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(54) SAND CASTING METHOD

(67)  Oneobject of the present invention is to produce
a relatively thin-walled casting by a gravity casting proc-
ess using a metal which has relatively poor fluidity. A
sand mold includes a recess (30) formed in a main mold
(12 and 14), opening to a cavity of the main mold (12 and
14) and a partial sand mold (40) configured to be detach-

ably attachable to the recess (30). Then, partial sand
mold (40) is set to a temperature of 200°C or above, and
casting is carried out by installing the partial sand mold
(40) with a temperature of 200°C or above in the recess
(30) of the main mold.
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Description
Technical Field

[0001]
method.

The present invention relates to a sand casting

Background Art

[0002] In response to global demand in relation to re-
cent environmental problems, it has become imperative
for the automobile and aircraft industries, for example,
to further reduce fuel consumption. An indication thereof
can be found in Patent Literature 1. Patent Literature 1
proposes an austenitic heat resistant cast steel instead
of ferritic heat resistant cast steels commonly adopted
as materials for automotive exhaust system components
such as an exhaust manifold and turbocharger. The
austenitic heat resistant cast steel has excellent hot
strength and provides good fluidity during casting. The
austenitic heat resistant cast steel can meet require-
ments for high heat resistance while reducing casting
defects.

[0003] A sand casting process is a metalworking meth-
od for making a product by pouring molten metal into a
sand mold created by binding sand as aggregate using
a binder. The sands used as aggregate can be classified
into natural sand and artificial sand, and these sands as
well as reclamation sand thereof are used appropriately
according to the intended use. Known binders include
organic (furan resin, phenol resin, urethane resin, gas
curable binder, etc.), inorganic (e.g., water glass), and
hybrid binders.

[0004] PatentLiteratures 2to 5 disclose hybrid binders
and hybrid casting processes which use the hybrid bind-
ers. The hybrid binders secure strength (strength atroom
temperature) of a created sand mold (including a core)
using an organic binder and secure strength (hot
strength) of the sand mold during casting using ceramic.
[0005] The hybrid binder, which is called an XP alco-
holic solution, is a solution composed principally of an
alcoholic solution containing one or more alcohol-soluble
metallic alkoxides and an alcohol-soluble alkali com-
pound of an alkali metal or alkaline earth metal, both in
a less advanced stage of hydrolysis, where the alcohol-
soluble metallic alkoxides are selected from among
alkoxides of the metals in the 4A group or 4B group (ex-
cluding carbon) and the metals in the 3A group or 3B
group of the periodic table and partial hydrolysates of the
alkoxides. For details of the XP alcoholic solution, refer
to Patent Literatures 2 to 5.

[0006] The hybrid binder secures strength (strength at
room temperature) of a created sand mold (including a
core) using an organic binder component of the hybrid
binder and secures strength (hot strength) of the sand
mold during casting using a ceramic component of the
hybrid binder. The hybrid casting process using the hy-
brid binder allows high-temperature molten metal to be
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poured into the sand mold, making it possible to cast
metal with poor fluidity or cast a thin-walled product of
which fluidity is required strictly.

[0007]

Patent Literature 1: Japanese Patent Laid-Open No.
7-90502

Patent Literature 2: Japanese Patent No. 3139918
Patent Literature 3: Japanese Patent Laid-Open No.
2010-42985

Patent Literature 4: Japanese Patent Laid-Open No.
2012-35269

Patent Literature 5: Japanese Patent Laid-Open No.
2002-143983

Summary of Invention
Technical Problem

[0008] In aiming to reduce the thickness of a casting,
there is a high risk that molten metal will not spread to
an entire product portion of the sand mold, i.e., a casting
defect will occur. Since the hybrid casting process de-
scribed above can maintain sand mold strength even un-
der high temperature conditions of, for example, 1000°C
or above, if hot casting process is adopted, which in-
volves carrying out casting by heating the molten metal
to a higher temperature and/or using a sand mold heated
to a high temperature, the risk described above can be
reduced greatly.

[0009] However, increases in a casting temperature at
which the molten metal is poured into the sand mold will
become a contributing factor to cost increases because
thermal energy is required in order to heat the metal to
a higher temperature. Also, heating the sand mold to a
high temperature in a preliminary stage (adoption of a
hot casting process), requires capital investment for that,
thermal energy, and time and effort, which also becomes
a contributing factor to cost increases. For example, it is
practically difficult to apply a hot casting process to mass-
produced products such as exhaust system components
or a cylinder block of an automobile engine.

[0010] An object of the present invention is to provide
a sand casting method which can limit the risk that molten
metal will not spread to an entire area of a product portion
of a sand mold while minimizing cost increases.

[0011] Anotherobjectof the presentinvention is to pro-
vide a sand casting method which can reduce casting
defects of a metal which has relatively poor fluidity and
casting defects of a thin-walled product of which fluidity
is required strictly.

[0012] Still another object of the present invention is
to provide a sand casting method which can produce a
relatively thin-walled casting by a gravity casting process
using a metal which has relatively poor fluidity.
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Solution to Problem

[0013] According to one aspect of the present inven-
tion, the technical problems described above can be
solved by providing a sand casting method comprising
the steps of:

preparing a sand mold which includes a recess
formed in a main mold, opening to a cavity of the
main mold and a partial sand mold configured to be
detachably attachable to the recess;

setting the partial sand mold to a temperature of
200°C or above, which is higher than a temperature
of the main mold;

installing the partial sand mold which has a temper-
ature of 200°C or above in the recess of the main
mold; and

carrying out casting by pouring molten metal into the
main mold incorporated with the partial sand mold
having a temperature of 200°C or above.

[0014] According to a second aspect of the present
invention, the technical problems described above can
be solved by providing a sand casting method comprising
the steps of:

preparing a sand mold which includes a main mold,
a coreinstalled in a product portion of the main mold,
and a partial sand mold configured to be detachably
attachable to a recess which is formed in the core,
opening to a surface of the core;

setting the partial sand mold to a temperature of
200°C or above, which is higher than a temperature
of the core;

installing the partial sand mold which has a temper-
ature of 200°C or above in the recess of the core; and
carrying out casting by pouring molten metal into the
main mold with the core incorporated with the partial
sand mold having a temperature of 200°C or above.

[0015] Further objects and operation and effects of the
present invention will become clearer from the following
detailed description of the present invention.

Brief Description of Drawings
[0016]

[Figure 1] Figure 1 is a graph showing strength of a
test piece molded from resin coated sand (RCS) as
measured by heating the test piece.

[Figure 2] Figure 2 is a graph showing strength deg-
radation of a test piece molded from resin coated
sand (RCS) as measured by heating the test piece.
[Figure 3] Figure 3 is adiagram fordescribing a cavity
of a sand mold used to cast a thin-walled test piece
of 2mm in wall thickness.

[Figure 4] Figure 4 is a side view of the sand mold
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used to cast the thin-walled test piece of 2mm in wall
thickness.

[Figure 5] Figure 5 is a plan view of the sand mold
illustrated in Figure 4.

[Figure 6] Figure 6 is a side view of a sand mold
which is used to cast a thin-walled test piece of 2mm
inwall thickness and in which afirst partial sand mold
isincorporated into arunnerand an upstream portion
of a product portion.

[Figure 7] Figure 7 is a plan view of the sand mold
illustrated in Figure 6.

[Figure 8] Figure 8 is a side view of a sand mold
which is used to cast a thin-walled test piece of 2mm
in wall thickness and in which a second partial sand
moldis incorporated into a lateral portion of the prod-
uct portion.

[Figure 9] Figure 9 is a plan view of the sand mold
illustrated in Figure 8.

[Figure 10] Figure 10 is a side view of a sand mold
which is used to cast a thin-walled test piece of 2mm
in wall thickness and in which a third partial sand
mold is incorporated into a downstream portion of
the product portion.

[Figure 11] Figure 11 is a plan view of the sand mold
illustrated in Figure 10.

[Figure 12] Figure 12 is a perspective view of the
first partial sand mold.

[Figure 13] Figure 13 is a perspective view of the
second partial sand mold.

[Figure 14] Figure 14 is a perspective view of the
third partial sand mold.

[Figure 15] Figure 15 is a diagram showing test piec-
es of cast iron (FC) cast in a sand mold at room
temperature and in a sand mold at 300°C.

[Figure 16] Figure 16 is a diagram showing test piec-
es of cast iron (FC) cast with the heated first partial
sand mold installed in the runner and the upstream
portion of the product portion.

[Figure 17] Figure 17 is a diagram showing test piec-
es of heat resistant steel (SCH) cast with the heated
first partial sand mold installed in the runner and the
upstream portion of the product portion.

[Figure 18] Figure 18 is a diagram showing test piec-
es of heat resistant steel (SCH) cast with the heated
second partial sand mold installed in the lateral por-
tion of the product portion which is prone to cause
casting defects.

[Figure 19] Figure 19 is a diagram showing test piec-
es of heat resistant steel (SCH) cast with the heated
third partial sand mold installed in the downstream
portion of the product portion.

[Figure 20] Figure 20 is a diagram for qualitatively
describing how the temperature of molten metal in
a sand mold falls when the molten metal at a higher
temperature is poured into the sand mold.

[Figure 21] Figure 21 is a diagram for qualitatively
describing how the temperature of molten metal in
a sand mold falls when casting is carried out using
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a heated sand mold.

[Figure 22] Figure 22 is a diagram for qualitatively
describing how the temperature of molten metal in
a sand mold falls when casting is carried out with the
heated first partial sand mold installed in the runner
and the upstream portion of the product portion.
[Figure 23] Figure 23 is a diagram for qualitatively
describing how the temperature of molten metal in
a sand mold falls when casting is carried out with the
heated second partial sand mold installed in the lat-
eral portion of the product portion which is prone to
cause casting defects.

[Figure 24] Figure 24 is a diagram for qualitatively
describing how the temperature of molten metal in
a sand mold falls when casting is carried out with the
heated third partial sand mold installed in the down-
stream portion of the product portion.

[Figure 25] Figure 25 is a diagram for qualitatively
describing how the temperature of molten metal in
a sand mold falls when casting is carried out with a
heated partial sand mold installed in a runner portion.
[Figure 26] Figure 26 is a diagram for qualitatively
describing how the temperature of molten metal in
a sand mold falls when casting is carried out with a
heated partial sand mold installed in the upstream
portion of the product portion.

[Figure 27] Figure 27 is a schematic diagram of a
sand mold for carrying out casting using a heated
main mold and/or heated core.

[Figure 28] Figure 28 is a schematic diagram of a
sand mold in which a heated partial sand mold is
installed in the runner portion of the main mold.
[Figure 29] Figure 29 is a schematic diagram of a
sand mold in which heated partial sand molds are
installed in the runner portion and product portion of
the main mold, respectively.

[Figure 30] Figure 30 is a schematic diagram of a
sand mold in which heated partial sand molds are
installed in the runner portion of the main mold and
in the core, respectively.

[Figure 31] Figure 31 is a schematic diagram of a
sand mold in which heated partial sand molds are
installed in the upstream portion of the product por-
tion of the main mold and in the core, respectively.
[Figure 32] Figure 32 is a schematic diagram of a
sand mold in which heated partial sand molds are
installed in the runner portion and the product portion
of the main mold and core, respectively.

Description of Embodiment

[0017] A basic concept of the present invention will be
described below before describing an embodiment of the
present invention in detail. First, to solve the problem of
reducing the wall thickness of castings, the present in-
ventors conducted the following tests.

[0018]
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(A) Heating strength test (Figures 1 and 2) of a sand
mold using an organic binder:

(i) Cerabeads #650 was used as aggregate.
(ii) A resin was used as an organic binder (1.8
mass%).

(iii) Hexamine was used as a curing agent. Cal-
cium stearate was used as a lubricant.

[0019] RCS (resin coated sand) was produced by mix-
ing the aforementioned materials. Then, test pieces were
molded using RCS, and strength and strength degrada-
tion were measured by heating the test pieces.

[0020] Figure 1 shows deflection strength (Kg/cm2),
i.e., resistance of the test pieces to bending at room tem-
perature, 200°C, and 300°C. Figure 2 shows strength
degradation rate (%) of the test pieces with heating at
200°C, 300°C, 400°C, and 500°C. The strength degra-
dation rate (%) was calculated based on room tempera-
ture.

[0021] The results of the above test revealed the fol-
lowing. That is, although approximately 40% strength
degradation was observed at200°C to 300°C, it was con-
firmed that the organic binder had appropriate strength
(a deflection strength of approximately 40kg/cm? at
200°C and a deflection strength of approximately
24kg/cm? at 300°C). When measurement errors are al-
lowed for, the organic binder is applicable to the present
invention practically at approximately 200°C to approxi-
mately 350°C, and preferably at approximately 200°C to
approximately 300°C.

[0022] (B)The hybrid binder (XP alcoholic solution) de-
scribed above has the property of being able to maintain
sand mold strength attemperatures of up to approximate-
ly 1000°C or above. As described above, the XP alcoholic
solution is a solution composed principally of an alcoholic
solution containing one or more alcohol-soluble metallic
alkoxides and an alcohol-soluble alkali compound of an
alkali metal or alkaline earth metal, both in a less ad-
vanced stage of hydrolysis, where the alcohol-soluble
metallic alkoxides are selected from among alkoxides of
the metalsinthe 4A group or 4B group (excluding carbon)
and the metals in the 3A group or 3B group of the periodic
table and partial hydrolysates of the alkoxides. XP alco-
holic solutions and sand molds using the same are de-
scribed in detail in Japanese Patent No. 3139918 (Patent
Literature 2) and Patent Literatures 3 to 5 cited above,
and thus Patent Literatures 2 to 5 are incorporated herein
by reference in their entirety by citing these related Patent
Literatures.

[0023] Next, regarding metal materials with excellent
heatresistance, itis known that HiSiMo ductile (spherical
graphite) cast iron and austenitic spherical graphite cast
iron (Ni-resist D5S) have excellent fluidity. On the other
hand, itis known that castiron (FC: Ferrum Casting) and
heat resistant steel (SCH) have relatively poor fluidity
and that the heat resistant steel (SCH) has poorer fluidity
than cast iron (FC).
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[0024] There isthe barrier of the "2-mm wall thickness"
in the casting industry and it is said that mass production
technology of castings 2 mm or less in wall thickness is
a dream technology. For example, it is said that the use
of HiSiMo ductile cast iron enables mass production of
an automotive exhaust manifold of 2.5 mm in wall thick-
ness, but it is still considered that the barrier of the "2-
mm wall thickness" is difficult to overcome.

[0025] Figures 3 to 5 show a sand mold used to cast
a tabular test piece (2 mm in thickness) rectangular in
planar view. Figure 3 shows a cavity in the sand mold
used to cast the test piece. Figure 4 is a side view of the
sand mold. Figure 5 is a plan view of the sand mold. The
illustrated sand mold 10 for the test piece was made of
RCS. As described above, RCS stands for resin coated
sand, which contains Cerabeads as aggregate, and a
resin as a binder.

[0026] The sand mold 10 for the test piece is made up
of an upper mold 12 and a lower mold 14 (Figure 4).
Referring especially to Figure 3, the cavity 16 in the sand
mold 10 is made up of a product portion 18 and a runner
20. Molten metal poured into a down sprue 22 flows into
the runner 20 through a gate stick portion 24. An overflow
channel 26 is connected to a downstream end portion of
the product portion 18, opening in a top surface of the
upper mold 12. The product portion 18 measures 300.0
mm in length, 95.0 mm in width, and 2.0 mm in thickness.
[0027] According to one embodiment, the lower mold
14 of the sand mold 10 for test pieces has a first recess
30, which faces an upstream end portion of the product
portion 18 and the runner 20, as indicated by imaginary
lines in Figures 6 and 7. The first recess 30 is open up-
ward.

[0028] Also, according to a second embodiment, the
lower mold 14 of the sand mold 10 has a second recess
32 which extends from an upstream end to a downstream
end on a lateral portion (lateral portion on the side further
from the gate stick portion 24) of the product portion 18
as indicated by imaginary lines in Figures 8 and 9. The
second recess 32 is open upward.

[0029] Also,accordingto athirdembodiment, the lower
mold 14 of the sand mold 10 has a third recess 34 which
faces an entire area of the downstream end portion of
the product portion 18 as indicated by indicated by im-
aginary lines in Figures 10 and 11. The third recess 34
is open upward.

[0030] Figures 12 to 14 show partial sand molds 40,
42, and 44 which are detachably attached, respectively,
to the first to third recesses 30, 32, and 34 described
above. The first partial sand mold 40 in Figure 12 has a
tabular rectangular shape, which is complementary to
the contour of the first recess 30 described above (Fig-
ures 6 and 7). When the first partial sand mold 40 is as-
sembled onto the first recess 30, the first partial sand
mold 40 forms a cavity wall surface in the upstream end
portion of the product portion 18 and a cavity wall surface
of the runner 20 by being integrated with the lower mold
14.
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[0031] The second partial sand mold 42 in Figure 13
has the shape of a rectangular parallelepiped, which is
complementary to the contour of the second recess 32
described above (Figures 8 and 9). When the second
partial sand mold 42 is assembled onto the second re-
cess 32, the second partial sand mold 42 forms a cavity
wall surface in the lateral portion (lateral portion on the
side further from the gate stick portion 24) of the product
portion 18 by being integrated with the lower mold 14.
[0032] The third partial sand mold 44 in Figure 14 has
a tabular rectangular shape, which is complementary to
the contour of the third recess 34 described above (Fig-
ures 10 and 11). When the third partial sand mold 44 is
assembled onto the third recess 34, the third partial sand
mold 44 forms a cavity wall surface in the downstream
end portion of the product portion 18 by being integrated
with the lower mold 14.

[0033] Figure 15 shows an example in which test piec-
es Tp were cast from cast iron (FC) in the sand mold 10
made of RCS. Casting conditions of the first to third test
pieces Tp(1) to Tp(3) shown in () to (Ill) of Figure 15
were as following.

[0034] Castingconditionsin (I) of Figure 15 and results
thereof:

(1) The melting temperature of the castiron (FC) was
1380°C.

(2) The temperature of the sand mold 10 was room
temperature.

(3) The resulting first test piece Tp(1) had a shape
in which a portion corresponding to the downstream
portion of the product portion 18 of the sand mold 10
was lacking.

[0035]
thereof:

Casting conditionsin (ll) of Figure 15 and results

(1) The melting temperature of the castiron (FC) was
1465°C.

(2) The temperature of the sand mold 10 was room
temperature.

(3) The secondtest piece Tp(2) castin the sand mold
10 at room temperature had a shape in which a por-
tion corresponding to the downstream portion of the
product portion 18 of the sand mold 10 was lacking,
but the lacking portion was smaller than the first test
piece Tp(1) in (I) of Figure 15. It can be seen from
these results that the higher the melting temperature,
the further the fluidity can be improved.

[0036] Casting conditions in (Ill) of Figure 15 and re-
sults thereof:

(1) The melting temperature of the castiron (FC) was
1409°C, which was lower than in (ll) described
above.

(2) The temperature of the sand mold 10 was 300°C.
(3) The third test piece Tp(3) cast in the sand mold



9 EP 2977 125 A1 10

10 heated to 300°C was a finished product. It was
confirmed that molten metal spread to an entire area
of the product portion 18 of the sand mold. Thus, it
can be seen that the fluidity of molten metal can be
improved using a heated sand mold 10.

[0037] Figure 16 shows an example in which castiron
(FC) was cast in the sand mold 10 (Figures 6 and 7)
equipped with the first recess 30 and incorporated with
the heated first partial sand mold 40 (Figure 12). The
partial sand mold 40 was made of RCS. The RCS was
prepared from Cerabeads #650 and an organic binder
(resin).

[0038] Casting conditions in (V) of Figure 16 and re-
sults thereof:

(1) The melting temperature of the castiron (FC) was
1380°C.

(2) The temperature of the sand mold 10 was room
temperature.

(3) The heated first partial sand mold 40 was incor-
porated into the first recess 30 of the sand mold 10
(lower mold 14) (Figures 6 and 7). The temperature
of the first partial sand mold 40 (Figure 12) was
300°C.

(4) The cast fourth test piece Tp(4) had a shape in
which a portion corresponding to the downstream
portion of the product portion 18 of the sand mold 10
was lacking as can be seen from (IV) of Figure 16.
Note that the casting conditions are the same as the
first test piece Tp(1) in (I) of Figure 15 except that
the heated first partial sand mold 40 was incorporat-
ed, but the lacking portion was smaller than cof the
first test piece Tp(1) in (1) of Figure 15. It was found
from these results that the fluidity in the product por-
tion 18 can be improved if the heated first partial
sand mold 40 is installed on an upstream portion of
the product portion 18 and the runner 20.

[0039] Casting conditions in (V) of Figure 16 and re-
sults thereof:

(1) The melting temperature of the castiron (FC) was
1398°C.

(2) The temperature of the sand mold 10 was room
temperature.

(3) The heated first partial sand mold 40 (Figure 12)
was incorporated into the first recess 30 of the sand
mold 10 (lower mold 14) (Figures 6 and 7). The tem-
perature of the first partial sand mold 40 was 300°C.
(4) The fifth test piece Tp(5) which was cast had
almost a complete shape although there was a slight
lack at the downstream end of the product portion
18 of the sand mold 10.

[0040] When the casting conditions of (IV) and casting
conditions of (V) in Figure 16 are compared, the differ-
ence is only in the temperature of the molten metal
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poured into the sand mold 10, and the temperature is
approximately 20°C higher under the casting conditions
of (V) than that under the casting conditions of (IV). Again
it can be seen that the fluidity in the product portion 18
can be improved as the temperature of the molten metal
gets higher.

[0041] Figure 17 shows an example in which test piec-
es Tp were cast from heat resistant steel (SCH22) using
thefirst partial sand mold 40 (Figure 12) described above.
The first partial sand mold 40 was made using the hybrid
binder (XP alcoholic solution). The aggregate used was
Cerabeads #650.

[0042] Casting conditions in (VI) of Figure 17 and re-
sults thereof:

(1) The melting temperature of the heat resistant
steel (SCH22) was 1514°C.

(2) The temperature of the sand mold 10 was room
temperature.

(3) The first partial sand mold 40 was incorporated
into the first recess 30 of the sand mold 10 immedi-
ately after being heated in a furnace at 1100°C for
60 minutes.

(4) The sixth test piece Tp(6) which was cast was a
finished product without any lacking portion.

[0043] Figure 18 shows an example in which seventh
and eighth test pieces Tp(7) and Tp(8) were cast from
heat resistant steel (SCH22) using the second partial
sand mold 42 (Figure 13) described above. The second
partial sand mold 42 was made using the hybrid binder
(XP alcoholic solution). The aggregate used was Cera-
beads #650.

[0044] Casting conditions in (VII) of Figure 18 and re-
sults thereof:

(1) The melting temperature of the heat resistant
steel (SCH22) was 1528°C.

(2) The temperature of the sand mold 10 was room
temperature.

(3) The second partial sand mold 42 was incorporat-
ed into the second recess 32 of the sand mold 10
immediately after being heated in a furnace at
1100°C for 60 minutes.

(4) The seventh test piece Tp(7) which was cast con-
tained a lacking portion. The lacking portion was in
the lateral portion on the side further from the gate
stick portion 24 (Figure 3).

[0045] Casting conditions in (VIII) of Figure 18 and re-
sults thereof:

(1) The melting temperature of the heat resistant
steel (S§CH22) was 1536°C.

(2) The temperature of the sand mold 10 was ap-
proximately 300°C.

(3) The second partial sand mold 42 was incorporat-
ed into the second recess 32 of the sand mold 10
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immediately after being heated in a furnace at
1100°C for 60 minutes.

(4) The eighth test piece Tp(8) which was cast had
a complete shape without any lacking portion.

[0046] When the casting conditions of (VIlI) and casting
conditions of (VIll) in Figure 18 are compared, the casting
conditions of (VIII) which provided the completed eighth
test piece Tp(8) differ from the casting conditions of (VII)
in that (a) the melting temperature was approximately
10°C higher and that (b) the heated sand mold 10 was
used. Thus, it can be seen that the fluidity can be im-
proved if the melting temperature of the heat resistant
steel is increased and the sand mold 10 is heated.
[0047] Also, when the seventh test piece Tp(7) cast
under casting conditions (VII) in Figure 18 is checked for
any portion containing a casting defect by referring to
Figures 8, 9, and 18, a casting defect is observed in a
portion corresponding to the lateral portion of the product
portion 18 on the side further from the gate stick portion
24. Thus, it can be seen that this region has poor fluidity.
The eighth test piece Tp(8) was cast under the casting
conditions (VIIl) by installing a heat source (heated partial
sand mold 42) in the region with poor fluidity, and pro-
duced good casting results. From this fact, it was found
that if not only the sand mold 10 is heated, but also a
heat source (heated partial sand mold 42) is installed in
a region prone to cause casting defects or in a portion
upstream of this region, this is effective in reducing the
occurrence of casting defects in the region with poor flu-
idity.

[0048] Figure 19 shows an example in which ninth and
tenth test pieces Tp(9) and Tp(10) were cast from heat
resistant steel (SCH22) using the third partial sand mold
44 (installed in the downstream portion of the product
portion 18: Figure 19) described above. The third partial
sand mold 44 was made using the hybrid binder (XP al-
coholic solution). The aggregate used was Cerabeads
#650.

[0049] Casting conditions in (IX) of Figure 19 and re-
sults thereof:

(1) The melting temperature of the heat resistant
steel (SCH22) was 1530°C.

(2) The temperature of the sand mold 10 was room
temperature.

(3) The third partial sand mold 44 was used for cast-
ing by being installed in the sand mold 10 immedi-
ately after being heated in a furnace at 1100°C for
60 minutes.

(4) The ninth test piece Tp(9) which was cast con-
tained a lacking portion.

[0050] Casting conditions in (X) of Figure 19 and re-
sults thereof:

(1) The melting temperature of the heat resistant
steel (S§CH22) was 1530°C (the same as under the
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casting conditions in (IX) above).

(2) The temperature of the sand mold 10 was ap-
proximately 300°C.

(3) The third partial sand mold 44 was used for cast-
ing by being installed in the sand mold 10 immedi-
ately after being heated in a furnace at 1100°C for
60 minutes.

(4) The test piece Tp(10) which was cast contained
a lacking portion.

[0051] Eventhough the third partial sand mold 44 heat-
ed to a high temperature was installed downstream of
the product portion 18, good effects were not obtained.
[0052] The following can be said in a qualitative sense
from the test results described above. The solid line in
Figures 20 to 26 indicates temperaturesin various places
inside the sand mold 10 when molten metal at a typical
temperature is poured into the sand mold 10. If these
temperatures are taken as reference temperatures, the
temperature of the molten metal falls while the molten
metal is flowing inside the sand mold 10.

[0053] Figure 20 shows falls (chain double-dashed
line) in the once raised temperature of molten metal
poured into the sand mold 10. By raising the temperature
of the molten metal, it is possible to maintain the temper-
ature in various places of the sand mold 10 at levels high-
er than the reference temperatures. Figure 20 teaches
that the possibility of occurrence of casting defects can
be reduced by raising the temperature of the molten met-
al.

[0054] Figure 21 shows temperature falls in the molten
metal flowing in the sand mold 10 heated for use in cast-
ing, where the temperature is indicated by a chain double-
dashed line. The chain double-dashed line in Figure 21
corresponds to casting under the casting conditions of
(1) in Figure 15. The use of the heated sand mold 10 for
casting can reduce the slope of the temperature fall. That
is, the temperature falls in the molten metal flowing in the
sand mold 10 can be reduced in magnitude. Figure 21
teaches that the possibility of occurrence of casting de-
fects can be reduced by using the heated sand mold 10
for casting.

[0055] Figure 22 shows temperature falls in the molten
metal flowing in the sand mold 10 when casting is carried
out by installing a heat source (first partial sand mold 40)
in a downstream portion of the runner 20 and upstream
portion of the product portion 18, where the temperature
is indicated by a chain double-dashed line. The molten
metal introduced into the sand mold 10 enters the runner
20 while falling in temperature. The temperature falls in
the molten metal in the downstream portion of the runner
20 and upstream portion of the product portion 18 are
retarded by the heat source (first partial sand mold 40)
placed in the downstream portion of the runner 18 and
upstream portion of the product portion 18. Thus, the
temperature of the molten metal in the entire area of the
product portion 18 including the downstream portion of
the product portion 18 can be maintained at a relatively
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high level. Figure 22 teaches that the possibility of oc-
currence of casting defects can be reduced by placing
the heat source in the upstream portion of the product
portion 18 and the runner 20 located upstream of the
product portion 18.

[0056] Figure 23 shows temperature falls in the molten
metal flowing in the sand mold 10 (especially in the lateral
portion where a heat source is placed) when casting is
carried out by installing the heat source (second partial
sand mold 42 (Figure 13)) in the lateral portion of the
product portion 18 prone to cause casting defects, where
the temperature is indicated by a chain double-dashed
line. The temperature falls in the molten metal introduced
into the sand mold 10 and flowing in the lateral portion
of the product portion 18 are retarded by the heat source
(second partial sand mold 42) placed in the lateral por-
tion. Thus, the flow of the molten metal can be improved
by maintaining the temperature of the molten metal in
the lateral portion of the product portion 18 prone to cause
casting defects at a relatively high level. Figure 23 teach-
es that the possibility of occurrence of casting defects
can be reduced by placing the heat source in that part of
the product portion 18 which is prone to cause casting
defects.

[0057] Figure 24 shows temperature falls in the molten
metal flowing in the sand mold 10 (especially in the lateral
portion where a heat source is placed) when casting is
carried out by installing the heat source (third partial sand
mold 44 (Figure 14)) in a recess in the downstream por-
tion of the product portion 18, where the temperature is
indicated by a chain double-dashed line. The tempera-
ture falls in the molten metal introduced into the sand
mold 10 and flowing in the downstream portion of the
product portion 18 are retarded by the heat source (third
partial sand mold 44) placed in the recess in the down-
stream portion of the product portion 18. This corre-
sponds to the casting conditions of (IX) and (X) in Figure
19. Casting defects were found in the resulting test pieces
Tp(9) and Tp(10), meaning that the effect of the heat
source (third partial sand mold 44) placed in the recess
in the downstream portion of the product portion 18 in
reducing casting defects was limited and localized.
[0058] Figure 25 shows temperature falls in the molten
metal flowing in the sand mold 10 (especially in the lateral
portion where a heat source is placed) when casting is
carried out by installing the heat source in a recess in the
downstream portion of the runner 20, where the temper-
ature is indicated by a chain double-dashed line. The
temperature falls in the molten metal introduced into the
sand mold 10 and flowing in the downstream portion of
the runner 20 are retarded by the heat source placed in
the downstream portion of the runner 20. This makes it
possible to maintain the temperatures of the molten metal
in various parts of the product portion 18 at relatively high
levels. Figure 25 teaches that the flow of molten metal in
the entire area of the product portion 18 can be improved
by placing the heat source (heated partial sand mold) in
the downstream portion of the runner 20. Of course, a
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heat source (heated partial sand mold) may be placed in
the entire area of the runner 20 in a flow direction or a
heat source (heated partial sand mold) may be placed in
an upstream portion or intermediate portion of the runner
20 in the flow direction.

[0059] Figure 26 shows temperature falls in the molten
metal flowing in the sand mold 10 when casting is carried
out by installing a heat source (heated partial sand mold)
in arecess in the upstream portion of the product portion
18, where the temperature is indicated by a chain double-
dashed line. The temperature falls in the molten metal
flowing into the product portion 18 are retarded by the
heat source (heated partial sand mold) placed in the up-
stream portion of the product portion 18. Thus, the tem-
perature of the molten metal in the entire area of the
product portion 18 can be maintained at a relatively high
level. Figure 26 teaches that the possibility of occurrence
of casting defects can be reduced by placing the heat
source (heated partial sand mold) in the upstream portion
of the product portion 18.

[0060] Figure 27 shows a reference example. Refer-
ring to Figure 27, a sand mold 100 is made up of a main
mold 102 and a core 104 while the main mold 102 in turn
is made up of an upper mold 106 and a lower mold 108.
[0061] Aggregate for the main mold 102 and core 104
may be natural sand, artificial sand, or synthetic sand
obtained by mixing the natural sand and artificial sand.
Regarding the aggregate which can be adopted, at least
one type of casting sand selected from the group con-
sisting of silica sand, mullite, synthetic mullite, alumina,
quartz, zircon, fused silica, silica flour, chamotte, and
synthetic chamotte can be adopted. Also, the binder to
be added to the aggregate may be either an organic bind-
er or inorganic binder.

[0062] Figure 27 shows an example in which casting
is carried out using a heated main mold 102. Typically
the main mold 102 is made using an organic binder. In
this case, casting is carried out in the main mold 102
heated to a temperature of approximately 200°C to ap-
proximately 300°C. The main mold 102 may be heated
either in a heating furnace or by blowing hot air into the
main mold 102.

[0063] In the sand mold made using the hybrid binder
(XP alcoholic solution) described above, conventionally
hot casting is carried out by heating the sand mold to
temperatures 1000°C or above. In the application of the
present invention, after the main mold 102 made using
the hybrid binder is heated, casting may be carried out
in the main mold 102 at a temperature of approximately
350°C to approximately 800°C.

[0064] Figure 27 shows an example in which casting
is carried out using a heated core 104. The binder for the
core 104 may be an organic binder, an inorganic binder,
or the hybrid binder (XP alcoholic solution) described
above. Since the hybrid binder can maintain strength at
temperatures of up to 1000°C or above, casting may be
carried out using the core 104, for example, at approxi-
mately 350°C to approximately 1100°C, preferably at ap-
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proximately 350°C to approximately 1000°C, and more
preferably at approximately 350°C to approximately
800°C. The temperatures of the core 104 are only exem-
plary. The temperatures which can prevent casting de-
fects may be determined experimentally according to the
metal and product geometry to be used.

[0065] When the core 104 is formed using an organic
binder, casting may be carried out by heating the core
104, for example, to approximately 200°C, approximately
250°C, approximately 300°C, or approximately 350°C.
The temperatures of core 104 are only exemplary. The
temperatures which can prevent casting defects may be
determined experimentally according to the metal and
product geometry to be used. The temperatures at which
a predetermined strength can be maintained may be de-
termined experimentally by taking into consideration the
type of aggregate and binder used to form the core 104.
When the core 104 is formed using an inorganic binder,
the temperatures at which the strength of the core 104
can be maintained by the inorganic binder when the core
104 is heated may be determined experimentally.
[0066] Figure 28 shows an example in which a heated
partial sand mold 120 is installed in the upper mold 106
in an embodiment of the present invention. The runner
20 is illustrated as an installation location of the partial
sand mold 120 by way of example, but the number and
installation locations of partial sand molds 120 are arbi-
trary, and locations effective in making molten metal
spread smoothly to the entire area of the product portion
18 may be determined experimentally.

[0067] Figure 29 shows an example in which a heated
partialsand mold 120 is installed in arecess in that portion
of the lower mold 108 which faces the runner 20. The
partial sand mold 120 installed in the lower mold 108 is
exposed to the runner 20, forming a cavity surface which
defines the runner 20. Besides, Figure 29 also shows an
example in which a heated partial sand mold 120 is in-
stalled in arecess in the upstream portion of the product
portion 18. The partial sand mold 120 is exposed to the
product portion 18, forming a cavity surface which defines
the product portion 18.

[0068] Figure 30 shows an example in which heated
partial sand molds 120 are installed in the upper mold
106 and lower mold 108. A recess facing the runner 20
is illustrated as an installation location of the partial sand
mold 120 by way of example, but the installation location
is arbitrary, and the locations effective in making molten
metal spread smoothly to the entire area of the product
portion 18 may be determined experimentally. The partial
sand molds 120 installed in the upper mold 106 and lower
mold 108 are exposed to the runner 20, forming cavity
surfaces which defines the runner 20.

[0069] Besides, Figure 30 also shows an example in
which a partial sand mold 120 is installed in the core 104.
The partial sand mold 120 installed in the core 104 is in
a state of being exposed to the product portion 18. Either
asingle partial sand mold 120 or plural partial sand molds
120 may be installed in the core 104.
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[0070] Figure 31 shows an example in which heated
partial sand molds 120 are installed in a recess in the
upstream portion of the product portion 18 and a recess
in the core 104.

[0071] Figure 32 shows an example in which a heated
partial sand mold 120 extending from the upstream por-
tion to the downstream portion of the product portion 18
is installed in a recess in the lower mold 108. Besides,
Figure 32 also shows an example in which a heated par-
tial sand mold 120 is installed in a recess in the core 104.
[0072] The number and installation locations of partial
sand molds 120 are not limited to those in the examples
of Figures 28 to 32. The locations effective in making
molten metal spread smoothly to the entire area of the
product portion 18 may be determined experimentally.
[0073] The aggregate and binder of the partial sand
mold 120 may be selected arbitrarily. The partial sand
mold 120 may be made using coated sand prepared by
mixing aggregate and a binder or may be made before
coating the aggregate with the binder. The binder may
be an organic binder, inorganic binder, or hybrid binder
(XP alcoholic solution) which is capable of maintaining
sand mold strength even at ultra-high temperatures.
When plural partial sand molds 120 are installed in the
sand mold 100, the partial sand molds 120 may be equal
in both material and temperature, may be equal in ma-
terial and differ in temperature, or may differ in both ma-
terial and temperature.

[0074] Examples of combinations of a heated main
mold 102, heated core 104, and heated partial sand mold
120 include the following.

(1) The main mold 102 is heated. When the main
mold 102 is made using an organic binder, typically,
the main mold 102 of approximately 200°C to ap-
proximately 350°C, and preferably of approximately
200°C to approximately 300°C is used for casting.
When the main mold 102 is made using a hybrid
binder, the main mold 102 of approximately 350°C
to approximately 800°C is used for casting.

(2) When the core 104 is formed using an organic
binder, the core 104 of approximately 200°C to ap-
proximately 350°C, and preferably of approximately
200°C to approximately 300°C is used for casting.
When the core 104 is formed using a hybrid binder,
the core 104 of approximately 350°C to approximate-
ly 800°C after heating the core 104 is used for cast-
ing.

(3) Casting s carried out using the heated main mold
102 and heated core 104. The temperature of the
main mold 102 can be selected from temperatures
of approximately 200°C to approximately 350°C, and
preferably approximately 200°C to approximately
300°C (in the case of an organic binder) or approx-
imately 350°C to approximately 800°C (in the case
of a hybrid binder). The temperature of the heated
core 104 can be selected from temperatures of ap-
proximately 200°C to approximately 350°C and pref-



17 EP 2 977 125 A1 18

erably approximately 200°C to approximately 300°C
(in the case of an organic binder). In the case of a
hybrid binder, the temperature of the heated core
104 can be selected from temperatures of approxi-
mately 350°C to approximately 1100°C, preferably
approximately 350°C to approximately 1000°C, and
more preferably approximately 350°C to approxi-
mately 800°C.

(4) Casting is carried out by incorporating the heated
partial sand mold 120 into the main mold 102. The
main mold 102 may be used by being left at room
temperature or by being heated. In a typical example,
the temperature of the heated main mold 102 is ap-
proximately 200°C to approximately 350°C and pref-
erably approximately 200°C to approximately
300°C. The temperature of the partial sand mold 120
may be approximately 200°C to approximately
350°C and preferably approximately 200°C to ap-
proximately 300°C (in the case of an organic binder)
or may be higher (e.g., approximately 350°C to ap-
proximately 1100°C, and preferably approximately
350°C to approximately 800°C) (in the case of a hy-
brid binder).

(5) In (4) above, the core 104 of approximately 200°C
to approximately 350°C and preferably of 200°C to
approximately 300°C, or of approximately 350°C to
approximately 1100°C, preferably of approximately
350°C to approximately 1000°C, and more prefera-
bly of approximately 350°C to approximately 800°C
is incorporated and used for casting.

(6) In (4) above, casting is carried out by incorporat-
ing the partial sand mold 120 of approximately 350°C
to approximately 1100°C, preferably approximately
350°C to approximately 1000°C, and more prefera-
bly approximately 350°C to approximately 800°C in-
to the core of approximately 200°C to approximately
350°C and preferably approximately 200°C to ap-
proximately 300°C.

(7) Casting is carried out by incorporating the heated
partial sand mold 120 into the main mold 102. The
main mold 102 may be used by being left at room
temperature or by being heated to approximately
200°C to approximately 350°C, and preferably ap-
proximately 200°C to approximately 300°C, or, for
example, approximately 350°C to approximately
800°C. The temperature of the partial sand mold 120
may be approximately 200°C to approximately
350°C and preferably approximately 200°C to ap-
proximately 300°C (in the case of an organic binder)
or may be higher (e.g., approximately 350°C to ap-
proximately 800°C) (in the case of a hybrid binder).
(8) In (7) above, the core 104 of approximately 200°C
to approximately 350°C, and preferably of approxi-
mately 200°C to approximately 300°C or of approx-
imately 350°C to approximately 1100°C (preferably,
e.g., of approximately 350°C to approximately
800°C)is incorporated and used for casting.

(9) In (7) above, casting is carried out by incorporat-
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10

ing the partial sand mold 120 of approximately 350°C
to approximately 1100°C and preferably, for exam-
ple, approximately 350°C to approximately 800°C
into the core of approximately 200°C to approximate-
ly 350°C and preferably approximately 200°C to ap-
proximately 300°C.

[0075] Whereas the present invention has been de-
scribed above, the material (aggregate and binder) and
temperature of the main mold, the material and temper-
ature of the core, the material and temperature of the
partial sand mold incorporated into the main mold, and
the material and temperature of the partial sand mold
incorporated into the core as well as combinations there-
of are arbitrary. The material and temperature of the main
mold, the material and temperature of the partial sand
mold, and the like may be selected such that the flow of
metal in the product portion can be facilitated and that
the occurrence of casting defects can be reduced.
[0076] The temperatures of the main mold, core, and
partial sand mold may be determined to the extent that
a predetermined strength can be maintained, by actually
examining the aggregate and binder adopted. Also, if a
simple geometry is selected for the partial sand mold,
the required strength (deflection strength) can be limited
to a relatively small value.

Industrial Applicability

[0077] The present invention is widely applicable to
metal casting. The application of the present invention
allows the occurrence of casting defects to be reduced
even if molten metal is at a relatively low temperature.
This makes it possible to reduce the amount of thermal
energy used to heat metal. Also, the present invention is
effective in reducing casting defects of metal which has
poor fluidity in molten state. Also, the present invention
enables mass production of thin-walled products 2 mm
or less in wall thickness.

Reference Signs List

[0078]

100 Sand mold

102 Main mold

104 Core

106 Upper mold

108 Lower mold

18 Product portion of sand mold
20 Runner of sand mold

22 Down sprue of sand mold

24 Gate stick portion of sand mold

Claims

1. A sand casting method comprising the steps of:
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preparing a sand mold (10, 100) which includes
a recess (30, 32, 34) formed in a main mold
(102), opening to a cavity of the main mold (102)
and a partial sand mold (40, 42, 44, 120) con-
figured to be detachably attachable to the recess
(30, 32, 34);

setting the partial sand mold (40, 42, 44, 120)
to a temperature of 200°C or above, which is
higher than a temperature of the main mold
(102);

installing the partial sand mold (40, 42, 44, 120)
which has a temperature of 200°C or above in
the recess (30, 32, 34) of the main mold (102);
and

carrying out casting by pouring molten metal into
the main mold (102) incorporated with the partial
sand mold (40, 42, 44, 120) having a tempera-
ture of 200°C or above.

The sand casting method according to claim 1,
wherein the partial sand mold (40, 42, 44, 120) is
installed in a runner portion (20) of the main mold
(102).

The sand casting method according to claim 1,
wherein the partial sand mold (40, 42, 44, 120) is
installed in an upstream portion of a product portion
(18) of the main mold (102).

The sand casting method according to any one of
claims 1 to 3, wherein:

the partial sand mold (40, 42, 44, 120) is made
using an organic binder; and

a temperature of the partial sand mold (40, 42,
44, 120) is 200°C to 350°C.

The sand casting method according to any one of
claims 1 to 3, wherein a temperature of the partial
sand mold (40, 42, 44, 120) is 350°C to 1100°C.

A sand casting method comprising the steps of:

preparing a sand mold (100) which includes a
main mold (102), a core (104) installed in a prod-
uct portion (18) of the main mold (102), and a
partial sand mold (120) configured to be detach-
ably attachable to a recess (30, 32, 34) which is
formed in the core (104), opening to a surface
of the core (104);

setting the partial sand mold (120) to a temper-
ature of 200°C or above, which is higher than a
temperature of the core (104);

installing the partial sand mold (120) which has
a temperature of 200°C or above in the recess
(30, 32, 34) of the core (104); and

carrying out casting by pouring molten metal into
the main mold (102) with the core incorporated
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with the partial sand mold (120) having a tem-
perature of 200°C or above.

The sand casting method according to claim 6,
wherein:

the partial sand mold (120) is made using an
organic binder; and

a temperature of the partial sand mold (120) is
200°C to 350°C.

The sand casting method according to claim 6,
wherein a temperature of the partial sand mold (120)
is 350°C to 1100°C.
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