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(54)  Shell  molding  apparatus  

(57)  A  shell  molding  apparatus  includes  a  lower  die 
and  an  upper  die.  The  lower  die  includes  a  plurality  of 
shell  molding  inserts,  each  having  the  shape  of  a  halved 
cylinder,  spiny  insert  receiving  recesses  which  are 
formed  in  undercut  portions  formed  by  curved  surfaces 
of  adjacent  shell  molding  inserts,  and  spiny  inserts  (22) 
retractably  provided  in  the  spiny  insert  receiving 
recesses,  each  spiny  insert  having  a  curved  surface  of 
the  same  curvature  as  the  curved  surface  of  the  shell 
molding  insert  and  provided  with  many  protrusions  on 
the  curved  surface.  The  upper  die  has  a  plurality  of  con- 
tinuously  formed  recesses  corresponding  to  the  plurality 
of  shell  molding  inserts  of  the  lower  die.  The  shell  mold- 
ing  apparatus  further  includes  a  spiny  insert  actuating 
mechansim  for  projecting/retracting  spiny  inserts  by 
operating  withdrawal  pins  connected  to  the  spiny 
inserts,  a  stopper  mechanism  for  positioning  the  with- 
drawl  pins  at  a  position  where  the  withdrawal  pins 
exhibit  the  same  thermal  expansion,  and  a  thermal 
expansion  absorbing  mechanism  for  the  withdrawal 
pins.  The  shell  molding  apparatus  further  includes  a 
sand  releasing  mechanism  for  preventing  shell  sand 
from  stagnating  between  spiny  insert  receiving 
recesses  and  the  spiny  inserts,  resulting  in  smooth  per- 
formance  of  the  spiny  inserts. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention:  5 

The  present  invention  relates  to  a  shell  molding 
apparatus  for  molding  a  shell  mold  for  casting  a  cylindri- 
cal  product,  such  as  a  sleeve  for  use  in  a  cylinder  block. 

11 
Description  of  the  Related  Art: 

In  a  general  practice  for  manufacturing  a  cylinder 
block  80  as  shown  in  Fig.  29,  a  plurality  of  cylindrical 
sleeves  81  are  manufactured  by  casting,  and  the  n 
sleeves  81  are  then  disposed  into  the  cavity  of  a  die 
casting  die.  Subsequently,  a  molten  aluminum  alloy  is 
charged  into  the  cavity  to  cast  the  cylinder  block  80. 

For  reliable  engagement  between  the  sleeves  81 
and  a  block  body  82  of  aluminum  alloy,  the  sleeves  81  2t 
have  many  protrusions  on  the  surface  thereof.  Accord- 
ing  to  a  conventional  practice,  such  cylindrical  sleeves 
are  cast  one  by  one  during  a  casting  process  using  a 
sand  mold  formed  of  greensand  or  sand  which  hardens 
with  time.  Due  to  the  required  use  of  desertion  cores,  21 
this  conventional  method  of  manufacturing  sleeves 
requires  much  labor,  is  inefficient,  and  further  has  a 
drawback  that  it  cannot  be  used  to  mass-produce  dou- 
ble  sleeves  or  sleeves  of  a  higher  multiple. 

3( 
SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  achieved  in  view  of 
the  problem  described  above  and  of  additional  problem 
involving  degradation  in  precision  of  a  molded  shell  3t 
mold  due  to  the  occurrence  of  thermal  expansion  or  of 
shell  sand  stagnating  while  molding  a  shell  mold.  A  first 
object  of  the  present  invention  is  to  provide  a  shell  mold- 
ing  apparatus  capable  of  reducing  variations  in  preci- 
sion  of  shape  matching  between  a  spiny  insert  and  a  4t 
shell  molding  insert  in  spite  of  the  occurrence  of  thermal 
expansion. 

A  second  object  of  the  present  invention  is  to  pro- 
vide  a  shell  molding  apparatus  capable  of  moving  spiny 
inserts  in  an  equalized  manner  in  spite  of  the  occur-  41 
rence  of  thermal  expansion. 

A  third  object  of  the  present  invention  is  to  provide 
a  shell  molding  apparatus  which  prevents  shell  sand 
from  stagnating  between  a  spiny  insert  receiving  recess 
and  a  spiny  insert  so  as  to  smoothly  utilize  the  spiny  st 
inserts,  whereby  halved  shell  molds  of  high  precision 
are  readily  mass-produced. 

In  order  to  attain  the  first  object  described  above,  a 
shell  molding  apparatus  according  to  the  present  inven- 
tion  includes  a  lower  die  composed  of  a  plurality  of  shell  st 
molding  inserts,  each  having  the  shape  of  a  halved  cyl- 
inder;  spiny  insert  receiving  recesses  which  are  formed 
in  undercut  portions  formed  by  curved  surfaces  of  adja- 

cent  shell  molding  inserts;  and  spiny  inserts  retractably 
provided  in  the  spiny  insert  receiving  recesses,  each 
spiny  insert  having  a  curved  surface  of  the  same  curva- 
ture  as  the  curved  surface  of  the  shell  molding  insert 
and  provided  with  many  protrusions  on  the  curved  sur- 
face.  The  shell  molding  apparatus  further  includes  an 
upper  die  in  which  a  body  thereof  has  a  plurality  of  con- 
tinuously  formed  recesses  corresponding  to  the  plurality 
of  shell  molding  inserts  of  the  lower  die;  spiny  insert 
actuating  means  for  projecting  and  retracting  the  spiny 
inserts  by  moving  withdrawal  pins  connected  to  the 
spiny  inserts;  stopper  means  for  positioning  the  with- 
drawal  pins  at  a  position  where  the  withdrawal  pins 
exhibit  the  identical  displacement  due  to  thermal  expan- 
sion;  and  thermal  expansion  absorbing  means  for 
absorbing  thermal  expansion  of  the  withdrawal  pins. 

Preferably,  the  stopper  means  is  composed  of  a 
stepped  stop  end  formed  in  a  rod  insertion  bore  portion 
provided  in  the  shell  molding  insert  and  an  end  surface 
of  each  withdrawal  pin  which  abuts  against  the  stepped 
stop  end.  The  rod  insertion  bore  portion  has  a  smaller- 
diameter  portion  which  extends  from  the  stepped  stop 
end  to  the  spiny  insert  receiving  recess,  and  the  length 
L1  of  the  smaller-diameter  portion  is  identical  for  all  the 
shell  molding  inserts. 

Preferably,  the  spiny  insert  actuating  means  is  com- 
posed  of  a  slide  block  for  moving  the  withdrawal  pins 
and  an  actuator  cylinder  for  moving  the  slide  block. 

Preferably,  the  thermal  expansion  absorbing  means 
is  composed  of  a  pin  receiving  member  provided  on  the 
slide  block;  adjusting  bolts  screwed  into  the  pin  receiv- 
ing  member;  and  a  spacing  t  formed  between  an  end 
surface  of  each  of  the  adjusting  bolts  and  an  and  sur- 
face  of  each  of  the  withdrawal  pins  held  slidably  by  the 
slide  block  for  absorbing  variations  in  length  of  the  with- 
drawal  pins  caused  by  thermal  expansion. 

In  order  to  attain  the  second  object  described 
above,  a  shell  molding  apparatus  according  to  the 
present  invention  includes  a  lower  die  composed  of  a 
plurality  of  shell  molding  inserts,  each  having  the  shape 
of  a  halved  cylinder;  spiny  insert  receiving  recesses 
which  are  formed  in  undercut  portions  formed  by  curved 
surfaces  of  adjacent  shell  molding  inserts;  and  spiny 
inserts  retractably  provided  in  the  spiny  insert  receiving 
recesses,  each  spiny  insert  having  a  curved  surface  of 
the  same  curvature  as  the  curved  surface  of  the  shell 
molding  insert  and  provided  with  many  protrusions  on 
the  curved  surface.  The  shell  molding  apparatus  further 
includes  an  upper  die  in  which  a  body  thereof  has  a  plu- 
rality  of  continuously  formed  recesses  corresponding  to 
the  plurality  of  shell  molding  inserts  of  the  lower  die; 
spiny  insert  actuating  means  composed  of  a  slide  block 
positioned  and  held  by  a  slide  block  positioning/holding 
member  and  holding  withdrawal  pins  inserted  into  pin 
insertion  bores  and  an  actuating  mechanism  for  moving 
the  slide  block;  and  thermal  expansion  differential 
absorbing  means. 

Preferably,  the  thermal  expansion  differential 
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absorbing  means  is  composed  of  lower  die  thermal 
expansion  absorbing  means  for  absorbing  the  thermal 
expansion  of  the  lower  die;  and  slide  block  thermal 
expansion  absorbing  means  for  absorbing  the  thermal 
expansion  of  the  slide  block.  5 

Preferably,  the  lower  die  thermal  expansion  absorb- 
ing  means  is  a  pin  holding  portion  of  the  slide  block 
which  is  provided  on  the  slide  block  positioning/holding 
member,  into  which  a  slide  pin  is  slidably  inserted,  and 
which  has  am  oblong  guide  bore  for  enabling  a  relative  10 
movement  of  the  slide  pin.  Further,  the  pin  holding  por- 
tion  of  the  slide  block  is  a  guide  bushing. 

Preferably,  the  slide  block  thermal  expansion 
absorbing  means  is  a  pin  insertion  bore  in  the  slide 
block  which  is  formed  oblongly  in  cross-section  thereof  is 
for  enabling  the  withdrawal  pin  to  move  relatively  within 
the  pin  insertion  bore. 

In  order  to  attain  the  third  object  described  above,  a 
shell  molding  apparatus  according  to  the  present  inven- 
tion  includes  a  lower  die  composed  of  a  plurality  of  shell  20 
molding  inserts,  each  having  the  shape  of  a  halved  cyl- 
inder;  spiny  insert  receiving  recesses  which  are  formed 
in  undercut  portions  formed  by  curved  surfaces  of  adja- 
cent  shell  molding  inserts;  and  spiny  inserts  retractably 
provided  in  the  spiny  insert  receiving  recesses,  each  25 
spiny  insert  having  a  curved  surface  of  the  same  curva- 
ture  as  the  curved  surface  of  the  shell  molding  insert 
and  provided  with  many  protrusions  on  the  curved  sur- 
face.  The  shell  molding  apparatus  further  includes  an 
upper  die  in  which  a  body  thereof  has  a  plurality  of  con-  30 
tinuously  formed  recesses  corresponding  to  the  plurality 
of  shell  molding  inserts  of  the  lower  die;  spiny  insert 
actuating  means  for  projecting  and  retracting  the  spiny 
insert;  and  sand  releasing  means  for  removing  sand 
which  gets  caught  between  the  spiny  insert  receiving  35 
recesses  and  the  spiny  inserts. 

Preferably,  the  sand  releasing  means  is  composed 
of  a  sand  release  bore  extending  between  a  bottom  por- 
tion  of  the  spiny  insert  receiving  recess  and  a  sand  out- 
let,  and  an  air  feed  bore  connected  to  the  sand  release  40 
bore  for  feeding  air  into  the  sand  release  bore. 

Preferably,  the  sand  releasing  means  is  composed 
of  a  sand  release  bore  extending  between  a  bottom  por- 
tion  of  the  spiny  insert  receiving  recess  and  a  sand  out- 
let;  an  air  feed  bore  connected  to  the  sand  release  bore  45 
for  feeding  air  into  the  sand  release  bore;  and  a  groove 
portion  provided  between  the  spiny  insert  receiving 
recess  and  the  spiny  insert  inserted  into  the  spiny  insert 
receiving  recess  and  extending  from  a  top  surface  side 
of  the  shell  molding  insert  to  the  bottom  portion  of  the  so 
spiny  insert  receiving  recess. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  partially  cross-sectioned  side  view  show-  55 
ing  primarily  the  lower  die  of  a  shell  molding  appa- 
ratus  according  to  an  embodiment  of  the  present 
invention; 

Fig.  2  is  a  cross-sectional  view  along  line  A-A  of 
Fig.  1; 
Fig.  3  is  a  partial  cross-sectional  view  of  the  shell 
molding  apparatus  along  line  B-B  of  Fig.  2; 
Fig.  4  is  a  partial  cross-sectional  view  of  the  shell 
molding  apparatus  along  line  C-C  of  Fig.  2; 
Fig.  5  is  an  enlarged  view  showing  portion  D  of  Fig. 
3; 
Fig.  6  is  an  enlarged  view  of  portion  D-1  of  Fig.  3; 
Fig.  7  is  a  plan  view  showing  a  lower  die  heating 
block  unit; 
Fig.  8  is  a  cross-sectional  view  along  line  E-E  of 
Fig.  6; 
Fig.  9  is  a  cross-sectional  view  along  line  F-F  of  Fig. 
6; 
Fig.  10  is  a  plan  view  showing  a  shell  molding  insert 
structure; 
Fig.  1  1  is  a  cross-sectional  view  along  line  G-G  of 
Fig.  9; 
Fig.  12  is  a  partial  cross-sectional  view  showing  the 
shell  molding  insert  structure  as  viewed  in  the 
direction  of  arrow  I  of  Fig.  9; 
Fig.  13  is  a  plan  view  showing  one  shell  molding 
insert; 
Fig.  14  is  a  side  view  of  the  shell  molding  insert  of 
Fig.  13; 
Fig.  15  is  a  plan  view  showing  a  spiny  insert; 
Fig.  16  is  a  side  view  of  the  spiny  insert; 
Fig.  17  is  a  cross-sectional  view  along  line  J-J  of 
Fig.  14; 
Fig.  18  is  a  cross-sectional  view  along  line  K-K  of 
Fig.  14; 
Fig.  1  9A  is  a  front  view  showing  a  slide  block  mech- 
anism; 
Fig.  19B  is  a  partial  cross-sectional  view  along  line 
L-Lof  Fig.  19A; 
Fig.  19C  is  a  cross-sectional  view  along  line  T-T  of 
Fig.  19B; 
Fig.  20A  is  a  front  view  showing  a  slide  block; 
Fig.  20B  is  a  cross-sectional  view  of  the  slide  block 
with  part  thereof  omitted; 
Fig.  20C  is  a  view  in  the  direction  of  arrow  M  of  Fig. 
20B; 
Fig.  21  is  a  plan  view  showing  a  pin  receiving  mem- 
ber; 
Fig.  22  is  a  cross-sectional  view  along  line  N-N  of 
Fig.  21; 
Fig.  23  is  a  plan  view  showing  an  upper  die; 
Fig.  24  is  a  cross-sectional  view  along  line  0-0  of 
Fig.  23; 
Fig.  25  is  a  cross-sectional  view  along  line  Q-Q  of 
Fig.  23; 
Fig.  26  is  a  plan  view  showing  a  shell  mold  com- 
posed  of  halved  shell  molds  and  bore  forming 
inserts  placed  therebetween; 
Fig.  27  is  a  perspective  view  showing  a  quadruple 
sleeve; 
Fig.  28  is  a  perspective  view  showing  a  cylinder 
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block,  and 
Fig.  29  is  a  perspective  view  showing  a  conven- 
tional  cylinder  block. 

DETAILED  DESCRIPTION  OF  THE  INVENTION  s 

An  embodiment  of  the  present  invention  will  now  be 
described  with  reference  to  the  drawings. 

Fig.  1  is  a  partially  cross-sectioned  side  view  show- 
ing  mainly  the  lower  die  of  a  shell  molding  apparatus  10 
according  to  the  embodiment.  Fig.  2  is  a  cross-sectional 
view  along  line  A-A  of  Fig.  1  .  Fig.  3  is  a  partial  cross- 
sectional  view  of  the  shell  molding  apparatus  along  line 
B-B  of  Fig.  2.  Fig.  4  is  a  partial  cross-sectional  view  of 
the  shell  molding  apparatus  along  line  C-C  of  Fig.  2.  is 

The  shell  mold  molding  apparatus  according  to  the 
present  invention  is  mainly  composed  of  a  lower  die  1 
and  an  upper  die  2.  The  lower  die  1  has  a  die  base  4  fix- 
edly  disposed  on  an  apparatus  base  3.  A  lower  die  heat- 
ing  block  unit  5  is  fixed  on  the  die  base  4.  A  shell  20 
molding  insert  structure  1  1  is  mounted  on  the  lower  die 
heating  block  unit  5.  The  lower  die  heating  block  unit  5 
and  the  shell  molding  insert  structure  1  1  constitute  the 
lower  die  unit. 

As  shown  in  Figs.  7  to  9,  the  lower  die  heating  block  25 
unit  5  has  a  heating  block  6  having  a  rectangular  shape 
as  viewed  from  above.  Four  groups  7  of  insert  receiving 
recesses  are  disposed  in  rows  on  the  top  surface  6A  of 
the  heating  block  6,  two  rows  on  the  left  half  side  (MS 
side)  and  two  rows  on  the  right  half  side  (MP  side)  as  30 
viewed  from  worker  position  P.  Each  group  7  of  insert 
receiving  recesses  has  four  insert  receiving  recesses  8 
disposed  at  a  predetermined  pitch  in  the  front-rear 
direction  as  viewed  from  the  worker  position  P.  A  plural- 
ity  of  sand  release  bores  9  are  formed  in  the  bottom  por-  35 
tion  of  the  insert  receiving  recesses  8  such  that  the 
sand  release  bores  9  extend  through  the  heating  block 
6  to  the  bottom  surface  6B  thereof.  Also,  as  shown  in 
Fig.  6,  air  feed  bores  9A  are  formed  in  the  heating  block 
6  and  connected  to  respective  sand  release  bores  9.  40 

For  each  group  7  of  insert  receiving  recesses,  three 
pin  insertion  bores  10  are  formed  in  the  heating  block  6 
obliquely  upward  from  the  front  side  (worker  position  P; 
hereinafter,  "front"  refers  to  the  side  of  the  worker  posi- 
tion  P)  to  front-side  three  insert  receiving  recesses  8,  45 
and  three  pin  insertion  bores  10  are  formed  in  the  heat- 
ing  block  6  obliquely  upward  from  the  rear  side  (oppo- 
site  to  the  worker  position  P;  hereinafter  "rear"  refers  to 
the  side  opposite  to  the  worker  position  P)  to  rear-side 
three  insert  receiving  recesses  8.  Many  heater  insertion  so 
bores  60  are  formed  in  right  and  left  end  portions  of  the 
heating  block  6.  Heaters  61  are  inserted  into  the  heater 
insertion  bores  60  (see  Fig.  1). 

As  shown  in  Figs.  10  to  14,  the  shell  molding  insert 
structure  1  1  has  two  groups  12  of  shell  molding  inserts  ss 
in  two  rows,  each  group  having  four  shell  molding 
inserts.  Each  group  12  of  shell  molding  inserts  has  a 
front-side  shell  molding  insert  12A,  two  intermediate 

shell  molding  inserts  12B,  and  a  rear-side  shell  molding 
insert  12C.  The  front-side  shell  molding  insert  12A  has 
a  insert  body  13  having  a  semicircular  cross-section. 
The  insert  body  1  3  has  a  rectangular  fitting  portion  1  4  at 
the  bottom  portion  thereof  and  a  flat  mating  surface  1  5 
at  the  rear  side  thereof.  A  spiny  insert  receiving  recess 
1  6  having  a  rectangular  shape  as  viewed  from  above  is 
formed  in  the  insert  body  13  at  the  rear  portion  thereof. 
Rod  insertion  bore  portions  17  are  formed  in  the  insert 
body  1  3  such  that  they  extend  from  the  front  surface  of 
the  fitting  portion  1  4  to  the  bottom  surface  of  the  spiny 
insert  receiving  recess  16.  Sand  release  bores  18  are 
formed  in  the  insert  body  13  such  that  they  extend  from 
the  bottom  surface  of  the  spiny  insert  receiving  recess 
16  to  the  bottom  surface  of  the  fitting  portion  14. 

Each  of  the  intermediate  shell  molding  inserts  12B 
has  a  insert  body  13  having  a  semicircular  cross-sec- 
tion.  The  insert  body  13  has  a  rectangular  fitting  portion 
14  at  the  bottom  portion  thereof  and  a  flat  mating  sur- 
face  1  5  at  each  of  the  front  and  rear  sides  thereof.  A 
spiny  insert  receiving  recess  16  having  a  rectangular 
shape  as  viewed  from  above  is  formed  in  the  insert 
body  1  3  at  each  of  the  front  and  rear  portions  thereof. 
Rod  insertion  bore  portions  17  are  formed  in  the  insert 
body  1  3  such  that  they  extend  from  the  front  surface  of 
the  fitting  portion  14  to  the  bottom  surface  of  the  rear- 
side  spiny  insert  receiving  recess  16.  Also,  rods  inser- 
tion  bore  portion  1  7  are  formed  in  the  insert  body  1  3 
such  that  they  extend  from  the  rear  surface  of  the  fitting 
portion  1  4  to  the  bottom  surface  of  the  front-side  spiny 
insert  receiving  recess  16.  Sand  release  bores  18  are 
formed  in  each  insert  body  13  such  that  they  extend 
from  each  spiny  insert  receiving  recess  1  6  to  the  bottom 
surface  of  the  corresponding  fitting  portion  1  4. 

The  front-side  shell  molding  insert  12C  has  a  insert 
body  13  having  a  semicircular  cross-section.  The  insert 
body  1  3  has  a  rectangular  fitting  portion  1  4  at  the  bot- 
tom  portion  thereof  and  a  flat  mating  surface  15  at  the 
front  side  thereof.  A  spiny  insert  receiving  recess  16 
having  a  rectangular  shape  as  viewed  from  above  is 
formed  in  the  insert  body  13  at  the  front  portion  thereof. 
Rods  insertion  bore  portion  1  7  are  formed  in  the  insert 
body  1  3  such  that  they  extend  from  the  rear  surface  of 
the  fitting  portion  1  4  to  the  bottom  surface  of  the  spiny 
insert  receiving  recess  16.  Sand  release  bores  18  are 
formed  in  the  insert  body  13  such  that  they  extend  from 
the  spiny  insert  receiving  recess  16  to  the  bottom  sur- 
face  of  the  fitting  portion  1  4. 

In  the  front-side,  intermediate,  and  rear-side  shell 
molding  inserts  12A,  12B,  and  12C,  each  rod  insertion 
bore  portion  1  7  is  composed  of  a  larger-diameter  bore 
portion  17A  and  a  smaller-diameter  bore  portion  17B 
located  on  the  side  of  the  spiny  insert  receiving  recess 
16  while  a  stepped  stop  end  17C  is  formed  therebe- 
tween.  The  shell  molding  inserts  are  all  identical  in 
length  L1  of  the  smaller-diameter  bore  portion  17B. 

The  group  12  of  four  shell  molding  inserts  is 
mounted  in  the  group  7  of  four  insert  receiving  recesses 
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provided  in  the  lower  die  heating  block  unit  5.  That  is, 
the  front-side  shell  molding  insert  12A  is  fitted  into  the 
front-side  insert  receiving  recess  8  of  the  group  7  of  four 
insert  receiving  recesses  and  then  fixed  using  bolts. 
Likewise,  the  intermediate  shall  molding  inserts  1  2B  are  5 
fitted  into  the  intermediate  insert  receiving  recesses  8  of 
the  group  7.  The  rear-side  shell  molding  insert  12C  is 
also  fitted  into  the  rear-side  insert  receiving  recess  8  of 
the  group  7. 

Adjacent  shell  molding  inserts  12A,  12B,  and  12C  10 
contact  each  other  at  the  mating  surfaces  15.  The  spiny 
insert  receiving  recess  16  is  formed  at  each  undercut 
portion  R  which  is  formed  by  adjacent  curved  surfaces 
of  the  adjacent  shell  molding  inserts  12A,  12B,  and  12C. 
The  sand  release  bores  18  extending  from  the  spiny  is 
insert  receiving  recesses  communicate  with  the  sand 
release  bores  9  provided  in  the  lower  die  heating  block 
unit  5. 

The  rod  insertion  bore  portions  17  in  the  front-side 
shell  molding  insert  1  2A  and  the  front-side  rod  insertion  20 
bore  portions  1  7  in  each  of  two  intermediate  shell  mold- 
ing  inserts  12B  communicate  with  front-side  three  pin 
insertion  bores  10  provided  in  the  lower  die  heating  unit 
5.  Likewise,  the  rod  insertion  bore  portions  17  in  the 
rear-side  shell  molding  insert  12C  and  the  rear-side  rod  25 
insertion  bore  portions  17  in  each  of  two  intermediate 
shell  molding  inserts  12B  communicate  with  rear-side 
three  pin  insertion  bores  10  provided  in  the  lower  die 
heating  unit  5.  The  sand  release  bores  18  are  con- 
nected  to  the  sand  outlet  bores  9B.  The  sand  release  30 
bores  1  8  and  9,  the  air  feed  bores  9A,  and  sand  outlet 
bores  9B  provided  in  the  die  base  3  constitute  sand 
releasing  means. 

Spacer  blocks  1  9  are  disposed  between  two  rows 
of  groups  12  of  shell  molding  inserts,  i.e.  between  the  35 
opposed  end  surfaces  of  the  opposed  shell  molding 
inserts  12A,  of  the  opposed  shell  molding  inserts  12B, 
and  of  the  opposed  shell  molding  inserts  12C.  The 
spacer  blocks  are  fixed  on  the  lower  die  heating  block 
unit  5  using  bolts.  The  shell  molding  inserts  12A,  12B,  40 
and  12C  in  a  right-hand  group  12  as  viewed  from  the 
worker  position  P  are  fixed  at  their  right-hand  ends 
using  right-hand  end  holding  members  20.  Likewise,  the 
shell  molding  inserts  12A,  12B,  and  12C  in  a  left-hand 
group  12  as  viewed  from  the  worker  position  P  are  fixed  45 
at  their  left-hand  ends  using  left-hand  end  holding  mem- 
bers  21.  The  right-  and  left-hand  and  holding  members 
20  and  21  are  fixed  on  the  lower  die  heating  block  unit  5 
using  bolts. 

The  spiny  inserts  22  are  inserted  into  the  spiny  so 
insert  receiving  recesses  16  such  that  they  are  allowed 
to  project  from  the  recesses  and  retract  thereinto.  As 
shown  in  Figs.  15  to  18,  each  spiny  insert  22  has  an 
insert  body  23.  The  curved  surface  23a  of  the  insert 
body  23  has  the  same  curvature  as  the  curved  surfaces  55 
of  the  front-side,  intermediate,  and  rear-side  shell  mold- 
ing  inserts  12A,  12B,  and  12C.  Many  protrusions  24  are 
formed  on  the  curved  surface  23a.  The  insert  body  23  is 

provided  with  two  rods  25,  and  end  of  each  rod  25  is 
formed  into  a  threaded  portion  25a. 

The  thus  manufactured  spiny  insert  22  is  retracta- 
bly  inserted  into  the  spiny  insertion  recess  16  while  the 
rods  25  thereof  are  inserted  into  the  rod  insertion  bore 
portions  1  7. 

As  shown  in  Fig.  1  ,  right  and  left  (as  viewed  from 
the  worker  position  P)  slide  block  positioning  arms  26 
are  fixed  to  the  die  base  4  at  the  front  side  thereof,  and 
right  and  left  slide  block  positioning  arms  27  are  fixed  to 
the  die  base  4  at  the  rear  side  thereof.  As  shown  in  Fig. 
3,  a  cylinder  holding  member  28  is  fixed  to  the  die  base 
4  at  the  intermediate  portion  of  the  front  side  thereof, 
and  a  cylinder  holding  member  29  is  fixed  to  the  die 
base  4  at  the  intermediate  portion  of  the  rear  side 
thereof.  Each  of  the  front-side  right  and  left  slide  block 
positioning  arms  26  has  a  pair  of  support  portions  30,  in 
which  pin  bores  31  are  formed.  The  front-side  (one  side) 
right  and  left  slide  block  positioning  arms  26  hold  in 
place  the  front-side  (one  side)  slide  block  32A. 

As  shown  in  Figs.  1  9A  and  20A,  the  slide  block  32A 
has  a  long  block  member  33  having  a  rectangular  cross- 
section.  A  pin  sliding  mechanism  34  is  provided  at  each 
of  both  end  portions  of  the  block  member  33.  The  pin 
sliding  mechanism  34  has  a  structure  in  which  guide 
bushings  35  and  36  are  inserted  into  a  bore  33a  formed 
in  the  block  member  33  and  that  the  guide  bushings  35 
and  36  are  held  in  place  by  the  bushing  holders  37  and 
38.  Two  groups  of  pin  insertion  bores  39,  each  having 
three  bores,  are  formed  in  parallel  with  each  other  in  the 
block  member  33  on  the  right  and  left  sides  with  respect 
to  the  central  portion  of  the  block  member  33.  As  shown 
in  Fig.  5,  a  pin  receiving  member  40  is  fixed  to  the  block 
member  33  behind  the  pin  insertion  bores  39.  Threaded 
bores  41  are  formed  in  the  pin  receiving  member  40 
such  that  they  face  the  end  portions  of  the  pin  insertion 
bores  39. 

The  slide  block  32A  having  the  above-described 
structure  is  held  by  the  front-side  right  and  left  slide 
block  positioning  arms  26  while  the  guide  bushings  35 
and  36  of  the  pin  sliding  mechanism  34  are  slidably  fit- 
ted  to  slide  pins  42  which  are  supported  by  a  pair  of 
support  portions  30. 

The  guide  bushings  35  and  36  have  a  horizontally 
oblong  cross-section  so  as  to  allow  the  slide  pin  42  to 
horizontally  move  within  the  guide  bushings  35  and  36, 
whereby  lower  die  thermal  expansion  absorbing  means 
is  formed. 

As  shown  in  Fig.  5,  each  of  withdrawal  pins  43  has 
a  threaded  bore  43a  at  the  tip  end  thereof  and  a  polyg- 
onal  (octagonal)  flange  43b  at  the  base  end  thereof. 
The  withdrawal  pins  43  are  inserted  into  the  pin  inser- 
tion  bores  39  of  the  slide  block  32  and  into  the  pin  inser- 
tion  bores  1  0  of  the  lower  die  heating  block  unit  5.  The 
threaded  portions  25a  of  the  rods  25  of  each  spiny 
insert  22  are  screwed  into  the  threaded  bores  43  of  the 
withdrawal  pins  43,  whereby  the  withdrawal  pins  43  are 
engaged  with  the  spiny  insert  22.  A  stopper  portion  43F 
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is  formed  between  the  rod  25  and  the  end  portion  of  the 
withdrawal  pin  43.  In  order  to  prevent  the  rotation 
between  the  rods  25  and  the  withdrawal  pins  43,  polyg- 
onal  (octagonal)  washers  40-1  are  inserted  into  the  pin 
receiving  member  40.  5 

Since  the  pin  insertion  bores  39  have  a  horizontally 
oblong  cross-section,  the  withdrawal  pins  43  can  move 
within  the  corresponding  pin  insertion  bores  39, 
whereby  slide  block  thermal  expansion  absorbing 
means  is  established.  10 

The  stepped  stop  and  17C  is  provided  in  each  of 
the  rod  insertion  bores  17  provided  in  the  shell  molding 
inserts  12A,  12B,  and  12C.  The  stopper  portion  43F,  i.e. 
the  end  portion  of  the  withdrawal  pin  43  abuts  against 
the  stepped  stop  end  1  7C.  The  portion  of  the  rod  inser-  15 
tion  bore  portion  17  extending  from  the  stepped  stop 
end  17C  toward  the  spiny  insert  receiving  recess  16 
forms  the  smaller-diameter  portion  1  7B.  The  shell  mold- 
ing  inserts  12A,  12B,  and  12C  are  identical  in  the  length 
L1  of  the  smaller-diameter  bore  portion  1  7B.  In  this  way,  20 
stopper  means  are  established  at  positions  which  are 
free  from  thermal  expansion  of  the  withdrawal  pins  43. 

Adjusting  bolts  44  are  screwed  into  the  threaded 
bores  41  of  the  pin  receiving  members  40,  and  a  spac- 
ing  "t"  is  formed  between  the  end  surfaces  of  the  adjust-  25 
ing  bolts  44  and  the  end  surfaces  of  the  flanges  43b  of 
the  withdrawal  pins  43  so  as  to  absorb  variations  in 
length  of  the  withdrawal  pins  43  caused  by  thermal 
expansion.  In  this  way,  thermal  expansion  absorbing 
means  for  the  withdrawal  pins  43  is  established.  30 

A  front-side  (one  side)  actuator  cylinder  45A  is 
mounted  to  the  front-side  (one  side)  cylinder  holding 
member  28,  and  the  piston  rod  46A  of  the  actuator  cyl- 
inder  45A  is  fixed  to  the  slide  block  32A  at  the  central 
portion  thereof.  The  actuator  cylinder  45A,  the  slide  35 
block  32A,  and  the  withdrawal  pins  43  constitute  front- 
side  spiny  insert  actuating  means. 

The  rear-side  (the  other  side)  slide  block  32B  has 
the  same  structure  as  the  front-side  slide  block  32A  as 
described  below.  As  in  the  front-side  slide  block  32A,  40 
the  rear-side  (the  other  side)  slide  block  32B  is  held  in 
place  by  right  and  left  slide  block  positioning  arms  27. 
Withdrawal  pins  43  are  inserted  into  pin  insertion  bores 
39  of  the  slide  block  32B  and  into  the  pin  insertion  bores 
10.  The  threaded  portions  25a  of  the  rods  25  of  the  45 
spiny  insert  22  are  screwed  into  the  threaded  bores  43 
of  the  withdrawal  pins  43,  whereby  the  withdrawal  pins 
43  are  engaged  with  the  spiny  insert  22. 

A  rear-side  (the  other  side)  actuator  cylinder  45B  is 
mounted  to  the  rear-side  (the  other  side)  cylinder  hold-  so 
ing  member  28,  and  the  piston  rod  46B  of  the  actuator 
cylinder  45B  is  fixed  to  the  slide  block  32B  at  the  central 
portion  thereof.  The  actuator  cylinder  45B,  the  slide 
block  32B,  and  the  withdrawal  pins  43  constitute  rear- 
side  spiny  insert  actuating  means.  55 

As  shown  in  Fig.  2,  a  plurality  of  eject  pin  bores  46 
are  formed  in  the  apparatus  base  3,  the  die  base  4,  and 
the  lower  die  heating  block  unit  5.  Eject  pins  47  are 
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inserted  into  the  eject  pin  bores  46.  The  eject  pins  47 
are  linked  together  and  moved  vertically  by  an  ejecting 
lift  mechanism  (not  shown),  thus  forming  eject  means. 

The  upper  die  2  has  an  upper  die  unit  48,  in  which, 
as  shown  in  Figs.  23  to  32,  a  die  parting  face  49  of  a 
cavity  50  is  formed.  The  cavity  is  formed  of  a  plurality  of 
continuous  recesses  51  corresponding  to  the  shell 
molding  inserts  12A,  12B,  and  12C  of  the  lower  die  1. 
The  upper  die  unit  48  is  provided  with  gates  52,  each 
communicating  with  each  of  the  recesses  51.  Many 
heater  insertion  bores  62  are  formed  through  the  upper 
die  unit  48  in  the  front-rear  direction,  and  heaters  63  are 
inserted  into  the  bores.  The  upper  die  2  is  moved  verti- 
cally  by  a  lift  mechanism  (not  shown). 

How  a  shell  mold  is  molded  by  the  shell  molding 
apparatus  having  the  above-described  structure  will 
now  be  described. 

The  actuator  cylinders  45A  and  45B  of  the  lower  die 
2  are  expanded  to  move  (advance)  the  slide  blocks  32A 
and  32B  to  thereby  moving  the  withdrawal  pins  43  until 
the  end  surfaces  43F  of  the  withdrawal  pins  43  abut 
against  the  stepped  stop  ends  17C  of  the  rod  insertion 
bore  portions  17.  As  a  result,  the  spiny  inserts  22 
engaged  with  the  withdrawal  pins  43  advance,  so  that 
the  curved  surfaces  23a  of  the  spiny  inserts  22  coincide 
with  the  surfaces  of  the  front-side,  intermediate,  and 
rear-side  shell  molding  inserts  12A,  12B,  and  12C. 
Thus,  many  protrusions  24  on  the  curved  surfaces  23a 
project. 

Next,  the  above-mentioned  lift  mechanism  operates 
to  lower  the  upper  die  2  until  the  parting  face  49  of  the 
upper  die  unit  48  and  the  parting  face  65  of  the  lower  die 
unit  64  mate  each  other.  As  a  result,  the  shell  molding 
inserts  12A,  12B,  and  12C  are  inserted  into  correspond- 
ing  recesses  51  of  the  cavity  50,  whereby  a  space  H 
having  the  shape  of  a  sand  mold  to  be  molded  is  formed 
between  the  shell  molding  inserts  and  the  recesses. 

Then,  shell  sand  (mixture  of  silica  sand  and  ther- 
mosetting  polymeric  material)  is  charged  into  the  space 
H  through  the  plurality  of  gates  52  provided  in  the  upper 
die  unit  48. 

Next,  the  heaters  61  and  63  provided  in  the  upper 
and  lower  dies  1  and  2  are  energized  to  heat  the  upper 
and  lower  die  units  48  and  64  and  shell  molding  insers 
1  2A,  1  2B,  and  1  2C  to  a  temperature  of  about  350°C.  As 
a  result,  the  shell  sand  hardens  to  form  the  shell  mold 
70. 

Then,  the  heaters  61  and  63  are  de-energized.  The 
upper  die  2  is  raised  by  the  lift  mechanism  to  part  the 
upper  die  2  from  the  lower  die  1  .  In  this  state,  the  shell 
mold  70  is  attached  to  the  shell  molding  inserts  12A, 
1  2B,  and  1  2C  of  the  lower  die  1  . 

Next,  the  actuator  cylinders  45A  and  45B  of  the 
lower  die  2  are  contracted  to  retreat  the  slide  blocks  32A 
and  32B  to  thereby  retract  the  spiny  inserts  22  via  the 
withdrawal  pins  43.  This  retracts  the  curved  surfaces 
23a  of  the  spiny  inserts  22  from  the  surfaces  of  the 
front-side,  intermediate,  and  rear-side  shell  molding 
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inserts  12A,  12B,  and  12C,  thereby  parting  many  pro- 
trusions  24  provided  on  the  curved  surfaces  23a  from 
the  shell  mold  70.  When  the  protrusions  24  are  about  2 
mm  long,  the  amount  of  retraction  of  the  spiny  inserts 
22  is  about  5  mm.  5 

Then,  the  ejector  lift  mechanism  operates  to  raise 
the  eject  pins  47  to  push  up  the  shell  mold  70  to  part  it 
from  the  lower  die  1.  The  obtained  shell  mold  70  is  half 
of  a  required  shell  mold  and  is  provided,  at  the  undercut 
portions  on  the  inner  surface  thereof,  with  many  depres-  to 
sions  which  are  formed  by  reversely  copying  many  pro- 
trusions  24  of  the  spiny  inserts  22. 

At  the  subsequent  step,  as  shown  in  Fig.  26,  two 
halved  shell  molds  70  are  engaged  each  other  by  bond- 
ing  them  at  mating  surfacer  70A  while  four  bore  forming  ts 
cores  71  are  placed  therebetween. 

The  shell  mold  is  transferred  to  a  casting  site, 
where  molten  aluminum  alloy  is  poured  into  the  shell 
mold  to  cast  a  quadruple-sleeve  W  shown  in  Fig.  27. 
Many  protrusions  24'  are  formed  on  the  sleeve  W  at  20 
undercut  portions  R'  thereof.  In  a  subsequent  aluminum 
die  casting,  the  sleeves  W  are  embedded  in  an  alumi- 
num  alloy  so  as  to  manufacture  a  cylinder  block  S 
shown  in  Fig.  28. 

According  to  the  above-described  embodiment,  the  25 
stepped  stop  and  17C  is  provided  in  each  of  the  rod 
insertion  bores  17  provided  in  the  shell  molding  inserts 
12A,  12B,  and  12C.  The  stopper  portion  43F,  i.e.  the 
end  portion  of  the  withdrawal  pin  43  abuts  against  the 
stepped  stop  end  17C.  The  portion  of  the  rod  insertion  30 
bore  portion  17  extending  from  the  stepped  stop  end 
17C  toward  the  spiny  insert  receiving  recess  16  forms 
the  smaller-diameter  portion  17B.  The  shell  molding 
inserts  12A,  12B,  and  12C  are  identical  in  the  length  L1 
of  the  smaller-diameter  bore  portion  1  7B.  Accordingly,  it  35 
is  possible  to  position  the  withdrawal  pins  43  at  loca- 
tions  where  they  equally  move  due  to  thermal  expan- 
sions. 

Also,  adjusting  bolts  44  are  screwed  into  the 
threaded  bores  41  in  the  pin  receiving  members  40  40 
while  spacing  "t"  is  formed  between  the  end  surfaces  of 
the  adjusting  bolts  44  and  the  end  surfaces  of  the 
flanges  43b  of  the  withdrawal  pins  43  so  as  to  absorb 
variations  in  length  of  the  withdrawal  pins  43  caused  by 
thermal  expansion.  Accordingly,  it  is  possible  to  absorb  45 
variations  in  length  of  the  withdrawal  pins  43  caused  by 
thermal  expansion  even  when  the  withdrawal  pins  43 
are  all  different  in  length. 

Further,  for  example,  as  a  result  of  the  lower  die 
heating  block  unit  5  being  heated  to  about  360°C  and  so 
the  slide  blocks  32A  and  32B  and  the  slide  block  posi- 
tioning  arms  26  and  27  being  heated  to  about  100°C,  a 
difference  in  thermal  expansion  is  produced  between 
the  lower  die  heating  block  unit  5  and  the  slide  blocks 
32A  and  32B  and  the  slide  block  positioning  arms  26  ss 
and  27.  The  thermal  expansion  differential,  however,  is 
absorbed  by  the  proposed  lower  die  thermal  expansion 
absorbing  means  having  the  following  structure.  The 

guide  bushings  35  and  36  of  the  slide  blocks  32A  and 
32B  into  which  the  slide  pins  42  are  slidably  inserted 
have  an  oblong  cross-section  so  that  the  slide  pins  42 
can  move  within  the  guide  bushings  35  and  36. 

Also,  the  slide  block  thermal  expansion  absorbing 
means  is  formed  such  that  the  pin  insertion  bores  39 
provided  in  the  slide  blocks  32A  and  32B  have  an 
oblong  cross-section,  thereby  allowing  the  withdrawal 
pins  43  to  move  within  the  respective  pin  insertion  bores 
39.  Accordingly,  the  thermal  expansion  differential 
between  the  slide  blocks  32A  and  32B  and  the  lower  die 
heating  block  unit  5  while  they  are  heated  as  described 
above  is  absorbed  by  the  relative  movement  of  the  with- 
drawal  pins  43  within  the  oblong  pin  insertion  bores  39. 

Further,  when  a  shell  mold  is  molded,  shell  sand 
tends  to  enter  between  the  spiny  insert  receiving 
recesses  16  and  the  spiny  inserts  22  and  hinder  the 
movement  of  the  spiny  inserts  22.  However,  since  air  is 
fed  into  a  groove  portion  23b  provided  in  the  insert  bod- 
ies  23  at  one  end  portion  thereof  and  into  the  sand 
release  bores  18  and  9  and  the  air  feed  bores  9A  and 
the  fed  air  flows  toward  the  outlet  end  of  the  sand  outlet 
bores  9B,  a  negative  pressure  effect  occurs  which 
causes  the  shell  sand  to  be  sucked  from  the  spiny  insert 
receiving  recesses  16  and  discharged  to  the  outlet 
through  the  sand  release  bores  18.  Accordingly,  the 
shell  sand  does  not  stagnate  between  the  spiny  insert 
receiving  recesses  16  and  the  spiny  inserts  22,  whereby 
the  spiny  inserts  22  can  move  smoothly. 

Further,  since  the  groove  portion  23b  is  provided 
between  the  spiny  insert  receiving  recess  16  and  the 
spiny  insert  22  and  the  groove  portion  23b  extends  from 
the  curved  top  surface  side  of  the  shell  molding  insert 
12  to  the  bottom  portion  of  the  spiny  insert  receiving 
recess  1  6,  it  is  possible  to  prevent  the  shell  sand  from 
stagnating  between  the  spiny  insert  receiving  recess  16 
and  the  spiny  insert  22,  whereby  the  spiny  inserts  22 
can  move  smoothly. 

As  has  been  described  in  detail  above,  in  a  shell 
molding  process,  a  thermal  expansion  caused  by  heat- 
ing  and  stagnant  shell  sand  cause  various  kinds  of 
errors,  resulting  in  poorer  precision  of  produced  shell 
molds.  The  shell  molding  apparatus  of  the  present 
invention  has  a  structure  to  cancel  such  errors  occurring 
in  a  shell  molding  process.  Accordingly,  it  is  possible  to 
minimize  variations  in  shape  matching  precision 
between  the  spiny  insert  and  the  shell  molding  insert. 
Also,  the  spiny  inserts  can  move  smoothly  in  an  equal- 
ized  manner,  whereby  halved  shell  molds  of  high  preci- 
sion  are  readily  mass-produced. 

Claims 

1  .  A  shell  molding  apparatus,  comprising: 

a  lower  die  comprising  a  plurality  of  shell  mold- 
ing  inserts,  each  having  the  shape  of  a  halved 
cylinder,  spiny  insert  receiving  recesses  which 

7 



13 EP  0  819  486  A1 14 

are  formed  in  undercut  portions  formed  by 
curved  surfaces  of  adjacent  shell  molding 
inserts,  and  spiny  inserts  retractably  provided 
in  the  spiny  insert  receiving  recesses,  each 
spiny  insert  having  a  curved  surface  of  the  5 
same  curvature  as  the  curved  surface  of  the 
shell  molding  insert  and  provided  with  many 
protrusions  on  the  curved  surface; 
an  upper  die  in  which  a  body  thereof  has  a  plu- 
rality  of  continuously  formed  recesses  corre-  10 
sponding  to  the  plurality  of  shell  molding 
inserts  of  said  lower  die; 
spiny  insert  actuating  means  for  projecting  and 
retracting  the  spiny  inserts  by  moving  with- 
drawal  pins  connected  to  the  spiny  inserts;  15 
stopper  means  for  positioning  said  withdrawal 
pins  at  a  position  where  said  withdrawal  pins 
exhibit  the  identical  displacement  due  to  ther- 
mal  expansion;  and 
thermal  expansion  absorbing  means  for  20 
absorbing  thermal  expansion  of  said  with- 
drawal  pins. 

2.  A  shell  molding  apparatus  according  to  Claim  1, 
wherein  said  stopper  means  comprises  a  stepped  25 
stop  end  formed  in  a  rod  insertion  bore  portion  pro- 
vided  in  the  shell  molding  insert  and  an  end  surface 
of  each  withdrawal  pin  which  abuts  against  the 
stepped  stop  end,  said  rod  insertion  bore  portion 
having  a  smaller-diameter  portion  which  extends  30 
from  the  stepped  stop  end  to  the  spiny  insert 
receiving  recess,  and  the  length  L1  of  the  smaller- 
diameter  portion  being  identical  for  all  the  shell 
molding  inserts. 

35 
3.  A  shell  molding  apparatus  according  to  Claim  1, 

wherein  said  spiny  insert  actuating  means  com- 
prises  a  slide  block  for  moving  said  withdrawal  pins 
and  an  actuator  cylinder  for  moving  said  slide  block. 

40 
4.  A  shell  molding  apparatus  according  to  Claim  1, 

wherein  said  thermal  expansion  absorbing  means 
comprises  a  pin  receiving  member  provided  on  said 
slide  block,  adjusting  bolts  screwed  into  said  pin 
receiving  member,  and  a  spacing  t  formed  between  45 
an  end  surface  of  each  of  said  adjusting  bolts  and 
an  end  surface  of  each  of  said  withdrawal  pins  held 
slidably  by  said  slide  block  for  absorbing  variations 
in  length  of  said  withdrawal  pins  caused  by  thermal 
expansion.  so 

5.  A  shell  molding  apparatus  according  to  Claim  2, 
wherein  said  thermal  expansion  absorbing  means 
comprises  a  pin  receiving  member  provided  on  said 
slide  block,  adjusting  bolts  screwed  into  said  pin  55 
receiving  member,  and  a  spacing  t  formed  between 
an  end  surface  of  each  of  said  adjusting  bolts  and 
an  end  surface  of  each  of  said  withdrawal  pins  held 

slidably  by  said  slide  block  for  absorbing  variations 
in  length  of  said  withdrawal  pins  caused  by  thermal 
expansion. 

6.  A  shell  molding  apparatus  according  to  Claim  3, 
wherein  said  thermal  expansion  absorbing  means 
comprises  a  pin  receiving  member  provided  on  said 
slide  block,  adjusting  bolts  screwed  into  said  pin 
receiving  member,  and  a  spacing  t  formed  between 
an  end  surface  of  each  of  said  adjusting  bolts  and 
an  end  surface  of  each  of  said  withdrawal  pins  held 
slidably  by  said  slide  block  for  absorbing  variations 
in  length  of  said  withdrawal  pins  caused  by  thermal 
expansion. 

7.  A  shell  molding  apparatus,  comprising: 

a  lower  die  comprising  a  plurality  of  shell  mold- 
ing  inserts,  each  having  the  shape  of  a  halved 
cylinder,  spiny  insert  receiving  recesses  which 
are  formed  in  undercut  portions  formed  by 
curved  surfaces  of  adjacent  shell  molding 
inserts,  and  spiny  inserts  retractably  provided 
in  the  spiny  insert  receiving  recesses,  each 
spiny  insert  having  a  curved  surface  of  the 
same  curvature  as  the  curved  surface  of  the 
shell  molding  insert  and  provided  with  many 
protrusions  on  the  curved  surface; 
an  upper  die  in  which  a  body  thereof  has  a  plu- 
rality  of  continuously  formed  recesses  corre- 
sponding  to  the  plurality  of  shell  molding 
inserts  of  said  lower  die; 
spiny  insert  actuating  means  comprising  a 
slide  block  positioned  and  held  by  a  slide  block 
positioning/holding  member  and  holding  with- 
drawal  pins  inserted  into  pin  insertion  bores 
and  an  actuating  mechanism  for  moving  said 
slide  block;  and 
thermal  expansion  differential  absorbing 
means. 

8.  A  shell  molding  apparatus  according  to  Claim  7, 
wherein  said  thermal  expansion  differential  absorb- 
ing  means  comprises  lower  die  thermal  expansion 
absorbing  means  for  absorbing  a  thermal  expan- 
sion  of  said  lower  die  and  slide  block  thermal 
expansion  absorbing  means  for  absorbing  a  ther- 
mal  expansion  of  said  slide  block. 

9.  A  shell  molding  apparatus  according  to  Claim  8, 
wherein  said  lower  die  thermal  expansion  absorb- 
ing  means  is  a  pin  holding  portion  of  said  slide  block 
which  is  provided  on  said  slide  block  position- 
ing/holding  member,  into  which  a  slide  pin  is  slida- 
bly  inserted,  and  which  has  an  oblong  guide  bore 
for  enabling  a  relative  movement  of  said  slide  pin. 

10.  A  shell  molding  apparatus  according  to  Claim  9, 

8 



15 EP  0  819  486  A1 

wherein  the  pin  holding  portion  of  said  slide  block  is 
a  guide  bushing. 

11.  A  shell  molding  apparatus  according  to  Claim  8, 
wherein  said  slide  block  thermal  expansion  absorb-  s 
ing  means  is  a  pin  insertion  bore  in  said  slide  block 
which  is  formed  oblongly  in  cross-section  thereof 
for  enabling  said  withdrawal  pin  to  relatively  move 
within  said  pin  insertion  bore. 

10 
12.  A  shell  molding  apparatus,  comprising: 

a  lower  die  comprising  a  plurality  of  shell  mold- 
ing  inserts,  each  having  the  shape  of  a  halved 
cylinder,  spiny  insert  receiving  recesses  which  is 
are  formed  in  undercut  portions  formed  by 
curved  surfaces  of  adjacent  shell  molding 
inserts,  and  spiny  inserts  retractably  provided 
in  the  spiny  insert  receiving  recesses,  each 
spiny  insert  having  a  curved  surface  of  the  20 
same  curvature  as  the  curved  surface  of  the 
shell  molding  insert  and  provided  with  many 
protrusions  on  the  curved  surface; 
an  upper  die  in  which  a  body  thereof  has  a  plu- 
rality  of  continuously  formed  recesses  corre-  25 
sponding  to  the  plurality  of  shell  molding 
inserts  of  said  lower  die; 
spiny  insert  actuating  means  for  projecting  and 
retracting  the  spiny  insert;  and 
sand  releasing  means  for  removing  sand  which  30 
is  caught  between  said  spiny  insert  receiving 
recesses  and  said  spiny  inserts. 

13.  A  shell  molding  apparatus  according  to  Claim  12, 
wherein  said  sand  releasing  means  comprises  a  35 
sand  release  bore  extending  between  a  bottom  por- 
tion  of  the  spiny  insert  receiving  recess  and  a  sand 
outlet,  and  an  air  feed  bore  connected  to  said  sand 
release  bore  for  feeding  air  into  said  said  release 
bore.  40 

14.  A  shell  molding  apparatus  according  to  Claim  12, 
wherein  said  sand  releasing  means  comprises  a 
sand  release  bore  extending  between  a  bottom  por- 
tion  of  said  spiny  insert  receiving  recess  and  a  sand  45 
outlet,  an  air  feed  bore  connected  to  said  sand 
release  bore  for  feeding  air  into  said  sand  release 
bore,  and  a  groove  portion  provided  between  said 
spiny  insert  receiving  recess  and  said  spiny  insert 
inserted  into  the  spiny  insert  receiving  recess  and  so 
extending  from  a  top  surface  side  of  said  shell 
molding  insert  to  the  bottom  portion  of  said  spiny 
insert  receiving  recess. 

55 
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