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Description
BACKGROUND OF THE INVENTION
Field of the Invention:

[0001] The present invention relates to a shell mold-
ing apparatus for molding a shell mold for casting a cy-
lindrical product, such as a sleeve for use in a cylinder
block.

Description of the Related Art:

[0002] In a general practice for manufacturing a cyl-
inder block 80 as shown in Fig. 29, a plurality of cylin-
drical sleeves 81 are manufactured by casting, and the
sleeves 8 are then disposed into the cavity of a die cast-
ing die. Subsequently, a molten aluminum alloy is
charged into the cavity to cast the cylinder block 80.
[0003] For reliable engagement between the sleeves
81 and a block body 82 of aluminum alloy, the sleeves
81 have many protrusions on the surface thereof. Ac-
cording 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, this conventional method of manufacturing
sleeves requires much labor, is inefficient, and further
has a drawback that it cannot be used to massproduce
double sleeves or sleeves of a higher multiple.

SUMMARY OF THE INVENTION

[0004] 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 mold due to the occurrence of thermal expansion
or of shell sand stagnating while molding a shell mold.
Afirst object of the present invention is to provide a shell
molding apparatus capable of reducing variations in pre-
cision of shape matching between a spiny insert and a
shell molding insert in spite of the occurrence of thermal
expansion.

[0005] A second object of the present invention is to
provide a shell molding apparatus capable of moving
spiny inserts in an equalized manner in spite of the oc-
currence of thermal expansion.

[0006] A third object of the present invention is to pro-
vide 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 inserts, whereby halved shell molds of high preci-
sion are readily mass-produced.

[0007] In order to attain the objects described above,
a shell molding apparatus according to the present in-
vention includes the features of claim 1.

[0008] Preferably, the stopper means is composed of
a stepped stop end formed in a rod insertion bore portion
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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.

[0009] Preferably, the spiny insert actuating means is
composed of a slide block for moving the withdrawal
pins and an actuator cylinder for moving the slide block.
[0010] Preferably, the slide block is held by a slide
block positioning/holding member.

[0011] Preferably, the thermal expansion absorbing
means is composed of a pin receiving member provided
on the slide block; adjusting bolts screwed into the pin
receiving member; and a spacing t formed between an
end surface of each of the adjusting bolts and an end
surface of each of the withdrawal pins held slidably by
the slide block for absorbing variations in length of the
withdrawal pins caused by thermal expansion,

[0012] Preferably, the thermal expansion differential
absorbing means is composed of lower die thermal ex-
pansion absorbing means for absorbing the thermal ex-
pansion of the lower die; and slide block thermal expan-
sion absorbing means for absorbing the thermal expan-
sion of the slide block.

[0013] Preferably, the lower die thermal expansion
absorbing 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 insert-
ed, and which has an oblong guide bore for enabling a
relative movement of the slide pin. Further, the pin hold-
ing portion of the slide block is a guide bushing.
[0014] 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 for en-
abling the withdrawal pin to move relatively within the
pin insertion bore.

[0015] Preferably, the shell molding apparatus ac-
cording to the present invention includes a sand releas-
ing means for removing sand which gets caught be-
tween the spiny insert receiving recesses and the spiny
inserts.

[0016] Preferably, the sand releasing means is com-
posed of a sand release bore extending between a bot-
tom portion of the spiny insert receiving recess and a
sand outlet, and an air feed bore connected to the sand
release bore for feeding air into the sand release bore.
[0017] Preferably, the sand releasing means is com-
posed of a sand release bore extending between a bot-
tom portion of the spiny insert receiving recess and a
sand outlet: an air feed bore connected to the sand re-
lease bore 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 spiny insert receiving recess.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 is a partially cross-sectioned side view show-
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. 11 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 direc-
tion of arrow | 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. 19Ais a front view showing a slide block mech-
anism;

Fig. 19B is a partial cross-sectional view along line
L-L of 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;
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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 in-
serts placed therebetween:

Fig. 27 is a perspective view showing a quadruple
sleeve;

Fig. 28 is a perspective view showing a cylinder
block; and

Fig. 29 is a perspective view showing a convention-
al cylinder block.

DETAILED DESCRIPTION OF THE INVENTION

[0019] An embodiment of the present invention will
now be described with reference to the drawings.
[0020] Fig. 1 is a partially cross-sectioned side view
showing mainly the lower die of a shell molding appara-
tus according to the embodiment. Fig. 2 is a cross-sec-
tional 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.

[0021] 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 fixedly disposed on an apparatus base 3. A lower die
heating block unit 5 is fixed on the die base 4. A shell
molding insert structure 11 is mounted on the lower die
heating block unit 5. The lower die heating block unit 5
and the shell molding insert structure 11 constitute the
lower die unit.

[0022] As shown in Figs. 7 to 9, the lower die heating
block 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 sur-
face 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 viewed from worker position P. Each group 7 of
insert receiving recesses has four insert receiving re-
cesses 8 disposed at a predetermined pitch in the front-
rear direction as viewed from the worker position P. A
plurality of sand release bores 9 are formed in the bot-
tom portion 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.

[0023] 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 po-
sition P; hereinafter "front" refers to the side of the work-
er position P) to front-side three insert receiving recess-
es 8, and three pin insertion bores 10 are formed in the
heating block 6 obliquely upward from the rear side (op-
posite to the worker position P; hereinafter "rear" refers
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to the side opposite to the worker position P) to rear-
side three insert receiving recesses 8. Many heater in-
sertion 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).

[0024] As shown in Figs. 10 to 14, the shell molding
insert structure 11 has two groups 12 of shell molding
inserts 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 13 has a rectangular fitting portion 14
at the bottom portion thereof and a flat mating surface
15 at the rear side thereof. A spiny insert receiving re-
cess 16 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 13 such that they extend from the front sur-
face of the fitting portion 14 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 re-
cess 16 to the bottom surface of the fitting portion 14.
[0025] Each of the intermediate shell molding inserts
12B has a insert body 13 having a semicircular cross-
section. The insert body 13 has a rectangular fitting por-
tion 14 at the bottom portion thereof and a flat mating
surface 15 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
13 at each of the front and rear portions thereof. Rod
insertion bore portions 17 are formed in the insert body
13 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 insertion
bore portion 17 are formed in the insert body 13 such
that they extend from the rear surface of the fitting por-
tion 14 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 16 to the bottom surface
of the corresponding fitting portion 14.

[0026] The front-side shell molding insert 12C has a
insert body 13 having a semicircular cross-section. The
insert body 13 has a rectangular fitting portion 14 at the
bottom 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 17 are formed in the insert
body 13 such that they extend from the rear surface of
the fitting portion 14 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 14.
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[0027] In the front-side, intermediate, and rear-side
shell molding inserts 12A, 12B, and 12C, each rod in-
sertion bore portion 17 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 re-
cess 16 while a stepped stop end 17C is formed there-
between. The shell molding inserts are all identical in
length L1 of the smaller-diameter bore portion 17B.
[0028] The group 12 of four shell molding inserts is
mounted in the group 7 of four insert receiving recesses
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 shell molding inserts 12B are
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.

[0029] Adjacent shell molding inserts 12A, 12B, and
12C contact each other at the mating surfaces 15. The
spiny insert receiving recess 16 is formed at each un-
dercut portion R which is formed by adjacent curved sur-
faces of the adjacent shell molding inserts 12A, 12B,
and 12C. The sand release bores 18 extending from the
spiny insert receiving recesses communicate with the
sand release bores 9 provided in the lower die heating
block unit 5.

[0030] The rod insertion bore portions 17 in the front-
side shell molding insert 12A and the front-side rod in-
sertion bore portions 17 in each of two intermediate shell
molding 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
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 connected
to the sand outlet bores 9B. The sand release bores 18
and 9, the air feed bores 9A, and sand outlet bores 9B
provided in the die base 3 constitute sand releasing
means.

[0031] Spacer blocks 19 are disposed between two
rows of groups 12 of shell molding inserts, i.e. between
the 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 spac-
er blocks are fixed on the lower die heating block unit 5
using bolts. The shell molding inserts 12A, 12B, and 12C
in a right-hand group 12 as viewed from the worker po-
sition P are fixed at their right-hand ends using right-
hand end holding members 20. Likewise, the shell mold-
ing inserts 12A, 12B, and 12C in a left-hand group 12
as viewed from the worker position P are fixed at their
left-hand ends using left-hand end holding members 21.
The right- and left-hand end holding members 20 and
21 are fixed on the lower die heating block unit 5 using
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bolts.

[0032] The spiny inserts 22 are inserted into the spiny
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
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.

[0033] The thus manufactured spiny insert 22 is re-
tractably inserted into the spiny insertion recess 16 while
the rods 25 thereof are inserted into the rod insertion
bore portions 17.

[0034] 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.

[0035] Asshownin Figs. 19A 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 bush-
ings 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 oth-
er 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.

[0036] The slide block 32A having the above-de-
scribed 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
fitted to slide pins 42 which are supported by a pair of
support portions 30.

[0037] The guide bushings 35 and 36 have a horizon-
tally 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.
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[0038] As shown in Fig. 5, each of withdrawal pins 43
has a threaded bore 43a at the tip end thereof and a
polygonal (octagonal) flange 43b at the base end there-
of. The withdrawal pins 43 are inserted into the pin in-
sertion bores 39 of the slide block 32 and into the pin
insertion bores 10 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
is formed between the rod 25 and the end portion of the
withdrawal pin 43. In order to prevent the rotation be-
tween the rods 25 and the withdrawal pins 43, polygonal
(octagonal) washers 40-1 are inserted into the pin re-
ceiving member 40.

[0039] Since the pin insertion bores 39 have a hori-
zontally 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.

[0040] The stepped stop end 17C is provided in each
of the rod insertion bores 17 provided in the shell mold-
ing 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 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 17B. In
this way, stopper means are established at positions
which are free from thermal expansion of the withdrawal
pins 43.

[0041] Adjusting bolts 44 are screwed into the thread-
ed bores 41 of the pin receiving members 40, and a
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. In this way, thermal expansion absorbing
means for the withdrawal pins 43 is established.
[0042] 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
block 32A, and the withdrawal pins 43 constitute front-
side spiny insert actuating means.

[0043] 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,
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 spiny
insert 22 are screwed into the threaded bores 43 of the
withdrawal pins 43, whereby the withdrawal pins 43 are
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engaged with the spiny insert 22.

[0044] A rear-side (the other side) actuator cylinder
45B is mounted to the rear-side (the other side) cylinder
holding member 28, and the piston rod 46B of the actu-
ator 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.

[0045] AsshowninFig. 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
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.
[0046] 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).

[0047] How a shell mold is molded by the shell mold-
ing apparatus having the above-described structure will
now be described.

[0048] The actuator cylinders 45A and 45B of the low-
er 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.

[0049] Next, the above-mentioned lift mechanism op-
erates 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 cor-
responding 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 re-
cesses.

[0050] Then, shell sand (mixture of silica sand and
thermosetting polymeric material) is charged into the
space H through the plurality of gates 52 provided in the
upper die unit 48.

[0051] Next, the heaters 61 and 63 provided in the up-
per and lower dies 1 and 2 are energized to heat the
upper and lower die units 48 and 64 and shell molding
inserts 12A, 12B, and 12C to a temperature of about
350°C. As a result, the shell sand hardens to form the
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shell mold 70.

[0052] 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, 12B, and 12C of the lower die 1.

[0053] 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 inserts
12A, 12B, and 12C, thereby parting many protrusions
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.

[0054] 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 depressions which are formed by reversely cop-
ying many protrusions 24 of the spiny inserts 22.
[0055] At the subsequent step, as shown in Fig. 26,
two halved shell molds 70 are engaged each other by
bonding them at mating surfaces 70A while four bore
forming cores 71 are placed therebetween.

[0056] 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 un-
dercut 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.

[0057] According to the above-described embodi-
ment, the stepped stop end 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 inser-
tion 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 in-
serts 12A, 12B, and 12C are identical in the length L1
of the smaller-diameter bore portion 17B. Accordingly,
it is possible to position the withdrawal pins 43 at loca-
tions where they equally move due to thermal expan-
sions.

[0058] Also, adjusting bolts 44 are screwed into the
threaded bores 41 in the pin receiving members 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 varia-
tions in length of the withdrawal pins 43 caused by ther-
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mal expansion even when the withdrawal pins 43 are all
different in length.

[0059] Further, for example, as a result of the lower
die heating block unit 5 being heated to about 360°C
and the slide blocks 32A and 32B and the slide block
positioning 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 and 27. The thermal expansion differential, however,
is absorbed by the proposed lower die thermal expan-
sion 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.

[0060] Also, the slide block thermal expansion ab-
sorbing 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 withdraw-
al pins 43 to move within the respective pin insertion
bores 39. Accordingly, the thermal expansion differen-
tial between the slide blocks 32A and 32B and the lower
die heating block unit 5 while they are heated as de-
scribed above is absorbed by the relative movement of
the withdrawal pins 43 within the oblong pin insertion
bores 39.

[0061] 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 re-
lease 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 caus-
es the shell sand to be sucked from the spiny insert re-
ceiving 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.

[0062] Further, since the groove portion 23b is provid-
ed 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 re-
cess 16, 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.

[0063] As has been described in detail above, in a
shell molding process, a thermal expansion caused by
heating and stagnant shell sand cause various kinds of
errors, resulting in poorer precision of produced shell
molds. The shell molding apparatus of the present in-
vention has a structure to cancel such errors occurring
in a shell molding process. Accordingly, it is possible to
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minimize variations in shape matching precision be-
tween the spiny insert and the shell molding insert. Also,
the spiny inserts can move smoothly in an equalized
manner, whereby halved shell molds of high precision
are readily mass-produced.

Claims
1. A shell molding apparatus, comprising:

a lower die (1) comprising a plurality of shell
molding inserts (12A, 12B, 12C), each having
the shape of a halved cylinder, spiny insert re-
ceiving recesses (16) which are formed in un-
dercut portions (R) formed in curved surfaces
of adjacent shell molding inserts (12A, 12B,
12C), spiny inserts (22) which are retractable
arranged in the spiny insert receiving recesses
(16), each spiny insert (22) having a curved sur-
face (23a) of the same curvature as the curved
surface of the shell molding insert (12A, 12B,
12C) and provided with many protrusions (24)
on the curved surface (23a) ;

an upper die (2) in which a body thereof has a
plurality of continuously formed recesses (51)
corresponding to the plurality of shell molding
inserts (12A, 12B, 12C) of said lower die (1) ;
spiny insert actuating means (32A, 45A, 45B)
for projecting and retracting the spiny inserts
(22) by moving withdrawal pins (43) connected
to the spiny inserts (22); so that the curved sur-
face of the spiny inserts (22) can be brought to
coincide with the surface (23a) of the shell
molding inserts (12A, 12B, 12C) and to be re-
tracted from this position;

stopper means (17C) for positioning said with-
drawal pins (43); and

thermal expansion absorbing means (17, 35,
36,44) for absorbing thermal expansion of said
withdrawal pins (43).

2. A shell molding apparatus according to claim 1,
wherein said stopper means comprises a stepped
stop end (17C) formed in a rod insertion bore por-
tion (17) provided in the shell molding insert (12A,
12B, 12C) and an end surface of each withdrawal
pin (43) which abuts against the stepped stop end
(17C), said rod insertion bore portion (17) having a
smaller-diameter portion (17B) which extends from
the stepped stop end (17C) to the spiny insert re-
ceiving recess (16), and the length (L1) of the small-
er-diameter portion (17B) being identical for all the
shell molding inserts (12A, 12B, 12C).

3. A shell molding apparatus according to claim 1,
wherein said spiny insert actuating means compris-
es a slide block (32A) for moving said withdrawal
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pins (43) and an actuator cylinder (45A, 45B) for
moving said slide block (32A).

A shell molding apparatus according to claim 3,
wherein the slide block (32A) is held by a slide block
positioning/holding member.

A shell molding apparatus according to one of
claims 1-4, wherein said thermal expansion absorb-
ing means comprises a pin receiving member (40)
provided on said slide block (32A), adjusting bolts
(44) screwed into said pin receiving member (40),
and a spacing (t) formed between an end surface
of each of said adjusting bolts (44) and an end sur-
face of each of said withdrawal pins (43) held slid-
ably by said slide block (32A) for absorbing varia-
tions in length of said withdrawal pins (43) caused
by thermal expansion.

A shell molding apparatus according to at least one
of claim 1-5, comprising thermal expansion differ-
ential absorbing means for absorbing a thermal ex-
pansion of said lower die (1) and slide block thermal
expansion absorbing means for absorbing a ther-
mal expansion of said slide block (32A).

A shell molding apparatus according to claim 6,
wherein said lower die thermal expansion absorb-
ing means is a pin holding portion (35, 36) of said
slide block (32A) which is provided on said slide
block positioning/holding member, into which a
slide pin (43) is slidably inserted, and which has an
oblong guide bore (39) for enabling a relative move-
ment of said slide pin (43).

A shell molding apparatus according to claim 7,
wherein the pin holding portion of said slide block
(32A) is a guide bushing (35, 36).

A shell molding apparatus according to one of
claims 6-8, wherein said slide block thermal expan-
sion absorbing means is a pin insertion bore (39) in
said slide block (32A) which is formed oblongly in
cross-section thereof for enabling said withdrawal
pin (43) to relatively move within said pin insertion
bore (39).

A shell molding apparatus according to at least one
of claims 1-9, comprising a sand releasing means
for removing sand which is caught between said
spiny insert receiving recesses (16) and said spiny
inserts (22).

A shell molding apparatus according to claim 10,
wherein said sand releasing means comprises a
sand release bore (9, 18) extending between a bot-
tom portion of the spiny insert receiving recess (16)
and a sand outlet, and an air feed bore (9A) con-
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nected to said sand release bore (9, 18) for feeding
air into said sand release bore (9, 18).

12. A shell molding apparatus according to claim 10 or

11, wherein said sand releasing means comprises
a groove portion (23b) provided between said spiny
insert receiving recess (16) and said spiny insert
(22) inserted into the spiny insert receiving recess
(16) and extending from a top surface side of said
shell molding insert (12A, 12B, 12C) to the bottom
portion of said spiny insert receiving recess (16).

Patentanspriiche

Formvorrichtung gekennzeichnet durch

ein unteres Formteil (1), welches eine Mehrzahl
von Formeinséatzen (12A, 12B, 12C) aufweist,
wobei jeder die Form eines halben Zylinders
besitzt, durch Ausnehmungen (16) zur Aufnah-
me eines Dorneinsatzes, welche mit hinter-
schnittenen Bereichen (R) versehen sind, die
in gekrimmte Oberflachen von benachbarten
Formeinsatzen (12A, 12B, 12C) eingeformt
sind, und durch Dorneinsatze (22), welche zu-
rickziehbar in den Ausnehmungen (16) zur
Aufnahme eines Dorneinsatzes angeordnet
sind, wobei jeder Dorneinsatz (22) eine ge-
krimmte Oberflache (23a) mit derselben Kriim-
mung wie die gekrimmte Oberflache der For-
meinsatze (12A, 12B, 12C) aufweist und mit
vielen Vorspriingen (24) auf der gekrimmten
Oberflache (23a) versehen sind;

ein oberes Formteil (2), dessen Kdorper eine
Mehrzahl von sich fortsetzenden Ausnehmun-
gen (51) aufweist, welche mit einer Mehrzahl
von Formeinséatzen (12A, 12B, 12C) des unte-
ren Formteils (1) korrespondieren;

Einrichtungen (32A, 45A, 45B) zum Bewegen
der Dorneinsatze, um die Dorneinsatze (22)
durch Bewegen von Ruickzugsstiften (43) vor-
zuschieben und zuritickzuziehen, welche mit
den Dorneinsatzen (22) verbunden sind, so
dass die gekrimmte Oberflache der Dornein-
satze (22) in Ubereinstimmung mit der Oberfla-
che (23a) der Formeinsatze (12A, 12B, 12C)
gebracht werden kann und aus dieser Position
zurlickgezogen wird; Endanschlage (17C) zum
Positionieren der Riickzugsstifte (43); und

Absorbtionseinrichtungen (17, 35, 36, 44) um
die Waremausdehnung dieser Riickzugsstifte
(43) aufzufangen.

2. Formvorrichtung nach Anspruch 1, dadurch ge-
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kennzeichnet, dass der Endanschlag aus einen ge-
stuften Endanschlag (17C), der in einen Bohrungs-
bereich (17) zur Aufnahme eines Stangeneinsatzes
eingeformt ist, der in dem Formeinsatz (12A, 12B,
12C) vorgesehen ist, und einer Endflache eines je-
den Rickzugsstiftes (43) besteht, welche gegen
den gestuften Endanschlag (17C) anschlagt, wobei
der Bohrungsbereich (17) zur Aufnahme eines
Stangeneinsatzes einen Bereich (17B) mit einem
geringeren Durchmesser aufweist, der sich von
dem gestuften Endanschlag (17C) zu der Ausneh-
mung (16) zur Aufnahme eines Dorneinsatzes er-
streckt, und die Lange (L1) des Bereiches (17B) mit
dem geringeren Durchmesser identisch fiir alle For-
meinsatze (12A, 12B, 12C) ist.

Formvorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Betatigungseinrichtung flr
den Dorneinsatz einen Gleitschlitten (32A) zum Be-
wegen der Rickzugsstifte (43) aufweist und einen
Antriebszylinder (45A, 45B) zum Bewegen des
Gleitschlittens (32A).

Formvorrichtung nach Anspruch 3, dadurch ge-
kennzeichnet, dass der Gleitschlitten (32A) durch
ein Gleitschlittenpositionier/-halteelement gehalten
ist.

Formvorrichtung nach einem der Anspriiche 1 bis
4, dadurch gekennzeichnet, dass die Einrichtung
zur Absorbtion der thermischen Expansion eine
Stiftaufnahme (40), die dem Gleitschlitten (32A) zu-
geordnet ist, Stellschrauben (44), welche in die
Stiftaufnahme (40) eingeschraubt sind, und einen
Zwischenraum (t) aufweist, der zwischen einer
Endflache von jeder Stellschraube (44) und einer
Endflache von jedem Riickzugsstift (43) ausgebil-
det ist, welche gleitbar durch den Gleitschlitten
(32A) gehalten sind, um Langenveranderungen der
Ruckzugsstifte (43), verursacht durch thermische
Expansion, aufzufangen.

Formvorrichtung nach zumindest einem der An-
spriche 1 bis 5, gekennzeichnet durch eine Ab-
sorbtionseinrichtung fir thermische Expansionsun-
terschiede, um eine thermische Expansion des un-
teren Formteils (1) zu absorbieren, und einer Ab-
sorbtionseinrichtung fiir die thermische Expansion
des Gleitschlittens, um eine thermische Expansion
des Gleitschlittenes (32A) zu absorbieren.

Formvorrichtung nach Anspruch 6, dadurch ge-
kennzeichnet, dass die Absorbtionseinrichtung fir
die thermische Expansion des unteren Formteils
ein Bereich (35, 36) des Gleitschlittens (32A) zum
Halten der Stifte ist, der auf dem Gleitschlittenposi-
tionier/-halteelement vorgesehen ist, in welchen ein
Gleitstift (43) gleitbar eingesetzt ist, und welcher ei-
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10.

1.

12.

ne rechteckige Fiihrungsbohrung (39) aufweist, die
eine relative Bewegung des Gleitstiftes (43) ermdg-
licht.

Formvorrichtung nach Anspruch 7, dadurch ge-
kennzeichnet, dass der Stifthaltebereich des Gleit-
schlittens (32A) eine Fiihrungsbiichse (35, 36) ist.

Formvorrichtung nach einem der Anspriiche 6 bis
8, dadurch gekennzeichnet, dass die Absorbtions-
einrichtung fir die thermische Expansion des Gleit-
schlittens eine Bohrung (39) zum Einsetzen eines
Stiftes in den Gleitschlitten (32A) aufweist, welche
in ihrem Querschnitt rechteckig geformt ist, um eine
relative Bewegung des Riickzugsstiftes (43) inner-
halb der Bohrung (39) zum Einsetzen des Stiftes zu
erlauben.

Formvorrichtung nach zumindest einem der An-
spriiche 1 bis 9, gekennzeichnet durch eine Sand-
auslasseinrichtung zum Entfernen von Sand, wel-
cher sich zwischen der Ausnehmung (16) zur Auf-
nahme eines Dorneinsatzes und dem Dorneinsatz
(22) befindet.

Formvorrichtung nach Anspruch 10, dadurch ge-
kennzeichnet, dass die Sandauslasseinrichtung ei-
ne Sandablassbohrung (9, 18) aufweist, welche
sich zwischen einem Bodenbereich der Ausneh-
mung (16) zur Aufnahme eines Dorneinsatzes und
einem Sandauslass befindet, und eine Luftzufuhr-
bohrung (9A), welche mit der Sandablassbohrung
(9, 18) verbunden ist, um Luft in die Sandab-
lassbohrung (9, 18) einzulassen.

Formvorrichtung nach Anspruch 10 oder 11, da-
durch gekennzeichnet, dass die Sandauslassein-
richtung einen rinnenférmigen Bereich (23B) auf-
weist, welcher zwischen der Ausnehmung (16) zur
Aufnahme eines Dorneinsatzes und dem Dornein-
satz (22) vorgesehen ist, welcher in die Ausneh-
mung (16) zur Aufnahme eines Dorneinsatzes ein-
gesetztist, und der sich von einer Oberflachenseite
des Formeinsatzes (12A, 12B, 12C) zu einem Bo-
denbereich der Ausnehmung (16) zur Aufnahme ei-
nes Dorneinsatzes erstreckt.

Revendications

1.

Machine de moulage en coquille, comprenant :

une matrice inférieure (1) comprenant un cer-
tain nombre de piéces d'insertion de moulage
en coquille (12A, 12B, 12C) présentant chacu-
ne la forme d'un cylindre en deux moitiés, des
cavités de réception (16) de piéce d'insertion a
picots formées dans des parties de découpe
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(R) réalisées dans des surfaces courbes de
pieces d'insertion de moulage en coquille adja-
centes (12A, 12B, 12C), des pieces d'insertion
a picots (22) disposées de maniere rétractable
dans les cavités de réception (16) de pieéce d'in-
sertion a picots, chaque piece d'insertion a pi-
cots (22) comportant une surface courbe (23a)
de méme courbure que celle de la surface cour-
be de la piece d'insertion de moulage en co-
quille (12A, 12B, 12C), en étant munie d'un
grand nombre de saillies (24) sur la surface
courbe (23a) ;

une matrice supérieure (2) dans un corps de
laquelle sont formées de fagon continue une
pluralité de cavités (51) correspondant a la plu-
ralité de pieces d'insertion de moulage en co-
quille (12A, 12B, 12C) de la matrice inférieure
(1);

des moyens d'actionnement de piece d'inser-
tion a picots (32A, 45A, 45B) pour faire sortir et
rétracter les piéces d'insertion a picots (22) en
déplagant les broches d'extraction (43) reltées
aux piéces d'insertion a picots (22), de fagon
que la surface courbe des piéces d'insertion a
picots (22) puisse étre amenée en coincidence
avec la surface (23a) des piéces d'insertion de
moulage en coquille (12A, 12B, 12C) et puisse
étre rétractée de cette position :

des moyens d'arrét (17C) pour positionner
les broches d'extraction (43) ; et

des moyens d'absorption de dilatation ther-
mique (17, 35, 36, 44) pour absorber la di-
latation thermique des broches d'extrac-
tion (43).

Machine de moulage en coquille selon la revendi-
cation 1,

dans laquelle

les moyens d'arrét comprennent une extrémité de
butée étagée (17C) formée dans une partie de trou
d'introduction de tige (17) prévue dans la piece d'in-
sertion de moulage en coquille (12A, 12B, 12C), et
une surface d'extrémité de chaque broche d'extrac-
tion (43) qui vient buter contre I'extrémité de butée
étagée (17C), cette partie de trou d'introduction de
tige (17) comportant une partie de diametre plus pe-
tit (17B) qui s'étend depuis I'extrémité de butée éta-
gée (17C) jusqu'a la cavité de réception (16) de pié-
ce d'insertion, etla longueur (L1) de la partie de dia-
meétre plus petit (17B) étant la méme pour toutes les
pieces d'insertion de moulage en coquille (12A,
12B, 12C).

Machine de moulage en coquille selon la revendi-
cation 1.

dans laquelle

les moyens d'actionnement de piéce d'insertion a
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picots comprennent un bloc de glissiére (32A) pour
déplacer les broches d'extraction (43), et un cylin-
dre d'actionneur (45A, 45B) pour déplacer le bloc
de glissiére (32A).

Machine de moulage en coquille selon la revendi-
cation 3.

dans laquelle

le bloc de glissiére (32A) est maintenu par un élé-
ment de positionncment/maintien de bloc de glis-
siere.

Machine de moulage en coquille selon I'une des re-
vendications 1 a 4, dans laquelle

les moyens d'absorption de dilatation thermique
comprennent un élément de réception de broche
(40) prévu sur le bloc de glissiere (32A), des bou-
lons de réglage (44) vissés dans I'élément de ré-
ception de broche (40), et un espacement (t) formé
entre une surface d'extrémité de chacun des bou-
lons de réglage (44) et une surface d'extrémité de
chacune des broches d'extraction (43) maintenues
en glissement par le bloc de glissiere (32A), pour
absorber les variations de longueur des broches
d'extraction (43) qui sont provoquées par la dilata-
tion thermique.

Machine de moulage en coquille selon l'une au
moins des revendications 1 a 5,

comprenant

des moyens d'absorption de différence de dilatation
pour absorber une dilatation thermique de la matri-
ce inférieure (1), et des moyens d'absorption de di-
latation thermique de bloc de glissiere pour absor-
ber une dilatation thermique du bloc de glissiére
(32A).

Machine de moulage en coquille selon la revendi-
cation 6,

dans laquelle

les moyens d'absorption de dilatation thermique
consistent en une partie de maintien de broche (35,
36) du bloc de glissiere (32A), qui est prévue sur
I'élément de positionnement/maintien de bloc de
glissiére et dans laquelle une broche de glissement
(43) est introduite en glissement, cette partie com-
portant un trou de guidage oblong (39) pour permet-
tre un mouvement relatif de la broche de glissement
(43).

Machine de moulage en coquille selon la revendi-
cation 7,

dans laquelle

la partie de maintien de broche du bloc de glissiere
(32A) est un coussinet de guidage (35, 36).

Machine de moulage en coquille selon I'une des re-
vendications 6 a 8, dans laquelle
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les moyens d'absorption de dilatation thermique de
bloc de glissiére consistent en un trou d'introduction
de broche (39) percé dans Ic bloc de glissiere (32A)
et auquel on donne une section transversale oblon-
gue pour permettre a la broche d'extraction (43)
d'effectuer un mouvement relatif a l'intérieur de ce
trou d'introduction de broche (39).

Machine de moulage en coquille selon l'une au
moins des revendications 1 a 9,

comprenant

des moyens de libération de sable pour retirer le
sable qui se trouve piégé entre les cavités de ré-
ception (16) de piéce d'insertion a picots et les pié-
ces d'insertion a picots (22).

Machine de moulage en coquille selon la revendi-
cation 10,

dans laquelle

les moyens de libération de sable comprennent un
trou de libération de sable (9, 18) s'étendant entre
une partie de fond de la cavité de réception (16) de
piéce d'insertion a picots et une sortie de sable, ain-
si qu'un trou d'alimentation d'air (9A) relié au trou
de libération de sable (9, 18) pour amener de l'air
dans le trou de libération de sable (9, 18).

Machine de moulage en coquille selon la revendi-
cation 10 ou 11,

dans laquelle

les moyens de libération de sable comprennent une
partie de rainure (23b) prévue entre la cavité de ré-
ception (16) de piéce d'insertion a picots et la piéce
d'insertion a picots (22) introduite dans la cavité de
réception (16) de piéce d'insertion a picots et s'éten-
dantdepuis un c6té de surface supérieur de la piéce
d'insertion de moulage en coquille (12A, 12B. 12C)
jusqu'a la partie de fond de la cavité de réception
(16) de piece d'insertion a picots.
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