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Claim

A casting method comprising the steps of: 
setting a resin core 

made of a resin which
in a die, the resin core 

and not deformedis hardbeing
against high temperature of 
therewith until the molten metal is 
softened with an increase of resin temperature 
resin temperature at which the molten

molten metal in contact
solidified and

above
metal

is
the
is

1.

solidified;
pouring molten metal in the die with the resin 

core set therein; and
withdrawing the resin core in a softened state 

from a cast product obtained as a result of 
solidification of the molten metal poured into the die 
without causing breakage of the resin core.

27. A casting method comprising the steps of:
setting a resin core in a die, the resin core 

being made of a resin which is hard and not deformed

. . ./2
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against high temperature of molten metal until molten 
metal in contact with the resin core is solidified and is 
softened with a resin temperature increase above the 
resin temperature at which the molten metal is 
solidified, the resin core having a plurality of core 
prints, and having fragile portions each formed between 
adjacent core prints;

pouring molten metal into the die with the 
resin core set therein; and

applying a pulling force to each of the core 
prints from a cast product obtained as a result of 
solidification of molten metal poured into the die, the 
resin core being separated at the fragile portions into 
core divisions each 
of which is withdrawn independently, each said division 
being withdrawn without being broken up.

38. A resin core comprising a plurality of resin
core divisions assembled together, each of the resin core 
divisions having a core print, and being made of a resin 
which is hard and not deformed against high temperature 
of molten metal until molten metal in contact with the 
resin core is solidified and is softened with a resin 
temperature increase above the resin temperature at which 
the molten metal is solidified.



1

Name of Applicant:

Actual Inventors:

····• · · ·

AUSTRALIA
Patents Act 1990

COMPLETE SPECIFICATION 
FOR A STANDARD PATENT

Address for Service:

TOYOTA JIDOSHA KABUSHIKI KAISHA

YUJI OKADA 
HIROKAZU SHIRAKAWA 
SHUICHI TOMITAKA 
MASAMICHI OKADA 
TAKAYUKI KATO

CULLEN & CO.,
Patent & Trade Mark Attorneys, 
240 Queen Street,
Brisbane, Qld . 4000, 
Australia .

• 9 ·
• · <

• · · · 
• < ·

Invention Title: CASTING METHOD WITH IMPROVED 
RESIN CORE REMOVING STEP AND 
APPARATUS FOR PERFORMING THE 
METHOD

The following statement is a full description of this invention 
including the best method of performing it known to us



CASTING METHOD WITH IMPROVED RESIN CORE REMOVING STEP

AND APPARATUS FOR PERFORMING THE METHOD

BACKGROUND OF THE INVENTION 

1. Field of the Invention

This invention relates to a casting technique using

resin cores and, more particularly, to a casting technique

5 with an improved step of removing a resin core from a cast

product.

2. Description of the Prior Art

• · ·• · ·• · · In casting, cores are used to cast hollow products. The
• ·

• · · ·
• · · 

• · ·
core should have a mechanical strength suff icient to

• · ·
1 0 maintain its shape against the heat and pressure of molten

• · ·
• · ·
• · · ·
• · k ·

metal dur i ng the casting. In addition, i t is required to
• · · 

• · · have a readily breaking property, that is, it should be

• · · 
• · ·
• · · ·

comparatively readily broken to permit its ready removal
• · · ·

• ·
• · · · from the cast product after the casting Currently, sand

• 1 5 cores which are formed by using sand and a thermosetting• · · · • · · ·
• · · • · ·• · ·

20

resin are extensively used.

The sand core has such disadvantages that its

preparation requires many steps and that it is readily

damaged when the casting pressure is increased during the

casting, and there <ire proposals of using resin cores in

lieu of sand cores.

The resin core is formed by using a thermoplastic

la



resin, and it can satisfy the following two properties when 

proper type of resin to be used is selected.

The first one of the properties is that the resin core 

maintains sufficient mechanical strength to maintain its 

5 shape against the heat and pressure of the molten metal 

poured into the casting die until the molten metal is 

solidified.

The second property is that the resin core that is

accommodated in the cast product is melted when its 

10 temperature is further increased after the sol idification of 

the mol ten metal.

When these two properties are satisfied, a hollow space 

having an accurate shape is formed inside the cast product,

and moreover, the molten resin core is readily removed from 

1 5 the cast product.

In the prior art, however, in the case of removing the 

resin core from thp cast product by melting the core, when 

the shape of the hollow space is complicated, the molten 

resin may partly remain in the cast product.

20 SUMMARY OF THE INVENTION

An object of the invention is to improve the step of

removing the resin core so as to avoid remaining of part of 

resin in the cast product without being removed.

According to the invention, a resin core is used for

25 casting. Then, after solidification of molten metal in

2



contact with the resin core among the molten metal poured

5

into

the

cast

the casting die and before melting of the resin core,

resin core in

product. The

and found that if a

resin core,

contact with

resin core

after

a softened state is withdrawn from the

inventors conducted various experiments

proper type of resin is selected for

solidification of the molten metal

the resin core and before melting

is tentatively in a state such

softened and readily

the

in

the

• ·
• ·

1 0 completely withdrawn

capable of deformation

without being broken

thereof,

that it

and can

apart at

is

be

an

intermediate position by pul ling an end of it. The
• · ·

invention is predicated in this finding. According to the

1 5

i nvention, i t is possible to eliminate remaining of part of

resin in the cast product without being removed.

According to other aspects of the invention, i t i s

sought to solve problems which are peculiar to the method of
• · · ·

• · · ·
casting utilizing resin cores.

• · · ·• · · ·
• · ·• · ·• · ·

More specif ica11y,

to accurately maintain

20 between the casting die

according to

fitted in

deformation.

25

another object of the invention i s

the mutual positional relation

and the resin core. To this end,

the invention a core print of

the casting die by causing

Alternatively, the resin core

support which is rigidly secured to the die.

resin core is

its elastic

is fitted on a

As a further

alternative, a resin core is formed around a highly rigid

3
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support so as to be positioned 1n the die by the support.

A further object of the invention is to permit a cast

product which is obtained with solidification of molten

metal suirounding a resin core to be taken out from the die 

5 without causing damage to the cast product. To this end,

according to the Invention, after opening the casting die 

push-out pins are projected from the side of the die to push 

out the core print of the resin core.

A still further object of the invention is to prevent

10 resin core from being softened or damaged by the heat of

molten metal before the shape of the cast product is 

determined with the solidification of molten metal, thus 

improving the shape accuracy of the cast product. To this 

end, according to the invention, the resin core is covered 

15 with a heat insulating layer or reinforced with heat

insulating fibers. As a further alternative, the resin core 

is covered with the same metal as the cast product.

A yet further object of the invention is to facilitate 

the withdrawal of softened resin core. To this end,

20 according to the invention, a heat generator is provided 

inside the resin core. Alternatively, the resin core is 

made to be readily separable into a plurality of portions 

such that each separated portion can be withdrawn readily 

and reliably.

25 BRIEF DESCRIPTION OF THE DRAWINGS

4



The above and other objects, features and advantages of 

the invention will become more apparent from the following 

detailed description of the preferred embodiments when the 

same is read with reference to the accompanying drawings, in 

5 which:

FIGS. 1(A) and 1(B) are views schematically showing the 

essential parts of a casting apparatus according to a first 

embodiment of the invention;

FIG. 2 is a graph showing temperature characteristics 

10 of molten metal and a resin core during casting;

FIGS. 3(A) to 3(E) are views showing the steps of a 

casting method according to the first embodiment of the 

invention ,

,: ; FIGS. 4(A) and 4(B) are views schematically showing the
• · · ·• · ·

1 5 casting apparatus according to a second embodiment of the

• · · • · ·• · · · invention »
• · · ·• ·• · · ·

4;

FIG. 5 is a detailed view showing a portion V in FIG.

•• · · · • · · ·
• · ·• · ·• · · FIG. 5 is a detailed view showing a portion VI in FIG.

20 4;

FIGS 7(A) to 7(F) are views showing the steps of a

casting method according to the second embodiment of the 

invention;

FIG. 8 is a side view showing a core print of a resin

25 core and a recess in a casting die in which the core print

J



is pressure fitted in a method of holding the resin core in 

a third embodiment of the invention;

FIG. 9 is a side view showing the core print of the 

resin core pressure fitted in the recess of the casting die 

5 according to the third embodiment of the invention;

FIG. 10 is a side view showing a different example of

the core print of the resin core;

FIG. 11 is side view showing a set pin used in aa

• ·
··
• ·

method of holding

invention;

FIG. 12

resin core in a fourth embodiment of the

detailed view showing a portion XII in

1 0

i s

a

a

FIG. 11;
• ·

• · ·
• · · ·

FIG. 13 sectional view showing the resin core

mounted on the set pin used in the method of holding the

i s a

invention;resin core1 5 in the fourth embodiment of the

• · ·• · ·• · · ·
• · · ·• ·• · · «

FIGS.

taken in

14(A) and 14(B) are a sectional view and a view

the direction of arrows B in FIG. 14(A),

• • · · · respectively, showing a set pin used in a method of holding

• · ·• · ·• · · resin core in a fifth embodiment of the invention;

20 FIGS. 15(A) and 15(B) are a sectional view and a view

taken in the direction of arrows B in FIG. 15(A),

core mounted on the set pinrespectively, showing a resin

used in the method of holding the resin core in the fifth

embodiment of the invention;

25 FIGS. 16(A) and 16(B) are sectional views showing a 

6



resin core mounted in a die and the resin core itself,

respectively, in a method of holding the resin core in a 

sixth embodiment of the invention;

FIG. 17 is a sectional view showing a casting apparatus

5 according to a seventh embodiment of the invention;

FIG. 18 is a detailed view showing a portion XVIII in 

FIG. 17;

FIG. 19 is a fragmentary sectional view showing a 

casting apparatus according to a modification of the seventh 

10 embodiment of the invention;

FIG. 20 is a fragmentary sectional view illustrating 

the way of taking out a cast product in the modification of 

the seventh embodiment of the invention;

FIGS. 21(A) and 21(B) are sectional views showing an

15 example of the resin core and the cast product obtained

thereby and the structure of the resin core, respectively, 

according to an eighth embodiment of the invention;

• · · · 
• · · ·
• · · 

• · ·
• e ·

FIG. 22 is a fragmentary sectional view showing the 

internal structure of a resin core according to the eighth

20 embodiment of the invention;

FIG. 23 is a sectional view showing a resin core used

in a ninth embodiment of the invention;

FIG. 24 is a sectional view showing a resin core used

in a tenth embodiment of the invention;

25 FIGS. 25(A) and 25(B) are sectional views showing a



resin core used in an eleventh embodiment of the invention 

and a method of preparing the same resin core, respectively;

FIGS. 26(A) to 26(C) are views showing the shape and a 

characteristic, respectively, of a resin core in a twelfth 

5 embodiment of the invention;

FIGS. 27(A) and 27(B) are views showing characteristics

of the resin core i n the twelfth embodiment of the

invention;

FIG. 28 i s a flow chart illustrating a method of

1 0 preparing the resin core in the twelfth embodiment of the

invention;

FIGS. 29(A) and 29(B) are a sectional view showing a

• · « ·

resin core and a characteristic thereof , respective!y,

« ··• e «• · · · according to a thirteenth embodiment of the invention;
• · ·• · · 1 5 FIG. 30 is a sectional view showing a resin core

e · ·• · · according to a fourteenth embodiment of the invention;

FIG. 31 is a sectional view showing part of a casting 

, apparatus in casting operation using the resin core shown in
····• · · ·

.*·. : FIG. 30;• · ·

20 FIG. 32 is a sectional view showing a resin core

according to a fifteenth embodiment of the invention;

FIG. 33 is a sectional view showing part of a casting 

apparatus in casting operation using the resin core shown in 

FIG. 32;

25 FIG. 34 is a sectional view showing a cast product with 

8



a resin core therein;

FIG. 35 is a sectional view taken along line X-X in 

FIG. 34;

FIG. 36 is a fragmentary exploded perspective view

5 showing a resin core with parting portico according to a 

seventeenth embodiment of the invention;

• ♦ · 
• · ·
• « · ·
• · · «

• · ·
• · ·

• · ·
• *. ·
« · · ·
····

• ·
• · · ·

10

FIG. 37 is

FIG. 36;

FIG. 38 i s

di vis ions shown

bonded together;

FIG. 3 9 i s <a

shown in

core shown

FIG.

showing a

eighteenth

FIG.

FIG. 34

in FIG.

a sectional view taken along line Y-Y in

a sectional view showing resin

in FIG. 36 that have been assembled

perspective view showing the resin

in which the parting structure of

36 is applied;

40 is a fragmentary exploded perspective

core

and

core

res in

v i ew

resin core with parting portions according to an

embodiment of the invention;

41 sect i ona1 view taken along line Z-Z in

1 5

i s a

FIG. 40;

20 FIG. 42 sectional view showing the resin core

shown in FIG. 40 in the assembled state;

i s a

FIG. 43 is a sectional view showing a parting portion

of the resin core shown in FIG. 40;

FIG. 44 is a perspective view showing a resin core with

25 parting portions according to a nineteenth embodiment of the

9



Invention;

FIG. 45 is a perspective view showing a cylinder block 

water jacket resin core of an internal combustion engine 

which adopts the parting structure shown in FIG. 44; and

5 FIG. 46 is a perspective view showing a cylinder head 

water jacket resin core of an internal combustion engine

which adopts the parting structure shown in FIG. 44.

DETAILED DESCRIPTION OF THE Pi ZFERRED EMBODIMENTS

• ··

• · ·

• · ··
• · ·
• ·

·· ·
• · · i · ·
• · · · 

• ·
• · · ·

• · · 
• · ·
• · ·

(First Embodiment)

10 Now, a casting method and a casting apparatus according

to a first embodiment of the invention will be described 

with reference to FIGS. 1(A), 1(B), 2 and 3(A) to 3(E).

FIG. 1(A) is a schematic view showing the essential parts of

a casting apparatus 10 according to the embodiment FIG.

1 5 1(B) is a detailed view showing a portion B in FIG. 1(A).

• ··
• · ·
n · · ·

····
• ·
····

The casting apparatus 10 is a die-casting machine for

producing a cast product, and it comprises a metal casting

• · · ·• ft··
• · ·• · ·• o ·

die 11 including a stationary die half (which is on the 

front side of the drawings and not shown) and a movable die

20 half 12. In the casting die 11, a cast product is formed 

through solidification of molten metal injected under 

pressure from an injector (not shown). In the closed state 

of the die, a cavity .1.4 and a sprue 15 for leading molten 

metal to the cavity 14 are formed inside the die.

25 The movable die half 12 can be moved in directions 

10



perpendicular to the plane of FIG. 1(A), and 1t 1s provided 

on one side with a core withdrawing mechanism 18 for 

positioning a resin core 16 to be described later and 

withdrawing the resin core 16 from the cast product at a 

predetermined timing.

• · ·• · ·• · ·• · ··• « ·• ·• · ·• · ·• · ·• · · ·• ·• · ··• · ·• · ·• · ·

• · ·• · ·• ·· ··· · ·• ·····

···· • · · ·
·· · 

Λ · ·• · ·

The core withdrawing mechanism 18 includes an oil 

hydraulic piston-cylinder assembly 18y and a holder 18k for 

horizontally securing the piston-cylinder assembly 18y to 

the movable die half 12. The oil hydraulic piston-cylinder 

10 assembly 18y has a piston rod 18p having a bent end 18e. As 

shown in FIG. 1(B), the bend end 18e is formed by bending an 

angular rod into an L-shaped configuration, and it is 

inserted through an angular hole 16e formed in a core print 

16h of the resin core 16 mentioned above. In this way, the 

15 core print 16h of the resin core 16 and the oil hydraulic 

piston-cylinder assembly 18y are coupled to each other, and 

the position of the resin core 16 both in the direction 

perpendicular to the plane of FIG. 1(A) and in the plane of 

FIG. 1(A) is determined. The stroke of the oil hydraulic 

20 piston-cylinder assembly 18y is set to a length which 

permits positioning of the resin core 16 in the cavity 14 at

a predetermined position thereof with the piston rod 18p in 

the projected state and also permits withdrawing of the 

resin corer 16 to the outside of the cavity 14 with the

25 piston rod 18p in the retreated state.

11



The resin core 16 1s formed through Injection molding a 

thermoplastic synthetic resin. As the thermoplastic 

synthetic resin, resins which have high glass transition 

point (for instance around 160’C) as well as being high in

5 both the impact strength and the ductility, such as

polycarbonate, polypropyrene, polyethylene and polymers of 

these compounds, may suitably be used.

FIG. 2 is a graph showing the temperature of portion of

• ··• · ·• · · 
·· ··• · ·• ·
·· ·• · ·• · ·
····• ·• · · ·
• · ·• · ·• ··

• ··• · ·• · · ·
• · · · « · ·♦ · ·

molten metal (i.e., aluminum alloy molten metal with a

10 solidifying temperature of 55O’C) in contact with the resin 

core 16 during casting operation (hereinafter referred to as 

molten metal characteristic A), and also showing the average 

temperature of the resin core 16 which is made of

polycarbonate during the casting (hereinafter referred to as

15 resin core characteristic Gl). In the graph, the ordinate

; ,··, is taken for the temperature, and the abscissa is taken for
··· ·
····

·...,· the time. The slopes of the molten metal and resin core

, characteristics A and Gl are varied depending on the shape
····

»···

.••.j of the cast product, disposition and size of the resin core

20 16 and so forth.

Time instant to on the time axis of the graph in FIG.

2 is the timing of commencement of pouring of molten metal 

into the cavity 14, and instant ta is the timing of the 

completion of pouring of molten metal. During the time

25 between the instants to and ta, the molten metal temperature 

12



is not substantially reduced but is held at about 700*C.

The molten metal poured into the cavity 14 is cooled by 

the die 11 and resin core 16 and reduced in temperature, and 

when time tb has been passed (i.e., at instant Tl) from the 

5 molten metal pouring completion instant (ta), its portion in 

contact with the resin core 16 is cooled down to its

solidifying temperature of 55O’C and thus solidified.

Meanwhile, the resin core 16 is elevated in temperature by

• · ·• ··
·· ·· • · ·
«· ·• · ·• · ·
• ·· ·• ·• · · ·
• · ·• · ·• · ·

« · ·• · ·• · · ·
• · · ·• · · ·· ·

» ··9 9 9lit 9
····« ···«·

• · ·«99 9 9
9 9 99 9 9
9 99

20

1 0

receiving heat from the molten metal. However, since it is 

made of polycarbonate having low heat conductivity, the 

temperature of its inside is not so quickly increased when 

the temperature of its surface in contact with molten metal 

becomes substantially equal to the molten metal temperature.

1 5

The temperature of the resin core 16 shown in FIG. 2 is the 

average temperature.

While the temperature of the resin core 16 is in a

range between normal temperature and 160°C, polycarbonate is

hardly solidified, and the resin core 16 maintains high 

mechanical strength (this state being hereinafter referred

to as hard state). When the resin core 16 is in the hard

state, it is hardly deformed by a casting pressure of, for

instance, about 80 MPa applied to it. Thus, it is possible 

to obtain the shape accuracy which is required for the cast 

product. As shown in FIG. 2, the thickness of the cast 

25 product, size of the resin core 16 and so forth, are set

13



such that the resin core 16 is held 1n the hard state until 

at least a portion of the molten metal in the cavity 14 that 

is in contact with the resin core 16 is solidified. The 

graph of FIG. 2 shows that the resin core 16 is still held 

5 hard for time tc after the shape of the cast product has

been determined with the solidification of the molten metal

in contact with the resin core 16. Since the shape of the 

cast product is determined while the resin core 16 is held

• · · • · ·• ··
• · ·· « · ·• ·
• · ·• · ·• · ·
O · · · • ·• · · ·
• · ■ • · ·• · ·

hard, it is possible to obtain a high shape accuracy.

10 Depending on the shape of the cast product or other factors, 

the resin core 16 may be softened before solidification of 

molten metal (see dashed plot G2 in the drawing). In such a 

case, it is possible to suppress internal temperature rise

• .’*· of the resin core 16 and let the core characteristic G2 to• · · ·
• · · ·
’··* · 15 approach G1 by providing a heat insulating material layer on

i ,··, the surface of the resin core 16.
··· ·

• · · ·
·....· The resin core 16 is softened when its temperature is

···· ····
• · · • · ·« ·♦

20

increased beyond 160°C. However, its inner portion still 

has a comparatively high rigidity. In this state, although 

it can be withdrawn from the cast product because it can be

deformed to meet the shape of the inner space formed in the 

cast product, it is not elongated more than is necessary or 

broken apart by a pulling force applied thereto. Thus, by 

applying a pulling force to the core print 16h of the resin 

25 core 16 from the core withdrawing mechanism 18 while the 

14



resin core 16 is softened, the whole resin core 16 can be 

withdrawn continuously from the cast product.

When the temperature of the resin core 16 exceeds

200'C, the resin core 16 is plasticized up to its inner

5 portion near its center, and the average mechanical strength 

of the resin core 16 is thus quickly reduced. This state of

the resin is referred to as melted state. When a pulling 

force is applied to the resin core 16 in the melted state,

• · ·
• · ·

• ··
4· ··
• · »
• ·

44 ·
• · ·

• 4 4
4 4 4 4

• 4
• · · ·
• · ·• 4 4
• · 4

the resin core 16 can not withstand the force and is broken

1 0 apart. Therefore, it is difficult to withdraw the resin 

core 16 from the cast product. In the prior art, the resin 

core 16 is removed from the cast product by utilizing a 

phenomenon that the resin core 16 is melted completely to

1 5

obtain fluidity. However, the molten resin may partly

remain in the cast product.

: Now, the casting
• · · ·

* — ··* this embodiment will

. 3(A) to 3(E).• · · ·
4 4 4 Cl

·*’·.· When the casting

process with the casting technique of 

be described with reference to FIGS.

die is held open after the end of the

20 preceding casting cycle, the resin core 16 is positioned in 

the cavity 14, as shown in FIG. 3(A), with engagement of the

core print 16h of the resin core 16 in the bent end 18e of 

the oil hydraulic piston-cylinder assembly 18y of the core

withdrawing mechanism 18. In this state, the casting die is

25 closed, so that molten metal is poured into the die 11 as 

15



shown in FIG. 3(B). Then, application of a force for 

retreating the piston 18p to the oil hydraulic piston

cylinder assembly 18y is started at instant T2 (shown in

FIG. 2) slightly later than the instant of solidification of

5 the molten metal in contact with the die 11 and resin core

16 (i.e., instant T1 after lapse of time tb from the end of 

pouring of molten metal). At the instant T2, the resin core

16 is hard, and this state is maintained even when a pulling 

• »
9 9

force is applied to the resin core 16 from the core

10 withdrawing mechanism 18. However, while the force from the

core withdrawing mechanism 18 is acting continually on the

core print 16h of the resin core 16, the resin core 16 is

softened with its temperature rise caused by the heat of the

cast product. In the case of FIG. 2, the resin core 16 is« «·
• · ♦··· 9

1 5 softened at instant T3. Since the pulling force is applied
» · V «

• · ft*· 9

• ··9 9 9
« · · ·

ft * · ft
• ft
• · · ·

continuously, when the resin core 16 is softened, it is 

withdrawn continuously from the cast product X as shown in

FIG. 3(C). At this time, the resin core 16 is not broken
···· • ···

• · ·• ft ·• ··
apart but is withdrawn continuously and integrally until its

20 other end 16X gets out of the cast product X.

After the resin core 16 has been withdrawn in this way,

the casting die is opened at instant T4 after lapse of a

predetermined period of time from the instant (to in FIG.

2) of the start of pouring of molten metal into the die 11.

Then, the cast product X is taken out from the die as shown 

16



in FIG. 3(D), and the withdrawn resin core 16 is taken out 

from the bent end 18e of the oil hydraulic piston-cylinder 

assembly 18y as shown in FIG. 3(E).

As shown above, in this embodiment, the resin core 16

5 is formed using polycarbonate, the deformation of which 

caused by an applied casting pressure of about. 80 MPa which

is usually used in the die casting process is less than a

tolerance, and therefore, there is no need of reducing the

casting pressure, and also there is no possibility of shape
• 999 9 ·
9 99

V 9 9 9
9 9 9
9 9

99 9
9 9 99 99

9999
« 9

9999
9 9 99 9 9
9 99

defect of the cast product X or like defects.

Further, after the shape of the

determined by the solidification

cast product X has been

of molten metal, the

pulling force from the core withdrawing mechanism 18 is

• · *9 0 ·
• 9 9 9

99999 9 9
99 9

applied continually to the core print 16h of the resin core

16. Thus, when the resin core 16 reaches the softened state

• ··
9 9 999 9 «

• 0 · ·
• 9

• 0 0»

brought about by the heat of the cast product X, the

resin core

whol e

16 is withdrawn continuously and integrally.

1 0

1 5

Thus, the resin core 16 is not melted to be incapable of

20

withdrawal due to a delay of the withdrawal timing.

Further, since the resin core 16 is heated by the heat of

i nthe cast product and withdrawn the softened state, there

is no need of heating the resin core 16 again for the

withdrawal thereof in a subsequent step. It is thus

possible to eliminate blister defect or thermal strain of

25 the cast product X due to re-heating and to save energy

17



5

thereof.

Furthermore,

16 is

heated

there

print

in contact

directly

since the core print 16h of the resin core

with and cooled

by molten metal

is no possibility that the

by the die 11, it is not

but is held hard. Thus,

coupling between the core

16h of the resin core 16 and the core withdrawing

mechanism 18 becomes defective. Further, the mechanism for

pos itioning the resin core 16 is simple in construction,

that is, it positions the resin core 16 in the horizontal
• ·· • ·• ·· 

·· ·· 1 0 direction and the height direction with the engagement

·· ·• · ·• ······• ······· ' • * ·• ··

between the bent end 18e of the piston rod 18p of the oil

hydraulic piston-cylinder assembly 18y and the angular hole

16e formed in the core print 16h of the resin core 16. It

• ··• · ···· ·
····• · ··· ·

is thus possible to provide sat i sfactory maintenance

1 5 property and to reduce equipment cost.

• ··• · ···· ·
···· e ·····

(Second Embodiment)

Now, a casting method and a casting apparatus according

to a second embodiment of the invention will be described
···· ····

·· e • · ·• ·· with reference to FIGS. 4(A), 4(B), 5 and 6. FIGS. 4(A) and

20 4(B) are sectional views showiny a casting apparatus 20

25

according

showing

showing

In

a

a

to this embodiment. FIG. 5 i s a detailed view

portion V in FIG. 4(B). FIG. 6 is a detailed view

portion VI in FIG. 4(B).

the casting apparatus 20 of this embodime t, a resin

core 26 has its core print 26h secured to a core print

18



5

1 5

support secLion 21s of a stationary die half 21, and at the 

time of opening the die, it is withdrawn from the cast 

product which is separated together with a movable die half 

22 from the stationary die half 21.

The movable die half 22 is movable to the left and the 

right in FIGS. 4(A) and 4(B) along tie bars 23, and when it 

is engaged with the stationary die half 21 by closing the 

die, a cavity 24 and a sprue (not shown) for leading molten 

metal to the cavity 24 are formed in the die.

The movable die half 22 has an upper and a lower wall 

22a formed with respective vertical through holes 22h. In 

each vertical through hole 22h, a cast product set pin 22p 

is slidably inserted, as shown in FIG. 5. Each cast product 

set pin 22p is axially movable by an oil hydraulic piston

cylinder assembly 22y. In the casting operation, an end 

portion of each set pin 22p is projected into the cavity 24. 

Thus, when the die is opened after the casting, the cast 

product X is held secured to the movable die half 22.

The stationary die half 21, as shown in FIG. 5, has a

20 coupling hole 21h formed in upper and lower portions of the

core print support section 21s such that a core set pin 21p

can be slidably inserted therethrough. The core set pin 21p

can be axially moved by an oil hydraulic piston cylinder

assembly 21y.

25 As in the previous first embodiment, the resin core 26 
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formed by using polycarbonate or like thermoplastic 

synthetic resin, and its core print 26h can be coupled to 

the core print support section 21s of the stationary die

half 21 as noted above. The core print 26h has a vertical

5 through hole 26x which is aligned to the coupling hole 21h

in the stationary die half 21 when the core print 26h is

engaged with the core print support section 21s of the

stationary die half 21. With this construction, when the

core print 26h of the resin core 26 is engaged with the core

10 print support section 21s of the stationary die half 21, the 

resin core 26 can be rigidly secured to the stationary die 

half 21 by inserting the core set pin 21p through the 

coupling hole 21h and the through hole 26x.

Now, the casting method according to this embodiment

15 will be described with reference to FIGS. 7(A) to 7(F).

First, in the open state of the die, as shown in FIG. 

7(A), the core print 26h of the resin core 26 is engaged in 

the core support section 21s of the stationary die half 21, 

and the core set pin 21p is inserted through the coupling

20 holes 21h and the through hole 26x. As a result, the resin

core 26 is positioned in the stationary die half 21 at a

predetermined position thereof. Further, the cast product 

set pins 22p of the movable die half 22 are driven by the 

oil hydraulic piston-cylinder assemblies 22y so that their 

25 ends are projected into the cavity 24 noted above. In this 

20



state, the die is closed as shown in FIG. 7(B), and then 

molten metal is poured into the die as shown in FIG. 7(C).

When the molten metal in the die has been solidified, 

the die is opened. The die is opened after portion of 

5 molten metal in contact with the die and the resin core has 

been solidified (instant T1 in FIG. 2) and before melting of 

the resin core (instant T5 in FIG. 2). Since the poured 

molten metal is solidified while surrounding the end 

portions of the cast product set pins 22p projecting from

1 0 the movable die half 22 into the cavity 24, after the

opening of the die, the! cast product X is held secured to

and moved together with the movable die half 22. Meanwh i1e,

when the d i e is opened, the resin core 26 has been softened,

that is, its average mechanical strength has been reduced,

1 5 so that i t is ready to be withdrawn. Thus, with the

movement of the movable die half 22 caused together with the 

cast product X, the resin core 26 is withdrawn from the cast 

product X to remain on the side of the stationary die half 

21, as shown in FIG. 7(D).

20 When the resin core 26 has been withdrawn from the cast

product X, as shown in FIG. 7(E), the ends of the cast 

product set pins 22p are withdrawn from the cast product X 

and accommodated in the vertical through holes 22h of the 

movable die half 22 while the core set pin 21p is pulled out

25 from the through hole 26x of the resin core 26. Thus, as 

21



shown in FIG. 7(F), the cast product X and the resin core 26 

are taken out from the respective movable and stationary die 

halves 22 and 21.

As described, with the method of casting in this

5 embodiment, the resin core 26 is withdrawn from the cast 

product by the force of opening the die halves 21 and 22. 

Thus, there is no need of any special drive power source for 

withdrawing the resin core 26, and it is thus possible to 

simplify equipment and reduce equipment cost.

10 While in this embodiment, the cast product set pins 22p

are used to secure the cast product X to the movable die 

half 22, they may be replaced with pressurizing pins or the 

like.

(Third Embodiment)

Now,1 5 a casting technique according to a third

embodiment of the invention will be described with reference

to FIGS. 8 and 9. This technique concerns an improved

method of holding the resin core. Referring to the

drawings , designated at 104 is a stationary die half.. A

20 movable die h "ot shown) is moved to the left and the

right in the μ Λ of the drawings. When the movable d i e

half is opened to the right in the drawings, the cast

product is moved together with the movable die half relative

to the stationary die half 104 . FIG. 8 is a side v i ew

25 showing a core print 102h of a resin core 102 and a recess

22



104h in the stationary die half 104 into which the core

print 102h is pressure fitted. FIG. 9 shows a state in 

which the core print 102h of the resin core 102 is pressure 

fitted in the recess 104h of the stationary die half 104.

The resin core 102 is used in a die casting process of

producing a cast product by pouring high pressure molten 

metal into a cavity 109 in the die. The resin core 102 is 

made of polycarbonate or like synthetic resin having a high 

glass transition point as well as being high both in the 

10 impact strength and ductility.

As shown in FIG. 8, the resin core 102 has its core 

print 102h for setting it in the die half 104. The core 

print 102h is a substantially cylindrical projection having 

a tapered frust-conical end portion 102f. The core print 

15 102h has a circum rential ring-like ridge 102r formed in

its axially intermediate portion.

Meanwhile, the recess 104h into which the core print 

102h is pressure fitted is formed at a predetermined 

position of product formation surface 104k of the die half 

20 104. The recess 104h is of a substantially cylindrical

shape which is substantially complementary to the shape of 

the core print 102h. Its diameter is slightly smaller than 

the outer diameter of the ridge 102r of the core print 102h. 

It is set to be greater than the outer shape of the core 

25 print 102h such as to define a n edetermined clearance.
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As shown in FIG. 9, the resin core 102 is set in the

die by pressure fitting its core print 102h into the recess

104h of the die half 104. Since the core print 102h has the 

tapered and frust-conical end portion 102f, it can be

5 smoothly led into the recess 104h of the die half 104. At

this time, the ridge 102r formed on the core print 102h of

the resin core 102 is squeezed from around by the side wall

of the recess 104h formed in the die half 104, so that the

• · · • · ·• · ·
• · · · • · ·• ·

core print 102h is firmly coupled to the die half 104 by the

elastic force of the ridge 102r. Thus, it is possible to1 0

with adhesive or the like that is used in the priordi spense

• · · ·• · ·• · · art to secure the resin core 102 to the die half 104.
• · ·

Further, the resin core 102 is automatically positioned i n
• · ·
• · ·
• · · ·

• · · ·
the cavity 109 at a predetermined position thereof when the

• · ·
’* · 15 d i e 1 s closed with the resin core 102 secured to the die

• · ·
• · ·
• « · ·

half 104.
• · · ·

• ·
*> · · · To use the resin core 102 for casting, the core print

•
• · · ·

102h thereof is pressure fitted in the recess 104h of the

• · ·
• · ·

• *3 di e half 104 in the open state of the die as described

102 is thus firmly to the diesecured20 above. The resin core

2b

half 104, and it is

predetermined position

When the die

pressure into

shown) through

positioned in the

thereof with

is closed, molten

the cavity 109 from

a plunger tip (not

cavity 109

the closing of the

metal is poured

a plunger sleeve

shown). At this

at a

die.

under

(not

time,
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1

polycarbonate as the material of the resin core 102 is such 

that its deformation is such as to maintain a mechanical 

strength enough to satisfy the shape accuracy required for 

the cast product against the high pressure and high heat of 

5 molten metal poured into the cavity 109 until molten metal

in contact with the resin core 102 is solidified. Thus, the 

resin core 102 is not deformed beyond the shape accuracy 

required for the cast product with application of high 

1 0

temperature and high pressure thereto.

After the molten metal in contact with the resin core

102 has been solidified, polycarbonate as the material of 

the resin core 102 is gradually softened from the core

surface in contact with the molten metal, and until the

1 5
• · ·
♦ · ·
• · · «

• · · ·
• ·

• · « ·

• · · · • · · ·
• · · • · ·

20

instant of opening the die, it is softened to an extent that 

it can be withdrawn from the cast product. Meanwhile, the 

core print 102h of the resin core 102 does not receive high 

pressure or high temperature of molten metal because it is

engaged in the recess l(J4h of the Hie half 104. Thus,

although the essential part of the resin core 102 enclosed

in molten metal is softened by high heat thereof, the core

print 102h is not softened, and the firm coupling between 

the resin core 102 and the die half 104 is maintained.

Thus, with relative movement of the die half 104 to the cast 

product that is caused when the die is opened after the cast

25 product has been formed with complete solidification of the

25



I

molten metal in the cavity 109, the essential part of the 

softened resin core 102 is automatically withdrawn from the 

cast product. Further, only the cast product is taken out 

from the die to be transported to the next process. After 

5 the resin core 102 has been withdrawn from the cast product,

the core print 102h of the resin core 102 can be readily

removed from the recess 104h of the die half 104 by 

10

• · · ·
• · · ·• ·• · · ·

thermally softening it.

FIG. 10 shows a different example of a core print 112h 

of a resin core 112. In this case, the core print 112h is 

provided with a plurality of semi-spherical protuberances 

112r in lieu of the ridge 102r. These protuberances 112r 

• · · 
• · ·
• · · ·
• · · ·
• ·

1 5

have substantially the same function as the ridge 102r in 

the third embodiment.

(Fourth Embodiment)

Now, a method of holding a resin core in a fourth 

embodiment of the invention will be described with reference

.:.. to FIGS. 11 to 13. FIG. 11 is a side view showing a set pin····

126 for securing a resin core 122 to a die 124. FIG. 12 is 

20 a detailed view showing a portion XII of the set pin 126.

FIG. 13 is a view showing a state in which the resin core 

122 is mounted on the set pin 126.

The resin core 122 used in this embodiment, like the 

third embodiment, is formed by using polycarbonate or like 

25 synthetic resin. As shown in FIG. 13, it has an axial bore 

having a small and a large diameter coaxial bore 122s and 

26



122y formed continuously to each other via a shoulde" 122d.

The set pin 126 includes a pin body 126p and an 

openable mechanism 126k provided at an end of the pin body 

126p. As shown in FIG. 11, the pin body 126p has its stem 

5 locked in engagement with the die 124 by a locking piston

cylinder assembly 128. The set pin 126 is thus firmly 

secured to the die 124. As shown in FIG. 12, the openable

• · · • · ·• ··
• · ··• · ·
·· ·• · ·• · ·
····• ·• · · ·
• · · • · ·• · ·

1 0

mechanism 126k provided at the end of the pin body 126p 

includes two openable members 126b hinged at one end by a 

hinge 126r to a V-shaped form and a spring 126s biasing the 

two openable members 126b away from each other for varying

the angle therebetween. When the operable members 126b are
• · · ·• · · ·
• · · ·• · ·

folded against the spring force of the spring 126s, the
• · ·

outer diameter of the openable mechanism 126k i s
• · ·• · ·• · · ·
• · · · 1 5 substantially equal to the outer diameter of the pin body

• · • · · ·
126p.

• ····• ·· · The outer diameter of the pin body 126p is set to be
• · ·• · ·• · · slightly smaller than the diameter of the small diameter

hole 122s of the resin core 122. Thus, in the folded state

20 of the openable mechanism 126k, it can be inserted together

with the pin body 126p through the small diameter hole 122s

of the resin core 122. When the openable mechanism 122k 

inserted through the small diameter hole 122s reaches the 

large diameter hole 122y of the resin core 122, the two

27



openable members 126b are opened, i.e., brought away from

5

each

their

122.

are

die

other, by the spring force of the

ends are hooked

In this way, the

coupled together.

124, the

mechanism 126k

small diameter

spring 126s, and

on the step 122d of the res in core

set pin 126 and the resin core

With the set pin 126 secured to

122

the

distance from the die 124 to the openable

is substantially equal to the length of

hole 122s of the resin core 122, i.e.,

the

the

• ·· • ·• · ·
·· ·· • ♦

distance from the end face of the resin core 122 to the step

1 0 122d thereof. When the openable mechanism 126k of the set
·· ·• · ·• · ·
• · · ·• ·• · · ·
• · · « · ·• · ·

pin

the

set

126 secured to the die 124 is hooked on the step 122d of

resin core 122 as a result of the fitting thereof on the

pin 126 as shown in FIG. 13, the resin core 122 i s
• · ·• · ·• · · ·
• ·· ·• · ·• · ·

firmly coupled to the die 124 via the set pin 126 and i s

1 5 positioned in the die 124 at a predeterm i ned pos ition
• ··• · ·• * · ·
• · · ·• ·····

thereof such that its axial movement is restricted. Thus ,

unlike the prior art, there is no need of anj adhesive for

····• · · ·
• · · • · ·• «·

securing the resin core 122 to the die 124.

Since polycarbonate as the material of the resin core

20 122 has low heat conductivity, the high heat of molten metal

is hardly conducted to the inside of the resin core 122.

Thus, even when the surface of the resin core 122 in contact 

with molten metal is softened by the heat of molten metal, 

the inside of the resin core 122 is not softened but has a

25 predetermined mechanical strength until the die is opened.
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That is, the resin core 122 and the die 124 are held firmly 

coupled together, and when the die 124 is opened, the resin 

core 122 is automatically withdrawn from the cast product 

with movement of the die 124 caused relative to the cast 

5 product toward left in the plane of the drawing. After the

resin core 122 has been withdrawn from the cast product, the

resin core 122 can be readily taken out from the set pin 126

by causing further thermal softening of the resin core 122

• · · • · ·• · ·
• · · · • · ·

to soften the inside thereof.

(Fifth Embodiment)
• · ·

• 9 ·• · ·
• · · ·• ·• · · ·
• · · • · ·• · ·

Now,

embodiment

a method of holding resin core in

of the invention will be described with

a fifth

reference

1 0

to FIGS. 14(A), 1 (B), 15(A) and 15(B). FIG. 14(A) is a
• · ·
• ·
• · ·

• · · · 
0 ·
• ·

side view showing a set pin 136 for securing a resin core

132 to a die 134, and FIG. 14(B) is a view taken in the
• · ·• · ·• · · ·
····• ·····

direction of arrows B in FIG. 14(A). FIG. 15(A) is a

sectional view showing a state in which the resin core 132

• 
9999

• 999
• 9 9

• 9 9
9 9 9

is mounted on the set pin 136, and FIG. 15(B) is a v i ew

20

taken in

As

132 used

or 1 ike

the direction of arrows

in the preceding fourth

B in FIG. 15(A).

embodiment, the resin core

in this embodiment is formed by using polycarbonate

synthetic resin. As shown in FIGS. 15(A) and

1 5

15(B), the resin core 132 centrally has a narrow rectangular

hole 132e and a circular hole 132f having a diameter equal

25 to the width of the rectangular hole 132e which are formed
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continuously to each other via a step or shoulder 132d.

The set pin 136 is substantially T-shaped and has a pin 

body 136p and a hook 136k secured perpendicularly to the end 

of the pin body 136p. The pin body 136p has a stem locked 

5 by a locking piston-cylinder assembly (not shown) in a state 

engaged in the die 134. The set pin 136 is thus firmly 

secured to the die 134.

The width and the length of the hook 136k of the pin

• · · 
• · ·

• ··
• · ··
* · b
• ·

• · ·
• · ·

• · ·
• · · ·

• ·Utt
• · · 

• · ·
• · ·

• · ·
• · ·
• · · ·
····

• · ·
• · ·

• · ·
• · ·
• « · ·
• · · ·

• ·
• · · ·

1 0

body 136 are set to be slightly smaller than the height and 

the width, respectively, of the rectangular hole 132e of the 

resin core 132, so that the hook 136k can be inserted 

through the rectangular hole 132e.

1 5

The hook 136k having been inserted through the 

rectangular hole 132e into the circular hole 132f of the 

resin core 132 is hooked on the step 132d between the 

rectangular hole 132e and the circular hole 132f by causing 

rotation of the resin core 132 by about 90 degrees about the

pin body 136p. In this way, the set pin 136 and the resin
·· ·
• ·· core 132 are coupled together. With the set pin 136 secured

20 to the die 134, the length of the set pin 136, i.e., the pin 

body 136p and the hook 136k, projecting from the die 134, is 

substantially equal to the total length of the rectangular 

hole 132e and the circular hole 132f of the resin core 132.

With this construction, by fitting the resin core 132 to the

25 set pin 136 and rotating the resin core 132 about 90 degrees 
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around the set pin 136 secured to the die 134, the resin 

core 132 is firmly coupled to the die 134 via the set pin

136 and is positioned in the die 134 at a predetermined 

position thereof with its axial movement restricted. Thus,

5 unlike the prior art, there is no-need of any adhesive or 

the like for securing the resin core 132 to the die 134.

Again in this embodiment, like the fourth embodiment, 

despite the softening of the surface of the resin core 132

• · ·
9 · ·• · ·
• · · ·• · ·• ·
·· ·• · ·• · ·
• 9 9 ·• ·• · · ·
9 9 9• · ·• 9 «

• · ·
9 · ·
99 9 9

99 9 9
• ·

• · · ·

• · · · 
» ·♦ ·

• · ·• 9 99 99

1 0

in contact with molten metal caused by the heat of molten 

metal, the inside of the resin core 132 is not softened but 

has a predetermined mechanical strength until the die is 

opened. The resin core 132 and the die 134 are thus held

1 5

firmly coupled together, and when the die 134 is opened, the 

resin core 132 is automatically withdrawn from the cast 

product with movement of the die 134 caused relative to the 

cast product.

After the resin core 132 has been withdrawn from the

cast product, it can be removed from the set pin 136 by

withdrawing it after turning it by 90 degrees. Thus, there

20 is no need of heating the resin core 132 again for

withdrawing it.

(Sixth Embodiment)

Now, a method of holding a resin core in a sixth 

embodiment will be described with reference to FIGS. 16(A) 

25 and 16(B). FIG. 16(A) is a sectional view showing a die 144 
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and a resin core 142 secured thereto, and FIG. 16(B) is a 

sectional view showing the resin core 142 alone.

The resin core 142 used in this embodiment is formed by

injection molding polycarbonate or like synthetic resin into

a predetermined shape such as to enclose the essential part

of a set pin 146p. The resin core 142 an< the set pin 146p

• ·· 
• · ·
• · ·

• · · »
• · ·< ·

• « ·
» · ·
• * · ·

• ·
• · · ·
• · · 

V « ·
« · ·

« · ·
• « ·
e · · e
• · ··

• · *
• · ·

• · r
st ·
«· ♦ ·

• · · *
• ·
·· · ·

♦
• · · ♦

• · 6 ·
ίβ ·

• · ·
• · ·

25

1 0

are made integral. The set pin 146p which is buried in the 

resin core 142 has its essential portion formed with a 

helical ridge 146t therearound to prevent detachment of the 

set pin 146p from the resin core 142. Further, one end 

portion of the set pin 146p projecting from the end face of 

the resin core 142 serves as a core print of the resin core

142.

1 5

Meanwhile, the die 144 is formed at a predetermine^ 

position thereof with a recess 144h in which the set pin 

146p as the core print of the resin core 142 is engaged.

■With the set pin 146p locked by a locking piston-cylinder

assembly (not shown) in a state engaged in the recess 144h, 

the resin core 142 is firmly secured to the die 144 via the

set pin 146p and positioned in the die 144 at a 

predetermined position thereof. Thus, unlike the prior art, 

there is no need of any adhesive or the like for securing 

the resin core 142 to the die 144.

Further, as in the fourth and fifth embodiments, when

the surface of the resin core 142 in contact with molten
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metal is softened by the heat of the molten metal, the inner 

portion of the resin core 142 is not softened but still has 

a predetermined mechanical strength. Thus, the resin core 

142 and the set pin 146p are held firmly coupled to the die 

5 144, and when the die 144 is opened, the resin core 142 is

automatically withdrawn from the cast product with movement 

of the die 144 caused relative to the cast product.

In this embodiment, the resin core 142 having been
• ··

• · 9
• ··

·· O·
• · ·
• ·
• · ·

• · ·
• · ·
··*·

• · 
··«·
• · ·

• · ·
• · ·

1 0

withdrawn from the cast product is taken out from the die 

144 by releasing the lock by the locking piston-cylinder 

assembly and then taking out the set pin 146p from the 

recess 144h of the die 144.

• ··• « ···· ·
····• · · ·· ·

(Seventh Embodiment)

A casting technique according to a seventh embodiment

of the invention will now be described with reference to
• · ·
• · ·
·· · ·
e···

• ·
«···

FIGS. 17 and 18. In this embodiment a step of taking out

1 5

cast product from die is improved. FIG. 17 is a sectional

···· 
• 0··
·· · 

• · ·
• «·

view showing a casting apparatus 210 according to this

20

embodiment. FIG. 18 is a detailed view showing a portion

XVIII in FIG. 17.

The casting apparatus 210 comprises a stationary die

half 212 and a movable die half 214. In the closed state of

the die as shown in FIG. 17, a cavity 216 for forming a cast 

product is formed in the die. In the cavity 216, a resin 

core 2n is positioned at a predetermined position to form a
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hollow inner space in the cast product.

The resin core 2n has a core print 2nh which is to be

located in a narrow space defined between the stationary die 

half 212 and the movable die half 214 so as to position the 

5 resin core 2n in the die. The resin core 2n has small

diameter protuberances 2nk formed on its bottom side such as 

to be in contact with a forming surface 212f of the 

stationary die half 212. Further, it has large diameter

protuberances 2np formed on its top
• ·

side such as to be in

1 0 contact with a forming surface 214f of the movable die half

214. As the material of the resin core 2ri, polycarbonate or
• · ·
• · · like synthetic resin which has a high glass transition point

• ·
as well as being high in both the impact strength and

• >• · ft
ft ft · ·• ft

duct i1i ty is suitably used.

The forming surface 212f of the stationary die half

212, as shown in FIG. 18, prov i ded with recesses 212d.

Each recess 212d is formed to be in contact with each smal 1

protuberance 2nk of the resin core 2n. The end of the small

• ft ·
• ·

• · · protuberance 2nk is engaged in the recess 212d. A through

20 hole 212h is formed such that it extends from the center of

1 5

• · i s

• · · ·

the recess 212d in the die closing direction (i.e., vertical

direction in the drawing). A push-out pin 218 is slidably

inserted in the through hole 212h. When the push-out pins

218 are projected from the forming surface 212f of the 

25 stationary die half 212 by a push-out mechanism (not shown), 
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they push out the end of the small diameter protuberances 

2nk (hereinafter referred to as push-out pin receiving 

sections) of the resin core 212 away from the stationary die

half 212.

5 Each through hole 212h serves as a guide portion for

positioning the corresponding push-out pin 218 from the side

of the forming surface 212f. In this portion of the die, a

small clearance is set between the stationary die half 212 

• ·

• ·
« 1 0

• · 0

• β ·

and the push-out pin 218. Under the guide portion, a

comparatively large clearance is set between the stationary

die half 212 and the push-out pin 218 to prevent catching of

the push-out pin 218 or the like.

The stationary die half 212 further has cooling water
• · · • · ·• · · ·
• · · ·• · ·• · ·

passages 212w formed in its walls surrounding the through

holes 212h to cool end portions of the push-out pins 218 and

recesses 212d in the forming surface 212f as well as

peripheral portions. Thus, the push-out pin rece i v ing

sections 2nf of the resin core 2n engaged in the recesses
• · · ·

• · ·• · ·• · · 212d of the forming surface 212f are cooled effectively.

20 Besides, because the heat conductivity of polycarbonate as

• · · ·

• · « e

1 5

the material of the resin core 2n is low, it is difficult

25

for

body

the

of

sections

heat

the

2nf.

not suddenly

of mol ?n metal to be conducted through the

resin core 2n up to the push-pin receiving

Thus, the push-pin receiving sections 2nf are

elevated in temperature during casting, and
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they are not softened but have substantially the same 

mechanical strength as before the casting when the die is 

opened.

Further, the clearance between each small diameter

5 protuberance 2nk of the resin core 2n and the associated 

recess 212d of the forming surface 212f when the 

protuberance 2nk and the recess 212d are in engagement with 

each other is set to be small. Further, the recesses 212d 

of the forming surface 212f and their peripheries are cooled

10 to promote solidification of molten metal. Thus, it is 

difficult for molten metal to enter the clearance between 

each push-out pin receiving section 2nf of the resin core 2n 

and the associated recess 212d of the forming surface 212f. 

It is thus possible to suppress generation of burrs.

15 A method of taking out cast product according to this

: .··. embodiment will now be described.
• · · ·

• 0 · 9
• · 

• · · · First, in the open state of the die, the resin core 2n

9
• · e ·

is set in the stationary die half 212 such that each small
9 9 9 9

9 9 9
• · ·• 9 9 diameter protuberance 2nk of the resin core 2n is engaged in

20 the associated recess 212d of the stationary die half 212.

In this state, the die is closed by causing movemtnt of the

movable die half 214. When the die closing has been 

completed, as shown in FIG. 17, molten metal is poured under 

pressure into cavity 216 through a plunger sleeve (not 

25 shown). When the poured molten metal is solidified after
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lapse of a predetermined period of time, the die is opened, 

and the push-pin receiving sections 2nf of the resin core 2n 

are pushed by the push-out pins 218. As described before, 

when the die is opened after completion of casting, the

5 push-out pin receiving sections 2nf of the resin core 2n are

held such that both their impact strength and ductility are 

high. Thus, the cast product can be reliably kicked out 

from the stationary die half 212 without deformation of the 

push-out pin receiving sections 2nf by receiving the pushing
• · ·

• · ·

λ 10 forces of the push-out pins 218.
• · ·
• «

·’’·,· The resin core 2n is made of a resin, and can be
• · · ·

*····’ readily withdrawn from the cast product by causing its
• · ·

• · ·
• ♦ ·

thermal softening after the cast product has been taken out 

from the die.
• · · ·

« · ·

·· · 15 As has been shown, in this embodiment, unlike the prior

art, there is no need of providing pin seats on the cast 

product surface for receiving each push-out pins 218, nor is 

any need of operation of scraping out the pin seats in a 

subsequent step. It is thus possible to obtain cost 

20 reduction and improve the operation efficiency.

(Modification of Seventh Embodiment)

A method of taking out cast product according to a

modification of the seventh embodiment will now be described 

with reference to FIGS. 19 and 20. FIG. 19 is a fragmentary

25 sectional view showing a casting apparatus according to this 
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embodiment. FIG. 20 is a fragmentary sectional view 

illustrating an application example of the cast product 

take-out ethod according to this embodiment.

This embodiment uses a resin core 3n which is obtained

5 by forming each small diameter protuberance 3nk of the resin

core used in the seventh embodiment with a recess 3nx in

which each push-out pin 328 is engaged. Thus, when setting

the resin core 3n in the cavity 326 of the die, it can be

• · ·
• · ·
• · ·

• · · ·
• · ·
• ·

• · ·
• · ·
• · ·

• β · ·
• ·
• · · ·

10

• · ·• · ·• · ·

positioned in a prescribed position with the engagement 

between its recesses 3nx and push-out pins 328.

The method of taking out the cast product according to 

this embodiment will now be described.

First, in the open state of the die, the resin core 3n

: is sei in the stationary die half 322 such that its recesses• · · ·
■ · a ·

*·.* : 3nx are engaged with the push-out pins 328 projecting to a

• ·
• ·

• · ·

• · · ·

• · · ·

predetermined extent from a forming surface

stationary die half 322. In this state, the

by causing movement of the movable die half

32 2 f

die is

(not

of the

closed

shown).
• · · ·

• · a ·

• · ·
• a a
• · a

When the die closing has been completed, molten metal is

20 poured under pressure into the cavity 326 through a plunger

sleeve (not shown). When the poured molten metal is

solidified after lapse of a predetermined period of time,

the die is opened, and the resin core 3n is pushed out by 

the push-out pins 328. Thus, the cast product with the 

25 resin core 3n cast therein is kicked out and taken out from
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5

the stationary die half 322.

As shown above, in this embodiment, the resin

is positioned in the cavity 326 at a predetermined

thereof with the engagement between the resin core

core 3n

position

3n and

the push-out pins 328. Thus, no core print or the like for

positioning the resin core 3n relative to the die is

necessary, thus permitting reduct i on of the cost of

fabrication of the resin core 3n. In addition, in the

construction as shown in FIG. 20 in which the resin core 3n
• ·· • ·• · ·

• · · · 1 0 has its periphery supported for positioning, unlike the

• · · • · ·• · ·
• · · · * ·• · · ·
• · · • · ·• «·

prior art, it is not necessary to accurately form

peripheral surface 3nt of the resin core

reduction of the cost of fabrication.

the

3n, thus permitting

• · ·• ·• · · (Eighth Embodiment)
• · • · · 1 5 Now, an eighth embodiment of the invention will be

• · ·• ·• · ·
• · · ·
• · · ·

described with reference to FIGS. 21(A), 21(B) and 22.

• · · · 
« · It

• ·

20

25

First, the overall structure of a resin core of th i s

embodiment

and 21(B).

will

FIG.

be described with reference to FIGS.

21(A)

402 according to this

product

21(B) is

As

40W obtained

21(A)

is front view showing a

embodiment and an example

by using the resin core

a sectional view showing the resin core

shown in FIGS. 21(A)

in this embodiment is used to

40W. The resin core 402 is

resin

of a

402.

402.

and 21(B), the resin core

core

cast

FIG.

402

cast a Y-shaped hollow product

also Y-shaped and has a stem
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portion 402A which is circular in sectional profile and two 

branch portions 402B and 402C also circular in cross 

section. This resin core 402 is set in a cavity (not 

shown), and then molten metal is poured thereinto. After 

5 the molten metal has been solidified as the cast product 

40W, the resin core 402 is withdrawn to the left in FIG.

21(A) while undergoing plastic deformation.

The internal structure of the resin core 402 will now

be described with reference to FIG. 21(B). As shown in the

10 drawing, the resin core 402 comprises a resin core body 404

made of a polyethylene type resin and stainless steel foil

406 covering the surface of the resin core body 404. The

stainless steel foil 406 is covering the surface of the 

circular stem portion 404A and also the surfaces of the two 

15 circular branch portions 404B and 404C. In this embodiment,

two different foils, i.e., ferrite type stainless steel foil

and austenite type stainless steel foil, are used as the

stainless steel foil 406.

While in this embodiment, all the surfaces of the stem

20 and branch portions 404A to 404C of the resin core body 404 

are covered with the stainless steel foil 406, it is 

necessary to cover only a portion of the surfaces of the 

resin core body 404 which is to be in contact with molten 

metal, i.e., a portion enclosed in the cast product 40W, as

25 shown in FIG. 21(A).
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f\ method of fabricating such resin core 402 will now be

described with reference to FIG. 22. FIG. 22 is a

fragmentary transversal sectional view showing the internal 

structure of the resin core 402, that is, the drawing shows

5 a section of the resin core 402 taken perpendicularly to the 

axis of the resin core 402.

As shown in FIG. 22, the stainless steel foil 405 is

applied by adhesive 408 to the surface of the circular resin

core body 404. More specifically, the adhesive is first

10 applied to a uniform thickness to the surface of the resin 

core body 404, and then the stainless steel foil 406 is 

wound on the adhesive coating. In this embodiment, the 

adhesive 408 is a cyanoacrylate type adhesive.

The wound stainless steel foil 406 has its edges 406A

1 5 abutted. By adopting this butt structure, a very small

clearance is formed between the edges 406A, and elongation, 

strain, etc. of the material generated by the high

• · · · • · · ·
• · · • · ·

25

temperature and high pressure during casting can be absorbed

in this clearance.

The thickness of the stainless steel foil 406 can be

suitably selected in dependence on the character of the

resin used for the resin core body 404 and casting

conditions such as temperature of mol ten metal and casting

pressure.

When the resin core body 404 is made of polyethylene 
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and covered with ferrite type stainless steel foil, 

particularly satisfactory results could be obtained with the 

foil thickness set to about 50 to 200 urn in case when

casting aluminum material "ADC10" (at a molten metal

5 temperature of 730’0) with a casting pressure of 80 MPa.

When the resin core body 404 is made of a polyethylene type 

material and covered with austenite type stainless steel

foil, particularly satisfactory results could be obtained

• 44
• 4 4

4 4 4
• 4 44
• 4 4

with the foil thickness set to about 100 to 200 Um.

10 A method of casting using the resin core 402 having the

above structure will now be described with reference to FIG.

21. The resin core 402 is set in a cavity (not shown), and 

then molten metal is poured into the cavity.

The poured molten metal is brought into contact with

15 the stainless steel foil 406 covering the surface of the 

resin core body 402 but is not brought into contact with the 

resin core body 404 itself. With this protection of the

4 4444 
•444
• 4 4

• 4

resin core body 404 from molten metal by the stainless steel 

foil 406, it is possible to prevent melting or deformation

20 of the resin core body 404. Thus, until the poured molten

metal is solidified, the resin core 402 is not deformed by

the high temperature and high pressure of molten metal but

reliably maintains a predetermined shape.

After the solidification of the molten metal, the resin

25 core body 404 is continually elevated in temperature by
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residual heat, and at a certain instant, reaches the

temperature of its softening. At this time, i.e., when the 

resin core body 404 is softened by residual heat after the 

solidification of the cast product 40W, the left end of the 

stem portion 402A of the resin core body 402 is held by core 

withdrawing means (not shown) and pulled to the left in FIG. 

21(A). Thus, the branch portions 402B and 4020 are

elastically deformed, and the resin core body 404 is

withdrawn from the left end of the cast product 40W. At

10 this time, the stainless steel foil 406 is readily deformed.

It is thus possible to obtain higher accuracy casting 

without possibility of melting or deformation of the resin 

core 402 that might otherwise be caused in contact with high

temperature, high pressure molten metal.

1 5 While this embodiment has been described in relation to

an example of using a polyethylene type resin as the 

material of the resin core body 404, it is possible as well

to use various other resin materials including thermoplastic 

synthetic resins, such as polycarbonate, polypropylene,

20 copolymers of these compounds and silicone resin, and

natural resins such as wax. The adhesive 408 also is not

limited to the cyanoacrylate type adhesives, but it is 

possible to use various other adhesives.

Further, while in the above embodiment, the austenite

25 type and ferrite type stainless steel foils have been used
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as the stainless steel foil 406 covering the resin core body

404, it is possible to use any metal foil so long as it is 

not corroded by molten metal and not softened by the 

temperature of molten metal.

5 (Ninth Embodiment)

Now, a ninth embodiment of the invention will be

• β ·
• · ·« ··
·· · · • · ·• ·
·· ·• · ·• · ·

• ··
• · ·
• · · ·

• o · ·
• ·

• · · ·

e···
• · · ·

• · »* · ·
* e«

20

described with reference to FIG. 23.

Fir.st, the structure of a resin core of this embodiment 

will be described with reference to FIG. 23. FIG. 23 is a 

sectional view showing a resin core 512 according to this 

embodiment. As shown in the drawing, with the resin core 512 

in this embodiment, a portion of a resin core body 514 that 

is to be in contact with molten metal in the cavity is 

covered with a ceramic layer 516.

The cercmic layer 516 may be made of various ceramic 

materials including oxide ceramics such as AI2O3, SiC^ and 

ZrC>2, and non-oxide ceramics such as SiC, Si3N4, TiN and WC.

A method of forming the ceramic layer 516 will now be 

described. Fine ceramic particles of AI2O3, SiC>2» ZrC^, 

etc. as noted above are mixed with a heat-resistant binder

• · · ·• ·• · · ·

1 0

(viscous binder). The mixture is then coated uniformly to a 

predetermined thickness on the entire surface of the resin 

core body 514 exclusive of a core print 514A which is not in 

contact with molten metal. Subsequently, the coating is 

25 sufficiently dried, thus obtaining the resin core 512 shown
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• · · 
a · ·

• . f .
• L ·

• A
• ·

• β ·
• · A
• · · ·

* A ··
• ·

• · · ·

• · · · 
• · · ·

·« β 
• · ·

• · ·

5

1 0

1 5

20

25

in FIG. 23.

With the use of the resin core 512 having the above

structure for casting, molten metal poured into cavity is

brought

surface

contact

into contact with the ceramic layer 516 covering the

of the resin core 512 but is not brought

with the resin core body 514 Itself. Thus,

resin core body 514 which is protected from

the ceramic layer 516 is reliably prevented

deformation.

Thus, until the poured molten metal is

resin core 512 is not deformed

high pressure of molten metal

predetermined shape. The resin

into

the

molten metal

from melting

soli d i f i e d,

by

or

the

by the high temperature

but reliably

core 512 thus

accuracy casting without possibility of

deformation in contact

mol ten metal, as well

cast product.

As the material

and

maintains its

permits higher

melting or

with high temperature, high pressure

as being readily separable

of the resin core body 514

from the

in th i s

embodiment, as in the eighth embodiment, various resins

be used, including thermoplastic synthetic resins such

polycarbonate, polyethylene, polypropylene, copolymers

may

as

of

these compounds and silicone resin, thermosetting synthetic

resins, and

While
been formed

natural resins such as wax.

in this embodiment, the ceramic layer 516 has

by coating fine ceramic particles together with
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a heat-resistant binder on the resin core body 514, it is 

possible as well to auopt various other methods such as an 

injection method of forming a ceramic coating layer on the 

resin core surface.

5 Further, since in this embodiment, fine ceramic

particles are coated together with a heat-resistant binder 

on the resin core body 514 to form the ceramic layer 516, it 

is possible to obtain a particular effect that the surface

• «0
• · 0

• 0 0
• · 0 0
• · «

0 0 ·
• · 0

• · ·
0000

• ·
• · « ·
• · · 

• · ·
• · ·

1 0

o' the ceramic layer 516 has minute irregularities due to 

the ceramic particles. These surface irregularities have an 

effect of breaking an oxide film formed on the leading end 

of poured molten metal, thus improving the wetting property 

of molten metal with respect to the resin core 512. With

this wetting improvement, it is possible to extremely reduce
0 0··

*·· · 15 cast product defectiveness such as wetting defectiveness and

; e··, molten metal boundary defectiveness.
• ■ · ·

• · o ·

·....· Furtner, the use of the heat-resistant binder for the

surface layer, together with the hardness of the ceramic 

particles, has an advantage of further improving the break-

20 down pressure of the resin core 512.

(Tenth Embodiment)

Now, a tenth embodiment of the invention will be

described with reference to FIG. 24.

The structure of a resin core of this embodiment will

25 first be described with reference to FIG. 24. FIG. 24 is a
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sectional view showing a resin core 622 according to this

5

embodiment.

622 in this

that is to

coverea with

As shown in the drawing, with the resin

embodiment, a portion of a resin core body

core

624

be in contact with molten metal in cavity is

a heat-resistant fiber layer 626.

As the heat-resistant fibers may be used various fiber

materials, including fibers of metals such as stainless

steel, fibers of metal coating type, f ibers of oxide

ceramics such
• »· 

• · ·
• ··

• · ··
• · ·9 ·

e e ·
» · ·

• · ·
• · · ·

• ·
····
• · ·

1 0 oxide ceramics

as A12O3, SiO3 and ZrO3, and fibers

such as SiC, Si3N4, TiN and WC.

of non

A method of forming the heat-resistant fiber layer

will now be described. Heat-resistant fibers of one or

626

more

of the various kinds mentioned above are mixed with a heat-

• · ·
• · ·
• · · ·

···«
• · ·

resistant binder. The mixture is then coated uniformly to a

1 5 predetermined thickness on the entire surface of the resin

• ··
• · 0
• · ♦ ·

• · · o
• ·
• · « ·

core body 624

contact with

suff ici ent 1y,

exclusive of a

molten metal.

thus obtaining

core print 624A which

Then, the coating

the resin core 622 as

i s

i s

not in

dried

shown in
• · e * 

• · · ·
• · « 

• · ·
• 0 ·

FIG. 24.

20 Wi th the use of the resin core 622 having the above

25

structure

cavity is

layer 626

for casting, the molten metal poured into the

brought into contact

covering the surface

not brought into contact with

with the heat-resistant fiber

of the resin core 622 but is

the core print 624. In this

way, the resin core body 624 is protected from molten metal
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by the heat-resistant fiber layer 626 and is thus prevented 

from melting or deformation.

Thus, until the poured molten metal is solidified, the 

resin core 622 is not deformed by the high temperature and 

5 high pressure of the molten metal but reliably maintains its 

predetermined shape. The resin core thus permits higher 

accuracy casting without possibility of its melting or

• · 9 
• · ·
• 9 ·

• · ·· 
• · »
• ·

deformation in contact with the high temperature, high 

pressure molten metal, as well as being readily separable 

10 from the cast product. As in the eighth and ninth 

embodiments, various materials may be used for the material 

of the resin core 624 in this embodiment.

While in this embodiment, the heat-resistant fiber

layer 626 is formed by coating heat-resistant fibers

1 5 together with a heat-resistant binder on the resin core body

9 9 9
9 9 9
0 9 9 9

9 9 9 9
• 9

9 0 9 9

624, it is possible as well to use

bonding heat-resistant fibers to the

other methods such

resin core body 624

as

by

9
• 4»· 

·««·
• 9 ·

• 9 9
♦ 9 9

using a heat-resistant

(Eleventh Embodiment)

20 Now, an eleventh

adhes i ve.

embodiment of the invention will be

described with reference to FIGS. 25(A) and 25(B).

The structure of a resin core of this embodiment will 

first be described with reference to FIG. 25(A). FIG. 

25(A) is a sectional view showing a resin core 632 in this

25 embodiment.
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As shown in the drawing, with the resin core 632 in

5

this embodiment, a resin core

sand layer 636. As the sand of

kinds

termed

A

of sand such as sand for

body 634

the sand

is covered

layer 636,

die formation and

shell sand with resin coating may be used.

method of forming the sand layer 636 will

with a

various

commonly

now be

described with reference to FIG. 25(B). FIG. 25(B) is a

sectional v i ew illustrating a method of fabricating the

resin core 632 in this embodiment.
• · ·

• · e
• ·«

« · · ·
• · «
• ·

• · ·
• · ·

• · ·

• o · ·
• ·
• * · «

1 0

sand

inner

In this embodiment, shell sand is used for forming

layer 635, and this shell sand

wall surfaces of a die 630 for

the

layer is coated on the

forming the resin core
• · ·• · · 632. For the coating of shell sand, a highly heat-

• · ·
* « *
• · · R
• · · «

• · ·
*9 ·

resistant resin to be melted at a high temperature is used.

1 5 The die 630 for forming the resin core 632 comprises an

• · e
• · «
··< ·

• e · ·

•
9···

• · e ·
• · ·

• · ·
• · ·

20

upper die half 630A and a lower die half 630B made of a 

metal. When these die halves 630A and 630B are closed 

together, the inner wall surfaces 631 of the die 630 define 

a cavity shape complementary to the outer shape of the resin 

core 632.

First, shell sand is fully charged into the die 630.

Then, the entire die 630 is heated from the outside. As the

temperature of the inner wall surfaces 631 of the die 630 is

thus gradually increased, the coating resin on the shell

25 sand is melted from side of the portion of shell sand in
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contact with the inner wall surfaces 631, and the molten 

resin is attached to the inner wall surfaces 631. After the

die 630 has been heated for a predetermined period of time, 

it is then cooled down. Afterwards, a central portion of 

5 shell sand which has not been attached to the inner wall 

surfaces 631 is discharged from the die 630.

In this way, a layer 636 of closely stacked shell sand 

having a predetermined thickness can be formed on the inner

1 0

wall surfaces 631 of the die 630 by adequately controlling 

the temperature and time of heating of the die 630.

FIG. 25(B) shows the resultant die 630 into which 

molten resin material of the resin core body 634 is poured. 

After the poured resin has been solidified by cooling, the

upper and lower die halves 630A and 630B are separated from
• · · ♦

··’ · 15 each other, and the resin core 632 which comprises the shell

• ·· » · ·
• · · ·
* · · ·• ·
···«

• · * ·
• · V ·

* · t
• · *

20

sand layer 636 and the resin core body 634 is taken out.

The resin core 632 which is fabricated in this way is

used for pressure casting such as die casting. Thus, molten 

metal poured into the cavity is brought into contact with

the sand layer 636 constituting the surface of the resin

core 632 but is not brought into contact with the resin core 

body 634. The resin core body 634 is thus protected from 

molten metal by the closely stacked sand layer 636 and is 

reliably prevented from melting or deformation.

25 Thus, until the molten metal is solidified, the resin
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core 632 is not deformed by the high temperature and high

pressure of molten metal but reliably maintains a 

predetermined shape. It is thus possible to obtain a resin 

core which permit higher accuracy casting . ’thout 

5 possibility of melting or deformation as a result of contact 

with the high temperature, high pressure molten metal and 

which is readily separable from the cast product.

In this embodiment, as in the eighth to tenth

*
• · ·• 9 9
9 b·

• ·<• · ·• « · ·
• · f· »• · ·• · *

1 0

• · ·
♦ ■ ·

embodiments, various resin materials may be used for the 

resin core body 634.

Further, while the sand layer 636 in this embodiment 

has been formed by heating shell sand charged into the core 

formation die 630 for a predetermined period of time, the

sand layer 636 thus being attached with a predetermined

1 5 thickness to the inner wall surfaces 630 and subsequently

• · · 
® · ·
• 9 · ·

made integral with the poured molten resin material, it is

99 9 9
9999

possible to adopt other methods of formation as well. For

example, with the upper and lower die halves 630A and 630B

held separated from each other, a mixture of sand and a

20 heat-resistant binder may be coated uniformly on the inner

wall surfaces 631 and dried. Subsequently, the upper and

lower die halves 630A and 630B are closed together, and the

resin material is then poured and thus made integral with

the sand layer 636.

25 With the sand layer 636 preliminarily attached to the
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5

inner wall surfaces 536 of the core formation die 630 in the

above way, the outer shape dimensions of the fabricated

resin core 632, i.e., the outer shape dimensions of the

superficial sand 1 ayer 636, are in accord with the inner

shape dimensions of the die 630. Thus, it is possible to

fabricate the resin core very accurately.

As a further alternative method, first the resin core

body 634 alone is formed through injection molding or like

9 999 9 9
9 99

·· ·· ft · ·
• ft ft

• ft ft
ft 9 9
999 9

9 9
9999
9 9 99 ft ·
• · ft

operation, and then a mixture of sand and a heat-resistant 

binder is coated uniformly on the surface of the resin core 

body 634. When the method of attaching the sand layer 636 

afterwards in this way is adopted, the resin core body 634 

should be formed to be smaller to an extent corresponding to

• 99
9 9 9999 ft

9999
ft 9 999 9

the thickness of the sand layer 636.

(Twelfth Embodiment)

ft ·· ft ft ftft ft · ft
• ft · ft ft ftft···

Now, a twelfth embodiment of the invention will be

described with reference to FIGS. 26(A) to 26(C), 27(A),

• ••ft ····
·· · • ft ft9 99

20

27(B) and 28. This embodiment features that heat-resistant 

fibers are incorporated in resin core.

There has been a well-known technique of producing cast

products with small thicknesses by using fiber-reinforced

plastic (abbreviated as FRP) incorporating carbon fibers in

epoxy type resin materials. However, there has been no 

well-known technique of producing a fiber-reinforced resin 

25 core with large thicknesses, adequate heat res istance,

1 0

1 5
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elasticity and mechanical strength.

Accordingly, tests were conducted on conditions for

obtaining the break-down pressure that is satisfactory for

high pressure casting such as die casting with FRP using

5 silicone type resin materials. The tests conducted will now

be described with reference to FIGS. 26(A) to 26(C), 27(A)

and 27(B). FIGS. 26(A) and 26(B) are a front view and a 

side view, respectively, showing the shape of resin core for

··
··

·· ·· • · ·• ·
·· ·• · • · ·
• ··· 
····«· ·• · • ··

the tests in this embodiment. FIGS. 26(C), 27(A) and 27(B) 

are graphs showing characteristics of the r=sin. core in this 

embodiment.

Compression strength tests were conducted using the 

test piece of the shape as shown in FIGS. 6(A) and 6(B)

1 0

a ··• · · ··· ·
• ···« · · ·· · 1 5

under various conditions. As the resin material, silicone 

rubber was used. As the reinforcement fibers, A^Oq fibers

• ··• · ···· ·
····• ·····

which are a variety of ceramic fibers were used.

First, tests were made in connection with the relation

···· see·
·· · • · ·
• 99

20

between the fiber density in the silicone rubber FRP, i.e., 

volume percentage of AI2O3 fibers in FRP, and the 

compression strength of the FRP. FIG. 26(C) shows the

results. As the AI2O3 fibers, long fibers with lengths no

less than 100 mm were used. Further, the injection molding

process was adopted for molding the FRP.

It will be seen from FIG. 26(C) that the compression

25 strength is reduced when the fiber density is excessively
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reduced and also excessively Increased, that is, excellent

5

compression strength is obtainable with fiber density of 30

to 75 vol.% as shown by a range a in the drawing.

Accordingly, a resin core was molded using silicone

rubber FRP with fiber density i.n a range of 30 to 75 vol.%

and was used in casting test by aluminum die casting. In

this test, satisfactory cast product could be obtained

without deformation of the resin core.

Regarding the withdrawal of the resin core after

casting, it is found that the resin core could be more

• ·
• · ·
• · ·
• ·• ·• ·

readily withdrawn in the longitudinal direction of the

f ibers.

It will be seen that it is possible to obtain a

A1 2°3

resin

• · ·• · · ·
• · · ·• · ·• · ·

core of silicone rubber FRP having excellent break-down

pressure by using long A13O3 fibers. However, when

• u ·
• ·
• · ·
• · · ·

producing resin cores having more complicated shapes, for

20

instance a resin core for a cast product having

complicated hollow shape such as the

cylinder block of

that by using long

cylinder head of

an automotive engine, there is a problem

fibers, the molding is difficult.

• ·

• · 1 0

• ·

1 5

a

• · · ·

Accordingly, to determine conditions to be met for 

using short Al303 fibers, tests were conducted in connection 

with the relation between the length of Al203 fibers and the 

compression strength. FIG. 27(A) shows the result. The

25 fiber density was set to 60 vol.%, and the injection molding
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process is employed for molding tne resin core.

It will be seen from FIG. 27(A) that the compression 

strength is improved with increasing fiber length. To 

determine the optimum fiber density in case of using short 

5 fibers, tests were conducted in connection with the relation 

between the fiber density and the compression strength in 

cases where fiber length was 5 and 100 mm. FIG. 27(B) shows 

the results. It will be seen from FIG. 27(B) that in case 

of using short fibers, the most excellent compression 

10 strength is obtainable with fiber density in a range of 50 

to 70 vol.%.

Casting tests were conducted using a resin core having 

a complicated shape by collectively taking the above results

of tests into considerations. An engine cylinder head was 

15 die cast by preparing a water jacket resin core using

silicone rubber FRP. Resin cores which were fabricated 

under the conditions of a fiber length of about 10 to 100 mm 

and a fiber density of about 20 to 60 vol.%, permitted 

satisfactory cast products to be obtained and could be 

20 readily withdrawn after casting.

Resin cores obtained with a fiber density of 80 vol.%

had sufficient compression strength and had no problem 

insofar as the heat resistance and pressure resistance 

during casting. However, their withdrawal after casting was 

25 difficult because their plastic deformation was not so much.
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5

The above conditions are for resin cores having 

complicated shapes such as that for a water jacket. Resin 

cores having simple shapes, however, permit satisfactory 

cast products to be obtained under conditions deviated from

the above conditions.

As shown, resin cores obtained by incorporating

fibers in silicone rubber are very excellent in the break-

down pressure property and can withstand high pressure in

pressure

accuracy

casting such as die casting. Thus, the dimensional
• ·

1 0 of cast product is very satisfactory, and it is

possible to obtain practical pressure casting, through which

cast products having excellent quality can be obtained.

Now, a specific method of fabrication of such FRP resin

core and a procedure of casting using such resin core will

be described with reference to FIG. 28. FIG. 28 is a f 1 ow

chart showing a casting method using a FRP resin core

according to this embodiment. As shown in FIG. 28, the

method of FRP resin core fabrication is different in the
• · · ·• · · ·

• · ·• · ·• · · case of using short fibers and in the case of using long

20 fibers.

In the case of using short fibers, resin material 646

• · ·• · · ·

1 5

9 ·

and resin material 644 are mixed in a mixer (Step S10).

Then, the mixture of fibers and resin is poured in the

molten state into a core formation die by an injection

25 molding process or the like (Step S12). The mixture is then
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cooled and solidified in the die (Step S14), and then taken 

out as a FRP resin core.

While the process described so far concerns a 

thermoplastic resin used as the resin material 644, in case 

5 of using a thermosetting resin, a mixture of the resin 

material 644 in the liquid state and the fiber material 646 

is poured into the die in Step S12 and thermally solidified 

in Step S14.

The FRP resin core which is fabricated in this way is
• ·
··, 10 set in the cavity of a casting die (Step S16) for die 

·.: casting (Step S18). After the molten metal has been
• 9

solidified, the FRP resin core is taken out with its plastic
• «• ·

deformation (Step S20), thus completing the cast product 

(Step S22).
• ·• ·

’ 15 Meanwhile, the FRP resin core having been taken out

with plastic deformation is used again as core (Steps S16 to

S20) after repair of the deformed portion to the initial 

predetermined shape (Step S24).

The FRP resin core incorporating heat-resistant fibers

20 therein has increased elasticity as a whole, and its shape 

restoring force is extremely improved. Thus, after it has

been withdrawn with plastic deformation, its deformed

portion is restored to a shape close to the initial

predetermined shape. It is thus possible to repair the

25 deformed portion to the predetermined shape i n a small
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5

number of steps, thus permitting effective re-use of the 

resin core.

In case where long fibers are used as the reinforcement

fibers, the shape of resin core is formed with a mass of

fibers (Step S26), the mass being set in the core formation

die (Step S28). Then, the resin material is poured by the 

injection molding process or the like into the core 

formation die (Step S30) to be solidified in the die (Step

1 0

S32) and then taken out as FRP resin core.

The following casting process (Steps S16 to S24) is the 

same as in the case of a resin core using short fibers.

While in this embodiment, a silicone rubber type resin 

has been used as the resin material of the resin core, it is 

possible to use various other resin materials as well as in

1 5 the eighth to eleventh embodiments.

Further, while a case of using A1 2°3 fibers as the

re i nforcement fibers has been shown, it is possible to use

20

various other resin materials as well, such as SIO2 fibers,

WC fibers and stainless steel fibers.

Further, since in this embodiment, a silicone rubber

type material excellent in heat resistance is used as the 

resin material, it is possible to obtain a peculiar effect 

that it is possible to produce satisfactorily even large 

size cast products taking considerable times for the cooling

25 of molten metal, such as the automotive engine cylinder head
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or cylinder block. In the case of small size and/or small

thickness cast products which are obtainable with quick 

cooling of molten metal, satisfactory results are obtainable

even with resin materials having lower heat resistance than

5 that of the silicone type resin material.

Further, since ΑΊ2θ3 fibers are used as the 

re inforcement fibers, there is an advantage that aluminum 

materials may be die cast without possibility of undesired 

reaction of the resin core with molten metal.

10 Further, with the use of fibers of Α^Οβ, S102, WC,

stainless steel, etc. as the reinforcement fibers suited for 

the silicone rubber type material, it is possible to mold 

FRP into large thickness shapes such as resin cores.

The FRP in which carbon fibers are incorporated in

15 epoxy type resin material in the prior art could be molded

into only small thickness shapes. In contrast, it has been 

found with the use of the combination of the silicone rubber 

type material and fibers of A^Oj or the like, it is 

possible to produce various FRP resin cores having large 

20 thickness shapes.

(Thirteenth Embodiment)

Now, a thirteenth embodiment of the invention will be 

described with reference to FIGS. 29(A) and 29(B).

First, the structure of a resin core 652 in this

25 embodiment and a method of casting using the same resin core
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will be described with reference to FIG. 29(A). In this

5

embodiment, the resin core 652 is used for die

aluminum material "ADC10".

As shown in FIG. 29(A), with the resin core

embodiment, a portion of the outer surface of

casting of

652 in this

resin core

body 654 that is to be in contact with molten metal in

cavity

A

now be

is covered with a layer of particles of "ADC10".

method of forming an aluminum particle layer 656 will

• ·
• ·
• · 1 0 by the

described. First, the resin core body 654

injection molding process. Then, aluminum

are sprinkled over the resin core body 654 right

is molded

particles

after the
• · ·

• · ·

• a
• ·

• a

molding, that is, right after being taken out from the

injection molding die.
• · ·
• · a
a a · a

• a · · 
« a a
I* ·

Since the resin core body 654 right after it has been

1 5 molded still is at a high temperature so that its surface is

a · · 
• · ·
• a a ·

soft, the sprinkled aluminum particles are attached

uniformly to the surface of the resin core body 654. After

• · · * 
a · · a

a · a 
a a ·
• a a

aluminum particles have been

thickness, the system is cooled

20

attached to a necessary

and thus solidified, so that

the resin core 652 with the aluminum particle layer 656 as

covering layer can be obtained.

In this embodiment, the aluminum particles for forming

the aluminum particle layer 656 have a grain diameter of 40

to 100 urn.

25 The portions of the resin core body 654 which is not
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desired to attach aluminum particles to, such as core prints 

654A and 654B at the ends as shown in FIG. 29(A), are 

suitably covered with tape or the like.

As shown in FIG. 29(A), the resin core 652 which is 

prepared in the above way is set in a die comprising an 

upper die half 650A and a lower die half 650B. Then, the 

die halves 650A and 650B are closed together, and molten 

aluminum is poured into the cavity 651 thus formed.

« · 
• ·
• ·

• · 
• ·

At this time, molten metal poured under pressure into

1 0 the cavity 651 strikes the superficial aluminum particle

layer 656 of the resin core 652 but is not brought into

contact with the resin core body 654. The resin core body

654 is thus protected from the high temperature, high

• · ·
• · «
• · · ·

• · · ·
• · ·
• · ·

pressure molten metal and is thus reliably prevented from

melting or deformation.

• · ·
• · ·
• · · «

• · · ♦
• ·

• · · ·

Thus ,

resin core

until the poured molten metal is solidified, the

body 654 is not deformed by the high temperature

1 5

and high pressure of the molten metal but reliably maintains 

its predetermined shape.

20 Meanwhile, the superficial aluminum particle layer 656

of the resin core 652 is melted at its surface in contact

with the same molten aluminum, and is made integral with the

molten metal which is gradually solidified by cooling.

After the poured molten metal has been solidified, the resin

25 core body 654 is softened by the heat of the molten metal,
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and it is separated from the aluminum particle layer 656

made integral with molten metal. Thus, the resin core body

654 alone is withdrawn while undergoing plastic deformation

to be separated from the cast product.

Since the resin core body 654 is protected from the

high temperature, high pressure molten metal by the aluminum

particle layer 656 which is in contact with the molten

metal, the resin core body 654 is free from the possibility

• · · 
• · ·

• 0 0

• · · · 
e · ·
• ·

• · ·
• · ·

of melting or deformation of the resin core body 654 and

also does not require separation of the aluminum particle

layer 656 and the resin core body 654 after casting, thus

permitting the number of steps that are necessary for re-
0 0 0 0 

«
• · · ·

5

1 0

using the resin core.
• · · 
• · 0
• · · 0

0 0 0 0
• · ·

• · ·

Further, since in this embodiment, the resin core body

1 5 654 is covere d with aluminum particles, a heat insulating

• · ·
• 0 ·
«00 0

effect can be obtained owing to air layer which is present
• · · ·

• ·
• 0 0 0 between aluminum particles. It is thus possible to obtain

•
• · * ·

an advantage that it is possible to use resin materials

• · 0
• >0
• 0 0

having lower heat resistance compared to the case of

20 covering the

1ayer.

resin core body 654 with a dense aluminum

Further, since the volume of air layer present between

aluminum particles varies with the size thereof, it is

possible to adjust the heat insulation. FIG. 29(B) is a

25 graph showing the relation between the heat conductivity and
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the grain diameter of the aluminum particles of the aluminum 

particle layer 656. It will be seen from FIG. 29(B) that 

the heat conductivity is reduced with increasing grain 

diameter. That is, the hear insulating property of the 

5 aluminum particle layer 656 can be improved by increasing 

the grain size of aluminum particles.

Thus, selection of the grain diameter of aluminum

« ·
• ·

• ·
• · ·
• · ·

• · · • · ·

1 0

1 5

particles permits control of the heat insulating property of

the aluminum particle layer 656, thus per lifting control of

the time until the resin core body 654 is softened.

While this embodiment has been described in relation to

the formation of the aluminum particle layer 656 by

sprinkling aluminum particles on the resin core body 654

right after the molding thereof, it is possible to adopt

other methods as well, such as a method of attaching

aluminum foil on the resin core body 654, a method of

• · · ·
• 9 · · coating aluminum particles by using a heat-resistant binder,

and a method of dipping a resin 

or like resin material having

core made of silicone resin

high heat resistance for a

20 short period of time in molten aluminum at a comparatively

low temperature.

Further, while this embodiment has been described in 

relation to the aluminum material "ADC10" as the casting

material, when using a different casting material, the resin 

25 core body should be covered with the same metal as that
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casting material.

The above embodiments have mainly been described in 

relation to the use of the resin core for high pressure 

casting such as die casting. The resin core in this 

5 embodiment, however, is applicable not only to high pressure

casting but also to various other types of casting as well,

such as low pressure casting, gravitational casting, reduced

pressure casting and differential pressure casting.

Further, while mainly the use of aluminum as the

1 0 casting material has been described, the i nvent ion i s of

course applicable to other casting materials as well.

Further, the methods of fabrication of resin core, 

method of casting using the same resin core, as well as the 

constructions, shapes, sizes, materials, quantities, 

15 connection relations, etc. of the resin cores and various

parts of the equipment for fabricating these resin cores as 

described in connection with the above embodiments are by no

means 1 imitative.
• * · ·• · · ·

• · · 
« · e

(Fourteenth Embodiment)

20 FIGS. 30 and 31 show a fourteenth embodiment of the

invention, and FIGS. 32 and 33 show a fifteenth embodiment

of the invention. Parts common to both the embodiments are

designated by like reference numerals.

First, the structural part which is common to both the

25 embodiments will be described together with its functions
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5

with reference to, for instance, FIGS. 30 and 31.

Referring to FIGS. 30 and 31, die halves 705 and

which can be opened and closed together define a cavity

therebetween. In the cavity 707, a resin core 704 is

for forming hollow space, undercut portion, etc. of a

706

707

set

cast

product 701. A metal, for instance an aluminum alloy, is

poured as molten metal into the cavity 707 and is solidified

to obtain the cast product 701. After the molten metal has

bee.i solidified, the die halves 705 and 706 are opened, and
• · · 

• · ·
• · ·

• · · ·
• · »
• ·

• · ·
* · ·

• · ·
• · · ·

• ·
• · · ·
• · · • · ·
• · ·

1 0 the cast product 701 is taken out. Then, the resin

is vzithdrawn from the cast product 701.

The resi'i core 704 comprises a core resin part

thermoplastic resin and a metal member 703 which is

core 704

702 of a

disposed

• · · 
e · :
• · · ·

• · · ·
• · ·

• · ·

within the core resin part 702 

1 5 702 from the inside thereof. 

and which can heat this part

• ··• · ·« · · ·
• · · ·• ·• · · ·

The thermoplastic resin constituting the core resin

part 702 is a poorly elastic resin such that it will not

reduce the dimensional accuracy of molding due to its
···· • · ··

·· ·• · ·• · ·
elastic deformation that might otherwise be caused when

20 molten metal (for instance molten aluminum alloy) is poured

under a high pressure, for instance 80 MPa or above, into 

the cavity 707 in die casting. Examples of such poorly 

elastic resin are polyethylene, ethylene/propylene 

copolymer, etc. These resins are by no means limitative.

25 The above poorly elastic resins, however, are hard and 
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can not be deformed at room temperature. Therefore, for 

removing the resin core 704 from the cast product 701, it is 

necessary to heat again the cast product 701 accommodating 

the resin core 704 to a temperature above the softening 

5 point of the resin (i.e., about 150 to 200’C). That is, the

core resin part 702 should be made capable of deformation to 

withdraw the resin core 704 from the cast product 701.

However, when an aluminum alloy cast product produced

• · ·
• ·

• · · · 
• ·• · e ·
• · ♦

• ·
• · ·

by the die casting process is heated again, blister defects

10 are generated due to numerous micropores. Therefore, the 

cast product can not be heated again to a very high 

temperature. For example, heating to 500°C causes 

generation of blister defects, although the resin core is

: .**. softened.• · · *
• · · ·
’··*  J 1 5 core 704

• · · softening
• · · *

it could,

However, by heating to 

can not be elevated in 

point of the resin up to 

too much time is taken.

200 to 300°C, the resin 

temperature beyond the 

its inner portion. Or if 

Therefore, this method is

·«··• · · ·
·· ·• · ·• ·«

infeasible. To solve this problem, the metal member 703 is

disposed in the core resin part 702. It permits heating of

20 the core resin part 702 from the inside thereof beyond the

softening point of the resin, but to an extent not to cause 

blister defects, for instance to 150 to 200°C, in a short 

period of time.

While the metal member 703 serves to heat the core

25 resin part 702 from the inside thereof, it also has a core 
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breakage prevention function, that is, it prevents the core 

resin part 702, being pulled for removal from the cast 

product 701, from being broken and partly left in the cast 

product 701.

5 Now, the constructions and functions which are peculiar

to the fourteenth and fifteenth embodiments will be 

described.

In the fourteenth embodiment of the invention, as shown

• · · 
• · ·
• ··

• · · · 
• · ·
« ·

• · ·
• · ·
• · · ·

• »
• · · ·
• · ·

• · ·
• · ·

• · · ·

4 · ·
• · ·

in FIGS. 30 and 31, the metal member 703 disposed in the 

10 core resin part 702 is a heat generator 703A made of a metal 

capable of heat generation when energized. The heat 

generator 703A is made from, for instance, nichrome wire.

The amount of heat generated from the heat generator 703 is 

controlled through control of the amount of power supplied

15 for energization and the energization time. When the heat 

generator 703A is disposed to extend parallel to the 

withdrawal direction, it can be effectively in charge of the 

withdrawing force.

By heating the cast product 701 with the resin core 704

20 therein in a heating furnace or with a burner while also 

heating the heat generator 703A by energization, it is 

possible to heat the resin core 704 from the inside in a 

short period of time while also heating the resin to around 

the softening point thereof, i.e., 50 to 250°C, to soften

25 and remove the resin. Thus, it is possible to suppress 
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generation of blister defects. Further, although the resin 

is deteriorated to be incapable of re-use when heated to a 

high temperature, the deterioration can be suppressed if the 

heating temperature is in a comparatively low temperature 

range of 150 to 250’C, which is effective in view of the re- 

5 cycling.

(Fifteenth Embodiment)

In the fifteenth embodiment of the invention, as shown

• 0 9
• I ·• 99
99 ··
9 9 99 9

0 9 99 9 9
0 9 9
• t U ·

• o
0099
9 9 ·

• 0 99 9 9

• · ·• V 9 9
9999• · ·
99 9

0 999 9 ·• · · ·«···• ·
9999

99999 
9999

99 9
9 9 99 99

in FIGS. 32 and 33, the metal member 703 disposed in the 

core resin part 702 is constituted by a number of wires 7038

10 having better heat conductivity than the resin. The wires 

703B may, for instance, be copper wires.

By heating the cast product 701 with the resin core 701

therein in a heating furnace or with a burner, heat is 

conducted through the copper wires 703B to the core resin

1 5 part 704. The resin core 704 is thus heated not only from 

the outside but also from the inside, and thus it is heated 

in a short period of time, thus obtaining the softening of 

the entire core resin part 702.

Since the resin core 704 can be heated from the inside 

as well, there is no need of elevating the outside

temperature so much, thus suppressing the blister defect 

generation, which is desired in view of the re-cycling as 

well.

Since the wires 703B are effective for improving the
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tensile strength of the resin core 704, it is possible to 

apply higher force than in the prior art to the resin core

704 for withdrawal thereof from the cast product 701, as 

well as preventing the core resin part 702 from being broken 

5 in the cast product 701.

(Sixteenth Embodiment)

FIGS. 34 and 35 show an example of relation between a

cast product 802 and a resin core 801 to which the method

• 00
• · 

• ··

00 ··
• · 0
• ·

00 ·
• · ·
• ··
0«00

• 0
0000

00 ·
« · ·
• 00

according to the invention is applied. The resin core 801

10 has a shape which is briefly shown in, for instance, FIG.

39. FIGS. 34 and 35 illustrate the state of the system 

after casting, in which the resin core 801 is still present 

in the cast product 802 and has to be withdrawn therefrom.

• 0 0
0 0 ·
000 ·

····
• · ·
·· ·

In this state, the resin core 801 extends in a ring-like 

15 fashion through the cast product 802, and it can not be

• 00
0 · ·
00 0 ·

0000
• 0

0000

•
000 0

0000

·· 0
• 0 0

O 00

withdrawn through a core print hole 804 even when the resin 

core 802 is softened. To permit withdrawal of the resin 

core 801 through the core print hole 804, the resin core 801 

has to be circumferentially separated into at least two 

20 portions. To this end, the resin core 801 is provided with

parting sections 803 at which the resin core 801 is parted

by a pulling force applied when the resin core 801 is set in 

the die. The resin core 801 may have various structures 

depending on the structure of the parting section 803.

25 According to the invention, the resin core 801 is classified 
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in dependence on the structure of the parting section 803 

into a combination type resin core and a notch type integral

resin core. The combination type resin core is further 

classified into adhesive type and non-adhesive type resin 

cores. These resin cores will be described hereinunder as 

5 embodiments of the invention.

(Seventeenth Embodiment)

This embodiment concerns a combination type resin core

which can not be easily removed from core print 804 if it is 

a one-piece member and accordingly which consists of a

1 θ plurality of divisions which are assembled together to be 

used for casting. The core divisions may be assembled 

together by using an adhesive or without use of any

adhesive. The seventeenth embodiment of the invention 

concerns a method of withdrawing a resin core with divisions

15 thereof bonded together with an adhesive (hereinafter 

referred to adhesive type resin core 801A).

FIGS. 36 to 39 show an outline of the adhesive type 

resin core 801A. In this resin core which consists of a 

plurality of divisions, each parting section 803 comprises a 

20 raised portion 803a formed on a bonding end face of a core

division and having a sectional profile tapering toward the

free end and a recessed portion 803b formed in an associated

bonding end face of another core division and flaring toward

the open side for receiving the raised portion 803a. The
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raised portion 803a and the recessed portion 803b are

engaged together, and the two bonding end faces are bonded 

together with an adhesive. Desirably, one bonding end face 

of at least one of the core divisions is provided with a 

5 small ridge 805 and small grooves 806. FIG. 38 shows a

state in which the raised and recessed portions shown in 

FIG. 36 are engaged and bonded together with an adhesive.

FIG. 39 shows an application of the structure of engaging 

and bonding the raised and recessed portions in the 

10 seventeenth embodiment to the resin core shown in FIGS. 34 

and 35. The provision of the grooves 806 has an effect of 

increasing the area of the raised and recessed engagement 

surfaces to enhance the effect of the adhesive 807 and

provide for firmer bonding of the core divisions. The ridge 

15 805 has an aim of sealing the bonding end faces with each

other with the elasticity of the resin when the bonding end 

faces are engaged together for bonding. It is thus possible 

to prevent adhesive 807 from getting out through between the 

bonding end faces and also prevent molten metal (for 

20 instance molten aluminum) from getting in through between

the bonding end faces, thus improving the quality of the 

cast product. Further, the structure of the parting section 

comprising the raised and recessed portions serves to 

position the core divisions when assembling the resin core, 

25 thus ensuring high accuracy of the dimensions and shape of
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the resin core.

With the combination type resin core having the above

structure, by applying a pulling force to the resin core 801 

in a softened state thereof (which may be brought about 

5 either b.y residual heat of the cast product or by heating) 

in a resin core removal step after casting, the resin core

801 is parted at each parting section 803 constituted by the

mate bonding end faces. Thus, the resin core 801 can be

removed through the core print hole o04 more readily than in 

10 the prior art and without possibility of leaving resin or 

foreign matter in the cast product.

(Eighteenth Embodiment)

The eighteenth embodiment of the invention concerns a

method of withdrawing a combination type resin core without

15 use of any adhesive (hereinafter referred to as non-adhesive 

type resin core 801B).

FIGS. 40 to 43 show the non-adhesive type resin core 

801B. In this resin core which consists of a plurality of 

core divisions, each parting section 803 com 'rises a raised 

20 portion 803c formed on a bonding end face of a core division 

and flaring toward the free end and a recessed portion 803d 

formed in an associated bonding end face of another core 

division and tapered toward the opening side for receiving 

the raised portion 803c. The raised and recessed portions 

25 803c and 803d are engaged with each other in their hard 
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state such that they can no longer be detached from each 

other. As shown in FIGS. 41 and 42, one bonding end face of 

at least one of the core divisions has ridges 805. The 

ridges 805 has a seal function to prevent molten metal from 

entering through between the bonding end faces. Further, as 

shown in FIG. 43, the side surfaces of at least either the 

raised portion 803c or the recessed portion 803d may have 

ridges 808. The ridges 808 have a function to prevent 

deviation of the raised and recessed portions 803c and 803d 

from each other.

When such non-adhesive type combination resin < ”e 801B 

is used for casting, by applying a pulling force to the 

resin core 801 in a softened state thereof in a resin core

removal step after casting, the raised and recessed portions

15 803c and 803d are deformed, and thus the resin core 801 is

separated into a plurality of divisions at the parting 

sections 803. Thus, the individual core divisions can be 

readily removed through the respective core print holes. At 

this time, the resin is not melted, that is, it is in its 

20 softened state and can transmit the pulling force. Thus,

the resin core can be withdrawn without leaving any portion

of it in the cast product.

(Nineteenth Embodiment)

The nineteenth embodiment of the invention concerns a

25 method of withdrawing a resin core 801 having notches formed 
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at a plurality of positions, the resin core being incapable 

of ready removal through core print holes 804 if the notches 

are not provided but capable of being separated at each of 

the notches when a pulling force is applied thereto, thus 

5 permitting withdrawal of each division thereof through the 

associated core print hole (the resin core being hereinafter 

referred to as notch type integral resin core 801C).

FIGS. 44 to 46 show an outline of the notch type 

integral resin core 801C. This resin core 801c has a 

10 plurality of parting sections 803 each constituted by a 

notch 803e formed therein. When a pulling force is applied 

to the resin core, it is separated at the notches 803e into 

a plurality of core divisions. The notches 803e are V- 

shaped in sectional profile, and they are provided in pairs 

15 each of notches formed in the inner and outer surfaces of

the resin core and facing each other. FIG. 44 shows a notch

type integral resin core 801C which is applied to the resin

core as shown in FIGS. 34 and 35 and which can not be

readily removed without notches. FIG. 45 shows application

20 of notch type integral resin core 801C to a four-cylinder

internal combustion engine cylinder block water jacket core.

FIG. 46 shows application of notch type integral resin core

801C to a four-cylinder internal combustion engine cylinder

head water jacket core. In FIGS. 45 and 46, designated at

25 803 are parting sections constituted by notches, and at 804
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portions corresponding to core print.

When the above notch type integral resin core 801C is

used for casting, by applying a pulling force to the resin

core in the softened state thereof in a core removal step

5 after the casting, the resin core is separated at the

notches 803 into a plurality of core divisions. Thus, the 

resin core can be readily removed by withdrawing the 

individual divisions thereof through the respective core

print 804. Further, since each core division is not melted,

·« it can be withdrawn integrally without possibility that its1 0

resin partly remains in the cast product.
• · ·

• · · As has been shown, according to the invention,

o · · ·

1 5

• · ·
• 0 ·

« · · · 

e · · ·

the

resin core is provided with parting sections at which the

resin core is separated when it is withdrawn from the cast

product such that individual divisions thereof can be

readily withdrawn. In addition, since the resin core is

withdrawn when it is in the softened state, unlike the case

where the resin is melted, there is no possibility that the

resin partly remains in the cast product.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A casting method comprising the steps of: 

setting a resin core in a die, : ne resin core
5 being made of a resin which is hard and not deformed 

against high temperature of molten metal in contact 
therewith until the molten metal is solidified and is 
softened with an increase of resin temperature above the 
resin temperature at which the molten metal is 

10 solidified;
pouring molten metal in the die with the resin 

core set therein; and
withdrawing the resin core in a softened state 

from a cast product obtained as a result of
15 solidification of the molten metal poured into the die 

without causing breakage of the resin core.
2. The casting method according to claim 1, 
wherein said step of withdrawing the resin core in a 
softened state is executed concurrently with an opening

20 of the die.
3. The casting method according to claim 1, 
wherein the resin core is set in the die such that it is 
directed in the direction in which the die is opened and 
is withdrawn in the softened state from the cast product

25 when the die is opened.
4. The casting method according to claim 1, 
wherein the die is opened when the resin core is in the 
softened state.



5. The casting method according to claim 1, wherein

the resin core having been softened is withdrawn from the 

cast product after the cast product has been taken out from 

the die.

5 6. The casting method according to claim 1, wherein 

the resin core is fittedly set in a core print accommodation

part of the die by making use of its elastic deformation.

9 · A ·
♦ A β ·

• · A
• · ·

• A «

7. The casting method according to claim 1, wherein 

the cast product is taken out form the die by pushing a core

10 print of the resin core accommodated in the cast product.

8. The casting method according to claim 7, wherein 

the resin core is set in the die such that its core print is 

positioned with respect to a push-out pin for pushing out 

the core print from the die.

15 9. The casting method according to claim 1, wherein

the resin core has a superficial heat-insulating layer 

covering its remainder.

10. The casting method according to claim 9, wherein 

the resin core has a superficial metal foil covering its 

20 remainder.

11. The casting method according to claim 9, wherein 

the resin core has a superficial heat-resistant fiber layer 

covering its remainder.

12. The casting method according to claim 9, wherein

25 the resin core has a superficial ceramic layer covering its
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remainder.

13. The casting method according to claim 9, wherein 

the resin core has a superficial sand layer covering its 

remainder.

5 14. The casting method according to claim 13, wherein

the resin core is fabricated through injection molding of a 

resin in a core formation die with a sand layer attached to 

the inner wall surfaces of the core formation die.

• · · 
• ·

• · ·
• · ·β
• ·

• ·
• · · ·
• · · ·

15. The casting method according to claim 9, wherein

10 th» resin core has a superficial metal layer covering its 

emainder, the superficial metal layer being of the same 

metal as the molten metal.
♦ · · 

• · · 
i · · 16. The casting method according to claim 9, where i n

the resin core is reinforced with heat-resistant fibers .

1 5 17. The casting method according to claim 16, where in

the resin core is fabricated by introducing a resin into a

····
• a··

• · ·
• · ·

• · ·

mass of reinforcement heat-insu1 ating fibers.

18. The casting method according to claim 16, wherein

the resin core is fabricated through injection molding of a

20 mixture of a liquid resin and reinforcement heat-resistant

fibers.

19. The casting method according to claim 9, wherein 

the resin core has a metal particle layer covering its 

remainder, the metal particle layer being of the same metal 

25 as the molten metal.
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20. The casting method according to claim 19,
wherein the diameter of the metal particles is
preliminarily selected.

5 21. The casting method according to claim 1,
wherein the resin core is softened by causing heat 
generation from a heat generator preliminarily provided 
therein.
22. The casting method according to claim 1, 

10 wherein the resin core is readily softened by a heat
conductor preliminarily provided therein.
23. The casting method according to claim 1, 
wherein the resin core includes a preliminarily provided 
elongate member and is withdrawn m a softened state from

15 the cast product by making use of telongate member.
24. A casting method comprisii. j tne steps of:

fabricating a resin core by -.ssembling together 
a plurality of resin core divisions each having a core 
print;

20 setting the resin core thus assembled in a die;
pouring molten metal into the die with the 

resin core set therein; and
withdrawing each of the resin core divisions, 

each said division being withdrawn without being broken 
25 up, from a cast product obtained as a result of 

solidification of the molten metal poured into the die by 
applying a pulling force to the core print of each of the 
resin core divisions;

the resin core being made of a resin which is 
3 0 hard and not deformed against high temperature of the 

molten metal

1
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until solidification of molten metal in contact with the 
resin core and is softened with a resin temperature 
increase above the resin temperature at which the molten 

5 metal is solidified.
25. The casting method according to claim 24,
wherein the resin core is fabricated by bonding together 
the resin core divisions.
26. The casting method according to claim 24, 

10 wherein the resin core is fabricated by mechanically
assembling together the resin core divisions.
27. A casting method comprising the steps of:

setting a resin core in a die, the resin core 
being made of a resin which is hard and not deformed 

15 against high temperature of molten metal until molten 
metal in contact with the resin core is solidified and is 
softened with a resin temperature increase above the 
resin temperature at which the molten metal is 
solidified, the resin core having a plurality of core 

20 prints, and having fragile portions each formed between 
adjacent core prints;

pouring molten metal into the die with the 
resin core set therein; and

applying a pulling force to each of the core 
25 prints from a cast product obtained as a result of 

solidification of molten metal poured into the die, the 
resin core being separated at the fragile portions into 
core divisions each
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of which is withdrawn independently, each said division 
being withdrawn without being broken up.
28 . The casting method according to claim 27,

5 wherein the fragile portions are formed by forming
notches in the resin core.
29. A casting apparatus comprising:

a die;
a resin core set in the die, the resin core

10 being made of a resin which is hard and not deformed 
against high temperature of molten metal until molten 
metal in contact with the resin core is solidified and is 
softened with a resin temperature increase above the 
resin temperature at which the molten metal is

15 solidified; and
a core withdrawing mechanism for withdrawing 

the resin core in a softened state thereof from a cast 
product obtained as a result of solidification of the 
molten metal poured into the die without breaking apart 
the resin core.
30. The casting apparatus according to claim 29, 
wherein:

the core withdrawing mechanism is a piston
cylinder assembly mounted on the die;

the die has a through hole through which a 
piston of the piston-cylinder assembly slides; and

the resin core has a core print mechanically 
coupled to the piston in the through hole.
31. The casting apparatus according to claim 29,
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wherein:

the

mechanism

core withdrawing mechanism also serves as a 

for opening and closing the die; and

5

the

extending

resin core is secured to the die

in a direction in which the die

in

is

its state

opened and

closed.

32. The casting apparatus according to claim 31,

wherein the resin core is formed around a high rigidity

support member secured to the die.
• · · 

• · ·
• 00

• · · ·
1 0 33. The casting apparatus according to claim 31,

« · 0
• «

• 0 0
• · ·

wherein a support member extending in a directiori in which
• ·>
• 0 0 ·

0 ·
0 0 0 0

the die is opened and closed is secured to the die, the
0 0 ·

• « e
• 0 0 resin core being fitted on the support member.

• ··
• 0 ·
0 0 0 0

34. The casting apparatus according to claim 31,
0 0 0 V

0 0 0
• 0 0 1 5 wherein the resin core is secured to the die with its core

0 00 
• 0 0

print pressure fitted in a recess of the die.
>«· 0

0 0 0 0 
0 0

0000
35. The casting apparatus according to claim 29,

wherein the die includes a push-out pin disposed at a
00·· 

<000
00 0 

0 0 0
position corresponding to a core print of the resin core •

0

20 36. The casting apparatus according to claim 35;

wherein an engagement section for positioning i s provided

between 'the push-out pin and the core print.

37. The casting apparatus according to claim 35,

wherein a cooling water passage is formed in the

25 neighborhood of contact portions of the push-out pin and the
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core print.
38. A resin core comprising a plurality of resin
core divisions assembled together, each of the resin core 

5 divisions having a core print, and being made of a resin 
which is hard and not deformed against high temperature 
of molten metal until molten metal in contact with the 
resin core is solidified and is softened with a resin 
temperature increase above the resin temperature at which 

10 the molten metal is solidified.
39. The resin core according to claim 38, wherein 
the resin core is formed by bonding together the resin 
core divisions.
40. The resin core according to claim 38, wherein 

15 the resin core is formed by mechanically assembling
together the resin core divisions.
41. A resin core comprising a plurality of core 
prints and fragile portions formed between adjacent ones 
of the core prints, the resin core being made of a resin

20 which is hard and not deformed against high temperature 
of molten metal until molten metal in contact with the 
resin core is solidified and is softened with a resin 
temperature increase above the resin temperature at which 
the molten metal is solidified.
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84. A casting method substantially as herein
described with reference to the accompanying drawings.
85. A casting apparatus substantially as
herein described with reference to the accompanying

5 drawings.

DATED this 24th day of May 1995 
TOYOTA JIDOSHA KABUSHIKI KAISHA

By their Patent Attorneys
CULLEN & CO.
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ABSTRACT OF THE DISCLOSURE

In a casting process using a resin core, sometimes

molten resin remains in a cast product after the steps of

withdrawal of the resin core from the cast product. In 

order to solve the problem, as a material of the resin core,

5 a resin which is hard and not deformed against high 

temperature and high pressure of molten metal until the

molten metal is solidified and is softened with an increase

• ··• · ·• ··
·· ··• · ·
·· · • · ·• · ·
····• · ····
• · · • · ·• ··

of temperature beyond the temperature at which the metal is 

solidified is used. The resin core is withdrawn from the 

10 cast product after it is softened but before it is melted.

The softened core is pulled out from the cast product 

without being broken apart.
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