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Description

FIELD OF THE INVENTION

[0001] The invention relates to casting and more par-
ticularly to a casting method and mold design for optimi-
zation of material properties of a casting, wherein the
optimization is accomplished through control of a cooling
rate of the casting.

BACKGROUND OF THE INVENTION

[0002] Inacasting process, variations in material prop-
erties can occur in different regions within a casting.
Amongst other reasons, the variations can occur when
the different regions of the casting are permitted to cool,
and thus solidify, at different rates. Castings having com-
plicated geometries are particularly susceptible to these
variations since the cooling rates in the various regions
of the casting are geometry dependant. For example, in
a region having a high ratio of local surface area to vol-
ume, the faster the region will tend to cool. In a region
having a low ratio of local surface area to volume, the
slower the region will tend to cool. This results in material
properties which vary significantly from one region to an-
other region within the casting.

[0003] Such variations in material properties within a
casting are often undesirable. The variations can cause
problems with machinability or other processing. Issues
with product performance can also arise.

[0004] Itwould be desirable to develop a casting meth-
od and mold design for optimization of material properties
of a casting.

SUMMARY OF THE INVENTION

[0005] Concordant and congruous with the present in-
vention, a casting method and mold design for optimiza-
tion of material properties of a casting, has surprisingly
been discovered.

[0006] Inoneembodiment,the casting apparatus com-
prises a first mold pattern for forming a first mold cavity
for receiving a molten material therein; and a second
mold pattern positioned adjacent at least a portion of said
first mold pattern, said second mold pattern forming a
second mold cavity for receiving the molten material
therein, wherein the molten material in the second mold
cavity controls a cooling rate of the molten material in the
portion of the first mold cavity.

[0007] Inanotherembodiment, a mold for casting com-
prises a mold having a first mold cavity and a second
mold cavity formed therein and adapted to receive a mol-
ten material, the second mold cavity formed adjacent at
least a portion of the first mold cavity, wherein the molten
material received in the second mold cavity controls a
cooling rate of the molten material received in the portion
of the first mold cavity adjacent the second mold cavity.
[0008] The invention also provides a method of con-
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trolling the cooling rate of molten material in a casting
process that comprises the steps of providing a first mold
pattern for forming a first mold cavity for receiving a mol-
ten material; providing a second mold pattern for forming
a second mold cavity for receiving a molten material; po-
sitioning the second mold pattern adjacent at least a por-
tion of the first mold pattern; and introducing molten ma-
terial into the first mold cavity and the second mold cavity,
wherein the molten material in the second mold cavity
controls the cooling rate of the molten material in the
portion of the first mold cavity.

[0009] The apparatus and method of this invention are
useful in a casting process. The apparatus and method
are particularly useful in the casting of engine compo-
nents such as engine blocks, cylinder heads, and com-
plex transmission components, for example.

DESCRIPTION OF THE DRAWINGS

[0010] The above, as well as other advantages of the
present invention, will become readily apparent to those
skilled in the art from the following detailed description
of a preferred embodiment when considered in the light
of the accompanying drawings in which:

[0011] Fig. 1is a top plan view of a casting apparatus
known in the art;

[0012] Fig. 2 is a graphical representation of temper-
ature versus time data taken at three points along a
crankshaft produced using the prior art casting apparatus
of Fig. 1;

[0013] Fig. 3 is a top plan view of a crankshaft made
with the prior art casting apparatus of Fig. 1 and showing
variations in Brinell hardness along a length of the crank-
shaft;

[0014] Fig. 4 is atop plan view of an casting apparatus
according to an embodiment of the invention;

[0015] Fig. 5 is a perspective view of the casting ap-
paratus of Fig. 4;

[0016] Fig. 6 is a graphical representation of temper-
ature versus time taken at three points along a crankshaft
produced using the casting apparatus of Fig. 4;

[0017] Fig. 7 is a top plan view of a crankshaft made
with the casting apparatus of Fig. 4 and showing the
Brinell hardness along the length of the crankshaft; and
[0018] Fig. 8 is a block diagram illustrating a method
according to one embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0019] The following detailed description and append-
ed drawings describe and illustrate various exemplary
embodiments of the invention. The description and draw-
ings serve to enable one skilled in the art to make and
use the invention, and are not intended to limit the scope
of the invention in any manner. In respect of the methods
disclosed, the steps presented are exemplary in nature,
andthus, the order of the steps is not necessary or critical.
[0020] Fig. 1 shows a casting apparatus 10 according
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to the prior art. The casting apparatus 10 is a casting
pattern for a mold (not shown) as used in known casting
processes such as investment casting, sand casting, per-
manent mold casting, and die casting, for example. The
casting apparatus 10 includes a pair of mold patterns 12,
a gate 14, and risers 16.

[0021] The mold patterns 12 include a flange 18, a
body portion 20, and a stem 22. The mold patterns 12
have a shape substantially similar to a desired cast ob-
ject. Fig. 1 shows the mold patterns 12 with a shape sub-
stantially similar to a crankshaft 24 as shown in Fig. 3. It
is understood that the mold patterns 12 may have the
shape of any desired cast object, such as engine blocks,
cylinder heads, complex transmission components, and
the like, for example.

[0022] The gate 14 forms a conduit (not shown) in the
mold that includes an inlet 26 to provide fluid communi-
cation with the mold patterns 12 and the risers 16. Fig.
1shows the gate 14 located near the bottom of the casting
apparatus 10. It is understood that the gate 14 may be
any size or shape and the gate 14 may be located in
other areas of the casting apparatus 10, as desired.
[0023] The risers 16 are adapted to form reservoirs
(not shown) that militate against the formation of cavities
or voids in the desired cast object due to shrinkage of a
molten material (not shown) during a cooling thereof. Fig.
1 shows a pair of the risers 16 with one of the risers 16
associated with each of the mold patterns 12. It is under-
stood that any shape, size, location, and number of risers
may be used, so long as an adequate amount of molten
material is provided in the risers 16 to militate against the
formation of cavities or voids in the cast object. Itis further
understood that the molten material may be any metal
or non-metal, as desired.

[0024] In use, the casting apparatus 10, including the
cavities formed by the mold patterns 12, is filled with the
molten material through the conduit formed by the inlet
26 of the gate 14. In sand casting, for example, the cav-
ities and the conduit are formed in a sand mold. The
molten material flows through the casting apparatus 10,
filling the mold patterns 12 and the risers 16.

[0025] Once the mold cavity formed by the patterns 12
has been filled, the molten material is allowed to cool.
Because metals are less dense in the liquid state than in
the solid state, the volume occupied by the desired cast
objectwilldecrease asit cools. Thus, formation of cavities
or voids is possible, generally at the last point to solidify.
The risers 16 militate against the formation of cavities or
voids in the desired cast object by providing additional
molten material to the mold patterns 12. Therefore, as
the molten material solidifies and shrinks, any cavities or
voids thatform do sointherisers 16 and not in the desired
cast object. Once the desired cast object has solidified
and sufficiently cooled, the mold is opened or removed
from the cast object. Hardened material from the cavities
formed by the gate 14 and the risers 16 is attached to
the desired cast object. The hardened material from the
gate 14 and the risers 16 is removed from the desired
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cast object using methods known in the art, and then
discarded or recycled.

[0026] Fig. 2 shows a graph 27 of temperature versus
time data for a casting produced from the casting appa-
ratus of Fig. 1. The graph 27 includes a temperature axis
28 (the y-axis), a time axis 30 (the x-axis), a flange line
32, abody portion line 34, a stem line 36, a shakeout line
38, and a eutectoid line 40.

[0027] The flange line 32, the body portion line 34, and
the stem line 36 represent a plot of temperature versus
time measurements as measured by thermocouples (not
shown) located at the flange 18, the body portion 20, and
the stem 22, respectively. The thermocouples measure
the temperature of the molten material during solidifica-
tion, cooling, and shakeout periods.

[0028] The shakeoutline 38 graphically represents the
time period when the crankshaft 24 is removed from the
mold. The shakeout line 38 is shown at a time between
one hundred (100) minutes and one hundred ten (110)
minutes. It is understood that that shakeout line 38 can
represent any desired time period based on the size or
shape of the desired cast object, the temperature range
of the material used to make the desired cast object, or
other similar factors.

[0029] The eutectoid line 40 graphically represents the
temperature at which eutectoid transformation occurs.
Eutectoid transformation occurs in a reaction wherein,
upon cooling, one solid phase transforms isothermally
and reversibly into two new solid phases that are inti-
mately mixed. Fig. 2 shows the eutectoid line 40 at a
temperature of approximately 700 degrees Celsius. It is
understood thatthe temperature at which eutectoid trans-
formation occurs will vary based on the properties of the
materials used to cast the desired cast object. Accord-
ingly, the eutectoid line 40 may be at other temperatures,
depending upon the material used. It is understood that
some alloys, such as aluminum for example, do not go
through a eutectoid transformation; however, a rate of
solidification or rate of freezing may be controlled to affect
the alloy’s strength by altering a grain size, a dendrite
arm spacing, or other similar characteristic of the alloy,
as desired.

[0030] The flange line 32, the body portion line 34, and
the stem line 36 cross the shakeout line 38 at the same
time, and the different parts of the crankshaft 24 repre-
sented continue to cool at different rates. The flange line
32, the body portion line 34, and the stem line 36 cross
the eutectoid line 40 at different times. The flange line 32
crosses the eutectoid line 40 at a time between one hun-
dred (100) minutes and one hundred ten (110) minutes,
which is after the shakeout period. The body portion line
34 crosses the eutectoid line 40 at a time between sixty
(60) minutes and seventy (70) minutes, which is before
the shakeout period. The stem line 36 crosses the eu-
tectoid line 40 at a time between forty (40) minutes and
fifty (50) minutes, which is also before the shakeout pe-
riod. Itis understood that that the flange line 32, the body
portion line 34, and the stem line 36 may cross the eu-
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tectoid line 40 at any time based on the size or shape of
the desired cast object, the temperature range or prop-
erties of the material used to make the desired cast ob-
ject, the casting process used, or other similar factors.
Because the flange line 32, the body portion line 34, and
the stem line 36 illustrate different cooling rates for dif-
ferent parts of the crankshaft 24 the material properties
from one part of the crankshaft 24 to another vary.
[0031] Fig. 3 shows a hardness distribution of the
crankshaft 24 formed using the casting apparatus 10
known in the art. The Brinell hardness scale was used
to show the non-uniform hardness distribution of the
crankshaft 24. The Brinell hardness scale characterizes
the indentation hardness of materials through the scale
of penetration of an indenter. The typical test uses a 10
mm diameter steel ball as the indenter with a 3,000 kgf
(29kN) force. For softer materials, a smaller force is used;
for harder materials, a tungsten carbide ball is substituted
for the steel ball. The hardness is calculated using the
following equation: Brinell Harness Number (BHN) = P/
[I1*D*(D-V(D2-d2))], where P is the force applied, D is the
diameter of the indenter, and d is the diameter of the
indentation. It is understood that there are a number of
other hardness tests that may be used to determine the
hardness distribution of the desired cast object.

[0032] The crankshaft 24 includes a stem portion 42,
a lower body portion 44, an upper body portion 46, and
a flange portion 48. The stem portion 42 and the lower
body portion 44 have BHNs between 141.0 and 220.03.
The upper body portion 46 and flange portion 48 have
BHNSs between 273.0 and 326.0. The difference in hard-
ness, represented by BHNSs, is an effect of the stem por-
tion 42 and the lower body portion 44 cooling at different
rates than the upper body portion 46 and flange portion
48. As described above, the difference in cooling rates
from one region of a desired cast object to another region
results in different rates of eutectoid transformation. Dif-
ferent rates of eutectoid transformation results in the de-
sired cast object having different material properties from
one region thereof to another.

[0033] Figs. 4 and 5 show a casting apparatus 60 ac-
cording to an embodiment of the invention. The casting
apparatus 60 is a casting pattern for a mold (not shown)
that may be used in any known casting process such as
investment casting, sand casting, permanent mold cast-
ing, and die casting, for example. The casting apparatus
60 includes a pair of first mold patterns 62, a second mold
pattern 64, a gate 66, and risers 68. It is understood that
more or fewer mold patterns 62, 64 can be used as de-
sired.

[0034] The first mold patterns 62 include a flange 70,
a body portion 72, and a stem 74. The first mold patterns
62 are adapted to form a mold cavity (not shown) in the
mold which is in fluid communication with a mold cavity
(not shown) formed by the gate 66, and the risers 68.
The first mold patterns 62 have a shape substantially
similar to a desired cast object. In the embodiment
shown, the first mold patterns 62 have a shape substan-

10

15

20

25

30

35

40

45

50

55

tially similar to a crankshaft 76, as shown in Fig. 7. It is
understood that the first mold patterns 62 may have the
shape of any desired cast object such as engine blocks,
cylinder heads, complex transmission components, and
the like, for example.

[0035] Intheembodimentshown,the second mold pat-
tern 64 includes an inner wall 78 and an outer wall 80.
The second mold pattern 64 is adapted to form a mold
cavity (not shown) which is in fluid communication with
a conduit (not shown) which is part of the cavity formed
by the gate 66, and the risers 68. The inner wall 78 and
the outer wall 80 of the second mold pattern 64 are con-
figured to circumscribe the two-dimensional shape of the
profile of the stem 74 of the first mold patterns 62. The
term circumscribe as used herein means that the inner
wall 78 and the outer wall 80 of the second mold pattern
64 at least partially surround, in close proximity to but
without actually contacting, the first mold pattern 62. It is
understood that the inner wall 78 of the second mold
pattern 64 may be any shape or configuration desired
such as the shape of a particular portion of the first mold
patterns 62, or any geometric shape, for example. It is
also understood that the inner wall could circumscribe a
particular portion of the first mold pattern 62 three-dimen-
sionally. The outer wall 80 may be any shape or config-
uration, as desired. The second mold pattern 64 may
also have a shape substantially similarto another desired
cast object. It is further understood that the second mold
pattern 64 may be positioned at any distance from the
first mold pattern 62, as desired. The exact configuration
and position of the second mold pattern 64 will depend
on the size, shape, and surface area of the first mold
patterns 62, the desired cooling rate of molten material
filling the cavity formed by the first mold patterns 62, and
the like, for example. As shown, the second mold pattern
64 is positioned adjacent the stem 74 of the first mold
patterns 62. It is understood that the second mold pattern
64 may be positioned adjacent any portion of the first
mold patterns 62 such as the flange 70, the body portion
72, or any combination of the portions of the first mold
patterns 62, as desired.

[0036] The gate 66 forms the conduit that includes an
inlet 82 to provide fluid communication with the first mold
patterns 62, the second mold pattern 64, and the risers
68. In the embodiment shown, the gate 66 is located near
the bottom of the casting apparatus 60. It is understood
that the gate 66 may be any gate known in the art. The
gate 66 may be any size or shape and the gate 66 may
be located anywhere on the casting apparatus 60, as
desired.

[0037] The risers 68 are adapted to form reservoirs
(not shown) that militate against the formation of cavities
or voids in the desired cast object due to shrinkage of a
molten material (not shown) during a cooling thereof.
Figs. 4 and 5 show a pair of risers 68 with one of the
risers 68 associated with each of the first mold patterns
62. It is understood that any shape, size, location, and
number of the risers 68 may be used so long as an ad-
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equate amount of molten material is provided in the risers
68 to militate against the formation of cavities and voids
in the desired cast object. Itis further understood that the
molten material may be any metal or non-metal, as de-
sired.

[0038] In use, the casting apparatus 60, including the
cavities formed by the first mold patterns 62 and the sec-
ond mold pattern 64, are filled with the molten material
through the conduit formed by the inlet 82 of the gate 66.
The molten material flows through the casting apparatus
60 filling the mold cavities formed by the first mold pat-
terns 62, the second mold pattern 64, and the risers 68.
[0039] Once the mold cavities have been filled, the
casting apparatus 60 and the desired cast object are al-
lowed to cool. Because metals are less dense in the liquid
state than in the solid state, the volume occupied by the
desired cast object will decrease as it cools. Thus, for-
mation of cavities or voids is possible, generally at the
last point to solidify. The risers 68 militate against the
formation of cavities or voids in the desired cast object
by providing additional molten material to the cavity
formed by the first mold patterns 62. Therefore, as the
molten material solidifies and shrinks any cavities or
voids that form, do so in the risers 68 and not in the de-
sired cast object. A cooling rate of the portion of the cast
object adjacent the mold cavity formed by the second
mold pattern 64 is controlled by the heat radiating from
the molten material in the mold cavity formed by the sec-
ond mold pattern 64. If the portion of the cast object
formed in the cavity formed by the first mold patterns 62
adjacent to the cavity formed by the second mold pattern
64 would normally cool faster than the other portions of
the cast object, the cooling rate of the cast object formed
in the cavity formed by the first mold patterns 62 is de-
creased by the radiating heat. It is understood that a plu-
rality of mold patterns may be used to control the cooling
rate of the first mold pattern 64 without departing from
the scope of the invention.

[0040] Once the desired cast object has solidified and
sufficiently cooled the mold is opened and the desired
cast object is removed. Hardened material from the cav-
ities or conduits formed by the gate 66, the risers 68, and
the second mold pattern 64 is attached to the desired
cast object. The hardened material is removed from the
desired cast object using methods known in the art, and
then discarded or recycled.

[0041] Fig. 6 shows a graph 83 of temperature versus
time data for a casting produced from the casting appa-
ratus 60. The graph 83 includes a temperature axis 84
(the y-axis), a time axis 86 (the x-axis), a flange line 88,
a body portion line 90, a stem line 92, a shakeout line
94, and a eutectoid line 96.

[0042] The flange line 88, the body portion line 90, and
the stem line 92 represent a plot of temperature versus
time measurements as measured by thermocouples (not
shown) located at the flange 70, the body portion 72, and
the stem 74, respectively. The thermocouples measure
the temperature of the molten material during solidifica-
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tion, cooling, and shakeout periods.

[0043] The shakeoutline 94 graphically represents the
time period when the crankshaft 76 is removed from the
mold. For purposes of illustration, the shakeout line 94
is shown at a time between one hundred (100) minutes
and one hundred ten (110) minutes. It is understood that
that shakeout line 94 may represent any desired time
period based on the size or shape of the desired cast
object, the temperature range of the material used to
make the desired cast object, or other similar factors.
[0044] The eutectoid line 96 graphically represents the
temperature at which eutectoid transformation occurs.
Eutectoid transformation occurs in a reaction wherein,
upon cooling, one solid phase transforms isothermally
and reversibly into two new solid phases that are inti-
mately mixed. Fig. 6 shows the eutectoid line 96 at a
temperature of approximately 700 degrees Celsius. It is
understood that the temperature at which eutectoid trans-
formation occurs will vary based on the properties of the
materials used to cast the desired cast object. Accord-
ingly, the eutectoid line 96 may be at other temperatures
depending upon the material used. It is understood that
some alloys, such as aluminum for example, do not go
through a eutectoid transformation; however, a rate of
solidification or rate of freezing may be controlled to affect
the alloy’s strength by altering a grain size, a dendrite
arm spacing, or other similar characteristic of the alloy,
as desired.

[0045] The flange line 88, the body portion line 90, and
the stem line 92 have substantially similar cooling rates
and cross the shakeout line 94 at substantially the same
time. Because the flange line 88, the body portion line
90, and the stem line 92 have substantially similar cooling
rates, the flange line 88, the body portion line 90, and the
stem line 92 cross the eutectoid line 96 at the substan-
tially same rate and time. In the embodiment shown, the
flange line 88, the body portion line 90, and the stem line
92 all cross the eutectoid line 96 at the same rate, at a
time between one hundred five (105) minutes and one
hundred ten (115) minutes, which is after the shakeout
period. As a result of the substantially similar cooling
rates and the substantially similar rates of eutectoid
transformation, the material properties from one portion
to another within the casting will be substantially the
same. It is understood that that the flange line 88, the
body portion line 90, and the stem line 92 may cross the
eutectoid line 96 at other times based on the size or shape
of the desired cast object, the temperature or properties
of the molten material used to make the desired cast
object, the casting process used, or other similar factors.
[0046] Fig. 7 shows a hardness distribution of the
crankshaft 76 formed using the casting apparatus 60.
The Brinell hardness scale was used to show the non-
uniform hardness distribution of the crankshaft 76. It is
understood that there are a number of other hardness
tests that may be used to determine the hardness distri-
bution of the desired cast object.

[0047] The crankshaft 76 shown includes a stem por-
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tion 98, a lower body portion 100, an upper body portion
102, and a flange portion 104. In the embodiment shown,
the stem portion 98, the lower body portion 100, the upper
body portion 102, and the flange portion 104 all have
BHNs between 273.0 and 326.0. This data is used for
illustrative purposes to show the consistent material
properties and is not intended to limit the scope of the
invention. The substantially uniform hardness is a result
of the stem portion 98, the lower body portion 100, the
upper body portion 102, and the flange portion 104 cool-
ing at the substantially same rate. As described above,
the substantial similarity of the cooling rates from one
region of the desired cast object to another results in
similar times of eutectoid transformation. Similar rates of
eutectoid transformation cause the desired cast object
to have substantially similar material properties from one
portion of the desired cast object to another.

[0048] Fig. 8 schematically illustrates a method 110 of
controlling the cooling rate of molten material in a first
mold cavity according to one embodiment of the inven-
tion. The method 110 may be used with any known cast-
ing process, such as investment casting, sand casting,
permanent mold casting, and die casting, for example.
[0049] In a first step 112, a first mold cavity is formed
which is adapted to receive a molten material. The first
mold cavity may be any size or shape as desired to pro-
duce a desired cast object. The first mold cavity may be
the size or shape of a crankshaft, an engine block, a
cylinder head, a complex transmission component, and
the like, for example.

[0050] In a second step 114, a second mold cavity is
formed which is adapted to receive a molten material.
The second mold cavity may be configured to circum-
scribe the two-dimensional profile of a portion of the first
mold cavity. Itis understood that second mold cavity may
be any shape or configuration desired such as the shape
of a particular portion of the first mold cavity, or any ge-
ometric shape, for example. Itis also understood that the
second mold cavity could circumscribe a particular por-
tion of the first mold cavity three-dimensionally. The sec-
ond mold cavity may be any shape or configuration, as
desired. The second mold cavity may also have a shape
substantially similar to another desired cast object. It is
further understood that the second mold cavity may be
positioned at any distance from the first mold cavity, as
desired. The exact configuration and position of the sec-
ond mold cavity will depend on the size, shape, and sur-
face area of the first mold cavity, as well as the desired
cooling rate of the molten material in the first mold cavity.
[0051] In a third step 116, the second mold cavity is
positioned adjacent a portion of the first mold cavity. It is
understood that the second mold cavity may be placed
adjacent one side, two sides, or completely surrounding
the portion of the first mold cavity.

[0052] In a fourth step 118, a molten material is intro-
duced into the first mold cavity and the second mold cav-
ity, wherein the heat radiating from the second mold cav-
ity controls the cooling rate of the molten material inside
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the portion of the first mold cavity. The cooling rate of the
portion of the molten material in the first mold cavity ad-
jacent to the second mold cavity may be controlled so
that the portion adjacent to the second mold cavity cools
at a substantially similar rate as the remaining portions
of the molten material in the first mold cavity. Alternative-
ly, the cooling rate of the portion of the molten material
in the first mold cavity adjacent to the second mold cavity
may be controlled so that the portion adjacent to the sec-
ond mold cavity cools at a slower rate than the rest of
the molten material in the first mold cavity.

[0053] From the foregoing description, one ordinarily
skilled in the art can easily ascertain the essential char-
acteristics of this invention and, without departing from
the spirit and scope thereof, can make various changes
and modifications to the invention to adapt it to various
usages and conditions.

Claims
1. A casting apparatus (60) comprising:

a first mold pattern (62) for forming a first mold
cavity for receiving a molten material therein,
and

a second mold pattern (64) positioned adjacent
at least a portion of said first mold pattern (62),
said second mold pattern (64) forming a second
mold cavity for receiving the molten material
therein, wherein the molten material in the sec-
ond mold cavity controls a cooling rate of the
molten material in the portion of the first mold
cavity.

2. The apparatus of Claim 1, wherein said first mold
pattern (62) and said second mold pattern (64) are
patterns for a sand casting process.

3. Theapparatus (60) of Claim 1, wherein said first mold
pattern (62) and said second mold pattern (64) are
patterns for a die casting process.

4. Theapparatus (60)of Claim 1, wherein said first mold
pattern (62) and said second mold pattern (64) are
patterns for an investment casting process.

5. Theapparatus (60)of Claim 1, wherein said first mold
pattern (62) and said second mold pattern (64) are
patterns for a permanent mold casting process.

6. The apparatus (60) of Claim 1, wherein said second
mold pattern (64) is adjacent at least one side of said
first mold pattern (62).

7. The apparatus (60) of Claim 6, wherein said second
mold pattern (64) is adjacent two sides of said first
mold pattern (62).
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The apparatus (60) of Claim 6, wherein said second
mold pattern (64) is adjacent three sides of said first
mold pattern (62).

The apparatus (60) of Claim 1, wherein said second
mold pattern (64) surrounds at least a portion of said
first mold pattern (62).

A mold (60) for casting comprising:

a mold (62, 64) having a first mold cavity and a
second mold cavity formed therein and adapted
to receive a molten material, the second mold
cavity formed adjacent at least a portion of the
first mold cavity,

wherein the molten material received in the second
mold cavity controls a cooling rate of the molten ma-
terial received in the portion of the first mold cavity
adjacent the second mold cavity.

The mold (60) of Claim 10, wherein said mold (62,
64) is a sand casting mold.

The mold (60) of Claim 10, wherein said mold (62,
64) is a die casting mold.

The mold (60) of Claim 10, wherein said mold (62,
64) is an investment casting mold.

The mold (60) of Claim 10, wherein said mold (62,
64) is a permanent mold casting mold.

The mold (60) of Claim 10, wherein the second mold
cavity is adjacent one side of the first mold cavity.

The mold (60) of Claim 15, wherein the second mold
cavity is adjacent two sides of the first mold cavity.

The mold (60) of Claim 15, wherein the second mold
cavity is adjacent three sides of the first mold cavity.

The mold (60) of Claim 10, wherein the second mold
cavity surrounds at least a portion of the first mold
cavity.

A method (110) of controlling the cooling rate of mol-
ten material
in a casting process comprising the steps of:

providing a first mold pattern (62) for forming a
first mold cavity for receiving a molten material
(112);

providing a second mold pattern (64) for forming
a second mold cavity for receiving a molten ma-
terial (114);

positioning the second mold pattern (64) adja-
cent at least a portion of the first mold pattern
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(62), (116); and

introducing molten material into the first mold
cavity and the second mold cavity, wherein the
molten material in the second mold cavity con-
trols the cooling rate of the molten material in
the portion of the first mold cavity (118).

20. The method (110) of Claim 19, wherein the second

mold pattern (64) is positioned adjacent at least one
side of the first mold pattern (62).
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