  and  the  cooling  of  the  mechanical 

part  or  component  is  conducted  such  that  the  passage  is  first  cooled  rapidly  to  solidify  the  molten 
metal  in  the  passage  and  then  the  surface  layer  of  the  mechanical  part  or  component  in  the  cavity  is 
solidified  while  applying  a  pressing  force  to  the  part  or  component. 

io  4.  A  mold  casting  process  according  to  claim  3,  wherein  the  pressure  force  is  applied  by  a  piston. 

5.  A  mold  casting  process  according  to  claim  4,  wherein  the  pressing  force  is  applied  by  a  pressing 
cylinder  (93). 

is  6.  A  mold  casting  process  according  to  claim  1,  wherein  the  cast  mechanical  part  or  component  has  a 
first  formed  portion  (2e,)  of  a  harder  structure  and  a  second  formed  portion  (2f,)  of  a  softer  structure, 
the  process  further  comprising  the  steps  of  heating  the  mold,  prior  to  introducing  the  molten  metal 
thereinto,  under  a  condition  where  heat  transfer  is  suppressed  between  a  first  region  (154i  ,  1542)  of  the 
mold  for  the  first  formed  portion  of  the  mechanical  part  or  component  and  a  second  region  (151)  of  the 

20  mold  for  the  second  formed  portion  and  the  temperature  of  the  first  region  is  lower  than  that  of  the 
second  region,  and  after  introducing  the  molten  metal  into  the  mold,  effecting  the  rapid  cooling  in  the 
first  region  and  slowly  cooling  the  second  region  while  reducing  the  heating  of  the  mold  upon 
commencement  of  the  introduction  of  the  molten  metal  into  the  mold  so  that  the  cast  part  or 
component  has  a  harder  structure  at  the  first  region  and  a  softer  structure  at  the  second  region. 

25 
7.  A  mold  casting  process  according  to  claim  6,  wherein  the  heating  of  the  mold  is  reduced  by  halting  the 

heating. 

8.  A  mold  casting  process  according  to  claim  1,  wherein  the  cast  mechanical  part  or  component  (170)  has 
30  a  thinner  wall  portion  (170b)  and  a  thicker  wall  portion  (170a)  integral  with  the  thinner  wall  portion,  the 

mold  (176)  having  a  movable  core  (178)  slidably  mounted  in  the  body  (177)  of  the  mold  for  shaping  the 
thinner  wall  portion  in  cooperation  with  the  mold  body,  the  process  further  comprising  the  steps  of 
locating,  prior  to  introducing  the  molten  metal  into  the  mold,  the  movable  core  in  the  mold  body  at  a 
position  corresponding  to  the  thinner  wall  portion,  separating  the  movable  core  from  the  thinner  wall 

35  portion  after  introducing  the  molten  metal  into  the  mold,  when  the  solidified  layer  is  formed  at  the  thiner 
wall  portion,  and  thereafter  removing  the  resulting  mechanical  part  or  component  from  the  mold  when 
the  solidified  layer  is  formed  also  at  the  surface  of  the  thicker  wall  portion. 

9.  A  mold  casting  process  according  to  claim  1,  further  comprising  applying  pressure  to  the  cast 
40  mechanical  part  or  component  while  it  is  still  at  a  relatively  high  temperature  immediately  after  it  is 

released  from  the  mold. 

10.  A  mold  casting  process  according  to  claim  1  or  9,  wherein  the  mechanical  part  or  component  is  a  cast 
iron  product  (2i  ),  and  the  releasing  of  the  product  from  the  mold  is  effected  when  the  temperature  at 

45  the  surface  of  the  product  is  at  a  level  between  the  eutectic  temperature  and  350  °  C  therebelow. 

11.  A  mold  casting  process  according  to  claim  1  or  9,  wherein  the  mechanical  part  or  component  is  a  steel 
product  (22),  and  the  releasing  of  the  product  from  the  mold  is  effected  when  the  temperature  at  the 
surface  of  the  steel  product  is  at  a  level  between  the  solidus  and  250  °  C  therebelow. 

50 
12.  A  mold  casting  process  according  to  claim  1  or  9,  wherein  the  mechanical  part  or  component  is  an 

aluminum  alloy  product  (22),  and  the  releasing  of  the  product  from  the  mold  is  effected  when  the 
temperature  at  the  surface  of  the  aluminum  alloy  product  is  at  a  level  between  the  eutectic  temperature 
and  230  °  C  therebelow. 

55 
13.  A  mold  casting  apparatus  comprising  a  mold  (1)  for  obtaining  a  mechanical  part  or  component  (2i)  by 

casting,  the  mold  being  made  at  least  partially  of  a  material  of  a  high  thermal  conductivity  and  including 
a  cavity  (6)  having  different  portions  for  casting  different  portions  (2a-2g,)  of  the  mechanical  part  or 
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component,  and  a  cooling/heating  circuit  system  for  the  mold, 
characterized  in  that  the  cooling/heating  circuit  system  comprises  a  cooling  circuit  (9)  associated 

with  at  least  one  (2e,)  of  the  portions  of  the  mechanical  part  or  component,  a  heating  circuit  (8) 
separate  and  independent  from  the  cooling  circuit  (9)  and  associated  with  another  (2d,)  of  the  portions 

5  of  the  mechanical  part  or  component,  a  cooling-temperature  controller  means  (18)  connected  to  the 
cooling  circuit,  and  a  heating-temperature  controller  means  (19)  connected  to  the  heating  circuit,  the 
heating-temperature  controller  means  being  constructed  to  activate  the  heating  circuit  to  heat  a  first 
portion  of  the  different  portions  of  the  mold  prior  to  introduction  of  a  molten  metal  into  the  mold  and 
further  to  reduce  an  output  from  the  heating  circuit  after  commencement  of  introduction  of  the  molten 

io  metal  into  the  mold,  the  cooling-temperature  controller  means  being  constructed  to  activate  the  cooling 
circuit  to  cool  a  second  portion  of  the  different  portions  of  the  mold  after  the  introduction  of  the  molten 
metal  into  the  mold  for  rapidly  cooling  the  surface  of  the  at  least  one  portion  of  the  cast  mechanical 
part  or  component  associated  with  the  cooling  circuit  to  form  a  shell-like  solidified  layer  on  the  latter 
said  portion. 

15 
14.  A  mold  casting  apparatus  according  to  claim  13,  wherein  the  mold  (91  etc)  has  a  passage  (3-5,  98  etc) 

communicating  with  the  cavity  (96)  for  introducing  the  molten  metal  into  the  cavity,  and  pressing  means 
(93-95)  is  coupled  to  the  mold  for  applying  pressure  to  the  molten  metal  introduced  into  the  mold 
cavity,  the  cooling  circuit  including  a  first  cooling  circuit  (104i)  mounted  around  the  passage  and  a 

20  second  cooling  circuit  (1042)  mounted  in  a  first  portion  of  a  cavity-defining  portion  (97)  of  the  mold,  the 
first  and  second  cooling  circuits  being  separate  and  independent  from  each  other,  the  cooling- 
temperature  controller  means  comprising  first  and  second  controllers  (1060  and  (1062)  for  the  first  and 
second  cooling  circuits,  respectively,  the  heating  circuit  being  mounted  in  a  second  portion  of  the 
cavity-defining  portion  of  the  mold,  and  wherein  the  first  controller  (IO61)  is  constructed  to  activate  the 

25  first  cooling  circuit  (104i)  to  rapidly  cool  the  molten  metal  within  the  passage  after  introduction  of  the 
metal  into  the  cavity  thereby  closing  the  passage,  and  the  pressing  means  is  constructed  to  apply 
pressure  to  the  mechanical  part  or  component  present  in  an  unsolidified  state  within  the  cavity  after  the 
passage  is  closed. 

30  15.  A  mold  casting  apparatus  according  to  claim  13,  wherein  the  mold  has  a  passage  (3-5)  for  guiding  the 
molten  metal  into  the  cavity  and  a  filter  (220)  is  disposed  in  said  passage  for  regulating  flow  of  the 
molten  metal  therethrough. 

16.  A  mold  casting  apparatus  according  to  claim  14,  wherein  a  filter  (220)  is  disposed  in  said  passage  (3-5) 
35  for  regulating  flow  of  the  molten  metal  therethrough. 

17.  A  mold  casting  apparatus  according  to  claim  15  or  16,  wherein  the  filter  is  made  of  a  porous  ceramic 
meterial. 

40  18.  A  mold  casting  apparatus  according  to  claim  13,  14,  15,  16  or  17,  wherein  the  mold  includes  a  convex 
shaping  portion  (202,  203)  for  producing  a  recessed  portion  (2c,  2g)  in  the  cast  mechanical  part  or 
component,  the  convex  shaping  portion  being  provided  in  a  heat  resistant  member  (201  1,  201  2) 
detachably  mounted  on  the  mold. 

45  19.  A  mold  casting  apparatus  according  to  claim  18,  wherein  the  heat  resistant  member  is  made  from  a 
shell  sand. 

20.  A  mold  casting  apparatus  according  to  claim  18,  wherein  the  heat  resistant  member  is  made  of  a 
material  selected  from  the  group  consisting  of  metals,  ceramics  and  carbon. 

50 
21.  A  mold  casting  apparatus  according  to  claim  13,  wherein  the  mold  further  has  an  air  flow  channel  (209) 

extending  along  a  back  side  of  the  cavity  (6),  the  air  flow  channel  and  the  cavity  communicating  with 
each  other  through  a  slit  (215)  which  permits  flow  of  air  therethrough  but  inhibits  flow  of  molten  metal. 

55  22.  A  mold  casting  apparatus  according  to  claim  21,  wherein  the  slit  is  defined  by  an  inner  surface  of  a 
recessed  portion  (210i,2102)  forming  a  part  of  the  cavity  and  by  a  recess  (214)  in  a  heat  resistant 
member  (2081,2082)  mounted  in  the  recessed  portion,  the  heat  resistant  member  defining  a  portion  of 
the  cavity. 

27 
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23.  A  mold  casting  apparatus  according  to  claim  13,  wherein  said  different  portions  of  the  mechanical  part 
or  component  (2i  etc)  include  a  portion  (2e,  etc)  of  a  harder  structure  and  a  portion  (2d,  etc)  of  a  softer 
structure,  said  different  portions  of  the  mold  including  a  first  region  (154i,1542)  for  forming  the  portion 
of  a  harder  structure  and  a  second  region  (151)  for  forming  the  portion  of  a  softer  structure,  a  heat 

5  insulating  material  (149i,1492)  being  interposed  between  the  first  and  second  regions,  said  heating 
circuit  (159)  heating  the  two  regions  differently  from  each  other  prior  to  introduction  of  the  molten  metal 
into  the  cavity  such  that  the  first  region  is  held  at  a  temperature  lower  than  that  of  the  second  region. 

24.  A  mold  casting  apparatus  according  to  any  one  of  claims  13  to  23,  wherein  the  mold  is  made  of  copper 
io  or  copper  alloy. 

25.  A  mold  casting  apparatus  according  to  claim  24,  wherein  the  cast  mechanical  part  or  component  is 
removed  from  the  mold  in  a  time  period  of  the  order  of  seconds  after  the  introduction  of  the  molten 
metal  into  the  mold. 

15 
Patentanspruche 

1.  FormguBverfahren  umfassend  Einfuhren  von  geschmolzenem  Metall  in  einen  Hohlraum  (6)  einer  Form 
(1),  welche  wenigstens  teilweise  aus  einem  Material  mit  hoher  Warmeleitfahigkeit  hergestellt  ist, 

20  Steuern  der  Temperatur  der  Form,  urn  ein  in  der  Form  gegossenes  mechanisches  Teil  oder  Bauteil 
(21)  zu  erhalten,  und  nach  Einfuhren  des  geschmolzenen  Metalls  schnelles  Abkuhlen  der  Oberflache 
des  mechanischen  Teils  oder  Bauteils  in  Kontakt  mit  der  Form,  urn  eine  schalenartige,  verfestigte 
Schicht  auf  dem  Teil  oder  Bauteil  auszubilden, 
gekennzeichnet  durch 

25  den  Schritt  des  Losens  des  erhaltenen  mechanische  Teils  oder  Bauteils  von  der  Form,  wenn  die 
verfestigte  Schicht  an  der  Oberflache  des  mechanischen  Teils  oder  Bauteils  gebildet  wurde,  der  innere 
Bereich  des  mechanischen  Teils  oder  Bauteils  aber  sich  noch  nicht  verfestigt  hat  und  wenn  die 
verfestigte  Schicht  eine  erhohte  Temperatur  aufweist,  deren  Wert  mit  dem  Material  des  Teils  oder 
Bauteils  derart  korreliert  ist,  daB  thermische  RiBbildung  des  mechanischen  Teils  oder  Bauteils  im 

30  wesentlichen  vermieden  ist  und  Adhasion  zwischen  dem  Teil  oder  Bauteil  und  der  Form  minimiert  ist, 
wodurch  die  Form  minimaler  Beschadigung  aufgrund  von  Verfestigung  und  Schrumpfen  des  gegosse- 
nen  mechanischen  Teils  oder  Bauteils  unterworfen  wird. 

2.  FormguBverfahren  nach  Anspruch  1,  wobei  die  Form  (91)  einen  mit  dem  Hohlraum  (96)  in  Verbindung 
35  stehenden  DurchlaB  (98)  zum  Leiten  des  geschmolzenen  Metalls  in  den  Hohlraum  aufweist  und  das 

Verfahren  weiterhin  ein  Vorheizen  des  Hohlraums  und  des  Durchlasses  vor  Einfuhren  des  geschmolze- 
nen  Metalls  darin  umfaBt,  wobei  das  Abkuhlen  des  mechanischen  Teils  oder  Bauteils  durchgefuhrt  wird, 
indem  das  Abkuhlen  des  Formhohlraums  in  Antwort  auf  den  Einfuhrschritt  des  geschmolzenen  Metalls 
gestartet  wird  und  das  Abkuhlen  des  Durchlasses  in  Antwort  auf  das  Beenden  des  Einfuhrens  des 

40  geschmolzenen  Metalls  gestartet  wird,  derart,  daB  in  dem  DurchlaB  vorhandenes,  geschmolzenes  Metall 
verfestigt  ist,  und  das  Abkuhlen  des  Hohlraums  und  des  Durchlasses  gestoppt  wird,  wenn  ihre 
Temperaturen  auf  ein  Niveau  in  der  Nahe  der  Vorwarmtemperatur  abgesunken  sind. 

3.  FormguBverfahren  nach  Anspruch  1,  bei  welchem  die  Form  (91)  eine  mit  dem  Hohlraum  (96)  zum 
45  Einfuhren  des  geschmolzenen  Metalls  in  den  Hohlraum  in  Verbindung  stehenden  DurchlaB  (98) 

aufweist  und  das  Abkuhlen  des  mechanischen  Teils  oder  Bauteils  derart  durchgefuhrt  wird,  daB  der 
DurchlaB  zuerst  schnell  abgekuhlt  wird,  urn  das  geschmolzene  Metall  in  dem  DurchlaB  zu  verfestigen, 
und  dann  die  Oberflachenschicht  des  mechanischen  Teils  oder  Bauteils  in  dem  Hohlraum  verfestigt 
wird,  wahrend  eine  druckende  Kraft  auf  das  Teil  oder  Bauteil  ausgeubt  wird. 

50 
4.  FormguBverfahren  nach  Anspruch  3,  bei  welchem  die  druckende  Kraft  durch  einen  Kolben  angewendet 

wird. 

5.  FormguBverfahren  nach  Anspruch  4,  bei  welchem  die  druckende  Kraft  durch  einen  Druckzylinder  (93) 
55  angewendet  wird. 

6.  FormguBverfahren  nach  Anspruch  1  ,  bei  welchem  das  gegossene  mechanische  Teil  oder  Bauteil  einen 
ersten  geformten  Abschnitt  (2e)  mit  einer  harteren  Struktur  und  einen  zweiten  geformten  Abschnitt  (2f) 
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mit  einer  weicheren  Struktur  aufweist,  wobei  das  Verfahren  weiterhin  umfaBt  die  Schritte  des  Erwar- 
mens  der  Form  vor  Einfuhren  des  geschmolzenen  Metalls  in  einem  Zustand,  in  dem  Warmetransport 
zwischen  einem  ersten  Bereich  (1541,  1542)  der  Form  fur  den  ersten  geformten  Abschnitt  des 
mechanischen  Teils  oder  Bauteils  und  einem  zweiten  Bereich  (151)  der  Form  fur  den  zweiten 

5  geformten  Abschnitt  und  die  Temperatur  des  ersten  Bereichs  geringer  ist  als  die  des  zweiten  Bereichs, 
und  nach  Einfuhren  des  geschmolzenen  Metalls  in  die  Form  den  Schritt  des  Durchfuhrens  des 
schnellen  Abkuhlens  in  dem  ersten  Bereich  und  langsamen  Abkuhlens  des  zweiten  Bereichs,  wahrend 
das  Erwarmen  der  Form  bei  Beginn  des  Einfuhrens  des  geschmolzenen  Metalls  in  die  Form  verringert 
wird,  derart,  daB  das  gegossene  mechanische  Teil  oder  Bauteil  in  dem  ersten  Bereich  eine  hartere 

io  Struktur  und  in  dem  zweiten  Bereich  eine  weichere  Struktur  aufweist. 

7.  FormguBverfahren  nach  Anspruch  6,  bei  welchem  das  Erwarmen  der  Form  durch  Anhalten  des 
Erwarmens  verringert  wird. 

is  8.  FormguBverfahren  nach  Anspruch  1,  bei  welchem  das  gegossene  mechanische  Teil  oder  Bauteil  (170) 
einen  dunneren  Wandabschnitt  (170b)  und  einen  mit  dem  dunneren  Wandabschnitt  integral  verbunde- 
nen  dickeren  Wandabschnitt  (170a)  aufweist,  wobei  die  Form  (176)  einen  in  dem  Korper  (177)  der 
Form  verschiebbar  angebrachten,  beweglichen  Kern  (178)  aufweist,  urn  den  dunneren  Wandabschnitt  in 
Zusammenwirkung  mit  dem  Formkorper  auszuformen,  das  Verfahren  weiterhin  umfassend,  die  Schritte 

20  des  Anordnens  des  beweglichen  Kerns  in  dem  Formkorper  in  einer  dem  dunneren  Wandabschnitt 
entsprechenden  Position  vor  Einfuhren  des  geschmolzenen  Metalls  in  die  Form,  des  Trennens  des 
beweglichen  Kerns  von  dem  dunneren  Wandabschnitt  nach  Einfuhren  des  geschmolzenen  Metalls  in 
die  Form,  wenn  die  verfestigte  Schicht  an  dem  dunneren  Wandabschnitt  geformt  ist  und  danach  des 
Entfernens  des  resultierenden  mechanischen  Teils  oder  Bauteils  aus  der  Form,  wenn  die  verfestigte 

25  Schicht  auch  an  der  Oberflache  des  dickeren  Wandabschnitts  geformt  ist. 

9.  FormguBverfahren  nach  Anspruch  1,  weiterhin  umfassend  Anwenden  von  Druck  auf  das  gegossene 
mechanische  Teil  oder  Bauteil,  wenn  es  noch  eine  relativ  hohe  Temperatur  aufweist,  unmittelbar 
nachdem  es  von  der  Form  gelost  ist. 

30 
10.  FormguBverfahren  nach  Anspruch  1  oder  9,  bei  welchem  das  mechanische  Teil  oder  Bauteil  ein 

GuBeisenerzeugnis  (21)  ist,  und  das  Losen  des  Erzeugnisses  von  der  Form  durchgefuhrt  wird,  wenn 
die  Temperatur  an  der  Oberflache  des  Erzeugnisses  auf  einem  Niveau  zwischen  der  eutektischen 
Temperatur  und  350  °  C  darunter  liegt. 

35 
11.  FormguBverfahren  nach  Anspruch  1  oder  9,  bei  welchem  das  mechanische  Teil  oder  Bauteil  ein 

Stahlerzeugnis  (22)  ist,  und  das  Losen  des  Erzeugnisses  von  der  Form  durchgefuhrt  wird,  wenn  die 
Temperatur  an  der  Oberflache  des  Stahlerzeugnisses  auf  einem  Niveau  zwischen  dem  Solidus  und 
250  °  C  darunter  liegt. 

40 
12.  FormguBverfahren  nach  Anspruch  1  oder  9,  bei  welchem  das  mechanische  Teil  oder  Bauteil  ein 

Aluminiumlegierungserzeugnis  (22)  ist  und  das  Losen  des  Erzeugnisses  von  der  Form  durchgefuhrt 
wird,  wenn  die  Temperatur  an  der  Oberflache  des  Aluminiumlegierungserzeugnisses  auf  einem  Niveau 
zwischen  der  eutektischen  Temperatur  und  230  °  C  darunter  liegt. 

45 
13.  FormguBvorrichtung,  umfassend  eine  Form  (1)  zum  Erhalten  eines  mechanischen  Teils  oder  Bauteils 

(2i)  durch  GieBen,  wobei  die  Form  wenigsten  teilweise  aus  einem  Material  mit  hoher  Warmeleitfahig- 
keit  hergestellt  ist  und  einen  Hohlraum  (6)  mit  verschiedenen  Abschnitten  zum  GieBen  verschiedener 
Abschnitte  (2a-2g)  des  mechanischen  Teils  oder  Bauteils  beinhaltet,  und  ein 

50  Abkuhlungs/Erwarmungskreissystem  fur  die  Form, 
dadurch  gekennzeichnet,  daB 
das  Abkuhlungs/Erwarmungskreissystem  umfaBt  einen  wenigstens  einem  (2e)  der  Abschnitte  des 
mechanischen  Teils  oder  Bauteils  zugeordneten  Abkuhlkreis  (9),  einen  einem  anderen  (2d)  der 
Abschnitte  des  mechanischen  Teils  oder  Bauteils  zugeordneten,  von  dem  Abkuhlkreis  (9)  getrennten 

55  und  unabhangigen  Erwarmungskreis  (8),  ein  mit  dem  Abkuhlkreis  verbundenes  Abkuhl-Temperatursteu- 
ermittel  (18)  und  ein  mit  dem  Erwarmungskreis  verbundenes  Erwarmungs-Temperatursteuermittel  (19) 
umfaBt,  wobei  das  Erwarmungs-Temperatursteuermittel  konstruiert  ist,  den  Erwarmungskreis  zu  aktivie- 
ren,  einen  ersten  Abschnitt  der  verschiedenen  Abschnitte  der  Form  vor  Einfuhren  von  geschmolzenem 
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Metall  in  die  Form  zu  erwarmen  und  weiterhin  eine  Ausgabeleistung  von  dem  Erwarmungskreis  nach 
Beginn  des  Einfuhrens  des  geschmolzenen  Metalls  in  die  Form  zu  verringern,  wobei  ferner  das  Abkuhl- 
Temperatursteuermittel  konstruiert  ist,  den  Abkuhlkreis  zu  aktivieren,  einen  zweiten  Abschnitt  der 
verschiedenen  Abschnitte  der  Form  nach  Einfuhren  des  geschmolzenen  Metalls  in  die  Form  abzukuh- 

5  len,  urn  die  Oberflache  von  dem  wenigstens  einen  dem  Abkuhlkreis  zugeordneten  Abschnitt  des 
gegossenen  mechanischen  Teils  oder  Bauteils  schnell  abzukuhlen,  urn  eine  schalenartige,  verfestigte 
Schicht  auf  dem  letzteren  Abschnitt  zu  formen. 

14.  FormguBvorrichtung  nach  Anspruch  13,  bei  welcher  die  Form  (91  etc)  einen  mit  dem  Hohlraum  (96) 
io  zum  Einfuhren  des  geschmolzenen  Metalls  in  den  Hohlraum  in  Verbindung  stehenden  DurchlaB  (3-5, 

98  etc)  aufweist  und  ein  Druckmittel  (93-95)  zum  Anlegen  von  Druck  an  das  in  den  Formhohlraum 
eingefuhrte  geschmolzene  Metall  mit  der  Form  gekoppelt  ist,  wobei  der  Abkuhlkreis  einen  ersten  urn 
den  DurchlaB  angeordneten  Abkuhlkreis  (104i)  und  einen  zweiten  in  einem  ersten  Abschnitt  des 
hohlraumbildenden  Abschnitts  (97)  der  Form  angebrachten  Abkuhlkreis  (1042)  aufweist,  wobei  die 

is  ersten  und  zweiten  Abkuhlkreise  voneinander  getrennt  und  unabhangig  sind,  wobei  ferner  das  Abkuhl- 
Temperatursteuermittel  erste  und  zweite  Steuerelemente  (1060  und  (IO62)  fur  den  ersten,  bzw.  zweiten 
Abkuhlkreis  umfaBt,  wobei  ferner  der  Erwarmungskreis  in  einem  zweiten  Abschnitt  des  hohlraumbilden- 
den  Abschnitts  der  Form  angebracht  ist  und  bei  welcher  das  erste  Steuerelement  (IO61)  konstruiert  ist, 
den  ersten  Abkuhlkreis  (104i)  zu  aktivieren,  das  geschmolzene  Metall  in  dem  DurchlaB  nach  Einfuhren 

20  des  Metalls  in  den  Hohlraum  schnell  abzukuhlen,  wodurch  der  DurchlaB  geschlossen  wird,  und  wobei 
das  Druckmittel  konstruiert  ist,  Druck  auf  das  sich  in  einem  unverfestigten  Zustand  innerhalb  des 
Hohlraums  nach  dem  VerschlieBen  des  Durchlasses  befindende  mechanische  Teil  oder  Bauteil  auszu- 
uben. 

25  15.  FormguBvorrichtung  nach  Anspruch  13,  bei  welcher  die  Form  einen  DurchlaB  (3-5)  zum  Leiten  des 
geschmolzenen  Metalls  in  den  Hohlraum  aufweist  und  ein  Filter  (220)  in  dem  DurchlaB  zum  Einstellen 
des  Flusses  des  geschmolzenen  Metalls  durch  diesen  angeordnet  ist. 

16.  FormguBvorrichtung  nach  Anspruch  14,  bei  welcher  ein  Filter  (220)  in  dem  DurchlaB  (3-5)  zum 
30  Einstellen  des  Flusses  des  geschmolzenen  Metalls  durch  diesen  angeordnet  ist. 

17.  FormguBvorrichtung  nach  Anspruch  15  oder  16,  bei  welcher  der  Filter  aus  einem  porosen  Keramikma- 
terial  hergestellt  ist. 

35  18.  FormguBvorrichtung  nach  Anspruch  13,  14,  15,  16  oder  17,  bei  welcher  die  Form  einen  konvexen 
Formungsabschnitt  (202,  203)  zum  Erzeugen  eines  zurucktretenden  Abschnitts  (2c,2g)  in  dem  gegos- 
senen  mechanischen  Teil  oder  Bauteil  aufweist,  wobei  der  konvexe  Formungsabschnitt  in  einem  losbar 
an  der  Form  angebrachten,  hitzebestandigen  Element  (202i  ,  20I2)  vorgesehen  ist. 

40  19.  FormguBvorrichtung  nach  Anspruch  18,  bei  welcher  das  hitzebestandige  Element  aus  einem  Muschel- 
sand  hergestellt  ist. 

20.  FormguBvorrichtung  nach  Anspruch  18,  bei  welcher  das  hitzebestandige  Element  aus  einem  Material 
hergestellt  ist,  welches  aus  der  Metalle,  Keramiken  und  Kohlenstoff  umfassenden  Gruppe  ausgewahlt 

45  ist. 

21.  FormguBvorrichtung  nach  Anspruch  13,  bei  welcher  die  Form  weiterhin  einen  sich  entlang  der 
Ruckseite  des  Hohlraums  (6)  erstreckenden  Luftstromungskanal  (209)  aufweist,  wobei  der  Luftstro- 
mungskanal  und  der  Hohlraum  miteinander  durch  einen  Schlitz  (215)  verbunden  sind,  welcher  einen 

50  Luftstrom  durch  sich  zulaBt,  einen  Strom  von  geschmolzenem  Metall  aber  hemmt. 

22.  FormguBvorrichtung  nach  Anspruch  21,  bei  welcher  der  Schlitz  durch  eine  innere  Oberflache  eines 
einen  Teil  des  Hohlraums  formenden  ausgenommenen  Abschnitts  (210i,  21O2)  gebildet  ist  und  durch 
eine  Ausnehmung  (214)  in  einem  in  dem  ausgenommenen  Abschnitt  angebrachten  hitzebestandigen 

55  Element  (208i  ,  2O82),  wobei  das  hitzebestandige  Element  einen  Abschnitt  des  Hohlraums  bildet. 

23.  FormguBvorrichtung  nach  Anspruch  13,  bei  welcher  die  verschiedenen  Abschnitte  des  mechanischen 
Teils  oder  Bauteils  (2i  etc),  einen  Abschnitt  (2e,  etc)  mit  einer  harteren  Struktur  und  einen  Abschnitt 
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(2d,  etc)  mit  einer  weicheren  Struktur  beinhalten,  wobei  die  verschiedenen  Abschnitte  der  Form  einen 
ersten  Bereich  (154i,  1542)  zum  Formen  des  Abschnitts  mit  einer  harteren  Struktur  und  einen  zweiten 
Bereich  (151)  zum  Formen  des  Abschnitts  mit  einer  weicheren  Struktur  beinhalten,  wobei  ferner  ein 
warmeisolierendes  Material  (149i,  1492)  zwischen  den  ersten  und  zweiten  Bereichen  angeordnet  ist, 

5  wobei  ferner  der  Erwarmungskreis  (159)  vor  Einfuhren  des  geschmolzenen  Metalls  in  den  Hohlraum  die 
zwei  Bereiche  voneinander  unterschiedlich  erwarmt,  derart,  daB  der  erste  Bereich  bei  einer  niedrigeren 
Temperatur  gehalten  wird  als  der  des  zweiten  Bereichs. 

24.  FormguBvorrichtung  nach  einem  der  Anspruche  13  bis  23,  bei  welcher  die  Form  aus  Kupfer  oder 
io  Kupferlegierung  erzeugt  ist. 

25.  FormguBvorrichtung  nach  Anspruch  24,  bei  welcher  das  gegossene  mechanische  Teil  oder  Bauteil  von 
der  Form  in  einer  Zeitperiode  der  GroBenordnung  Sekunden  nach  dem  Einfuhren  des  geschmolzenen 
Metalls  in  die  Form  entfernt  wird. 

15 
Revendicatlons 

1.  Procede  de  coulee  dans  un  moule,  comportant  I'introduction  d'un  metal  fondu  a  I'interieur  d'une  cavite 
(6)  d'un  moule  (1)  constitue  au  moins  partiellement  par  un  materiau  de  conductivity  thermique  elevee, 

20  la  commande  de  la  temperature  du  moule  afin  d'obtenir  une  piece  mecanique  ou  composant  (21) 
coulee  dans  le  moule,  a  refroidir  rapidement  apres  I'introduction  du  metal  fondu,  la  surface  de  la  piece 
mecanique  ou  composant  en  contact  avec  le  moule,  de  maniere  a  former  une  couche  solidifiee  en 
forme  de  coquille  sur  la  piece  mecanique  ou  composant,  caracterise  par  I'etape  qui  consiste  a  retirer  la 
piece  mecanique  ou  composant  en  resultant  du  moule  lorsque  la  couche  solidifiee  a  ete  formee  a  la 

25  surface  de  la  piece  mecanique  ou  composant  mais  lorsque  la  partie  interieure  de  la  piece  mecanique 
ou  composant  ne  s'est  pas  encore  solidifiee,  et  lorsque  la  couche  solidifiee  est  a  une  temperature 
elevee  dont  la  valeur  depend  du  materiau  de  la  piece  mecanique  ou  composant,  de  maniere  a  eviter 
sensiblement  le  craquage  thermique  de  la  piece  mecanique  ou  composant  et  a  reduire  au  minimum 
I'adherence  entre  la  piece  ou  composant  et  le  moule,  grace  a  quoi  le  moule  est  soumis  a  des  avaries 

30  minima  du  fait  de  la  solidification  et  du  retrecissement  de  la  piece  mecanique  ou  composant  coulee. 

2.  Procede  de  coulee  dans  un  moule  selon  la  revendication  1,  dans  lequel  le  moule  (91)  comporte  un 
passage  (98)  en  communication  avec  la  cavite  (96)  pour  guider  le  metal  fondu  a  I'interieur  de  la  cavite, 
le  procede  comportant  en  outre  I'etape  qui  consiste  a  prechauffer  la  cavite  et  le  passage  avant  d'y 

35  introduire  le  metal  fondu,  le  refroidissement  de  la  piece  mecanique  ou  composant  etant  realise  en 
commengant  par  le  refroidissement  de  la  cavite  du  moule  en  reponse  a  I'etape  d'introduction  du  metal 
fondu  et  en  commengant  le  refroidissement  du  passage  en  reponse  a  la  terminaison  de  I'introduction 
du  metal  fondu,  de  telle  sorte  que  tout  metal  fondu  present  dans  le  passage  soit  solidifie,  le 
refroidissement  de  la  cavite  et  du  passage  etant  interrompu  lorsque  leur  temperature  tombe  a  un 

40  niveau  voisin  de  la  temperature  de  prechauffage. 

3.  Procede  de  coulee  dans  un  moule  selon  la  revendication  1,  dans  lequel  le  moule  (91)  comporte  un 
passage  (98)  en  communication  avec  la  cavite  (96)  pour  introduire  le  metal  fondu  a  I'interieur  de  la 
cavite,  le  refroidissement  de  la  piece  mecanique  ou  composant  etant  realise  de  telle  sorte  que  le 

45  passage  est  d'abord  refroidi  rapidement  pour  solidifier  le  metal  fondu  dans  le  passage,  puis  la  couche 
superficielle  de  la  piece  mecanique  ou  composant  situee  dans  la  cavite  est  solidifiee,  tout  en  exergant 
un  effort  de  pression  sur  la  piece  ou  composant. 

4.  Procede  de  coulee  dans  un  moule  selon  la  revendication  3,  dans  lequel  I'effort  de  pression  est  exerce 
50  par  un  piston. 

5.  Procede  de  coulee  dans  un  moule  selon  la  revendication  4,  dans  lequel  I'effort  de  pression  est  exerce 
par  un  verin  (93). 

55  6.  Procede  de  coulee  dans  un  moule  selon  la  revendication  1,  dans  lequel  la  piece  mecanique  ou 
composant  comporte  une  premiere  partie  formee  (2e)  d'une  structure  plus  dure  et  une  deuxieme  partie 
formee  (2f)  d'une  structure  plus  molle,  le  procede  comportant  en  outre  les  etapes  qui  consistent  a 
chauffer  le  moule  avant  d'y  introduire  le  metal  fondu,  sous  la  condition  que  lorsque  le  transfert  de 
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chaleur  entre  la  premiere  region  (154i  ,  1542)  du  moule  correspondant  a  la  premiere  partie  formee  de  la 
piece  mecanique  ou  composant  et  la  deuxieme  region  (151)  du  moule  correspondant  a  la  deuxieme 
partie  formee  est  interrompu,  la  temperature  de  la  premiere  region  etant  inferieure  a  celle  de  la 
deuxieme  region,  et  apres  I'introduction  du  metal  fondu  dans  le  moule,  a  effectuer  le  refroidissement 

5  rapide  de  la  premiere  region  et  le  refroidissement  lent  de  la  deuxieme  region  tout  en  reduisant  le 
chauffage  du  moule  des  le  commencement  de  I'introduction  du  metal  fondu  dans  le  moule  de  maniere 
a  ce  que  la  piece  ou  composant  moulee  ait  une  structure  plus  dure  dans  la  premiere  region  et  une 
structure  plus  molle  dans  la  deuxieme  region. 

io  7.  Procede  de  coulee  dans  un  moule  selon  la  revendication  6,  dans  lequel  le  chauffage  du  moule  est 
reduit  en  arretant  le  chauffage. 

8.  Procede  de  coulee  dans  un  moule  selon  la  revendication  1,  dans  lequel  la  piece  mecanique  ou 
composant  (170)  a  une  portion  de  paroi  (170b)  plus  mince  et  une  portion  de  paroi  (170a)  plus  epaisse 

is  solidaire  de  la  portion  de  paroi  plus  mince,  le  moule  (176)  comportant  un  noyau  mobile  (178)  monte 
coulissant  dans  le  corps  (177)  du  moule  pour  former  la  portion  de  paroi  plus  mince  en  cooperant  avec 
le  corps  du  moule,  le  procede  comportant  en  outre  les  etapes  qui  consistent  a  positionner,  avant 
I'introduction  du  metal  fondu  dans  le  moule,  le  noyau  mobile  dans  le  corps  du  moule  a  un 
emplacement  correspondant  a  la  portion  de  paroi  plus  mince,  a  separer  le  noyau  mobile  de  la  portion 

20  de  paroi  plus  mince  apres  I'introduction  de  metal  fondu  dans  le  moule,  lorsque  la  couche  solidifiee  est 
formee  sur  la  portion  de  paroi  plus  mince,  puis  a  extraire  du  moule  la  piece  mecanique  ou  composant 
resultant  lorsque  la  couche  solidifiee  est  aussi  formee  a  la  surface  de  la  portion  de  paroi  plus  epaisse. 

9.  Procede  de  coulee  dans  un  moule  selon  la  revendication  1,  comportant  en  outre  I'application  d'une 
25  pression  exercee  sur  la  piece  mecanique  ou  composant  coulee  lorsqu'elle  est  encore  a  une  temperatu- 

re  relativement  elevee  immediatement  apres  qu'elle  ait  ete  extraite  du  moule. 

10.  Procede  de  coulee  dans  un  moule  selon  les  revendications  1  ou  9,  dans  lequel  la  piece  mecanique  ou 
composant  est  un  produit  en  fonte  (21)  et  ou  I'extraction  du  produit  du  moule  est  effectuee  lorsque  la 

30  temperature  a  la  surface  du  produit  est  a  un  niveau  situe  entre  la  temperature  d'eutectique  et  une 
temperature  inferieure  d'environ  350  degres  C. 

11.  Procede  de  coulee  dans  un  moule  selon  les  revendications  1  ou  9,  dans  lequel  la  piece  mecanique  ou 
composant  est  un  produit  en  acier  (22)  et  ou  I'extraction  du  produit  du  moule  est  effectuee  lorsque  la 

35  temperature  a  la  surface  du  produit  en  acier  est  a  un  niveau  situe  entre  la  temperature  ou  commence 
la  solidification  et  une  temperature  inferieure  d'environ  250  degres  C. 

12.  Procede  de  coulee  dans  un  moule  selon  les  revendications  1  ou  9,  dans  lequel  la  piece  mecanique  ou 
composant  est  un  produit  en  un  alliage  d'aluminium  (22)  et  ou  I'extraction  du  produit  du  moule  est 

40  effectuee  lorsque  la  temperature  a  la  surface  du  produit  en  alliage  d'aluminium  est  a  un  niveau  situe 
entre  la  temperature  d'eutectique  et  une  temperature  inferieure  d'environ  230  degres  C. 

13.  Appareil  de  coulee  dans  un  moule,  comportant  un  moule  (1)  destine  a  obtenir  une  piece  mecanique  ou 
composant  (21)  par  coulee,  le  moule  etant  constitue  au  moins  partiellement  par  un  materiau  a  haute 

45  conductivity  thermique  et  comportant  une  cavite  (6)  comprenant  des  portions  differentes  pour  la  coulee 
de  parties  differentes  (2a  a  2g)  de  la  piece  mecanique  ou  composant,  et  un  systeme  de  circuit  de 
refroidissement/chauffage  du  moule, 

caracterise  en  ce  que  le  systeme  de  circuit  de  refroidissement/chauffage  comporte  un  circuit  de 
refroidissement  (9)  associe  a  au  moins  une  des  parties  (2e)  de  la  piece  mecanique  ou  du  composant, 

50  un  circuit  de  chauffage  (8)  separe  et  independant  du  circuit  de  refroidissement  (9)  et  associe  a  une 
autre  des  parties  (2d)  de  la  piece  mecanique  ou  composant,  un  moyen  de  commande  (18)  de  la 
temperature  de  refroidissement  connecte  au  circuit  de  refroidissement  et  un  moyen  de  commande  (19) 
de  la  temperature  de  chauffage  connecte  au  circuit  de  chauffage,  le  moyen  de  commande  de  la 
temperature  de  chauffage  etant  prevu  pour  activer  le  circuit  de  chauffage  afin  de  chauffer  une  premiere 

55  portion  des  differentes  portions  du  moule  avant  I'introduction  du  metal  fondu  a  I'interieur  du  moule,  puis 
a  reduire  une  partie  de  la  chaleur  emise  par  le  circuit  de  chauffage  apres  le  commencement  de 
I'introduction  du  metal  fondu  dans  le  moule,  le  moyen  de  commande  de  la  temperature  de  refroidisse- 
ment  etant  prevu  pour  activer  le  circuit  de  refroidissement  afin  de  refroidir  une  deuxieme  portion  des 
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differentes  portions  du  moule  apres  I'introduction  du  metal  fondu  a  I'interieur  du  moule  pour  refroidir 
rapidement  la  surface  d'au  moins  une  partie  de  la  piece  mecanique  ou  composant  coulee  associee  au 
circuit  de  refroidissement  et  former  une  couche  solidifiee  en  forme  de  coquille  sur  ladite  derniere 
portion. 

5 
14.  Appareil  de  coulee  dans  un  moule  selon  la  revendication  13,  dans  lequel  le  moule  (91,  etc.)  comporte 

un  passage  (3  a  5,  98,  etc.)  communicant  avec  la  cavite  (96)  pour  introduire  le  metal  fondu  a  I'interieur 
de  la  cavite,  des  moyens  de  pression  (93  a  95)  couples  au  moule  pour  exercer  une  pression  sur  le 
metal  fondu  introduit  dans  la  cavite  du  moule,  le  circuit  de  refroidissement  comportant  un  premier 

io  circuit  de  refroidissement  (104i)  monte  autour  du  passage  et  un  deuxieme  circuit  de  refroidissement 
(1042)  monte  dans  une  premiere  portion  de  la  portion  definissant  une  cavite  (97)  du  moule,  les  premier 
et  deuxieme  circuits  etant  separes  et  independants  I'un  de  I'autre,  un  moyen  de  commande  de  la 
temperature  de  refroidissement  comportant  un  premier  et  un  deuxieme  dispositifs  de  commande  (1060 
et  (IO62)  pour  les  premier  et  deuxieme  circuits  de  refroidissement  respectivement,  le  circuit  de 

15  chauffage  etant  monte  dans  une  deuxieme  portion  de  la  region  definissant  une  cavite  du  moule  et  dans 
lequel  le  premier  dispositif  de  commande  (IO61)  est  prevu  pour  activer  le  premier  circuit  de 
refroidissement  (104i)  pour  refroidir  rapidement  le  metal  fondu  a  I'interieur  du  passage  apres  I'introduc- 
tion  du  metal  a  I'interieur  de  la  cavite,  fermant  ainsi  le  passage,  et  le  moyen  de  pression  etant  construit 
pour  exercer  une  pression  sur  la  piece  mecanique  ou  composant  presente  a  I'etat  non  solidifie  a 

20  I'interieur  de  la  cavite  apres  que  le  passage  ait  ete  ferme. 

15.  Appareil  de  coulee  dans  un  moule  selon  la  revendication  13,  dans  lequel  le  moule  comporte  un 
passage  (3  a  5)  pour  guider  le  metal  fondu  a  I'interieur  de  la  cavite,  et  un  filtre  (220)  dispose  dans  ledit 
passage  pour  regler  I'ecoulement  du  metal  fondu  a  travers  ce  passage. 

25 
16.  Appareil  de  coulee  dans  un  moule  selon  la  revendication  14,  dans  lequel  un  filtre  (220)  est  dispose 

dans  ledit  passage  (3  a  5)  pour  regler  I'ecoulement  du  metal  fondu  a  travers  le  passage. 

17.  Appareil  de  coulee  dans  un  moule  selon  les  revendications  15  ou  16,  dans  lequel  le  filtre  est  constitue 
30  par  un  materiau  ceramique  poreux. 

18.  Appareil  de  coulee  dans  un  moule  selon  les  revendications  13,  14,  15,  16  ou  17,  dans  lequel  le  moule 
comporte  une  portion  de  forme  convexe  (202,  203)  pour  produire  une  partie  en  evidement  (2c,  2g) 
dans  la  piece  mecanique  ou  composant  coulee,  la  portion  de  forme  convexe  comprenant  un  element 

35  resistant  chauffant  (201  1  ,  201  2)  detachable,  monte  sur  le  moule. 

19.  Appareil  de  coulee  dans  un  moule  selon  la  revendication  18,  dans  lequel  I'element  resistant  chauffant 
est  constitue  par  du  sable  pour  coquille. 

40  20.  Appareil  de  coulee  dans  un  moule  selon  la  revendication  18,  dans  lequel  I'element  resistant  chauffant 
est  constitue  par  un  materiau  selectionne  a  partir  d'un  groupe  constitue  par  des  metaux,  des 
ceramiques  et  du  carbone. 

21.  Appareil  de  coulee  dans  un  moule  selon  la  revendication  13,  dans  lequel  le  moule  comporte  un  outre 
45  un  event  de  circulation  d'air  (209)  qui  s'etend  le  long  de  la  partie  arriere  de  la  cavite  (6),  I'event  de 

circulation  d'air  et  la  cavite  communiquant  entre  eux  a  travers  une  fente  (215)  qui  permet  la  circulation 
de  I'air  a  travers  celle-ci  mais  empeche  la  circulation  du  metal  fondu. 

22.  Appareil  de  coulee  dans  un  moule  selon  la  revendication  21  ,  dans  lequel  la  fente  est  definie  par  une 
50  surface  interieure  d'une  portion  en  evidement  (21  0i,  21O2)  formant  une  partie  de  la  cavite  et  par  un 

evidement  (214)  menage  dans  I'element  resistant  chauffant  (208i  ,  2O82)  monte  dans  une  portion  en 
evidement,  I'element  resistant  chauffant  definissant  une  portion  de  la  cavite. 

23.  Appareil  de  coulee  dans  un  moule  selon  la  revendication  13,  dans  lequel  lesdites  differentes  parties  de 
55  la  piece  mecanique  ou  composant  (2i  ,  etc.)  comportent  une  partie  (2e,  etc.)  d'une  structure  plus  dure 

et  une  partie  (2d,  etc.)  d'une  structure  plus  molle,  lesdites  differents  portions  du  moule  comprenant  une 
premiere  region  (154i  ,  1542)  pour  former  la  partie  de  structure  plus  dure  et  une  deuxieme  region  (151) 
pour  former  la  partie  de  structure  plus  molle,  un  materiau  calorifuge  (149i,  1492)  etant  interpose  entre 
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la  premiere  et  la  deuxieme  regions,  ledit  circuit  de  chauffage  (159)  chauffant  les  deux  regions  de  fagon 
differente  I'une  par  rapport  a  I'autre  avant  I'introduction  du  metal  fondu  a  I'interieur  de  la  cavite,  de  telle 
sorte  que  la  premiere  region  est  maintenue  a  une  temperature  plus  basse  que  celle  de  la  deuxieme 
region. 

24.  Appareil  de  coulee  dans  un  moule  selon  I'une  quelconque  des  revendications  13  a  23,  dans  lequel  le 
moule  est  en  cuivre  ou  en  un  alliage  de  cuivre. 

25.  Appareil  de  coulee  dans  un  moule  selon  la  revendication  24,  dans  lequel  la  piece  mecanique  ou 
composant  coulee  est  extraite  du  moule  pendant  une  periode  de  temps  de  I'ordre  de  quelques 
secondes  apres  I'introduction  du  metal  fondu  a  I'interieur  du  moule. 
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