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ENGINE BLOCK CASTING AND METHOD OF MANUFACTURE

Field of the Invention

This invention relates to engine block castings for internal combustion engines, and more
particularly to engine block castings of reduced weight and size, and methods of their

manufacture.

Background of the Invention

Size and weight are important considerations in internal combustion engines. It is desirable
to minimize the size and weight of an internal combustion engine of a given power output;
conversely, it is desirable to maximize the power output for an internal combustion engine of
a given size and weight. One way to increase the power output of an internal combustion
engine to increase the displacement and/or compression ratio of the engine, which generally
will lead to an engine of increased size and weight. Internal combustion engines of minimal
size and weight for a given horsepower are desirable, however, because decreased engine
weight for a given power output means a more efficient use of engine fuel and/or increased

vehicle acceleration capacity.

Today's high-power, high-compression engines require thick cylinder walls. However, this
requirement is contrary to the desire to make engines more compact. The provision of heavy
thick walls in block castings all the way down the cylinder from the combustion chamber end
to the lower end increases the size and weight of the block casting. In an effort to reduce
engine size, cylinder walls have been cast in Siamese form, that is, shared between cylinders,
but this can impede the effective use of coolant to cool the engine. Thus, there is a need for
engine block castings that can reduce the size and weight of an internal combustion engine

and/or increase its power generating capability in a given size.

Brief Description of the Invention

The invention provides a block casting for an internal combustion engine and a method of its
manufacture that can reduce the size and weight of an internal combustion engine of a given
power output that is made with the engine block casting and that can increase the ability to

remove the heat of combustion from the internal combustion engine. The invention may also
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be incorporated into engine block castings that provide an increased engine displacement

with castings of the same weight and size.

As well known in the art, engine block castings for multi-cyliﬂder internal combustion
engines include a plurality of cylindrical cavities formed by a plurality of cylindrical cavity-
forming walls and adapted for the formation of piston-accepting internal combustion engine
cylinders with combustion chamber portions at one of their ends. The invention provides an
improvement in such engine block castings, wherein the cylindrical cavity-forming walls of
such castings have thicknesses that decrease from the combustion chamber portions where
the cylindrical cavity-forming walls are the thickest. Thus, in a casting for an internal
combustion engine cylinder block, the means comprising walls forming a plurality of
adjacent cylindrical cavities that are adapted for the formation of the cylinders of the internal
combustion engine have thicknesses that taper from thicker portions adjacent their
combustion chamber ends to thinner portions adjacent their other ends, and such wall means
of the invention can permit the formation of coolant passages adjacent each of the cylindrical

cavities, formed in part by the thinner wall portions of the wall means.

In one. preferred form, the invention provides a casting for a more compact and light-weight
engine block. Such a block casting includes a plurality of cylindrical cavities adapted for the
formation of the cylinders of an internal combustion engine, which are formed by a plurality
of integral cylinder-forming walls having combustion chamber portions at their one ends. In
accordance with one aspect of the invention, the plurality of integral cylinder-forming walls
include shared portions of minimal explosion-resistant thicknesses at their combustion
chamber ends, and the integral cylinder-forming walls taper in thicknesses from the minimal
explosion-resistant thicknesses of their combustion chamber ends to lesser thicknesses at
their other ends, and the lesser thicknesses at their other ends form chambers around each of
the cylindrical cavities for the circulation of an engine coolant, thereby providing a block

casting of reduced size and weight and increased heat transfer capability.

The invention further provides a method of manufacturing a lighter internal combustion
engine by preparing a mold for casting the outside walls of the internal combustion engine

block having an inlet for the admission of molten metal into the mold, preparing one or more
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cylinder cores for insertion in the mold for defining casting walls forming a plurality of
cylindrical cavities in the internal combustion engine block, with each cylinder core having
one or more substantially right circular cylindrical walls for defining the interior walls of the
cylinders in the internal combustion engine, and preparing one or more coolant jacket cores
for insertion in the mold for forming a coolant path within the block adjacent the interior
walls of the cylinders, said one or more coolant jacket cores having a plurality of cylindrical
portions formed to surround, in a spaced relationship, the substantially right circular walls of
the one or more cylinder cores that define the interior walls of the plurality of cylinders of the
internal combustion engine block, with the plurality of cylindrical portions of the one or more
coolant jacket cores having cross-sections that are thicker adjacent their bottoms than
adjacent their tops, so that, upon assembly of the one or more cylinder cores and one or more
coolant jacket cores within the mold, the walls of the one or more cylinder cores and of the
one or more coolant jacket cores define casting walls forming a plurality of cylindrical
cavities for the cylinders of the internal combustion engine block that are thicker at their tops
than at their bottoms, reducing the weight of the block for a given internal combustion engine
displacement of an internal combustion engine and permitting an increased rate of heat

transfer from the cylinders of the internal combustion engine.

Other features and advantages of the invention will be apparent from the drawings and more

detailed description of the invention that follow.

Brief Description of the Drawings

FIG. 1 is a view from above an engine block of the invention;

FIG. 2 is a cross-section of the engine block of FIG. 1, taken at a plane corresponding to line
2-2 of FIG. 1;

FIG. 3 is a diagrammatic view of the cross-section of FIG. 2 to illustrate the metal reduction

resulting from the invention;

FIG. 4 is a cross-sectional view of another cylinder-forming wall to illustrate another

embodiment of the invention; and
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FIG. 5 is a cross-sectional view of a portion of a casting mold assembly used in a casting

method of the invention.
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Detailed Description of the Preferred Mode of the Invention

FIG. 1 and FIG. 2 illustrate one preferred engine block for an internal combustion engine
which incorporates the invention. The preferred embodiment illustrated in FIGS. 1 and 2
comprises a casting 10 for a more compact and light-weight engine block. As illustrated in
FIG. 1, such an engine block casting 10 is formed by means comprising walls 11 forming a
plurality of adjacent cylindrical cavities 12 that are adapted for the formation of the cylinders
of an internal combustion engine, with combustion chambers 12a at their one ends. FIG. 2 is
a cross-section taken at a plane corresponding to line 2-2 through one of the plurality of
cylindrical cavities formed in the engine block casting 10, with the details of the outer walls
15 of the casting 10 omitted. The cross-sectional view of FIG. 2 is typical of the cross-
sections of the walls forming each of the plurality of cylindrical cavities 12. As illustrated in
FIG. 2, the walls 11 have thicknesses that taper from thicker portions 11a adjacent their
combustion (ignition) chamber ends 12a to thinner portions 11b adjacent their other ends.
Thus, in the invention an engine block casting 10 for a multi-cylinder internal combustion

engine includes a plurality of cylindrical cavities 12 formed by a plurality of cylindrical

| cavity-forming walls 11, with the invention providing an improvement wherein the plurality

of cylindrical cavity-forming walls 11 have thicknesses that decrease, preferably uniformly,
from the combustion chamber portions 12a, which are the thickest, to their other ends. Ina
preferred embodiment 10, which is a compact, light-weight engine block casting, the walls 11
have minimally thick explosion-resistant wall portions 1la, for example, about 6.5
millimeters, that are shared by adjacent cylindrical cavities 12 at their combustion chamber
ends 12a, as illustrated in FIG. 2, in which the dotted line 14 depicts the shared wall po‘rtions
of the walls 11 between adjacent cylindrical cavities 12. As further illustrated by FIG. 2, the
means comprising walls 11 forming a plurality of cylindrical cavities 12 further define,
within the outside walls 15 of the casting 10, an internal closed coolant passageway 16
adjacent and preferably substantially surrounding the walls 11 forming the plurality of
cylindrical cavities 12. As will be apparent to those skilled in the art, the thinner walls
formed at the ends 11b of the cylindrical cavities 12 more remote from the combustion
chamber portions 12a of the cylindrical cavities enhance the ability of the casting to transfer

heat from within the cylindrical cavities 12 to coolant flowing in the coolant passageway 16.
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FIG. 3 is a cross-section corresponding to FIG. 2, illustrating by the cross-hatched area 18 the
metal saved by the tapered thicknesses of the walls 11 that form the plurality of cylindrical
cavities 12 in the engine block. In the embodiment illustrated in FIGS. 1-3, the thickness of
the cylindrical cavity-forming walls 11 taper, reducing their thickness by about 6% from the

combustion chamber ends 11a to their other ends 11b.

Thus, a preferred casting for a more compact and light-weight engine block can comprise a
block casting 10, including a plurality of cylindrical cavities 12, adapted for the formation of
the cylinders of an internal combustion engine, which are formed by a plurality of integral
cylinder-forming walls 11, having combﬁstion chamber portions 11a at their one ends, with
minimal thicknesses necessary to withstand the stresses imposed on the walls 11a by the
repetitive explosions of engine fuel within the cylindrical cavities 12. As illustrated by the
dotted line 14 in FIG. 2, the plurality of integral cylinder-forming walls 11 can include
portions shared between adjacent cylindrical cavities 12 to reduce the size and weight of the
engine block casting, and the size and weight of the engine block casting is further reduced
by the integral cylinder-forming walls 11 having a tapered thickness from the minimal
explosion-resistant thicknesses of the combustion chamber ends 11a to lesser thicknesses at
their other ends 11b, as further illustrated by FIG. 2. The invention permits in such a casting,
for example, the weight of an engine block of a 6.4 liter, V-8 diesel engine to be reduced by
about ten pounds. The invention can also permit an increase in engine displacement, for

example, from 6.0 liters to 6.4 liters, in the same size engine block.

FIG. 4 is a cross-sectional view of a cylinder-forming wall portion of another engine block
casting of the invention. In the embodiment 20 of FIG. 4, the cylinder-forming walls 21 have
wall thicknesses that are thicker at their combustion chamber ends 21a and can provide the
minimal thickness necessary to withstand the many fuel-explosions of engine operation, and
are thinner at their opposite ends as a result of chambers 22 for coolant flow adjacent the

cylinder-forming walls 21.

The invention also includes a method of manufacturing a lighter internal combustion engine
block comprising, as known in the art, preparing a mold 30 for casting the outside walls of an

internal combustion engine block, having an inlet (not shown) for the admission of molten
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metal into the mold, and preparing one or more cylinder cores 31 for insertion in the mold for
defining casting walls forming a plurality of cylindrical cavities for the cylinders of the
internal combustion engine block, with each cylinder core 31 having one or more
substantially right circular cylindrical walls 31a for defining the interior walls of the
cylindrical cavities of the internal combustion engine block. In the invention, one or more
coolant jacket cores 32 are prepared for insertion in the mold 30 for forming a coolant path
within the block adjacent the interior walls of the cylindrical cavities that are formed by the
cylindrical walls 31a of the cylinder cores 31, and each of the one or more coolant jacket
cores 32 | have a plurality of cylindrical portions 32a formed to surround, in a spaced
relationship, the substantially right circular walls 31a of the one or more cylinder cores 31
that define the interior walls of the plu‘rality of cylindrical cavities of the internal combustion
engine block, and the plurality of cylindrical portions 32a of the one or more coolant jacket
cores 32 have cross-sections that are thicker adjacent their bottoms 32b than adjacent their
tops 32c. Upon assembly of the one or more cylinder cores 31 and one or more coolant
Jacket cores 32 within the mold 30, the walls of the one or more cylinder cores 31 and of the
one of more coolant jacket cores 32 define casting walls forming a plurality of cylindrical
cavities for the cylinders of the internal combustion engine block that are thicker at their tops
than at their bottoms, thus reducing the rate of the weight of the block for a given internal
combustion engine displacement, and permitting an increased rate of heat transfer from the

cylinders of the internal combustion engine.

In the preferred compact, light-weight engine block illustrated in FIGS. 1 and 2, the cylinder
walls 11 are Siamesed, that is, shared between adjacent cylinders over a portion of the length,
but not the entire length, of cylindrical cavities, and the cylinder walls in the compression
areas 12a of the cylinders have minimal explosion-resistant thicknesses to withstand the
repetitive stresses imposed by the repeated explosions of fuel within the cylinders, but are
tapered in their thicknesses down to thinner walls 11b at the other ends of the cylinders to
reduce weight and allow for better flow of coolant and an increased ability to transfer heat
from the cylinder-forming walls 11 to the coolant. Thus, the invention allows explosion-
resistant thicker cylinder walls at the ignition chamber portions of engine cylinders that taper
down to reduced wall thicknesses at the other ends of the cylinders, which reduce the engine

weight and allow increased transfer of engine heat to a coolant. In one exemplary use of the

7
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invention, the displacement of a 6.0 liter V-8 diesel engine can be increased to 6.4 liters for
the same size engine block while the casting weight of the engine block can be reduced by 10
pounds, and the manufacturability of the water jacket cores can be substantially improved. It
is further believed that tapering the cylinder-forming walls may even add some structural
strength to cast crank cases, and may help to distribute loads imposed on the casting walls
without distortion. Thus, the invention permits reduced engine weight and can allow greater
coolant passage flow between the cylinders and can add sand mass to the sand water jacket

cores, making the cores more manufacturable.

While a preferred engine block casting and casting method have been described above, those
skilled in the art will recognize that other casting blocks and methods may be devised using

the invention within the scope of the following claims.
It is therefore intended that the foregoing detailed description be regarded as illustrative
rather than limiting, and that it be understood that it is the following claims, including all

equivalents, that are intended to define the spirit and scope of this invention.

What is claimed is:
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CLAIMS

1. A casting for a more compact and light-weight engine block, comprising

a block casting (10) including a plurality of cylindrical cavities (12) adapted
for the formation of the cylinders of an internal combustion engine and formed by a plurality
of integral cylinder-forming walls (11, 21) having combustion chamber portions (12a) at their
one ends, said plurality of integral cylinder-forming walls (11, 21) having minimally thick
explosion-resistant portions (11a, 21a) at the combustion chamber ends (12a) of the plurality
of cylindrical cavities (12) that are shared between adjacent cylindrical cavities (12) at their
combustion-chamber ends (12a), said integral cylinder-forming walls (11, 21) having tapered
thicknesses from the minimally thick explosion-resistant portions (11a, 21a) adjacent their
combustion-chamber ends (12a) to lesser thicknesses (11b, 21b) at their other ends, and
forming internal chambers (16, 22) at their other ends (11b, 21b) adjacent each cylindrical
cavity (12) for circulation of an engine coolant, whereby the block casting (10) provides

reduced size and weight and increased heat transfer capability.

2. A casting for an internal combustion engine cylinder block, comprising
means comprising walls (11, 21) forming a plurality of adjacent cylindrical
cavities (12) adapted for the formation of the cylinders (12) of an internal combustion engine
with combustion chambers at their one ends, said walls (11, 21) having thicknesses that taper
from thicker portions (11a, 21a) adjacent their one ends (12a) to thinner portions (11b, 21b)

adjacent their other ends.

3. The casting of claim 2 wherein said means forms internal coolant passageways
(16, 22) adjacent each of the cylindrical cavities (12), with said thinner wall portions (11a,
21a) located between the cylindrical cavities (12) and coolant passageways (16, 22).

4. The casting of claim 2 wherein said means forms minimally thick explosion-
resistant wall portions (11a, 21a) that are shared by adjacent cylindrical cavities (12) at their
one ends and internal coolant passageways (16, 22) adjacent the thinner wall portions at their
other ends (11b, 21b).



10

15

20

25

30

WO 2006/019698 PCT/US2005/024583

5. In an engine block casting (10) for multi-cylinder internal combustion engines
including a plurality of cylindrical cavities (12) adapted for the formation of piston-accepting
cylindrical walls (11, 21) with combustion chamber portions (12a) at their one ends, said
plurality of cylindrical cavities (12) being formed by a plurality of cylindrical cavity-forming
walls (11, 21), the improvement wherein the plurality of cylindrical cavity-forming walls (11,

21) taper in thickness, with the combustion chamber portions (11a) being the thickest.

6. The engine block casting (10) of claim 5, wherein the thicknesses of the
cylindrical cavity-forming walls (11, 21) taper by about six percent (6%) from their one ends
(11a, 21a) to their other ends (11b, 21b).

7. A method of manufacturing a lighter internal combustion engine, comprising

preparing a mold (30) for casting the outside walls (15) of an internal
combustion engine block (10), having an inlet for the admission of molten metal into the
mold (30), »

preparing one or more cylinder cores (31) for insertion in said mold (30) for
defining casting walls (11, 21) forming a plurality of cylindrical cavities (12) for the
cylinders of the internal combustion engine block (10), each said cylinder core (31) having
one or more substantially right circular cylindrical walls (31a) for defining the interior walls
(11) of the cylindrical cavities (12) of the internal combustion engine block (10), and

preparing one or more coolant jacket cores (32) for insertion in said mold (30)
for forming a coolant path within the block (10) adjacent said interior walls (11) of said
cylindrical cavities (12), said one or more coolant jacket cores (32) having a plurality of
cylindrical portions (32a) formed to surround, in spaced relationship, the substantially right
circular walls (31a) of the one or more cylinder cores (31) that define the interior walls (11)
of the plurality of cylindrical cavities (12) of the internal combustion engine block (10), said
plurality of cylindrical portions (32a) of the one or more coolant jacket cores (32) having
cross-sections that are thicker adjacent one end (32b) than adjacent the other (32c),

whereby upon assembly of the one or more cylinder cores (31) and one or more

coolant jacket cores (32) within said mold (30), the walls (31a, 32a) of the one or more
cylinder cores (31) and of the one or more coolant jacket cores (32) define casting walls (11)

forming a plurality of cylindrical cavities (12) for the cylinders of the internal combustion

10
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engine block (10) that are thicker at their combustion chamber ends (11a) than at their other
ends (11b, 21b).

11
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