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(57) To achieve excellent maintainability and recy-
cling efficiency for an internal combustion engine and a
high degree of freedom in design of the internal combus-
tion engine, provided are a method of manufacturing an
internal combustion engine, an internal combustion en-
gine manufactured by using the method, and a connected
cylinder to be used therefor . The method of manufactur-
ing an internal combustion engine (100) includes at least
a fitting step of fitting a connected cylinder (10) to a hollow
portion (64) of a cylinder block main body (60), the con-
nected cylinder (10) including any one of connected cyl-
inders selected from the group consisting of: (1) a first
connected cylinder including two or more cylinder liners
and a connecting portion configured to connect the two
or more cylinder liners to each other; and (2) a second
connected cylinder including a connected cylinder main
body portion having two or more cylinder bores and a
coating configured to cover an inner peripheral surface
of the connected cylinder main body portion in which the
cylinder bores are formed, the cylinder block main body
(60) having one end side where a crankcase (62) is
formed and another end side where a cylinder head is
attachable, the hollowportion (64) passing through the
cylinder block main body (60) from the one end side to

the another end side.
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Description

Technical Field

[0001] The present invention relates to a method of
manufacturing an internal combustion engine, to an in-
ternal combustion engine, and to a connected cylinder.

Background Art

[0002] Hitherto, as a cylinder block used for purpose
of, for example, reduction in size and weight of a recip-
rocating-type multi-cylinder internal combustion engine,
there has been known a so-called Siamese-type cylinder
block having a structure formed by integrally connecting
cylinder liners which respectively form adjacent cylinder
bores . As a method of manufacturing the cylinder block
described above, there have been known, for example,
(1) a method of placing a group of cylinder liners in a die
at the time of casting of the cylinder block and then casting
the group of cylinder liners into a cylinder block main
body to fix the group of cylinder liners to the cylinder block
main body, and (2) a method of fixing the group of cylinder
liners to a cylinder main body through fitting (Patent Lit-
erature 1 and Patent Literature 2). In each of the methods
of manufacturing a cylinder block, which are disclosed in
Patent Literature 1 and Patent Literature 2, the plurality
of cylinder liners are integrally formed, and the group of
cylinder liners formed of one member is used.

Citation List

Patent Literature

[0003]

[PTL 1] JP 2813947 B2
[PTL 2] JP 4278125 B2

Summary of Invention

Technical Problem

[0004] Meanwhile, for an internal combustion engine,
various kinds of performances are required to be satisfied
in accordance with requirement specifications of a vehi-
cle or apparatus other than the vehicle, for which the
internal combustion engine is used. For this purpose,
when the internal combustion engine is designed, the
internal combustion engine having a higher degree of
freedom in design is advantageous. Further, the internal
combustion engine is also required to be excellent in
maintainability. Further, in recent years, the internal com-
bustion engine is required to have recycling efficiency in
terms of an environmental load. As a result of examina-
tion by the inventors of the present invention, however,
it has been found that there is difficulty in satisfying all of
three requirements, specifically, the maintainability, the

recycling efficiency, and the degree of freedom in design
with the methods of manufacturing a cylinder block,
which are disclosed in Patent Literature 1 and Patent
Literature 2, and internal combustion engines manufac-
tured by using the methods.
[0005] The present invention has been made in view
of the conditions described above, and has an object to
provide a method of manufacturing an internal combus-
tion engine, which provides excellent maintainability and
recycling efficiency for an internal combustion engine and
a high degree of freedom in design of the internal com-
bustion engine, an internal combustion engine manufac-
tured by using the method, and a connected cylinder to
be used therefor.

Solution to Problem

[0006] The object described above is accomplished by
the following aspects of the present invention.
[0007] That is, according to one aspect of the present
invention, there is provided a method of manufacturing
an internal combustion engine, including at least a fitting
step of fitting a connected cylinder to a hollow portion of
a cylinder block main body, the connected cylinder in-
cluding any one of connected cylinders selected from the
group consisting of: (1) a first connected cylinder includ-
ing two or more cylinder liners and a connecting portion
configured to connect the two or more cylinder liners to
each other; and (2) a second connected cylinder includ-
ing a connected cylinder main body portion having two
or more cylinder bores and a coating configured to cover
an inner peripheral surface of the connected cylinder
main body portion in which the cylinder bores are formed,
the cylinder block main body having one end side where
a crankcase is formed and another end side where a
cylinder head is attachable, the hollow portion passing
through the cylinder block main body from the one end
side to the another end side.
[0008] According to one embodiment of the present
invention, in the method of manufacturing an internal
combustion engine, it is preferred that the two or more
cylinder liners and the connecting portion be formed in-
tegrally and inseparably.
[0009] According to another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the connect-
ing portion cover entire outer peripheral surfaces of the
two or more cylinder liners.
[0010] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that a material
that forms the connecting portion be different from a ma-
terial that forms the cylinder block main body.
[0011] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that a material
that forms the connected cylinder main body portion be
different from a material that forms the cylinder block
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main body.
[0012] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the fitting
step be carried out through any type of fitting selected
from clearance fit, transition fit, and interference fit.
[0013] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the connect-
ed cylinder include the first connected cylinder, and that
a sliding surface formation step of forming sliding surfac-
es by finishing inner peripheral surfaces of the cylinder
liners be carried out only before the fitting step.
[0014] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the connect-
ed cylinder include the first connected cylinder, that, after
a coating formation step of forming coatings on inner pe-
ripheral surfaces of the cylinder liners is carried out, a
sliding surface formation step of forming sliding surfaces
by finishing surfaces of the coatings be carried out, and
that the sliding surface formation step be carried out only
before the fitting step.
[0015] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the connect-
ed cylinder include the second connected cylinder, and
that a sliding surface formation step of forming a sliding
surface by finishing a surface of the coating configured
to cover the inner peripheral surface of the connected
cylinder main body portion in which the cylinder bores
are formed be carried out only before the fitting step.
[0016] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the fitting
step be carried out through any type of fitting selected
from clearance fit and transition fit.
[0017] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the fitting
step be carried out through clearance fit.
[0018] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the connect-
ed cylinder include the first connected cylinder, and that
a sliding surface formation step of forming sliding surfac-
es by finishing inner peripheral surfaces of the cylinder
liners be carried out only after the fitting step.
[0019] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the connect-
ed cylinder include the first connected cylinder, that, after
a coating formation step of forming coatings on inner pe-
ripheral surfaces of the cylinder liners is carried out, a
sliding surface formation step of forming sliding surfaces
by finishing surfaces of the coatings be carried out, and
that the sliding surface formation step be carried out only
after the fitting step.

[0020] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the connect-
ed cylinder include the second connected cylinder, and
that a sliding surface formation step of forming a sliding
surface by finishing a surface of the coating configured
to cover the inner peripheral surface of the connected
cylinder main body portion in which the cylinder bores
are formed be carried out only after the fitting step.
[0021] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the sliding
surface formation step be carried out under a state in
which the connected cylinder is assembled to a jig that
imitates the cylinder block main body and the cylinder
head, and at least the connected cylinder is heated.
[0022] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that a coolant
passage formation step of forming a coolant passage
between two adjacent ones of the cylinder bores of the
connected cylinder be carried out at least before the fitting
step.
[0023] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the coolant
passage be provided inside an end surface of the con-
nected cylinder on a side where the cylinder head is ar-
rangeable, and that a sectional shape of the coolant pas-
sage, which is taken along a plane being parallel to a
center line of each of the cylinder bores formed in the
connected cylinder, be a slit-like shape.
[0024] According to still another embodiment of the
present invention, in the method of manufacturing an in-
ternal combustion engine, it is preferred that the cylinder
block main body be formed by any method selected from
casting and resin molding.
[0025] According to one aspect of the present inven-
tion, there is provided an internal combustion engine in-
cluding at least: a connected cylinder selected from the
group consisting of: (1) a first connected cylinder includ-
ing two or more cylinder liners and a connecting portion
configured to connect the two or more cylinder liners to
each other; and (2) a second connected cylinder includ-
ing a connected cylinder main body portion having two
or more cylinder bores and a coating configured to cover
an inner peripheral surface of the connected cylinder
main body portion in which the cylinder bores are formed;
and a cylinder block main body having one end side
where a crankcase is formed, another end side where a
cylinder head is attachable, and a hollow portion passing
through the cylinder block main body from the one end
side to the another end side, wherein the connected cyl-
inder is fitted to the hollow portion of the cylinder block
main body so as to be removable.
[0026] According to one embodiment of the present
invention, in the internal combustion engine, it is pre-
ferred that the connected cylinder be fitted into the hollow
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portion of the cylinder block main body through any type
of fitting selected from clearance fit and transition fit.
[0027] According to another embodiment of the
present invention, in the internal combustion engine, it is
preferred that a coolant passage be provided between
two adjacent ones of the cylinder bores of the connected
cylinder so as to be located inside an end surface of the
connected cylinder on which the cylinder head is ar-
ranged, and that a sectional shape of the coolant pas-
sage, which is taken along a plane being parallel to a
center line of each of the cylinder bores formed in the
connected cylinder, be a slit-like shape.
[0028] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that fixing flange portions be formed on an outer
peripheral surface of the connected cylinder along a di-
rection parallel to a center line of each of cylinder bores
formed in the connected cylinder, and that guide grooves
to be fitted to the fixing flange portions be formed in an
inner peripheral surface of the hollow portion of the cyl-
inder block main body.
[0029] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that the fixing flange portions be formed on the
outer peripheral surface so as to be located on both end
sides in a direction of arrangement of the cylinder bores,
and that the guide grooves be formed in the inner periph-
eral surface of the hollow portion of the cylinder block
main body so as to be located on both end sides in a
longitudinal direction of an opening portion of the hollow
portion.
[0030] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that fixing flange portions be formed on an inner
peripheral surface of the hollow portion of the cylinder
block main body along a direction parallel to a penetrating
direction of the hollow portion, and that guide grooves to
be fitted to the fixing flange portions be formed in an outer
peripheral surface of the connected cylinder.
[0031] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that the fixing flange portions be formed on the
inner peripheral surface of the hollow portion of the cyl-
inder block main body so as to be located on both end
sides in a longitudinal direction of an opening portion of
the hollow portion, and that the guide grooves be formed
in the outer peripheral surface of the connected cylinder
so as to be located on both end sides in a direction of
arrangement of cylinder bores formed in the connected
cylinder.
[0032] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that the internal combustion engine include a
horizontally-opposed engine.
[0033] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that a coolant jacket be provided between an
outer peripheral surface of the connected cylinder and

an inner peripheral surface of the hollow portion of the
cylinder block main body.
[0034] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that a dividing flange portion configured to di-
vide the coolant jacket into two or more portions be
formed at least on any surface selected from the outer
peripheral surface of the connected cylinder and the inner
peripheral surface of the hollow portion of the cylinder
block main body.
[0035] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that the fixing flange portions also have a func-
tion of the dividing flange portion.
[0036] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that the dividing flange portion have no through
hole penetrating in a width direction of the dividing flange
portion.
[0037] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that the dividing flange portion have a through
hole penetrating in a width direction of the dividing flange
portion and a closing member capable of closing the
through hole.
[0038] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that the through hole be closed by the closing
member when the internal combustion engine is operat-
ed.
[0039] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that no coolant jacket spacer be arranged in
the coolant jacket.
[0040] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that a depth D of the coolant jacket be 1/2 times
of a total length L of the coolant jacket or smaller in a
direction parallel to a center line of each of cylinder bores
formed in the connected cylinder.
[0041] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that a depth D of the coolant jacket be 1/2 times
of a total length L of the coolant jacket or smaller in a
direction parallel to a center line of each of cylinder bores
formed in the connected cylinder, and that no coolant
jacket spacer be arranged in the coolant jacket.
[0042] According to another embodiment of the
present invention, in the internal combustion engine, it is
preferred that a projecting portion be formed at least on
a portion of the outer peripheral surface of the connected
cylinder, which is located on the another end side (cylin-
der head side), and that a distal end of the projecting
portion be held in close contact with a portion of the inner
peripheral surface of the hollow portion of the cylinder
block main body, which is located on the another end
side (cylinder head side).
[0043] According to still another embodiment of the
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present invention, in the internal combustion engine, it is
preferred that a fixing member configured to fix the con-
nected cylinder and the cylinder block main body to each
other be provided between a portion of the outer periph-
eral surface of the connected cylinder, which is located
on the another end side (cylinder head side), and a por-
tion of the inner peripheral surface of the cylinder block
main body, which is located on the another end side (cyl-
inder head side).
[0044] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that the first connected cylinder have a con-
nected ring-like outer peripheral shape having a ring-like
portion with a diameter larger than a bore diameter of
each of the cylinder liners, that an outer diameter D1 of
a first region formed of an outer peripheral surface from
a vicinity of a side of the cylinder head to a vicinity of a
central portion in a direction of a center line of each of
the cylinder liners based on the center line of each of the
cylinder liners as a reference be larger than an outer di-
ameter D2 of a second region formed of an outer periph-
eral surface in a vicinity of a side of the crankcase based
on the center line of each of the cylinder liners as a ref-
erence, that a level difference that is parallel to an outer
peripheral direction and is continuous be formed between
the first region and the second region, and that a coolant
jacket be formed between the first region and the inner
peripheral surface of the hollow portion of the cylinder
block main body.
[0045] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that the second connected cylinder have a con-
nected ring-like outer peripheral shape having a ring-like
portion with a diameter larger than a bore diameter of
each of the cylinder bores, that an outer diameter D1 of
a first region formed of an outer peripheral surface from
a vicinity of a side of the cylinder head to a vicinity of a
central portion in a direction of a center line of each of
the cylinder bores based on the center line of each of the
cylinder bores as a reference be larger than an outer
diameter D2 of a second region formed of an outer pe-
ripheral surface in a vicinity of a side of the crankcase
based on the center line of each of the cylinder bores as
a reference, that a level difference that is parallel to an
outer peripheral direction and is continuous be formed
between the first region and the second region, and that
a coolant jacket be formed between the first region and
the inner peripheral surface of the hollow portion of the
cylinder block main body.
[0046] According to still another embodiment of the
present invention, in the internal combustion engine, it is
preferred that a flange portion that partitions the first re-
gion into a region on the cylinder head side and a region
on the crankcase side be formed on the first region, and
that the coolant jacket be divided by the flange portion in
a direction of the center line of each of the cylinder liners
or each of the cylinder bores.
[0047] According to a first aspect of the present inven-

tion, provided is a connected cylinder, including: two or
more cylinder liners; and a connecting portion configured
to connect the two or more cylinder liners to each other.
[0048] According to one embodiment of a first aspect
of the present invention, it is preferred that the connected
cylinder have a connected ring-like outer peripheral
shape having a ring-like portion with a diameter larger
than a bore diameter of each of the cylinder liners, that
an outer diameter D1 of a first region formed of an outer
peripheral surface from a vicinity of a cylinder head side
to a vicinity of a central portion in a direction of a center
line of each of the cylinder liners based on the center line
of each of the cylinder liners as a reference be larger
than an outer diameter D2 of a second region formed of
an outer peripheral surface in a vicinity of a crankcase
side based on the center line of each of the cylinder liners
as a reference, and that a level difference that is parallel
to an outer peripheral direction and is continuous be
formed between the first region and the second region.
[0049] According to a second aspect of the present
invention, provided is a connected cylinder, including: a
connected cylinder main body portion having two or more
cylinder bores; and a coating configured to cover an inner
peripheral surface of the cylinder bores, which are formed
in the connected cylinder main body portion.
[0050] According to one embodiment of a second as-
pect of the present invention, it is preferred that the con-
nected cylinder have a connected ring-like outer periph-
eral shape having a ring-like portion with a diameter larg-
er than a bore diameter of each of the cylinder bores,
that an outer diameter D1 of a first region formed of an
outer peripheral surface from a vicinity of a cylinder head
side to a vicinity of a central portion in a direction of a
center line of each of the cylinder bores based on the
center line of each of the cylinder bores as a reference
be larger than an outer diameter D2 of a second region
formed of an outer peripheral surface in a vicinity of a
crankcase side based on the center line of each of the
cylinder bores as a reference, and that a level difference
that is parallel to an outer peripheral direction and is con-
tinuous be formed between the first region and the sec-
ond region.
[0051] According to one embodiment of the first and
second aspects of the present invention, it is preferred
that the connected cylinder further include a flange por-
tion formed on an outer peripheral surface.
[0052] According to another embodiment of the first
and second aspects of the present invention, in the con-
nected cylinder, it is preferred that a flange portion that
partitions the first region into a region on the cylinder
head side and a region on the crankcase side be formed
on the first region.
[0053] According to still another embodiment of the first
and second aspects of the present invention, in the con-
nected cylinder, it is preferred that the flange portion have
no through hole penetrating in a width direction of the
flange portion.
[0054] According to still another embodiment of the first
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and second aspects of the present invention, in the con-
nected cylinder, it is preferred that the flange portion have
a through hole penetrating in a width direction of the
flange portion and a closing member capable of closing
the through hole.
[0055] According to still another embodiment of the first
and second aspects of the present invention, in the con-
nected cylinder, it is preferred that a coolant passage be
formed between adjacent two ones of cylinder bores of
the connected cylinder so as to be located inside an end
surface of the connected cylinder on a side where the
cylinder head is arrangeable and that a sectional shape
of the coolant passage, which is taken along a plane be-
ing parallel to a center line of each of the cylinder bores
formed in the connected cylinder, be a slit-like shape.
[0056] According to another embodiment of the first
and second aspects of the present invention, in the con-
nected cylinder, it is preferred that the first region have
no projecting portion.
[0057] According to still another embodiment of the first
and second aspects of the present invention, in the con-
nected cylinder, it is preferred that the second region
have no projecting portion.

Advantageous Effects of Invention

[0058] According to the present invention, it is possible
to provide a method of manufacturing an internal com-
bustion engine, which provides excellent maintainability
and recycling efficiency for an internal combustion engine
and a high degree of freedom in design of the internal
combustion engine, an internal combustion engine man-
ufactured by using the method, and a connected cylinder
to be used therefor.

Brief Description of Drawings

[0059]

FIG. 1 is an external appearance perspective view
for illustrating an example of a first connected cylin-
der to be used for a method of manufacturing an
internal combustion engine according to an embod-
iment of the present invention.
FIG. 2 is an enlarged perspective view of a portion
of the first connected cylinder illustrated in FIG. 1,
which is located on a cylinder head side.
FIG. 3 is an enlarged sectional view for illustrating
an example of a sectional structure of the first con-
nected cylinder illustrated in FIG. 2, which is taken
along the line III-III.
FIG. 4 is an enlarged perspective view for illustrating
an example of a portion of a second connected cyl-
inder, which is located on the cylinder head side, to
be used for the method of manufacturing an internal
combustion engine according to the embodiment.
FIG. 5 is an enlarged sectional view for illustrating
an example of a sectional structure of the second

connected cylinder illustrated in FIG. 4, which is tak-
en along the line V-V.
FIG. 6 is an exploded perspective view for illustrating
part of a cylinder block main body in a broken manner
for an example of the cylinder block main body to be
used for the method of manufacturing an internal
combustion engine according to the embodiment.
FIG. 7 is an external appearance perspective view
for illustrating an example of an internal combustion
engine using the first connected cylinder that is man-
ufactured by the method of manufacturing an internal
combustion engine according to the embodiment.
FIG. 8 is a schematic sectional view for illustrating
an example of a sectional structure of the internal
combustion engine illustrated in FIG. 7, which is tak-
en along the line VIII-VIII.
FIG. 9 is a schematic sectional view for illustrating
an example of a sectional structure of the first con-
nected cylinder illustrated in FIG. 3, which is taken
along the line IX-IX.
FIG. 10 is a schematic sectional view for illustrating
an example of a sectional structure of the second
connected cylinder illustrated in FIG. 5, which is tak-
en along the line X-X.
FIG. 11 is a schematic sectional view for illustrating
a modification example of the first connected cylinder
illustrated in FIG. 9.
FIG. 12 is a schematic sectional view for illustrating
a modification example of the internal combustion
engine illustrated in FIG. 8.
FIG. 13 is a schematic sectional view for illustrating
another modification example of the internal com-
bustion engine illustrated in FIG. 8.
FIGS. 14 are schematic end views, each for illustrat-
ing an example of a sectional shape of a coolant
passage and are specifically enlarged views for il-
lustrating end surfaces (ZX cross section) in the vi-
cinity of another end-side (Z1 side) of a first connect-
ed cylinder, in which FIG. 14(A) is an end view for
illustrating a coolant passage having a circular sec-
tional shape, FIG. 14(B) is an end view for illustrating
a coolant passage having a slit-like sectional shape,
which has an opening portion even on an end surface
of the connected cylinder on the another end-side
(Z1 side), FIG. 14(C) is an end view for illustrating a
coolant passage having a slit-like sectional shape
formed inside (on one end side (Z2 side) of) the end
surface of the connected cylinder 10 on the another
end-side (Z1 side).
FIG. 15 is an external appearance perspective view
for illustrating another modification example of the
first connected cylinder illustrated in FIG. 1.
FIG. 16 is an external appearance perspective view
for illustrating still another modification example of
the first connected cylinder illustrated in FIG. 1.
FIG. 17 is an external appearance perspective view
for illustrating still another modification example of
the first connected cylinder illustrated in FIG. 1.
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FIG. 18 is a top view for illustrating an example of
the cylinder block main body to be used in combina-
tion with the first connected cylinder illustrated in
FIG. 15.

Description of Embodiment

[0060] A method of manufacturing an internal combus-
tion engine, an internal combustion engine, and a con-
nected cylinder according to this embodiment are de-
scribed below with reference to the drawings. In the fol-
lowing description, an X direction, a Y direction, and a Z
direction illustrated in the drawings are orthogonal to
each other. In this case, the X direction is a direction of
arrangement of cylinder bores. The Y direction is a di-
rection orthogonal to the direction of arrangement of the
cylinder bores and to center lines C of the cylinder bores
(center lines C of the cylinder bores and cylinder liners
in a first connected cylinder) . The Z direction is a direc-
tion parallel to the center lines C of the cylinder bores. In
the X direction, an X1 side is opposite to an X2 side. In
the Y direction, a Y1 side is opposite to a Y2 side. In the
Z direction, a Z1 side (cylinder head side) is opposite to
a Z2 side (crankcase side).

<Method of Manufacturing Internal Combustion Engine>

[0061] In the method of manufacturing an internal com-
bustion engine according to this embodiment, there is
used any one of connected cylinders selected from the
group consisting of: (1) a first connected cylinder includ-
ing two or more cylinder liners and a connecting portion
configured to connect the two or more cylinder liners to
each other; and (2) a second connected cylinder includ-
ing a connected cylinder main body portion having two
or more cylinder bores and coatings configured to cover
inner peripheral surfaces of the connected cylinder main
body portion in which the cylinder bores are formed.
[0062] FIG. 1 to FIG. 3 are schematic views for illus-
trating an example of a connected cylinder to be used
for a method of manufacturing an internal combustion
engine according to this embodiment, more specifically,
views for illustrating an example of the first connected
cylinder. In the drawings, FIG. 1 is an external appear-
ance perspective view of the first connected cylinder, and
FIG. 2 is an enlarged perspective view of a portion of the
first connected cylinder, which is located on the cylinder
head side. FIG. 3 is an enlarged sectional view for illus-
trating an example of a sectional structure of the portion
of the first connected cylinder, which is located on the
cylinder head side, and for illustrating a sectional struc-
ture (XY sectional structure) of the first connected cylin-
der illustrated in FIG. 2, which is taken along the line III-III.
[0063] A first connected cylinder 10A1 (10A, 10) ex-
emplified in FIG. 1 to FIG. 3 includes four cylinder bores
20. The cylinder bores 20 are formed along the X direction
so that center lines C thereof are located on the same
plane (XZ plane). The first connected cylinder 10A1 in-

cludes four cylinder liners 40 and a connecting portion
42 configured to connect the four cylinder liners 40 to
each other. In the example illustrated in FIG. 1 to FIG. 3,
the connecting portion 42 is provided so as to cover at
least entire outer peripheral surfaces 40A of the four cyl-
inder liners 40 each having a cylindrical shape, and has
a connected ring-like outer peripheral shape having ring-
like portions each with a diameter obtained by increasing
a bore diameter Db of each of the cylinder liners 40. One
of the cylinder liners 40 and another of the cylinder liners
40, which are adjacent to each other in the X direction,
are arranged to be spaced away from each other by a
given distance so that the outer peripheral surfaces 40A
thereof do not come into contact with each other. Spe-
cifically, a space between the two adjacent cylinder liners
40 is filled with a material that forms the connecting por-
tion 42 without a gap. A cylinder head-side end surface
and a crankcase-side end surface of each of the cylinder
liners 40 are covered with the connecting portion 42. Any
one or both of the cylinder head-side end surface and
the crankcase-side end surface of each of the cylinder
liners 40 are not required to be covered with the connect-
ing portion 42.
[0064] FIG. 4 and FIG. 5 are schematic views for illus-
trating another example of the connected cylinder to be
used for the method of manufacturing an internal com-
bustion engine according to this embodiment, more spe-
cifically, views for illustrating an example of the second
connected cylinder. FIG. 4 is an enlarged perspective
view of a portion of the second connected cylinder, which
is located on the cylinder head side. FIG. 5 is an enlarged
sectional view for illustrating an example of a sectional
structure of the portion of the second connected cylinder,
which is located on the cylinder head side, and is a view
for illustrating a sectional structure (XY sectional struc-
ture) of the connected cylinder illustrated in FIG. 4, which
is taken along the line V-V.
[0065] An outer peripheral shape of a second connect-
ed cylinder 10B (10) exemplified in FIG. 4 and FIG. 5 is
similar to that of the first connected cylinder 10A1 exem-
plified in FIG. 1. The second connected cylinder 10B also
has the four cylinder bores 20. The cylinder bores 20 are
arranged along the X direction so that the center lines C
thereof are located on the same plane (XZ plane) . The
second connected cylinder 10B includes a connected cyl-
inder main body portion 50 having the four cylinder bores
20 and coatings 52 configured to cover inner peripheral
surfaces 50B of the connected cylinder main body portion
50 in which the cylinder bores 20 are formed. In the ex-
ample illustrated in FIG. 4 and FIG. 5, the connected
cylinder main body portion 50 has a connected ring-like
outer peripheral shape having ring-like portions each with
a diameter obtained by increasing the bore diameter Db
of each of the four cylinder bores 20 each having a circular
hole shape.
[0066] Although the first connected cylinder 10A1 ex-
emplified in FIG. 1 to FIG. 3 includes the four cylinder
liners 40, the number of cylinder liners 40 is not particu-
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larly limited as long as the number of cylinder liners 40
is two or more. In general, the number of cylinder liners
40 can be selected within a range of from 2 to 8. Although
the second connected cylinder 10B exemplified in FIG.
4 and FIG. 5 has the four cylinder bores 20, the number
of cylinder bores 20 is not particularly limited as long as
the number of cylinder bores 20 is two or more. In general,
the number of cylinder bores 20 can be selected within
a range of from 2 to 8.
[0067] With the method of manufacturing an internal
combustion engine according to this embodiment, an in-
ternal combustion engine is manufactured at least
through a fitting step of fitting the connected cylinder 10
as exemplified in FIG. 1 to FIG. 5 to a cylinder block main
body.
[0068] As exemplified in FIG. 6, a cylinder block main
body 60A (60) has a structure having one end side (Z2
side) where a crankcase 62 is formed, another end side
(Z1 side) where a cylinder head is attachable, and a hol-
low portion 64 passing through cylinder block main body
60A (60) from the one end side to the another end side.
In the fitting step, the connected cylinder 10 is fitted to
the hollow portion 64. After the fitting step is carried out,
various other steps are carried out to complete the inter-
nal combustion engine. As the other steps, there is given,
for example, a step of assembling the cylinder head on
the cylinder head side (Z1 side) of the cylinder block main
body 60 in which the connected cylinder 10 fitted and
fixed to the hollow portion 64 is arranged.
[0069] In the fitting step, the connected cylinder 10 can
be fitted into the hollow portion 64 of the cylinder block
main body 60 through any type of fitting selected from
clearance fit, transition fit, and interference fit. In the spec-
ification of this application, the "clearance fit" is fitting with
which a gap is generated between members to be fitted
together even in consideration of a tolerance of each of
the members, the "interference fit" is fitting with which an
interference margin is generated between members to
be fitted together even in consideration of a tolerance of
each of the members, and the "transition fit" is fitting with
which a gap is generated between members to be fitted
in some cases and an interference margin is generated
between members to be fitted in other cases in consid-
eration of a tolerance of each of the members (interme-
diate fitting between the clearance fit and the interference
fit).
[0070] A fitting method using the interference fit is not
particularly limited. There are given, for example, cooling
fit with which the connected cylinder 10 in a cooled state
is fitted into the hollow portion 64 of the cylinder block
main body 60, shrinkage fit with which the connected
cylinder 10 is fitted into the hollow portion 64 of the cyl-
inder block main body 60 in a heated state, and strong
press-fit. A fitting method using the transition fit is not
particularly limited. There are given, for example, fitting
under a state in which slipping in a fitting portion is im-
proved with use of, for example, a lubricant, fitting with
use of a jig made of a material softer than the connected

cylinder 10 (for example, by driving with use of a hammer
made of a resin or wood) after positioning with high ac-
curacy is performed. Further, when the connected cylin-
der 10 is fitted into the hollow portion 64 of the cylinder
block main body 60 through the clearance fit, the fitting
may be carried out under a state in which an easily de-
formable or flowable material including a resin material,
a rubber material, a fibrous material such as glass fiber,
or a paste-like material is arranged between the mem-
bers as needed.
[0071] The selection of the type of fitting may be made
in accordance with, for example, requirement design
specifications of an internal combustion engine 100.
When the connected cylinder 10 is desired to be firmly
fixed to the cylinder block main body 60, the fitting through
the interference fit is preferred. As a case in which the
fitting through the interference fit is suitable, for example,
there is exemplified a case in which the internal combus-
tion engine 100 has such a configuration that the center
lines C of the cylinder bores are generally greatly inclined
with respect to or orthogonal to a vertical direction under
a state in which the internal combustion engine 100 is
mounted in a device such as an automobile and at the
time of assembly, as in a case in which the internal com-
bustion engine 100 is a V-type engine or a horizontally-
opposed engine.
[0072] Meanwhile, under the state in which the internal
combustion engine 100 is mounted in a device such as
an automobile and at the time of assembly, when the
internal combustion engine 100 has such a configuration
that the vertical direction and the center lines C of the
cylinder bores become parallel or substantially parallel
to each other as in a case in which the internal combustion
engine 100 is, for example, an in-line engine, it is easy
to stably fix the connected cylinder 10 in the cylinder block
main body 60 without causing a positional shift of the
connected cylinder 10 in a direction orthogonal to the
center lines C of the cylinder bores. In the case described
above, the fitting through the clearance fit is also suitable.
Further, even in the internal combustion engine 100 hav-
ing such a configuration that the center lines C of the
cylinder bores are generally greatly inclined with respect
to or orthogonal to the vertical direction under a state in
which the internal combustion engine 100 is mounted in
a device such as an automobile, in a case in which the
connected cylinder 10 is arranged so that the vertical axis
and the center lines C of the cylinder bores become par-
allel or substantially parallel to each other at the time of
assembly of the internal combustion engine 100 (partic-
ularly preferably, during a time period from a time imme-
diately before the mounting of the connected cylinder 10
into the cylinder block main body 60 to completion of the
assembly of the cylinder head), the fitting through the
clearance fit is also suitable. Further, in comparison to
the interference fit and the transition fit, the clearance fit
is less liable to cause damage to the fitting portion be-
tween the connected cylinder 10 and the cylinder block
main body 60 at the time of disassembly of the internal
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combustion engine 100. Thus, the clearance fit is also
advantageous in terms of reuse of components.
[0073] Further, (i) when deformation of the connected
cylinder 10, the cylinder bores 20, the cylinder block main
body 60 or the hollow portion 64 is desired to be sup-
pressed, or (ii) when the connected cylinder 10 is desired
to be more easily removed from the cylinder block main
body 60 at the time of repair and maintenance of the
internal combustion engine 100 or at the time of disposal
thereof, it is preferred that the fitting be achieved through
the clearance fit. Further, when an intermediate effect
between an effect obtained by the fitting through the in-
terference fit and an effect obtained by the fitting through
the clearance fit is desired to be obtained, the fitting
through the transition fit is preferred.
[0074] Further, when the connected cylinder 10 is fitted
into the hollow portion 64, it is suitable to form an outer
peripheral surface 10S of the connected cylinder 10 on
the one end side (Z2 side) as a tapered surface so as to
improve positioning of the connected cylinder 10 with re-
spect to the hollow portion 64 and ease of insertion there-
of.
[0075] FIG. 7 is an external appearance perspective
view for illustrating an example of an internal combustion
engine manufactured by the method of manufacturing an
internal combustion engine according to this embodi-
ment, and FIG. 8 is a schematic sectional view for illus-
trating an example of a sectional structure (YZ sectional
structure) of the internal combustion engine illustrated in
FIG. 7, which is taken along the line IV-IV. In the internal
combustion engine illustrated in FIG. 7 and FIG. 8, illus-
tration is omitted for main components other than the
connected cylinder and the cylinder block main body,
which construct the internal combustion engine.
[0076] An internal combustion engine 100A (100) illus-
trated in FIG. 7 and FIG. 8 includes the connected cylin-
der 10 and the cylinder block main body 60. The con-
nected cylinder 10 is removably fitted to a one end-side
portion (fitting portion 64J) of the hollow portion 64 of the
cylinder block main body 60. Although the first connected
cylinder 10A1 exemplified in FIG. 1 to FIG. 3 is used as
the connected cylinder 10 in the example illustrated in
FIG. 7 and FIG. 8, the second connected cylinder 10B
or the connected cylinder 10 having a flange portion 16
as exemplified in FIGS. 11 and 15 to 17 referred to later
can be used in place of the first connected cylinder 10A1.
In the example illustrated in FIG. 7 and FIG. 8, the cylinder
block main body 60A is used as the cylinder block main
body 60. When the connected cylinder 10 having the
flange portion 16 is used, however, a cylinder block main
body 60B (60) as exemplified in FIG. 13 referred to later
can also be used.
[0077] Meanwhile, in a general internal combustion en-
gine having a structure in which a plurality of cylinder
liners are casted into a cylinder block, an entire main part
of the internal combustion engine, which includes the cyl-
inder liners and the cylinder block, is required to be han-
dled even when repair and replacement work is required

for only part of the internal combustion engine. In addi-
tion, in the general internal combustion engine, a plurality
of, that is, two or more kinds of materials having different
material properties (for example, a material that forms
the cylinder liners and a material that forms the cylinder
block having the cylinder liners casted therein) are
formed integrally and inseparably. Therefore, when a re-
cycling process is required to be performed for each of
the kinds of materials, the materials are required to be
separated for each of the kinds of materials by using a
difference in melting temperature between the materials.
The same applies to an internal combustion engine dis-
closed in Patent Literature 1, which has a structure in
which a group of the cylinder liners is casted into the
cylinder block main body.
[0078] Meanwhile, in the method of manufacturing an
internal combustion engine according to this embodi-
ment, as exemplified in FIG. 7 and FIG. 8, the connected
cylinder 10 is fixed to the cylinder block main body 60 by
fitting the connected cylinder 10 to the hollow portion 64.
Therefore, even after being fixed to the cylinder block
main body 60, the connected cylinder 10 can be easily
removed from the cylinder block main body 60. There-
fore, when the internal combustion engine 100 is sub-
jected to maintenance, the connected cylinder 10 is re-
moved from the cylinder block main body 60 so that any
one or both of the connected cylinder 10 and the cylinder
block main body 60 can be repaired or replaced individ-
ually. Therefore, the internal combustion engine 100
manufactured by the method of manufacturing an internal
combustion engine according to this embodiment is ex-
cellent in maintainability.
[0079] In addition, when the internal combustion en-
gine 100 is to be disposed of, the connected cylinder 10
and the cylinder block main body 60, which are main
components constructing the internal combustion engine
100, can be easily separated so as to be disposed of
separately. In this case, the cylinder block main body 60,
which is to be used for the method of manufacturing an
internal combustion engine according to this embodi-
ment, is generally formed of a member (member which
is entirely integral and inseparable and is made of one
kind of material) produced by using casting, resin mold-
ing, or other methods.
[0080] Therefore, the cylinder block main body 60,
which is removed from the internal combustion engine
100, can be directly subjected to the recycling process
without being subjected to, for example, further separa-
tion process. For example, when the cylinder block main
body 60 is a cast that is manufactured using an aluminum
alloy, cast iron, or other materials, the cylinder block main
body 60 can be subjected to a dissolution treatment to
be reused. Therefore, the internal combustion engine
100 manufactured by the method of manufacturing an
internal combustion engine according to this embodi-
ment is also excellent in recycling efficiency. Although it
is particularly preferred that the cylinder block main body
60 be generally formed of an entirely integral and insep-
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arable member made of a single kind of material, a struc-
ture of the cylinder block main body 60 is not limited to
that in a case in which the cylinder block main body 60
is formed of an entirely integral and inseparable member
made of a single kind of material as long as the cylinder
block main body 60 has substantially the same degree
of recycling efficiency as that of the member described
above.
[0081] When any one of the members which construct
the internal combustion engine 100 to be disposed of,
that is, the connected cylinder 10 and the cylinder block
main body 60, is satisfactorily reusable, the one member
may be reused and only another of the members may be
disposed of.
[0082] In view of ease of separation and disassembly
between the connected cylinder 10 and the cylinder block
main body 60 at the time of recycling or disposal of the
internal combustion engine 100, it is preferred that the
connected cylinder 10 be fitted into the hollow portion 64
of the cylinder block main body 60 through any type of
fitting selected from the clearance fit and the transition
fit. It is more preferred that the fitting be achieved through
the clearance fit.
[0083] Meanwhile, when the internal combustion en-
gine 100 in which the connected cylinder 10 is fitted into
the hollow portion 64 of the cylinder block main body 60
through the interference fit is to be recycled or disposed
of, it is preferred that a reverse process to the cooling fit
and/or the shrinkage fit be carried out. Specifically, when
the connected cylinder 10 is in a cooled state and/or the
cylinder block main body 60 is in a heated state, the con-
nected cylinder 10 and the cylinder block main body 60
can easily be separated from each other and disassem-
bled. The above-mentioned method of disassembling the
internal combustion engine 100 may be applied to the
internal combustion engine 100 in which the connected
cylinder 10 is fitted into the hollow portion 64 of the cyl-
inder block main body 60 through the transition fit or the
clearance fit, as needed.
[0084] With a general related-art method of manufac-
turing an internal combustion engine in which the cylinder
liners and the cylinder block are integrated by cast-in of
the cylinder liners with a casting material, a whole mem-
ber obtained by integrating the cylinder liners and the
cylinder block is required to be disposed of even when a
defect is found only in a portion of the cylinder liners or
a portion in the vicinity thereof or a defect is found only
in the cylinder block after casting. Meanwhile, with the
method of manufacturing an internal combustion engine
according to this embodiment, the two components (the
connected cylinder 10 and the cylinder block main body
60) are prepared separately and are then combined to
manufacture the internal combustion engine 100. Thus,
even when a defective failure is found in any of the com-
ponents after a fitting step, only the component in which
the defective failure has been found is to be disposed of.
Thus, in other words, even when a defective failure oc-
curs, disposal loss in a manufacturing process can be

reduced.
[0085] The internal combustion engine is required to
satisfy various performances such as an output, fuel ef-
ficiency, and small-size and lightweight properties in ac-
cordance with requirement specifications of a vehicle or
apparatus other than the vehicle, for which the internal
combustion engine is used. In addition, particularly im-
portant characteristics for the internal combustion en-
gine, such as the output and the fuel efficiency, tend to
be greatly affected by a material property and a structure
of a portion in the vicinity of the cylinder bores. Thus, it
is important for the internal combustion engine to have
a high degree of freedom in design, in particular, a high
degree of freedom in design in the vicinity of a central
portion (in the vicinity of the cylinder bores) of the internal
combustion engine so that various performances can be
flexibly satisfied.
[0086] Meanwhile, the connected cylinder 10 to be
used for the method of manufacturing an internal com-
bustion engine according to this embodiment has a main
part formed of a combination of two kinds of members.
Specifically, the first connected cylinder 10A has a main
part formed of a combination of the cylinder liners 40 and
the connecting portion 42, whereas the second connect-
ed cylinder 10B has a main part formed of a combination
of the connected cylinder main body portion 50 and the
coatings 52. Therefore, the various performances in ac-
cordance with the required specifications of the vehicle
or the apparatus other than the vehicle, for which the
internal combustion engine is used, are easily satisfied
by appropriately changing the combination of material
properties and shapes of the two kinds of members. In
addition, even for the whole internal combustion engine
100, a main part thereof is formed of the connected cyl-
inder 10 and the cylinder block main body 60, which are
members separate from and independent of each other.
Therefore, it is easy to satisfy the various performances
in accordance with the required specifications of the ve-
hicle or the apparatus other than the vehicle, for which
the internal combustion engine is used, by appropriately
changing the combination of material properties and
shapes of the above-mentioned two kinds of members.
[0087] Thus, in comparison to a general internal com-
bustion engine having a structure in which the cylinder
liners and the cylinder block are formed integrally and
inseparably by casting the cylinder liners into the cylinder
block, and the internal combustion engines disclosed in
Patent Literature 1 and Patent Literature 2, each having
a structure in which the plurality of cylinder liners are
integrally formed and the group of cylinder liners formed
of one member is used, the internal combustion engine
100 manufactured by the method of manufacturing an
internal combustion engine according to this embodi-
ment has a high degree of freedom in design. Therefore,
the internal combustion engine 100 can easily meet a
wide variety of required specifications.
[0088] The internal combustion engine 100 is not lim-
ited to that manufactured according to specific design
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specifications, and can be flexibly designed based on
various required specifications or technical concepts. As
design examples of the internal combustion engine 100,
the following design examples can be exemplified as ba-
sic technical concepts.

(Design Example 1)

[0089]

a) As the connected cylinder 10 to be used for the
internal combustion engine 100, the first connected
cylinder 10A is to be used.
b) As a material that forms the cylinder liners 40, a
material that is excellent in sliding characteristics
(wear resistance, seizing resistance, a low friction
property) relative to those of the connecting portion
42 is to be used.
c) As a material that forms the connecting portion
42, a material having a low density (lightweight) and
a high thermal conductivity (heat dissipation proper-
ty) relative to those of the material that forms the
cylinder liners 40 is to be used.

[0090] In Design Example 1, the internal combustion
engine 100 excellent in sliding characteristics, light-
weight property, and heat dissipation property can be
provided.

(Design Example 2)

[0091]

a) As the connected cylinder 10 to be used for the
internal combustion engine 100, the first connected
cylinder 10A is to be used.
b) As a material that forms the connecting portion
42, a material having a large strength is to be used.

[0092] In Design Example 2, the strength of the con-
necting portion 42 is increased. Therefore, a reduction
in thickness of the cylinder liners 40 and a reduction in
thickness of a portion between two adjacent ones of the
cylinder bores 20 are facilitated. Consequently, the inter-
nal combustion engine 100 can be reduced in weight.
Alternatively, in a case in which the thickness of the por-
tion between the two adjacent cylinder bores 20 is not
reduced, when a cooling medium flow passage is formed
between the two adjacent cylinder bores 20, a capacity
of the cooling medium flow passage can be increased
while the strength required for the first connected cylinder
10A is ensured. Further, deformation of the bores due to
an increase in in-cylinder pressure, which is caused by
engine combustion, can be prevented.

(Design Example 3)

[0093] As the connected cylinder 10 to be used for the

internal combustion engine 100, the second connected
cylinder 10B is to be used.
[0094] In Design Example 3, the sliding characteristics
can be ensured by the coatings 52 having a such mass
that is substantially negligibly smaller than that of the
cylinder liners 40. Therefore, in the internal combustion
engine, a mass and a volume of a portion formed of the
second connected cylinder 10B can be easily significant-
ly reduced in comparison to a structural portion in the
vicinity of a portion in which the cylinder bores are ar-
ranged in array, specifically, a portion including the cyl-
inder liners and a cast member that covers the cylinder
liners in a general related-art internal combustion engine
or a portion formed of the first connected cylinder 10A
including the cylinder liners 40 and the connecting portion
42 that is provided so as to cover the entire outer periph-
eral surfaces 40A of the cylinder liners 40 as exemplified
in FIG. 1 to FIG. 3. Thus, the internal combustion engine
100 can be remarkably reduced in weight and in size.

(Design Example 4)

[0095]

a) As the connected cylinder 10 to be used for the
internal combustion engine 100, the first connected
cylinder 10A is to be used.
b) As a material that forms the connecting portion 42
and the cylinder liners 40, a material having a large
strength is to be used.
c) As a material that forms the cylinder block main
body 60, a material lighter than a metal material, such
as a resin material or an organic-inorganic composite
material, is to be used.

[0096] In Design Example 4, the strength of the first
connected cylinder 10A is increased. Thus, deformation
of the bores can be suppressed even at high in-cylinder
pressure. Further, the cylinder block main body 60, which
forms a main part of the internal combustion engine 100,
is made of a lightweight material. Thus, the whole internal
combustion engine 100 can be reduced in weight.

(Design Example 5)

[0097]

a) As the connected cylinder 10 to be used for the
internal combustion engine 100, the first connected
cylinder 10A is to be used.
b) As a material that forms the connecting portion 42
and the cylinder liners 40, a material having a large
strength is to be used.
c) The structure of the cylinder block main body 60
is to be simplified (for example, grooves 66 are to be
omitted from the cylinder block main body 60A illus-
trated in FIG. 6).
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[0098] In Design Example 5, the strength of the first
connected cylinder 10A is increased. Thus, deformation
of the bores can be suppressed even at high in-cylinder
pressure. Further, the structure of the cylinder block main
body 60 that forms a main part of the internal combustion
engine 100 is simplified, and hence productivity of the
internal combustion engine 100 is improved.
[0099] Next, the connected cylinder 10 and the cylinder
block main body 60, which are to be used for the method
of manufacturing an internal combustion engine accord-
ing to this embodiment, are described.
[0100] First, in the first connected cylinder 10A, the two
or more cylinder liners 40 and the connecting portion 42
may be formed integrally and inseparably (in other words,
irremovably), or may be formed so as to be removable
from each other. (a) When the first connected cylinder
10A is formed as such a member that two or more cylinder
liners 40 and the connecting portion 42 are formed inte-
grally and inseparably, an interface (joint interface) for
joining both of the members to each other is formed be-
tween each of the cylinder liners 40 and the connecting
portion 42. (b) When the first connected cylinder 10A is
formed as such a member that two or more cylinder liners
40 and the connecting portion 42 are formed so as to be
removable from each other, an interface (contact inter-
face) at which both of the members are merely held in
contact with each other is formed between each of the
cylinder liners 40 and the connecting portion 42. In any
of the cases (a) and (b), each of the cylinder liners 40
and the connecting portion 42 are members discontinu-
ous with each other. Further, the connecting portion 42
may be provided so as to cover the entire outer peripheral
surfaces 40A of the cylinder liners 40 as exemplified in
FIG. 1 to FIG. 3, or may be provided so as to cover only
part of the outer peripheral surfaces 40A of the cylinder
liners 40. A selection and a combination of the above-
mentioned modes can be appropriately selected in ac-
cordance with the required specifications of the internal
combustion engine 100 to be manufactured.
[0101] For example, by a) a method of arranging the
two or more cylinder liners 40 in the die and then pouring
a molten metal into the die to cast the two or more cylinder
liners 40 with a casting material such as cast iron or an
aluminum alloy, or by b) resin molding for injecting or
pouring a resin material in a molten state into the die after
arranging the two or more cylinder liners 40 in the die,
the first connected cylinder 10A in which the two or more
cylinder liners 40 and the connecting portion 42 are
formed integrally and inseparably can be obtained. In this
case, through appropriate selection of a shape of the die,
the connecting portion 42 can cover the entire outer pe-
ripheral surfaces 40A of the cylinder liners 40 and can
also cover only part of the outer peripheral surfaces 40A
of the cylinder liners 40.
[0102] The connecting portion 42 has two or more cir-
cular through holes, and the cylinder liners 40 are fitted
and fixed to the through holes of the connecting portion
42 having the connected ring shape in which center lines

of the through holes are parallel to each other. As a result,
the first connected cylinder 10A in which the two or more
cylinder liners 40 and the connecting portion 42 are
formed so as to be removable from each other can also
be obtained. In this case, for example, through appropri-
ate selection of a length of the connecting portion 42 in
a direction of the center lines, the connecting portion 42
can cover the entire outer peripheral surfaces 40A of the
cylinder liners 40 and can also cover only part of the outer
peripheral surfaces 40A of the cylinder liners 40.
[0103] However, it is preferred that the connecting por-
tion 42 be formed by casting (for example, die casting
and gravity molding) rather than by using a member that
is formed in advance to have a connected ring shape. In
this case, the number of components can be reduced at
the time of manufacture of the first connected cylinder
10A. In addition, as compared to a case in which the
member that is formed in advance to have the connected
ring shape is used as the connecting portion 42, a heat
transfer resistance at interfaces between the connecting
portion 42 and the cylinder liners 40 can be reduced in
a case in which the connecting portion 42 is formed in-
tegrally with and inseparably from the cylinder liners 40
by casting. Thus, it is easy to improve cooling perform-
ance of the internal combustion engine 100. When the
connecting portion 42 is formed by the casting, a protru-
sion having a height falling within a range of from about
0.1 mm to about 1.5 mm may be formed on, or a groove
or a recessed portion having a depth falling within a range
of from about 0.1 mm to about 1.5 mm may be formed
in the outer peripheral surface 40A of the cylinder liner
40 so as to improve joint strength between the connecting
portion 42 and the cylinder liner 40.
[0104] A thickness of each of the cylinder liners 40 can
be appropriately selected and generally falls within a
range of from about 1.5 mm to about 4.0 mm. Moreover,
more preferred shape and structure of the connected cyl-
inder 10 are described later.
[0105] Meanwhile, for the second connected cylinder
10B, for example, after the connected cylinder main body
portion 50 is produced by casting, the coatings 52 are
film-formed so as to cover the inner peripheral surfaces
50B of the connected cylinder main body portion 50, in
which the cylinder bores 20 are formed. For the film for-
mation of the coatings 52, a commonly known film-for-
mation method such as a spraying method can be ap-
propriately used. A thickness of each of the coatings 52
can be appropriately selected and generally falls within
a range of from about 0.02 mm to about 0.2 mm. In this
case, when, for example, the spraying method is adopted
as the film-formation method for the coatings 52, it is
preferred that the thickness of each of the coatings 52
fall within a range of from about 0.1 mm to about 0.2 mm.
When a physical vapor deposition (PVD) method or a
chemical vapor deposition (CVD) method is adopted as
the film-formation method for the coatings 52, it is pre-
ferred that the thickness of each of the coatings 52 fall
within a range of from about 0.02 mm to about 0.03 mm.
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Further, a plating method may be used as the film-for-
mation method for the coatings 52. In this case, it is pre-
ferred that the thickness of each of the coatings 52 fall
within a range of from about 0.02 mm to about 0.2 mm.
Further, as each of the coatings 52, which is formed of
a plated film, there can be given, for example, a Cr-based
plated coating and a plated coating containing Ni and
SiC (so-called nickel silicon carbide composite plated
coating).
[0106] Although a material that forms the connecting
portion 42 may be the same as a material that forms the
cylinder block main body 60 in the first connected cylinder
10A, it is particularly preferred that the material that forms
the connecting portion 42 be different from the material
that forms the cylinder block main body 60. Similarly,
although a material that forms the connected cylinder
main body portion 50 may be the same as the material
that forms the cylinder block main body 60 in the second
connected cylinder 10B, it is particularly preferred that
the material that forms the connected cylinder main body
portion 50 be different from the material that forms the
cylinder block main body 60.
[0107] In the specification of this application, as "two
kinds of materials different from each other", there are
exemplified: a) a case in which compositions of the re-
spective materials are fundamentally different, as in the
case of an aluminum alloy and steel, b) a case in which,
for materials based on the same composition, for exam-
ple, for two kinds of aluminum alloys, quantitative com-
positions are different as in a case in which one aluminum
alloy contains a larger amount of Al and another of the
aluminum alloys contains a smaller amount of Al, c) a
case in which, for materials which are based on the same
composition and have the same quantitative composi-
tion, there is a difference in crystalline-amorphous de-
gree, in kind of crystalline phase, or in other organiza-
tional structure between one of the materials and another
of the materials, or d) a case in which, although one of
the materials and another of the materials contain the
same substance X, one of the materials is a single ma-
terial containing only the substance X and another of the
materials is a composite material containing another sub-
stance Y in addition to the substance X as in a case of a
plastic and a fiber-reinforced plastic.
[0108] A material different from the material that forms
the cylinder block main body 60 is used as a material that
forms a main part of the connected cylinder 10 (the con-
necting portion 42 in the first connected cylinder 10A, the
connected cylinder main body portion 50 in the second
connected cylinder 10B). As a result, the degree of free-
dom in design of the whole internal combustion engine
100 can be further improved. Therefore, it becomes ex-
tremely easy to manufacture the internal combustion en-
gine 100 having various specifications as exemplified in
the following items (1) to (3).

(1) The internal combustion engine 100 having such
specifications that the cylinder block main body 60

is reduced in cost and weight, which is achieved by
using a material having a high rigidity relative to that
of the cylinder block main body 60 as the material
that forms a main part of the connected cylinder 10.
(2) The internal combustion engine 100 having spec-
ifications with a reduced burden on a cooling system
under a high load, which is achieved by using a ma-
terial having a high thermal conductivity relative to
that of the main part of the connected cylinder 10 as
the material that forms the cylinder block main body
60.
(3) The internal combustion engine 100 having spec-
ifications with improved fuel efficiency, which is
achieved by advancing a temperature rise of a cool-
ant under a low load and warm-up by using a material
having a low thermal conductivity relative to that of
the main part of the connected cylinder 10 as the
material that forms the cylinder block main body 60.

[0109] As a material that forms the connecting portion
42 or the connected cylinder main body portion 50, there
is given, for example, a metal material such as an alumi-
num alloy (preferably, a high rigidity type aluminum alloy),
a magnesium alloy, or steel. As a material that forms the
cylinder block main body 60, there is given, for example,
a metal material such as an aluminum alloy or a magne-
sium alloy, a resin material, or an organic-inorganic com-
posite material containing a resin and an inorganic ma-
terial (for example, a material obtained by dispersing an
inorganic filler such as glass fiber or carbon fiber in a
heat-resistant resin matrix such as a phenolic resin).
[0110] Further, in view of suppression of deformation
of the cylinder bores 20 at the time of operation of the
internal combustion engine 100, it is preferred that a ther-
mal expansion coefficient of the material that forms the
cylinder block main body 60 be equal to or larger than a
thermal expansion coefficient of the material that forms
the connecting portion 42 of the first connected cylinder
10A and that the thermal expansion coefficient of the
material that forms the cylinder block main body 60 be
equal to or larger than a thermal expansion coefficient of
the material that forms the connected cylinder main body
portion 50 of the second connected cylinder 10B.
[0111] As the material that forms the cylinder liners 40,
there is exemplified a cast iron material such as flake
graphite cast iron. As the material that forms the coatings
52, various commonly known hard materials can be used
without restriction. For example, when the coatings 52
are film-formed by the spraying method, there are exem-
plified Fe-based materials and WC-based materials.
When the coatings 52 are film-formed by the PVD method
or the CVD method, there are exemplified C-based ma-
terials and Cr-based materials. Further, a layer structure
of each of the coatings 52 is not particularly limited, and
may be, for example, a single-layer structure or may be
a laminate structure formed by combining different kinds
of materials or different kinds of crystal phases.
[0112] Meanwhile, a structure of the cylinder block
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main body 60 to be used for the method of manufacturing
an internal combustion engine according to this embod-
iment is not particularly limited as long as the cylinder
block main body 60 has such a structure having one end
side where the crankcase 62 is formed and another end
side where the cylinder head is attachable, and the hollow
portion 64 passing through the cylinder block main body
60 from the one end side to the another end side so that
the connected cylinder 10 can be fitted to the hollow por-
tion 64, as exemplified in FIG. 6 to FIG. 8. Further, al-
though the cylinder block main body 60 can be manufac-
tured by appropriately using a commonly known method,
it is preferred that the cylinder block main body 60 be
manufactured by casting or resin molding. As a specific
example of the manufacturing method other than the
casting and the resin molding, there are exemplified a
hot-pressing process or a hot isostatic pressing (HIP)
process, which uses base powder, and a laser sintering
process of alternately repeating lamination of layers
made of base powder and laser sintering. In this case,
the manufacture of the cylinder block main body 60 by
the casting or the resin molding has advantages de-
scribed below.
[0113] First, when the member is manufactured by the
casting, volume contraction occurs in a process of cool-
ing the molten metal poured into the die. Therefore, as
a volume of the member increases, a defect such as for-
mation of a blowhole is liable to occur. Meanwhile, as
compared to the related-art method of manufacturing an
internal combustion engine, in which the cylinder block
is formed by casting the cylinder liners with the aluminum
alloy or other materials, the internal combustion engine
100 is manufactured by mechanically fitting the connect-
ed cylinder 10 and the cylinder block main body 60, which
have been manufactured individually and independently
of each other, with the method of manufacturing an in-
ternal combustion engine of this embodiment. Therefore,
as compared to a volume of a cylinder block of a related-
art internal combustion engine, the volume of the cylinder
block main body 60 can be significantly reduced. Thus,
when the cylinder block main body 60 is manufactured
by the casting, it becomes easy to prevent occurrence
of the defect such as formation of the blow hole, which
is caused by the volume contraction. In addition, in com-
parison to the case in which the cylinder block of the
related-art internal combustion engine is casted, various
countermeasures (for example, keeping a thickness of
the member manufactured by the casting as constant as
possible) against the defects described above are not
required to be actively adopted. Therefore, the degree
of freedom in design can be further increased for the
shape, the structure, and a casting process of the cylinder
block main body 60. For example, as compared to a cool-
ant jacket provided to the cylinder block for the related-
art internal combustion engine, it is significantly easy to
form the coolant jacket having a smaller depth from the
another end side when the coolant jacket is provided to
the cylinder block main body 60 or when the coolant jack-

et is provided between an inner peripheral surface 64S
of the hollow portion 64 of the cylinder block main body
60 and an outer peripheral surface 10S of the connected
cylinder 10. The same substantially applies even to a
case in which the cylinder block main body 60 is manu-
factured by the resin molding with which the volume con-
traction occurs in a process of cooling a resin material in
a molten state, which is injected or poured into the die.
[0114] In the method of manufacturing an internal com-
bustion engine according to this embodiment, various
steps other than the fitting step, such as a step of assem-
bling various components such as the cylinder head after
the connected cylinder 10 is mounted to the cylinder block
main body 60, a sliding surface formation step of forming
a sliding surface through finishing of the inner peripheral
surfaces of the cylinder bores 20, such as honing, lap-
ping, or dimple formation, or a step of forming the coolant
passage between two adjacent ones of the cylinder bores
20 in the connected cylinder 10 can be appropriately car-
ried out as needed.
[0115] In the specification of this application, the "slid-
ing surface" corresponds to a surface that slides in con-
tact with a piston or a piston ring mounted in a groove
formed in an outer peripheral surface of the piston when
the internal combustion engine 100 in a completed state
is operated. Further, once the formation of the sliding
surface is completed in a manufacturing process of the
internal combustion engine 100 according to this embod-
iment, the sliding surface is not subjected to further fin-
ishing. The sliding surface may be formed for any pur-
pose as long as the surface slides in contact with the
piston or the piston ring mounted in the groove formed
in the outer peripheral surface of the piston when the
internal combustion engine 100 in a completed state is
operated. For example, the sliding surface may be
formed incidentally and inevitably along with, for exam-
ple, (a) finishing that is conducted for correction of the
deformation of the cylinder bores 20 as a main purpose,
or (b) finishing that is conducted for adjustment of the
thickness of the cylinder liner 40 or the film thickness of
each of the coatings 52 as a main purpose. However, it
is preferred that the sliding surface be a surface that is
finished for, for example, improvement and enhance-
ment of seizing resistance and reduction of an oil con-
sumption amount as main purposes.
[0116] The sliding surface may be formed by perform-
ing processing only once on each of the inner peripheral
surfaces of the cylinder bores 20 or may be formed by
performing processing thereon for a plurality of times .
When the sliding surface is formed by performing
processing for the plurality of times, the "sliding surface"
corresponds only to a surface that is formed after the last
finishing is performed. A step of performing the last fin-
ishing is referred to as "sliding surface formation step" .
Further, a step of performing the processing (from first
processing to processing second to last finishing) other
than the last finishing is referred to as "roughly finished
surface formation step".

25 26 



EP 3 741 980 A1

15

5

10

15

20

25

30

35

40

45

50

55

[0117] The sliding surface has various surface ge-
ometries depending on a finishing method, and the sur-
face geometries are not particularly limited. For a surface
shape, for example, there is given a cross-hatched shape
(surface on which net-like thin streaks or grooves or ob-
lique-parallel linear thin streaks or grooves are formed) .
For a surface roughness, there is exemplified an arith-
metic average roughness Ra falling within a range of from
about 0.1 mm to about 0.8 mm.
[0118] The sliding surface formation step of forming
the sliding surfaces by finishing inner peripheral surfaces
20B of the cylinder bores 20 can be carried out at freely-
selected timing in the manufacturing process of the in-
ternal combustion engine 100. The timing of carrying out
the sliding surface formation step is roughly classified as:
(I) the sliding surface formation step carried out before
the fitting step; and (II) the sliding surface formation step
carried out after the fitting step. In each of the processes
(I) and (II) described above, another step may be carried
out between the fitting step and the sliding surface for-
mation step as needed.
[0119] (I) As a case in which the sliding surface forma-
tion step is carried out before the fitting step, for example,
the following three modes are given. First, when the con-
nected cylinder 10 is the first connected cylinder 10A,
(Ia) the sliding surface formation step of forming the slid-
ing surface by finishing each of the inner peripheral sur-
faces 40B of the cylinder liners 40 is carried out only
before the fitting step, or (Ib) after a coating formation
step of forming a coating on each of the inner peripheral
surfaces 40B of the cylinder liners 40 is carried out, the
sliding surface formation step of forming the sliding sur-
face by finishing a surface of the coating can be carried
out, and the sliding surface formation step can be carried
out only before the fitting step. When the connected cyl-
inder 10 is the second connected cylinder 10B, (Ic) the
sliding surface formation step of forming the sliding sur-
face by finishing a surface 52B of each of the coatings
52 that cover the inner peripheral surfaces 50B of the
connected cylinder main body portion 50 in which the
cylinder bores 20 are formed can be carried out only be-
fore the fitting step.

(I) In the case in which the sliding surface formation
step is carried out before the fitting step, it is preferred
that the fitting step be carried out through the type
of fitting other than the interference fit, more specif-
ically, through the clearance fit or the transition fit.
When the fitting step is carried out through the inter-
ference fit, the cylinder bores 20 of the connected
cylinder 10 are liable to be deformed. Consequently,
gastightness between the piston and the sliding sur-
face of the cylinder bore 20 is liable to be insufficient.
Besides, there is an increased possibility that the
sliding surface formation step may be required to be
carried out again after the fitting step for correction
of the deformation of the cylinder bores 20 as an
additional purpose. In order to reliably prevent the

above-mentioned problems, it is particularly pre-
ferred that the fitting step be carried out through the
clearance fit.
(II) As a case in which the sliding surface formation
step is carried out after the fitting step, for example,
the following three modes are given. First, when the
connected cylinder 10 is the first connected cylinder
10A, (IIa) the sliding surface formation step of form-
ing the sliding surface by finishing each of the inner
peripheral surfaces 40B of the cylinder liners 40 is
carried out only after the fitting step, or (IIb) after a
coating formation step of forming a coating on each
of the inner peripheral surfaces 40B of the cylinder
liners 40 is carried out, the sliding surface formation
step of forming the sliding surface by finishing a sur-
face of the coating can be carried out, and the sliding
surface formation step can be carried out only after
the fitting step. When the connected cylinder 10 is
the second connected cylinder 10B, (IIc) the sliding
surface formation step of forming the sliding surface
by finishing the surface 52B of each of the coatings
52 that cover the inner peripheral surfaces 50B of
the connected cylinder main body portion 50 in which
the cylinder bores 20 are formed can be carried out
only after the fitting step.

[0120] In this case, when the sliding surface is formed
by performing the processing on the inner peripheral sur-
face of each of the cylinder bores 20 for a plurality of
times, the roughly finished surface formation step may
be carried out before the fitting step, or may be carried
out after the fitting step, or may be partially carried out
before the fitting step so as to carry out the remaining
part after the fitting step.
[0121] In the general related-art internal combustion
engine in which the cylinder block is formed by cast-in of
the cylinder liners with a casting material, the sliding sur-
face formation step is carried out after the cylinder block
is formed by cast-in of the cylinder liners with a casting
material. Therefore, when the sliding surface is inspected
after the sliding surface formation step is carried out, and
the sliding surface is determined as defective as a result
of inspection, the whole cylinder block in which the cyl-
inder liners are cast is required to be disposed of.
[0122] Meanwhile, (I) in the case in which the sliding
surface formation step is carried out before the fitting
step, the sliding surface formation step is carried out for
the connected cylinder 10 alone. Therefore, when the
sliding surface is inspected after the sliding surface for-
mation step is carried out, and the sliding surface is de-
termined as defective as a result of inspection, the con-
nected cylinder 10 alone is required to be disposed of.
Therefore, even when a defective failure occurs, disposal
loss in the manufacturing process can be reduced.
[0123] (I) In the case in which the sliding surface for-
mation step is carried out before the fitting step, the slid-
ing surface formation step may be directly carried out for
the connected cylinder 10 alone. However, the sliding
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surface formation step may be carried out under a state
in which the connected cylinder 10 is assembled to a jig
that imitates the cylinder block main body 60 and the
cylinder head. When the cylinder head is further assem-
bled to the internal combustion engine 100 under a state
in which the connected cylinder 10 is fitted to the cylinder
block main body 60, the cylinder bores 20 are liable to
be deformed at the time of assembly of the cylinder head.
Therefore, when the sliding surface formation step is car-
ried out using the jig in consideration of the deformation
described above, it becomes easy to increase processing
accuracy of the sliding surface.
[0124] Further, when the sliding surface formation step
is carried out using the jig, it is preferred that the sliding
surface formation step be carried out under a state in
which at least the connected cylinder 10 is heated, and
more preferably, under a state in which the connected
cylinder 10 and the jig are heated. As a result, after a
state in which the member has a temperature close to
that during the operation is achieved, an optimal sliding
surface shape can be formed. It is particularly preferred
that a temperature of the member to be heated in this
case be as close as an average temperature during the
operation of the internal combustion engine 100. A heat-
ing method is not particularly limited. There is given, for
example, a method of carrying out the sliding surface
formation step under a state in which hot water (for ex-
ample, hot water having a temperature falling within a
range of from 30 degrees to 95 degrees) is caused to
flow in the coolant jacket. As the coolant jacket used in
this case, there is given, for example, (i) a coolant jacket
formed in the connected cylinder 10, (ii) a (simulated)
coolant jacket formed between the outer peripheral sur-
face of the connected cylinder 10 and an inner peripheral
surface of the jig that imitates the cylinder block main
body 60, or (iii) a (simulated) coolant jacket formed in the
jig that imitates the cylinder block main body 60.
[0125] Whether the sliding surface formation step is
carried out before or after the fitting step can be appro-
priately selected in accordance with the whole manufac-
turing process of the internal combustion engine 100,
specifications of the internal combustion engine 100, and
other conditions. For example, when the connected cyl-
inder 10 or the cylinder block main body 60, which has
high dimensional accuracy and high strength and is less
liable to be deformed, is used for the manufacture of the
internal combustion engine 100 or a pressing force that
may cause deformation of the cylinder bores 20 is less
liable to be applied at the time of assembly of the cylinder
head, (I) the sliding surface formation step is carried out
before the fitting step. In an opposite case, (II) the sliding
surface formation step may be carried out after the fitting
step.
[0126] When cooling capability for portions of the in-
ternal combustion engine 100 to be manufactured, which
are located at the periphery of the cylinder bores 20, is
desired to be improved, it is preferred to carry out a cool-
ant passage formation step of forming the coolant pas-

sage between two adjacent ones of the cylinder bores
20 of the connected cylinder 10. In this case, although
the coolant passage formation step may be carried out
after the fitting step, it is more preferred to carry out the
coolant passage formation step before the fitting step. In
any of the cases, another step may be carried out be-
tween the coolant passage formation step and the fitting
step as needed. In the coolant passage formation step,
the coolant passage can be formed by using, in addition
to a drill, which is generally and commonly used process-
ing means, various kinds of processing means such as
a water jet, a laser, an endmill, and a cutter.
[0127] Thus, in comparison to (i) a case in which the
coolant passage formation step is carried out after the
fitting step or (ii) a case in which the coolant passage
formation step is carried out in the related-art method of
manufacturing an internal combustion engine, with which
the cylinder block is formed by cast-in of the cylinder lin-
ers with a casting material, a degree of freedom in
processing and formation of the coolant passage can be
increased in the case in which the coolant passage for-
mation step is carried out before the fitting step. The rea-
son is as follows. In the above-mentioned cases (i) and
(ii), when the coolant passage is formed, the digging can
be started only on the cylinder head side in order to form
the coolant passage. Meanwhile, in the case in which the
coolant passage formation step is carried out before the
fitting step, the digging can be started on any of the cyl-
inder head side (a cylinder-head side end surface side
of the connected cylinder 10) and a side (the outer pe-
ripheral surface 10S of the connected cylinder 10) other
than the cylinder head side. Further, a degree of freedom
in selection of a digging direction is large, and hence the
processing means other than the drill, which is generally
used processing means, is easily used.
[0128] Thus, when a cooling design for the periphery
of the cylinder bores 20 is made, it becomes easy to
achieve a more ideal design. For example, a coolant pas-
sage, which is generally impossible to form in the cases
(i) and (ii) described above, specifically, a coolant pas-
sage extending in parallel to the cylinder head-side end
surface of the connected cylinder 10, can be formed. Fur-
ther, as a sectional shape of the coolant passage taken
along a plane (ZX plane) being parallel to the center line
C of each of the cylinder bores 20 formed in the connected
cylinder 10, various shapes other than a simple circular
shape of a coolant passage 30A (30) as illustrated in FIG.
14(A) may be selected. For example, a coolant passage
having a slit-like sectional shape with the following ratio
may be used. A ratio (Lz/Lx) of a maximum width Lz in
a direction parallel to the center line C (Z direction) to a
maximum width Lx in the direction of arrangement of the
cylinder bores 20 (X direction) is larger than 1. It is pre-
ferred that the ratio (Lz/Lx) be set to fall within a range
of, for example, from 2 to 10, more preferably, from 2.5
to 8. Further, values of Lz and Lx are not particularly
limited. It is preferred that Lz fall within a range of, for
example, from 5 mm to 30 mm and Lx fall within a range
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of, for example, from 2 mm to 4 mm.
[0129] As the coolant passage 30 having the slit-like
sectional shape described above, there is also given, for
example, (a) a coolant passage 30B (30) having an open-
ing portion 34 being continuous in the Y direction, even
on an end surface 36 of the connected cylinder 10 on the
another end side (Z1 side) (FIG. 14 (B)), or (b) a coolant
passage 30C (30) formed inside (on one end side (Z2
side)of) an end surface of the connected cylinder 10 on
the another end side (Z1 side; the side where the cylinder
head is arrangeable) (FIG. 14 (C)). When the coolant
passage 30C having the slit-like sectional shape as ex-
emplified in FIG. 14(C) is formed (a) inside (on the one
end side (Z2 side) of) the end surface 36 of the connected
cylinder 10 on the another end side (Z1 side), a degree
of freedom in cooling design of the surroundings of the
cylinder bores 20 can be further increased. When the
coolant passage 30C having the slit-like sectional shape
as exemplified in FIG. 14 (C) is formed, it is preferred
that the coolant passage formation step be carried out
at least before the fitting step. This is because, with the
above-mentioned order of steps, an extremely high de-
gree of freedom in selection of the processing means
and the processing method, which are required to form
the coolant passage 30C, is achieved.
[0130] In a case in which a processing error of the cool-
ant passage 30 occurs, a target to be disposed of may
be only the connected cylinder 10 regardless of timing
of carrying out the coolant passage formation step, spe-
cifically, before or after the fitting step, in comparison to
the case (ii) described above. Therefore, the disposal
loss caused by the processing error can be reduced.
[0131] Although the coolant passage 30 is required to
be formed between two adjacent ones of the cylinder
bores 20, the coolant passage 30 is generally formed in
a region (a region M1 illustrated in FIG. 3 and FIGS. 14)
between the outer peripheral surfaces 40A of two adja-
cent ones of the cylinder liners 40 in the first connected
cylinder 10A, and is generally formed in a region (a region
M2 illustrated in FIG. 5) between outer peripheral side
surfaces 52A of the coatings 52 that form the inner pe-
ripheral surfaces 20B of two adjacent ones of the cylinder
bores 20 in the second connected cylinder 10B.

<Internal Combustion Engine, Connected Cylinder, and 
Cylinder Block Main Body>

[0132] More suitable shapes and structures of the in-
ternal combustion engine 100 to be manufactured by the
method of manufacturing an internal combustion engine
according to this embodiment, and the connected cylin-
der 10 and the cylinder block main body 60 to be used
therefor are now described below. The internal combus-
tion engine 100 to be manufactured by the method of
manufacturing an internal combustion engine according
to this embodiment includes, as exemplified in FIG. 7 and
FIG. 8, at least the connected cylinder 10 and the cylinder
block main body 60, and has a structure in which the

connected cylinder 10 is fitted to the hollow portion 64 of
the cylinder block main body 60 so as to be removable.
[0133] In the internal combustion engine 100 accord-
ing to this embodiment, the coolant jacket provided so
as to surround an outer peripheral side of the cylinder
bores 20 can be provided (i) in the connected cylinder
10 (inside of the outer peripheral surface 10S of the con-
nected cylinder 10), (ii) between the outer peripheral sur-
face 10S of the connected cylinder 10 and the inner pe-
ripheral surface 64S of the hollow portion of the cylinder
block main body 60, or (iii) in the cylinder block main body
60 (on an outer peripheral side of the inner peripheral
surface 64S of the hollow portion 64) . In the case (i)
described above, however, the coolant jacket is provided
to the connected cylinder 10. Therefore, a structure of
the connected cylinder 10 is complicated. In the case (ii)
described above, the coolant jacket is provided to the
cylinder block main body 60. Therefore, a structure of
the cylinder block main body 60 is complicated. Thus, it
is preferred that the coolant jacket be provided between
the connected cylinder 10 and the cylinder block main
body 60. Further, manufacturability is liable to be reduced
due to complication of the structure. Therefore, it is pre-
ferred that no coolant jacket be provided in the connected
cylinder 10
[0134] Meanwhile, in the case (ii) described above, as
compared to the related-art internal combustion engine
in which the cylinder block including the coolant jacket
provided in the cylinder block is formed by cast-in of the
cylinder liners with a casting material, a die having a com-
plicated shape is not required to be used for the manu-
facture of the internal combustion engine 100. Therefore,
the manufacturability of the internal combustion engine
100 is improved.
[0135] Further, in the internal combustion engine 100
according to this embodiment, a coolant jacket spacer
may be further arranged in the coolant jacket as needed
so as to bring a state of flow of the coolant in the coolant
jacket closer to an ideal state to achieve a desired state
of a temperature distribution on the sliding surfaces of
the cylinder bores 20. Even in the above-mentioned case
(ii), any of a first mode in which the coolant jacket spacer
is arranged in the coolant jacket and a second mode in
which the coolant jacket spacer is not arranged in the
coolant jacket may be selected, and the second mode is
more suitable. The reason is as follows. Specifically, a
shape and a depth of the coolant jacket are determined
based on a shape of the outer peripheral surface 10S of
the connected cylinder 10 and the inner peripheral sur-
face 64S of the hollow portion of the cylinder block main
body 60. The connected cylinder 10 and the cylinder
block main body 60 are separate and independent
members . Thus, a degree of freedom in design of the
shapes of both of the members is extremelyhigh. Accord-
ingly, adegreeof freedomindesign of the shape and the
depth of the coolant jacket is also extremely high. Thus,
even in the second mode, it is extremely easy to bring
the state of flow of the coolant in the coolant jacket closer
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to an ideal state so as to achieve a desired state of the
temperature distribution on the sliding surfaces of the
cylinder bores 20. Further, with the selection of the sec-
ond mode, a reduction in the number of components that
form the internal combustion engine 100 and simplifica-
tion of the structure of the internal combustion engine
100 can also be achieved.
[0136] When the coolant jacket is provided between
the outer peripheral surface 10S of the connected cylin-
der 10 and the inner peripheral surface 64S of the hollow
portion 64 of the cylinder block main body 60, as exem-
plified in FIG. 8, a coolant jacket 70 is provided between
another end side (cylinder head side) of the outer periph-
eral surface 10S of the connected cylinder 10 and another
end side (cylinder head side) of the inner peripheral sur-
face 64S of the hollow portion 64 of the cylinder block
main body 60. Further, when being brought into contact
with each other, one end side of the outer peripheral sur-
face 10S of the connected cylinder 10 and one end side
of the inner peripheral surface 64S of the hollow portion
64 of the cylinder block main body 60 serve as a portion
in which the connected cylinder 10 is fitted to one end-
side portion (fitting portion 64J) of the hollow portion 64
of the cylinder block main body 60 so as to be removable.
[0137] In any of the cases (i) to (iii) described above,
a depth D (length in the Z direction) of the coolant jacket
70 is not particularly limited and can be appropriately
selected in accordance with design specifications of the
internal combustion engine 100. When a total length L
of the connected cylinder 10 in a direction of the center
line C of each of the cylinder bores 20 formed in the con-
nected cylinder 10 is used as a reference, for example,
the depth D can be appropriately selected to fall within a
range of from about 1/6 times to about 5/6 times of the
total length L. For example, in the case of the internal
combustion engine 100 having specifications for selec-
tively and intensively cooling portions of the cylinder
bores 20, which are located on the cylinder head side,
the depth D can be set to fall within a range of from 1/6
times to 1/2 times, from 1/6 times to 1/3 times, or from
1/6 times to 1/4 times of the total length L. In view of ease
of formation of the shallow coolant jacket 70 having the
depth D being 1/2 times of the total length L or smaller,
the case (ii) is the most suitable among the cases (i) to
(iii) described above. Further, when the state of the flow
of the coolant in the coolant jacket 70 is desired to be
brought closer to the ideal state without arranging the
coolant jacket spacer in the coolant jacket 70, it is pre-
ferred that the shallow coolant jacket 70 having the depth
D being 1/2 times of the total length L or smaller be
formed.
[0138] A sealing member, for example, an O-ring is
arranged between the inner peripheral surface 64S of
the fitting portion 64J and the outer peripheral surface
10S of the connected cylinder 10, which is opposed to
the inner peripheral surface 64S of the fitting portion 64J,
so as to prevent a coolant (such as water) in the coolant
jacket 70 from leaking toward the crankcase 62. A groove

that is continuous in a circumferential direction may be
formed, as needed, at least in one surface selected from
the inner peripheral surface 64S of the fitting portion 64J
and the outer peripheral surface 10S of the connected
cylinder 10, which is opposed to the inner peripheral sur-
face 64S of the fitting portion 64J, and the sealing mem-
ber may be mounted in the groove.
[0139] In order to improve strength and prevent defor-
mation of the cylinder head side of the cylinder bores 20
and to improve reliability of the internal combustion en-
gine 100 at the time of high supercharging, (a1) a pro-
jecting portion may be formed at least on a portion of the
outer peripheral surface 10S of the connected cylinder
10, which is located on the another end side, and a distal
end portion of the projecting portion may be brought into
substantially close contact with a portion of the inner pe-
ripheral surface 64S of the hollow portion 64 of the cyl-
inder block main body 60, which is located on the another
end side. From a similar point of view, (a2) the projecting
portion may be formed at least on a portion of the inner
peripheral surface 64S of the hollow portion 64 of the
cylinder block main body 60, which is located on the an-
other end side. Alternatively, as exemplified in FIG. 7 and
FIG. 8, (b) a fixing member 80 configured to fix the con-
nected cylinder 10 and the cylinder block main body 60
to each other may be provided between the outer periph-
eral surface 10S of the connected cylinder 10, which is
located on the another end side, and the inner peripheral
surface 64S of the hollow portion 64 of the cylinder block
main body 60, which is located on the another end side.
In view of easier manufacture of the connected cylinder
10, it is more desired to use the fixing member 80 than
to form the projecting portion on the outer peripheral sur-
face 10S of the connected cylinder 10 or the inner pe-
ripheral surface 64S of the cylinder block main body 60.
[0140] As exemplified in the items (a1) and (a2) de-
scribed above, when a fitting portion is formed between
another end-side portion of the connected cylinder 10
and another end-side portion of the cylinder block main
body, a type of fitting for the fitting portion may be any
type of fitting selected from the clearance fit, the transition
fit, and the interference fit. Further, as exemplified in the
item (b), when a first fitting portion is formed between the
another end-side portion of the connected cylinder 10
and the fixing member 80 and a second fitting portion is
formed between the another end-side portion of the cyl-
inder block main body 60 and the fixing member 80, a
type of fitting for the first fitting portion and the second
fitting portion may be any type of fitting selected from the
clearance fit, the transition fit, and the interference fit. In
terms of suppression of the deformation of the cylinder
bores 20 at the time of assembly of the internal combus-
tion engine 100, the clearance fit or the transition fit is
preferred, and the clearance fit is particularly preferred.
The type of fitting described above is particularly suitable
(I) in the case in which the process of carrying out the
sliding surface formation step before the fitting step is
employed at the time of assembly of the internal com-
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bustion engine 100.
[0141] When the fixing member 80 is used, a groove
12 may be formed in the outer peripheral surface 10S of
the connected cylinder 10, which is located on the an-
other end side, as exemplified in FIG. 1, FIG. 2, FIG. 4,
and FIG. 8, and a groove 66 may also be formed in the
inner peripheral surface 64S of the hollow portion 64 of
the cylinder block main body 60, which is located on the
another end side, at a position corresponding to the
groove 12 formed in the outer peripheral surface 10S of
the connected cylinder 10 as exemplified in FIG. 6 and
FIG. 8 so as to prevent the fixing member 80 from being
shifted from a predetermined position. In this case, one
end of the fixing member 80 is fitted to the groove 12,
and another end thereof is fitted to the groove 66. In this
manner, the fixing member 80 can be arranged between
the outer peripheral surface 10S of the connected cylin-
der 10 and the inner peripheral surface 64S of the hollow
portion 64 of the cylinder block main body 60. The groove
12 may be formed in the connected cylinder 10 in ad-
vance, and the groove 66 may also be formed in the
cylinder block main body 60 in advance. However, it is
preferred to form the grooves 12 and 66 after the con-
nected cylinder 10 in which the groove 12 has not been
formed and the cylinder block main body 60 in which the
groove 66 has not been formed are fitted together.
[0142] In the example illustrated in FIG. 8, a sectional
shape of the fixing member 80 is rectangular. Both of an
interface (first interface) between the fixing member 80
and the connected cylinder 10 and an interface (second
interface) between the fixing member 80 and the cylinder
block main body 60 are parallel to the center line C of
the cylinder bore 20. Thus, even in a case in which the
fixing member 80 is arranged between the connected
cylinder 10 and the cylinder block main body 60 through
the clearance fit at the time of assembly of the internal
combustion engine 100, when the vicinity of the another
end side (Z1 side) of the connected cylinder 10, which is
located in the vicinity of a top dead center of the piston,
thermally expands during the operation of the internal
combustion engine 100, a gap at each of the first interface
and the second interface may be eliminated in some cas-
es. In this case, the another end side (Z1 side) of the
connected cylinder 10 is pressed by the fixing member
80. Consequently, the cylinder bore 20 is liable to be
deformed. However, when a dimensional design is made
so that a minimum gap at each of the first interface and
the second interface is increased to prevent the defor-
mation described above, it becomes difficult to firmly fix
the another end side (Z1 side) of the connected cylinder
10.
[0143] In order to suppress the above-mentioned di-
lemma, the sectional shape of the fixing member 80 may
be, for example, an inverted trapezoidal. In this case, the
interface between the fixing member 80 and the connect-
ed cylinder 10 is inclined so as to be closer to the center
line C of the cylinder bore 20 in a direction from the one
end side (Z2 side) toward the another end side (Z1 side)

of the cylinder block main body 60, and the interface be-
tween the fixing member 80 and the cylinder block main
body 60 is inclined so as to be separated from the center
line C of the cylinder bore 20 in the direction from the one
end side (Z2 side) toward the another end side (Z1 side)
of the cylinder block main body 60. Thus, when the vicinity
of the another end side (Z1 side) of the connected cylin-
der 10, which is located in the vicinity of the top dead
center of the piston, thermally expands during the oper-
ation of the internal combustion engine 100, a pressing
force applied from the connected cylinder 10 side to the
fixing member 80 side is likely to be eased by sliding of
the fixing member 80 toward the another end side (Z1
side) .
[0144] Further, a material that forms the fixing member
80 is not particularly limited. For example, various metal
materials such as an aluminum alloy, a magnesium alloy,
an iron alloy such as steel, a resin material, an organic-
inorganic composite material, or ceramics such as alu-
mina (aluminum oxide) may be used.
[0145] As the connected cylinder 10 to be used for the
method of manufacturing an internal combustion engine
according to this embodiment, a shape and a structure
of the first connected cylinder 10A are not particularly
limited as long as the first connected cylinder 10A in-
cludes the two or more cylinder liners 40 and the con-
necting portion 42 configured to connect the two or more
cylinder liners 40 to each other, and a shape and a struc-
ture of the second connected cylinder 10B are not par-
ticularly limited as long as the second connected cylinder
10B includes the connected cylinder main body portion
50 having the two or more cylinder bores 20 and the
coatings 52 configured to cover the inner peripheral sur-
faces 50B of the connected cylinder main body portion
50 in which the cylinder bores 20 are formed. Similarly,
a shape and a structure of the cylinder block main body
60 are not particularly limited as long as the cylinder block
main body 60 has one end side (Z2 side) where the crank-
case 62 is formed and another end side (Z1 side) where
the cylinder head is attachable, and the hollow portion
64 passing through the cylinder block main body 60 from
the one end side to the another end side.
[0146] Meanwhile, it is preferred that the connected
cylinder 10 and the cylinder block main body 60 achieve
all of excellent maintainability, excellent recycling effi-
ciency, and a high degree of freedom in design of the
internal combustion engine 100 to be manufactured
through use of the connected cylinder 10 and the cylinder
blockmainbody 60, and have easilymanufacturable
shape and structure. However, the connected cylinder
10 and the cylinder block main body 60 are combined for
use in manufacture of the internal combustion engine
100. Therefore, even when the shape and the structure
of the connected cylinder 10 are determined in consid-
eration only of the manufacturability of the connected cyl-
inder 10, the shape and the structure of the cylinder block
main body 60 to be used in combination with the con-
nected cylinder 10 are complicated to reduce the manu-
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facturability of the cylinder block main body 60, and fur-
ther, to reduce the manufacturability of the internal com-
bustion engine 100 in some cases. The same applies to
a case in which the shape and the structure of the cylinder
block main body 60 are determined in consideration only
of the manufacturability of the cylinder block main body
60. Therefore, in consideration of the above-mentioned
points, the inventors of the present invention have found
that shapes and structures described below are suitable
as the shape and the structure of the connected cylinder
10 and the shape and the structure of the cylinder block
main body 60 to be used in combination therewith.
[0147] First, the first connected cylinder 10A includes
the two or more cylinder liners 40 and the connecting
portion42 configured to connect the two or more cylinder
liners 40 to each other, and has the connected ring-like
outer peripheral shape having the ring-like portions each
with the diameter obtained by increasing the bore diam-
eter Db of each of the cylinder liners 40, as exemplified
in FIG. 9 for illustrating a sectional structure (YZ sectional
structure) of the first connected cylinder 10A illustrated
in FIG. 1 and FIG. 3, which is taken along the line IX-IX.
Further, it is preferred that an outer diameter D1 of an
outer peripheral surface (first region 10S1) from a vicinity
of the cylinder head side to a vicinity of a central portion
in the direction of the center line C of each of the cylinder
liners 40, which is based on the center line C of each of
the cylinder liners 40 as a reference, be larger than an
outer diameter D2 of an outer peripheral surface (second
region 10S2) in a vicinity of the crankcase side, which is
based on the center line C of each of the cylinder liners
40 as a reference, and a level difference 14, which is
parallel to an outer peripheral direction and is continuous,
be formed between the first region 10S1 and the second
region 10S2.
[0148] The second connected cylinder 10B includes
the connected cylinder main body portion 50 having the
two or more cylinder bores 20 and the coatings 52 con-
figured to cover the inner peripheral surfaces 50B of the
connected cylinder main body portion 50 in which the
cylinder bores 20 are formed, and has the connected
ring-like outer peripheral shape having the ring-like por-
tions each with the diameter obtained by increasing the
bore diameter Db of each of the cylinder bores 20, as
exemplified in FIG. 10 for illustrating a sectional structure
(YZ sectional structure) of second connected cylinder
10B illustrated in FIG. 5, which is taken along the line X-
X. Further, it is preferred that an outer diameter D1 of an
outer peripheral surface (first region 10S1) from avicinity
of the cylinder head side to a vicinity of a central portion
in the direction of the center line C of each of the cylinder
bores 20, which is based on the center line C of each of
the cylinder bores 20 as a reference, be larger than an
outer diameter D2 of an outer peripheral surface (second
region 10S2) in a vicinity of the crankcase side, which is
based on the center line C of each of the cylinder bores
20 as a reference, and a level difference 14, which is
parallel to an outer peripheral direction and is continuous,

be formed between the first region 10S1 and the second
region 10S2. The outer peripheral shape of the second
connected cylinder 10B illustrated in FIG. 10 is similar to
the outer peripheral shape of the first connected cylinder
10A illustrated in FIG. 1.
[0149] For the cylinder block main body 60, it is pre-
ferred that an opening shape of the hollow portion 64 be
a connected ring shape corresponding to the outer pe-
ripheral shape of the connected cylinder 10 exemplified
in FIG. 1, FIG. 9, and FIG. 10. More specifically, as ex-
emplified in FIG. 6 and FIG. 8, it is preferred that a rela-
tionship of W1>W2>W3 is satisfied in the case that; the
inner peripheral surface 64S of the hollow portion 64 has
a first level difference 68A, which is continuous in the
circumferential direction, and a second level difference
68B, which is continuous in the circumferential direction
and is formed so as to be closer to the one end side
(crankcase side) than the first level difference 68A; an
opening width W1 of a portion of the hollow portion 64
having an inner peripheral surface 64S1, which is located
on the another end side (cylinder head side) of the first
level difference 68A; an opening width W2 of a portion
of the hollow portion 64 having an inner peripheral sur-
face 64S2, which is located on the one end side (crank-
case side) of the second level difference 68A and on the
another end side (cylinder head side) of the second level
difference 68B; and an opening width W3 of a portion of
the hollow portion 64 having an inner peripheral surface
64S3, which is located on the one end side (crankcase
side) of the second level difference 68B. The opening
widths W1, W2, and W3 are opening widths each in a
suitable direction, regardless of whether the opening
width is an opening width of an opening shape of the
hollow portion 64 in a transverse direction (Y direction)
or an opening width of the opening shape of the hollow
portion 64 in a longitudinal direction (X direction) . Spe-
cifically, it is preferred that the relationship of
W1>W2>W3 be satisfied regardless of whether the open-
ing width is that in the transverse direction (Y direction)
or that in the longitudinal direction (X direction). Opening
widths W1sm, W2sm, and W3sm illustrated in FIG. 8
represent maximum opening widths in the transverse di-
rection (Y direction) of the opening shape of the hollow
portion 64 and correspond to the opening widths W1,
W2, and W3, respectively. The opening widths W2sm
and W3sm are equal to the outer diameters D1 and D2
of the connected cylinder 10, respectively.
[0150] When the connected cylinder 10 having the lev-
el difference 14 formed on the outer peripheral surface
10S is fitted to the hollow portion 64 of the cylinder block
main body 60 having the inner peripheral surface 64S on
which the first level difference 68A and the second level
difference 68B are formed, the fitting is achieved so that
the second level difference 68B formed on the inner pe-
ripheral surface 64S of the cylinder block main body 60
and the level difference 14 formed on the outer peripheral
surface 10S of the connected cylinder 10 match each
other in the direction of the center line C. At the same
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time, on the side closer to the crankcase with respect to
the first level difference 68A, the inner peripheral surface
64S2 of the cylinder block main body 60 and the outer
peripheral surface 10S (specifically, the first region 10S1)
of the connected cylinder 10 are directly held in close
contact with each other or held in close contact with each
other through the sealing member, and the inner periph-
eral surface 64S3 of the cylinder block main body 60 and
the outer peripheral surface 10S (specifically, the second
region 10S2) of the connected cylinder 10 are directly
held in close contact with each other or held in close
contact with each other through the sealing member.
Specifically, on the outer peripheral surface 10S of the
connected cylinder 10, a portion of the first region 10S1,
which is located on a side closer to the second region
10S2, and the second region 10S2 form a fitting portion
corresponding to the fitting portion 64J of the cylinder
block main body 60. Therefore, on the cylinder head side
with respect to the first level difference 68A, the coolant
in the coolant jacket 70 that is formed between the inner
peripheral surface 64S1 of the cylinder block main body
60 and the outer peripheral surface 10S (specifically, the
first region 10S1) of the connected cylinder 10 can be
prevented from leaking toward the crankcase 62.
[0151] Further, a capacity of the coolant jacket 70 and
a formation position of the coolant jacket 70 in the direc-
tion of the center line C, which affect cooling character-
istics inside the cylinder bores 20 and in the vicinity of
the cylinder bores 20, can be easily adjusted by selecting,
for example, when focusing on the cylinder block main
body 60 side, (1) a value of the maximum opening width
W1sm and (2) a formation position of the first level dif-
ference 68A in the direction of the center line C. The
changes in size and shape of the cylinder block main
body 60, which are described above in the items (1) and
(2), are extremely easy even when the cylinder block
main body 60 is manufactured by the casting or the resin
molding. The reason is as follows. Even when the cylinder
block main body 60 is manufactured by the casting or
the resin molding, with which a defective failure due to
the volume contraction is liable to occur, the cylinder
block main body 60 has an extremely smaller volume
capacity than that of the related-art cylinder block that is
formed by cast-in of the cylinder liners, and thus the de-
fective failure described above is less liable to occur.
[0152] The level difference 14 formed at a position cor-
responding to the second level difference 68B formed on
the cylinder block main body 60 can be formed at an
appropriate position on the outer peripheral surface 10S
in the direction of the center line C. When an end surface
of the connected cylinder 10 in the direction of the center
line C, which is located on the side closer to the crankcase
62, is defined as a reference position (position 0) and the
end surface thereof, which is located on the side closer
to the cylinder head, is defined as a position L, it is pre-
ferred that the level difference 14 be formed to fall within
a range larger than 0 and equal to or smaller than 1/2L,
more preferably, within a range equal to or larger than

1/6L and equal to or smaller than 3/7L, further preferably,
within a range equal to or larger than 1/6L and equal to
or smaller than 1/3L. When the level difference 14 is
formed at the position that is larger than 1/2L, the first
level difference 68A that is formed on the cylinder block
main body 60 is required to be formed at a position closer
to the cylinder head. Therefore, in the direction of the
center line C, a range in which the first level difference
68A is formed is further reduced. As a result, a margin
for increasing or reducing the depth D of the coolant jack-
et 70 by a design change in accordance with the require-
ment specifications of the internal combustion engine
100 is reduced.
[0153] It is preferred that the outer peripheral shape of
the connected cylinder 10 basically be a simple shape
having the level difference 14 that divides the outer pe-
ripheral surface 10S into the first region 10S1 and the
second region 10S2. The groove 12 to which the fixing
member 80 is to be fitted or the groove to which the seal-
ing member is to be mounted may be formed as needed.
[0154] Meanwhile, the projecting portion that projects
from the outer peripheral surface 10S can be formed on
the outer peripheral surface 10S of the connected cylin-
der 10 when needed, or the projecting portion is not re-
quired to be formed on any of the first region 10S1 and
the second region 10S2 of the outer peripheral surface
10S of the connected cylinder 10.
[0155] When the projecting portion is not formed on
the outer peripheral surface 10S, the following advantag-
es are given. Specifically, when the projecting portion
such as a flange is formed on the outer peripheral surface
10S, the projecting portion is liable to be broken when
the connected cylinder 10 is carelessly hit against anoth-
er member while the connected cylinder 10 is being han-
dled or stored. When the projecting portion is not formed
on the outer peripheral surface 10S, however, the dam-
age described above can be prevented.
[0156] In addition, in a case in which the connecting
portion 42 of the first connected cylinder 10A or the con-
nected cylinder main body portion 50 of the second con-
nected cylinder 10B is manufactured by the casting,
when the projecting portion is formed on the outer pe-
ripheral surface 10S, a shape of the die becomes slightly
complicated. In addition, the manufacturability is reduced
by some degree. Further, when the projecting portion is
formed on the first region 10S1, it becomes more difficult
to redesign the capacity of the coolant jacket 70 and the
formation position of the coolant jacket 70 in the direction
of the center line C by appropriately redetermining (1)
the value of the maximum opening width W1sm and (2)
the first level difference 68A in the direction of the center
line C of the cylinder block main body 60. When the pro-
jecting portion is not formed on the outer peripheral sur-
face 10S, however, the above-mentioned problems can
be prevented.
[0157] Meanwhile, although the above-mentioned ad-
vantages are lost, cooling control for the internal com-
bustion engine 100 can be more precisely performed by
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forming the projecting portion on the first region 10S1 of
the outer peripheral surface 10S. In this case, as in the
case of a first connected cylinder 10A2 (10A, 10) exem-
plified in FIG. 11, it is preferred that the flange portion
16A (16) that partitions the first region 10S1 into a region
on the cylinder head side (Z1-direction side) and a region
on the crankcase side (Z2-direction side) be formed on
the first region 10S1. In the example illustrated in FIG.
11, the flange portion 16A is formed continuously along
the outer peripheral direction and has a connected ring
shape that is arranged at a position in the direction of the
center line C of the cylinder liner 40 so that the position
is the same at any position in the outer peripheral direc-
tion. The first connected cylinder 10A2 illustrated in FIG.
11 is a member having the same structure as that of the
first connected cylinder 10A1 illustrated in FIG. 9 except
that the flange portion 16A is formed on the first region
10S1. The flange portion 16A similar to that illustrated in
FIG. 11 can also be formed on the first region 10S1 of
the second connected cylinder 10B (10) illustrated in FIG.
10.
[0158] In the internal combustion engine 100 that uses
the connected cylinder 10 having the flange portion 16A
that partitions the first region 10S1 into the region on the
cylinder head side (Z1-direction side) and the region on
the crankcase side (Z2-direction side), the coolant jacket
70 has a structure divided by the flange portion 16A in
the direction of the center line C of the cylinder liner 40
or the cylinder bore 20. FIG. 12 and FIG. 13 are schematic
sectional views each for illustrating an example of the
internal combustion engine 100 including the connected
cylinder 10 having the flange portion 16A formed on the
first region 10S1. An internal combustion engine 100B
(100) illustrated in FIG. 12 has the same structure as that
of the internal combustion engine 100A illustrated in FIG.
8 except that the first connected cylinder 10A1 illustrated
in FIG. 8 is replaced by the first connected cylinder 10A2
having the flange portion 16A illustrated in FIG. 11. An
internal combustion engine 100C (100) illustrated in FIG.
13 has the same structure as that of the internal com-
bustion engine 100A illustrated in FIG. 8 except that (i)
the first connected cylinder 10A1 illustrated in FIG. 8 is
replaced by the first connected cylinder 10A2 having the
flange portion 16A illustrated in FIG. 11, and (ii) the cyl-
inder block main body 60A illustrated in FIG. 8 is replaced
by a cylinder block main body 60B having a structure in
which a third level difference 68C being continuous in
the circumferential direction is formed on the inner pe-
ripheral surface 64S1 of the cylinder block main body
60A.
[0159] The third level difference 68C is formed at a
position corresponding to a side surface of the flange
portion 16A, which is located on the crankcase side (Z2-
direction side) . Based on the third level difference 68C
as a boundary line, the internal peripheral surface 64S1
is partitioned into two regions, that is, a cylinder head-
side region 64S1A, which is located on the cylinder head
side (Z1-direction side) with respect to the third level dif-

ference 68C, and a crankcase-side region 64S1B, which
is located on the crankcase side (Z2-direction side) with
respect to the third level difference 68C. The crankcase-
side region 64S1B is positioned on an inner peripheral
side relative to the cylinder head-side region 64S1A. In
the Y direction, the cylinder head-side region 64S1A il-
lustrated in FIG. 13 is formed at a position so as to be
flush with the inner peripheral surface 64S1 of the cylin-
der block main body 60A illustrated in FIG. 12. However,
the cylinder head-side region 64S1A illustrated in FIG.
13 is not required to be formed at the position so as to
be flush with the inner peripheral surface 64S1 of the
cylinder block main body 60A illustrated in FIG. 12 as
long as the cylinder head-side region 64S1A is positioned
on an outer peripheral side relative to the crankcase-side
region 64S1B.
[0160] In the internal combustion engine 100B illustrat-
ed in FIG. 12 and the internal combustion engine 100C
illustrated in FIG. 13, the coolant jacket 70, which is
formed between the outer peripheral surface 10S (spe-
cifically, the first region 10S1) of the first connected cyl-
inder 10A and the inner peripheral surface 64S1 of the
hollow portion 64 of the cylinder block main body 60A,
60B, is divided by the flange portion 16A into a cylinder
head-side portion (a cylinder head-side coolant jacket
70A) and a crankcase-side portion (a crankcase-side
coolant jacket 70B). Therefore, the internal combustion
engine 100B illustrated in FIG. 12 and the internal com-
bustion engine 100C illustrated in FIG. 13 can control a
flow velocity, a flow rate, and a water temperature of the
coolant flowing in the coolant jacket 70 individually for
the cylinder head-side coolant jacket 70A and the crank-
case-side coolant jacket 70B in comparison to the inter-
nal combustion engine 100A illustrated in FIG. 8. There-
fore, in the internal combustion engines 100B and 100C,
it is extremely easy to perform temperature control indi-
vidually for a portion closer to the cylinder head and a
portion closer to the crankcase, which are included in a
portion of the cylinder bores 20 surrounded by the coolant
jacket 70. When the characteristics described above are
used, various advantages exemplified in the following
items (a) to (c) can be easily achieved.

(a) A cylindricity of each of the cylinder bores 20 dur-
ing an operation of the internal combustion engine
100B, 100C is improved by controlling a temperature
of the portion closer to the cylinder head and a tem-
perature of the portion closer to the crankcase, which
are included in the portion of the cylinder bores 20
surrounded by the coolant jacket 70. For example,
the control can be performed so that the temperature
of the portion of the cylinder bores 20, which is closer
to the cylinder head, is reduced and the temperature
of the portion of the cylinder bores 20, which is closer
to the crankcase, is increased in comparison to tem-
peratures before the coolant jacket 70 is divided by
the flange portion 16A. In this case, with the reduction
in temperature of the portion of the cylinder bores
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20, which is closer to the cylinder head, it becomes
easy to increase an output and further advance ig-
nition. Further, with the increase in temperature of
the portion of the cylinder bores 20, which is closer
to the crankcase, it becomes easy to reduce friction
and improve warm-up performance. In addition, the
cylindricity of each of the cylinder bores 20 is im-
proved. Thus, along with the improvement of the cy-
lindricity, it becomes easy to reduce a blow-by gas
amount and a lubricant-oil consumption amount.
(b) A temperature of an inner wall surface (sliding
surface) of the cylinder bore 20, which is closer to
the cylinder head, is decreased by improving cooling
efficiency of the portion closer to the cylinder head
relative to that of the portion closer to the crankcase,
which are included in the portion of the cylinder bores
20 surrounded by the coolant jacket 70. In this man-
ner, anti-knocking capability is improved to improve
the fuel efficiency.
(c) A flow velocity, a flow rate, and a water temper-
ature of the coolant in the cylinder head-side coolant
jacket 70A and a flow velocity, a flow rate, and a
water temperature of the coolant in the crankcase-
side coolant jacket 70B are individually set so that
optimal output, fuel efficiency, and other advantages
are obtained in accordance with operating conditions
of the internal combustion engine 100B, 100C.

[0161] In the internal combustion engine 100B illustrat-
ed in FIG. 12, a top surface of the flange portion 16A is
held in contact with the inner peripheral surface 64S1 of
the cylinder block main body 60A. In the internal com-
bustion engine 100C illustrated in FIG. 13, the top surface
of the flange portion 16A is held in contact with the cyl-
inder head-side region 64S1A of the inner peripheral sur-
face 64S1 of the cylinder block main body 60A, and a
crankcase-side (Z2-direction side) side surface of the
flange portion 16A, which is located on the top surface
side, is held in contact with a level-difference surface
portion of the third level difference 68C. In this case, it is
preferred that a sealing member such as an O-ring be
provided at an interface between the top surface of the
flange portion 16A and the inner peripheral surface 64S1
to completely seal the interface between the flange por-
tion 16A and the inner peripheral surface 64S1. The O-
ring may be mounted in, for example, a groove that is
formed in the top surface of the flange portion 16A along
the circumferential direction so as to be used. In the case
of the internal combustion engine 100C illustrated in FIG.
13, the O-ring may be mounted in a groove that is formed
in the level-difference surface portion of the third level
difference 68C along the circumferential direction so as
to be used.
[0162] The sealing member may be omitted or a slight
gap may be formed between the top surface of the flange
portion 16A and the inner peripheral surface 64S1 as
long as controllability for controlling the flow velocity, the
flow rate, and the water temperature of the coolant indi-

vidually for the cylinder head-side coolant jacket 70A and
the crankcase-side coolant jacket 70B is not greatly im-
paired. A flow passage, which penetrates in the direction
of the center line C to connect the cylinder head-side
coolant jacket 70A and the crankcase-side coolant jacket
70B to each other, may be formed in a portion of the
flange portion 16A in the circumferential direction as
needed.
[0163] The flange portion 16Acan be formed at a freely-
selected position on the first region 10S1 in the direction
of the center line C as long as the coolant jacket 70 can
be divided into the cylinder head-side coolant jacket 70A
and the crankcase-side coolant jacket 70B. When a cyl-
inder head-side end of the first region 10S1 in the direc-
tion of the center line C is defined as a reference position
0 and a total length of the first region 10S1 in the direction
of the center line C is defined as L1, it is preferred that
the flange portion 16A be formed to fall within a range of
from about 0.23L1 to about 0.53L1. Similarly, when a
cylinder head-side end of the connected cylinder 10 in
the direction of the center line C is defined as a reference
position 0 and a total length of the connected cylinder 10
in the direction of the center line C is defined as L, it is
preferred that the flange portion 16A be formed to fall
within a range of from about 0.143L to about 0.373L.
[0164] Further, the flange portion 16 formed on the out-
er peripheral surface 10S maybe formed continuously
along the direction of the center lines C of the cylinder
liners 40 or the cylinder bores 20. FIG. 15 is a schematic
sectional view for illustrating another modification exam-
ple of the first connected cylinder illustrated in FIG. 1. A
first connected cylinder 10A3 (10A, 10) illustrated in FIG.
15 has flange portions 16B (16), which are formed on the
outer peripheral surface 10S so as to be located on both
end sides in the direction of arrangement of the cylinder
bores 20 and continuous along the direction of the center
lines C. In the internal combustion engine 100 using the
first connected cylinder 10A3 illustrated in FIG. 15, the
coolant jacket 70 is divided into a portion on the one side
(Y1 side) of the plane (ZX plane) containing the center
line C of each of the cylinder liners 40 or each of the
cylinder bores 20 and a portion on the another side (Y2
side) . In the example illustrated in FIG. 15, the flange
portions 16B are formed on the outer peripheral surface
10S so as to be located on both end sides in the direction
of arrangement of the cylinder bores 20. However, the
flange portions 16B may be formed at positions other
than those described above.
[0165] In the example illustrated in FIG. 15, each of
the flange portions 16B is formed on both of the first re-
gion 10S1 and the second region 10S2 of the outer pe-
ripheral surface 10S. Thus, guide grooves corresponding
to the flange portions 16B are formed at least in the inner
peripheral surfaces 64S2 and 64S3 of the inner periph-
eral surface 64S of the hollow portion 64 of the cylinder
block main body 60, which is to be used in combination
with the first connected cylinder 10A3 illustrated in FIG.
15. Further, guide grooves corresponding to the flange
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portions 16B may be formed even in the inner peripheral
surface 64S1 in addition to the inner peripheral surfaces
64S2 and 64S3 in accordance with a height of each of
the flange portions 16B. Specifically, the guide grooves
corresponding to the flange portions 16B are formed in
the inner peripheral surface 64S so as to be located on
both end sides in a longitudinal direction (X direction) of
the opening portion of the hollow portion 64 and contin-
uous at least partially or entirely from the one end side
(Z2 side) to the another end side (Z1 side) of the hollow
portion 64. Thus, when the flange portions 16B of the
first connected cylinder 10A3 are fitted into the guide
grooves, the first connected cylinder 10A3 is more stably
fixed to the cylinder block main body 60 having the inner
peripheral surface 64S with the guide grooves formed
therein.
[0166] In the example illustrated in FIG. 15, the flange
portions 16B are formed on the outer peripheral surface
10S so as to be continuous from the one end side (Z2
side) to the another end side (Z1 side) of the first con-
nected cylinder 10A3. However, when the flange portions
16B are formed for more stable fixation of the first con-
nected cylinder 10A3 to the cylinder block main body 60
as a main purpose, the flange portions 16B are only re-
quired to be formed on the outer peripheral surface 10S
to extend from a position closer to the another end side
(Z1 side) with respect to the level difference 14 to the
one end side (Z2 side) so as to correspond to the guide
grooves formed in the inner peripheral surfaces 64S2
and 64S3 of the inner peripheral surface 64S of the hollow
portion 64. In FIG. 16, there is illustrated a first connected
cylinder 10A4 (10A, 10) having the outer peripheral sur-
face 10S with the flange portions 16B formed thereon as
described above.
[0167] When the flange portions 16B are formed for
division of the coolant jacket 70 as a main purpose, the
flange portions 16B are only required to be formed on
the outer peripheral surface 10S to extend from the an-
other end side (Z1 side) to a position closer to the another
end side (Z1 side) with respect to the level difference 14
so as to correspond to the inner peripheral surface 64S1
of the hollow portion 64. In FIG. 17, there is illustrated a
first connected cylinder 10A5 (10A, 10) having the outer
peripheral surface 10S with the flange portions 16B
formed thereon as described above.
[0168] The internal combustion engine 100 that is as-
sembled with the first connected cylinder 10A3, 10A4,
10A5, which has the outer peripheral surface 10S with
the flange portions 16B formed continuously along the
direction of the center lines C of the cylinder liners 40 or
the cylinder bores 20, and the cylinder block main body
60 can be used for any types of engines such as an in-
line engine, a V-type engine, or a horizontally-opposed
engine.
[0169] It is particularly preferred that the internal com-
bustion engine 100 using the first connected cylinder
10A3 exemplified in FIG. 15 or the first connected cylinder
10A4 exemplified in FIG. 16 be a horizontally-opposed

engine. In this case, in the horizontally-opposed engine,
even when gravity acts on the first connected cylinder
10A4 in a direction substantially orthogonal to the center
lines C of the cylinder bores 20, inclination of the first
connected cylinder 10A4 with respect to a horizontal
plane can be reliably suppressed. Thus, when the inter-
nal combustion engine 100 is assembled under a state
in which the cylinder block main body 60 having the inner
peripheral surface 64S with the guide grooves formed
therein is placed sideways (state in which the Z direction
substantially matches with a horizontal direction), posi-
tioning of the first connected cylinder 10A4 with respect
to the cylinder block main body 60 is easy.
[0170] In FIG. 18, there is illustrated an example of the
cylinder block main body to be used in combination with
the first connected cylinder 10A3 illustrated in FIG. 15.
A cylinder block main body 60C (60) illustrated in FIG.
18 is a modification example of the cylinder block main
body 60A illustrated in FIG. 6, and is a member having
the same dimensions and shape as those of the cylinder
block main body 60A except that guide grooves 69 are
further formed in the cylinder block main body 60A. As
illustrated in FIG. 18, the guide grooves 69 are formed
in the inner peripheral surface 64S so as to be located
on both end sides in a longitudinal direction (X direction)
of an opening portion 64X of the hollow portion 64. In this
case, the guide grooves 69 are formed in all of the inner
peripheral surface 64S1, the inner peripheral surface
64S2, and the inner peripheral surface 64S3 so as to
correspond to the flange portions 16B illustrated in FIG.
15. The guide grooves 69 may be omitted from the inner
peripheral surface 64S1 in accordance with the height of
each of the flange portions 16B. Further, even when the
first connected cylinder 10A4 illustrated in FIG. 16 is
used, the guide grooves 69 are not required to be formed
in the inner peripheral surface 64S1.
[0171] Further, a shape and a position of formation of
the flange portion 16 are not limited to those of the ex-
amples illustrated in FIG. 11 to FIG. 13 and FIG. 15 to
FIG. 17. For example, the flange portion 16 may be a
combination of the flange portion 16A formed continu-
ously in the outer peripheral direction as exemplified in
FIG. 11 to FIG. 13 and the flange portions 16B formed
continuously in the direction parallel to the center lines
C as exemplified in FIG. 15 to FIG. 17.
[0172] For example, it is supposed that the first region
10S1 of the connected cylinder 10 is divided into two by
a plane (XZ plane) containing the center lines C of the
cylinder liners 40 or the cylinder bores 20 as a divisional
boundary plane. In this case, the flange portion 16A hav-
ing a connected semi-ring shape that is continuous so
as to be parallel to the outer peripheral direction can be
formed at a position relatively closer to the crankcase in
one-side portion (Y1-direction side portion) of the first
region 10S1 that has been divided into two, whereas the
flange portion 16A having a connected semi-ring shape
that is continuous so as to be parallel to the outer periph-
eral direction can be formed at a position relatively closer
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to the cylinder head in another-side portion (Y2-direction
side portion) of the first region 10S1 that has been divided
into two. Each end of the one flange portion 16A having
the connected semi-ring shape and each end of the an-
other flange portion 16A having the connected semi-ring
shape are connected through the flange portion 16B
formed so that the ends thereof are continuous in a di-
rection parallel to the center line C. By adopting the con-
figuration described above, a ratio of a depth of the cyl-
inder head-side coolant jacket 70A and a depth of the
crankcase-side coolant jacket 70B can be set so as to
be different for the one side and the another side of the
divisional boundary plane. The structure described
above is effective in a case in which, for example, asym-
metric cooling control is desired to be performed for the
one side and the another side of the divisional boundary
plane.
[0173] Further, the flange portion 16 may include, in
addition to a first portion (flange portion 16A) that parti-
tions the first region 10S1 into the cylinder head-side (Z1-
direction side) region and the crankcase-side (Z2-direc-
tion side) region, a second portion (flange portion 16B)
that partitions a portion of the first region 10S1, which
forms a side wall surface of the coolant jacket 70, in the
outer peripheral direction. In the internal combustion en-
gine 100 including the connected cylinder 10 having the
flange portion 16 described above, the coolant jacket 70
can be partitioned by the first portion in the direction of
the center line C of the cylinder liner 40 or the cylinder
bore 20. In addition, the coolant jacket 70 can also be
partitioned or divided by the second portion in the outer
peripheral direction. Thus, it becomes easy to perform
more precise cooling control not only in the direction of
the center line C but also in the outer peripheral direction.
[0174] As a specific example, there can be exemplified
the connected cylinder 10 having the flange portion 16
formed on the first region 10S1, the flange portion 16
having the first portion (flange portion 16A), which is
formed continuously along the outer peripheral direction
and forms such a connected ring shape that the position
of arrangement thereof in the direction of the center line
C is the same at any position in the outer peripheral di-
rection, and two linear second portions (flange portion
16B), which are formed along a portion at which the di-
visional boundary plane and the first region 10S1 inter-
sect with each other, and the internal combustion engine
100 using the same. In this case, the coolant jacket 70
is divided by the first portion into the cylinder head-side
coolant jacket 70A and the crankcase-side coolant jacket
70B. Further, by the second portions, the cylinder head-
side coolant jacket 70A is divided into the portion on the
one side (Y1-direction side) of the divisional boundary
plane and the portion on the another side (Y2-direction
side), and the crankcase-side coolant jacket 70B is di-
vided into the portion on the one side (Y1-direction side)
of the divisional boundary plane and the portion on the
another side (Y2-direction side) . Specifically, the coolant
jacket 70 is divided into four.

[0175] The internal combustion engine 100 having the
structure in which the flange portions and the guide
grooves are fitted together to fix the connected cylinder
10 to the cylinder block main body 60 as described with
the specific examples illustrated in FIG. 15, FIG. 16, and
FIG. 18 may include a combination of the connected cyl-
inder 10 and the cylinder block main body 60, which have
at least the structures described in the following item (1)
or (2).

(1) The internal combustion engine 100 includes the
connected cylinder 10 having the outer peripheral
surface 10S on which the flange portions 16B (fixing
flange portions) are formed along the direction par-
allel to the center line C of each of the cylinder bores
20 formed in the connected cylinder 10 and the cyl-
inder block main body 60 having the guide grooves
69 formed in the inner peripheral surface 64S of the
hollow portion 64, which are to be fitted to the flange
portions 16B (fixing flange portions).
(2) The internal combustion engine 100 includes the
cylinder block main body 60 having the flange por-
tions (fixing flange portions) formed on the inner pe-
ripheral surface 64S of the hollow portion 64 along
a direction parallel to a penetrating direction (Z di-
rection) of the hollow portion 64 and the connected
cylinder 10 having the guide grooves formed in the
outer peripheral surface 10S of the connected cylin-
der 10, which are to be fitted to the flange portions
(fixing flange portions) (formed on the cylinder block
main body 60) .

[0176] In this case, it is preferred that the internal com-
bustion engines 100 described in the items (1) and (2)
have the structures described below, respectively.
[0177] Specifically, in the internal combustion engine
100 described above in the item (1), it is preferred that
the flange portions 16B (fixing flange portions) be formed
on the outer peripheral surface 10S of the connected
cylinder 10 so as to be located on both end sides in the
direction of arrangement of the cylinder bores 20 (X di-
rection) formed in the connected cylinder 10 and the
guide grooves 69 be formed in the inner peripheral sur-
face 64S of the hollow portion 64 of the cylinder block
main body 60 so as to be located on both end sides in
the longitudinal direction (X direction) of the opening por-
tion 64X of the hollow portion 64. Further, in the internal
combustion engine 100 described above in the item (2),
it is preferred that the flange portions (fixing flange por-
tions) be formed on the inner peripheral surface 64S of
the hollow portion 64 of the cylinder block main body 60
so as to be located on both end sides in the longitudinal
direction (X direction) of the opening portion 64X of the
hollow portion 64 and the guide grooves be formed in the
outer peripheral surface 10S of the connected cylinder
10 so as to be located on both end sides in the direction
of arrangement of the cylinder bores 20 (X direction)
formed in the connected cylinder 10.
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[0178] The structures as described above in each of
which the fixing flange portions and the guide grooves
are fitted together on both end sides in the X direction
are particularly suitable when the internal combustion en-
gine 100 is a horizontally-opposed engine. In this case,
the inclination of the connected cylinder 10 in the internal
combustion engine 100 can be suppressed, and the po-
sitioning of the connected cylinder 10 with respect to the
cylinder block main body 60 at the time of assembly can
be facilitated.
[0179] In the internal combustion engines 100 de-
scribed above in the items (1) and (2), the coolant jacket
may be provided at any of the following positions (i) to
(iii). It is particularly preferred that the coolant jacket be
provided at the position (ii) . When the coolant jacket 70
that forms a large space between the outer peripheral
surface 10S of the connected cylinder 10 and the inner
peripheral surface 64S of the hollow portion 64 of the
cylinder block main body 60 is provided, support and fix-
ation of the connected cylinder 100 in the internal com-
bustion engine 100 are liable to be unstable in compar-
ison to a case in which the coolant jacket is provided at
the position (i) or (iii) . However, in the internal combus-
tion engines 100 described in the above-mentioned items
(1) and (2), each having the structure in which the fixing
flange portions and the guide grooves are fitted together,
the above-mentioned problem can be suppressed.
[0180] Specifically, the coolant jacket is provided:

(i) in the connected cylinder 10 (inside the outer pe-
ripheral surface 10S of the connected cylinder 10),
(ii) between the outer peripheral surface 10S of the
connected cylinder 10 and the inner peripheral sur-
face 64S of the hollow portion 64 of the cylinder block
main body 60, or
(iii) in the cylinder block main body 60 (on an outer
peripheral side of the inner peripheral surface 64S
of the hollow portion 64) .

[0181] In the internal combustion engine 100 including
the coolant jacket 70 provided at the position (ii), a flange
portion (dividing flange portion) that divides the coolant
jacket 70 into two or more portions is only required to be
formed at least on any surface selected from (a) the outer
peripheral surface 10S of the connected cylinder 10 and
(b) the inner peripheral surface 64S of the hollow portion
64 of the cylinder block main body 60.
[0182] In this case, as a specific example in which the
dividing flange portion is formed on (a) the outer periph-
eral surface 10S of the connected cylinder 10, there are
given the internal combustion engine 100B illustrated in
FIG. 12, the internal combustion engine 100C illustrated
in FIG. 13, and the internal combustion engine 100 in
which the first connected cylinder 10A3 illustrated in FIG.
15 and the cylinder block main body 60C illustrated in
FIG. 18 are combined. In the internal combustion engine
100B illustrated in FIG. 12 and the internal combustion
engine 100C illustrated in FIG. 13, the coolant jacket 70

is divided by the flange portion 16A (dividing flange por-
tion) into two portions (the cylinder head-side coolant
jacket 70A and the crankcase-side coolant jacket 70B).
[0183] Further, in the internal combustion engine 100
in which the first connected cylinder 10A3 illustrated in
FIG. 15 and the cylinder block main body 60C illustrated
in FIG. 18 are combined, the coolant jacket 70 is divided
by the flange portions 16B (dividing flange portions) into
two portions (the portion on the one side (Y1 side) with
respect to the plane containing the plurality of center lines
C and the portion on the another side (Y2 side)). The
flange portions 16B in the internal combustion engine
100 in which the first connected cylinder 10A3 illustrated
in FIG. 15 and the cylinder block main body 60C illustrat-
ed in FIG. 18 are combined are used as the fixing flange
portions. However, the flange portions 16B also have a
function of the dividing flange portions. As described
above, the fixing flange portions may have a function of
the dividing flange portions.
[0184] Meanwhile, as a specific example in which the
dividing flange portions are formed on the inner periph-
eral surface 64S of the hollow portion 64 of the cylinder
block main body 60, there are given the internal combus-
tion engine 100 having a structure that the flange portions
(dividing flange portions) in the internal combustion en-
gine 100B illustrated in FIG 12, the internal combustion
engine 100C illustrated in FIG. 13, and the internal com-
bustion engine 100 including the combination of the first
connected cylinder 10A3 illustrated in FIG. 15 and the
cylinder block main body 60C illustrated in FIG. 18, are
formed not on the connected cylinder 10 but on the cyl-
inder block main body 60.
[0185] Further, in the first connected cylinder 10A2,
10A3, 10A4, and 10A5 illustrated in FIG. 11 to FIG. 13
and FIG. 15 to FIG. 17, the flange portion 16 is formed
integrally with a main body portion of the first connected
cylinder 10A2 by casting. However, the flange portion 16
may be formed by mounting and fixing (1) a member
having a shape corresponding to the flange portion 16A
having the connected ring shape, (2) a member having
a shape corresponding to the flange portion 16B having
the linear shape extending along the direction parallel to
the center lines C, or (3) a member having a shape cor-
responding to the flange portion 16 having the first portion
(flange portion 16A) having the connected semi-ring
shape or the connected ring shape described above and
the second portion (flange portion 16B) having the linear
shape, which are described above, to the connected cyl-
inder 10 without the flange portion 16, as exemplified in
FIG. 9 and FIG. 10.
[0186] A type of fitting for the fitting portion at which
the flange portion 16 and the cylinder block main body
60 are fitted together is not particularly limited, and may
be any type of fitting selected from the clearance fit, the
transition fit, and the interference fit. When the deforma-
tion of the cylinder bores 20 is desired to be suppressed,
the clearance fit or the transition fit is preferred, and the
clearance fit is more preferred.
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[0187] Further, it is preferred that the flange portion
(dividing flange portion) formed on the connected cylin-
der 10 or the cylinder block main body 60 for purpose of
dividing the coolant jacket 70 into two or more portions
have no through hole penetrating in a width direction of
the flange portion. For example, when the flange portion
16A that is formed continuously along the outer periph-
eral direction of the connected cylinder 10 or a flange
portion that is formed continuously along an inner periph-
eral direction of the hollow portion 64 of the cylinder block
main body 60 in place of the flange portion 16A does not
have a through hole, the cylinder head-side coolant jack-
et 70A and the crankcase-side coolant jacket 70B do not
communicate with each other via a through hole. Thus,
for example, control of a fluid temperature and a flow rate
of the coolant can be more reliably performed separately
and independently for the cylinder head-side coolant
jacket 70A and the crankcase-side coolant jacket 70B.
The "width direction of the flange portion" corresponds
to a direction parallel to a surface on which the flange
portion is formed and is orthogonal to a longitudinal di-
rection of the flange portion, and corresponds to a length
in the Z direction for the flange portion 16A illustrated in
FIG. 11 and a length in the outer peripheral direction (or
the Y direction) for the flange portions 16B illustrated in
FIG. 15.
[0188] Further, when the flange portion (dividing flange
portion) has a through hole penetrating in the width di-
rection of the flange portion, it is preferred that the flange
portion have a closing member capable of closing the
through hole, such as a plug or a lid in addition to the
through hole. In this case, it is preferred that the through
hole be closed by the closing member such as a plug or
a lid when the internal combustion engine 100 is operat-
ed. For example, when the flange portion 16A has a
through hole in a state of being unclosed when the inter-
nal combustion engine 100 is operated, a coolant can
move between the cylinder head-side coolant jacket 70A
and the crankcase-side coolant jacket 70B through the
through hole when, for example, the internal combustion
engine 100B exemplified in FIG. 12 is operated. Thus, it
becomes difficult to perform more precise cooling control.
The above-mentioned points apply even to a case in
which the flange portion 16 is formed on the inner pe-
ripheral surface 64S1 of the cylinder block main body 60.
The through hole may be opened for purpose of, for ex-
ample, maintenance and repair of the internal combus-
tion engine 100 when the internal combustion engine 100
is not operated.
[0189] In the related-art internal combustion engine
having a structure in which the plurality of cylinder liners
are cast into the cylinder block, a portion other than the
cylinder liners is formed integrally by casting. Therefore,
in the related-art internal combustion engine, as in the
cases of the internal combustion engine 100B illustrated
in FIG. 12 and the internal combustion engine 100C il-
lustrated in FIG. 13, it is impossible to achieve the struc-
ture (coolant jacket divided structure) of the coolant jack-

et 70 divided into the cylinder head-side coolant jacket
70A and the crankcase-side coolant jacket 70B only
through the casting process. Further, in order to achieve
the coolant jacket divided structure after the casting, work
for constructing the coolant jacket divided structure is
required to be performed in the coolant jacket having a
cylinder head-side opening portion with a small width and
a large depth. Thus, the manufacturability is extremely
low, and mass production is impossible. In the internal
combustion engine 100 according to this embodiment,
which uses the connected cylinder 10 having the flange
portion 16, however, the coolant jacket divided structure
can be extremely easily achieved by combining the con-
nected cylinder 10 having the flange portion 16 manu-
factured by the casting and the cylinder block main body
60 manufactured by the casting. Thus, mass productivity
is extremely excellent.
[0190] The internal combustion engine 100 according
to this embodiment is only required to have at least one
fitting portion where the connected cylinder 10 and the
cylinder block main body 60 are fitted together. The fitting
portion in this case corresponds to the one end-side por-
tion (fitting portion 64J) of the hollow portion 64 of the
cylinder block main body 60. As exemplified in FIG. 8,
FIG. 12, and FIG. 13, however, the internal combustion
engine 100 according to this embodiment has two or
more fitting portions in the Z direction, specifically, in ad-
dition to a first fitting portion (fitting portion 64J) located
closest to the one end side (Z2 side), and, for example,
a second fitting portion (such as a fitting portion through
the fixing member 80 exemplified in FIG. 8, FIG. 12, and
FIG. 13) located closest to the another end side (Z1 side),
or a third fitting portion (such as a fitting portion between
the flange portion 16 and the cylinder block main body
60, which is exemplified in FIG. 12 and FIG. 13) located
between the one end side (Z2 side) and the another end
side (Z1 side) in the Z direction.
[0191] When the internal combustion engine 100 ac-
cording to this embodiment has two or more fitting por-
tions in the Z direction as described above, the type of
fitting used for the fitting portions may be the same or
different. Further, as a combination of suitable types of
fitting for the fitting portions, there are given modes ex-
emplified below.
[0192] (Case in which the internal combustion engine
100 has the first fitting portion, the second fitting portion,
and the third fitting portion)

• Combination Example A1

[0193] For the first fitting portion to the third fitting por-
tion, the clearance fit is used.
[0194] With the combination described above, it is ex-
tremely easy to suppress the deformation of the cylinder
bores 20 over the entire region in the Z direction.
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• Combination Example A2

[0195] For the first fitting portion, the transition fit is
used, and for the second fitting portion and the third fitting
portion, the clearance fit is used.
[0196] With the combination described above, it is ex-
tremely easy to suppress the deformation of the cylinder
bores 20 in the vicinity of a region in which the piston
reciprocates, and the connected cylinder 10 can be more
stably fixed to the cylinder block main body 60 as com-
pared to the case using the combination example A1.
[0197] (Case in which the internal combustion engine
100 has the first fitting portion and the third fitting portion)

• Combination Example B1

[0198] For the first fitting portion and the third fitting
portion, the clearance fit is used.
[0199] With the combination described above, it is ex-
tremely easy to suppress the deformation of the cylinder
bores 20 over the entire region in the Z direction.

• Combination Example B2

[0200] For the first fitting portion, the transition fit is
used, and for the third fitting portion, the clearance fit is
used.
[0201] With the combination described above, it is ex-
tremely easy to suppress the deformation of the cylinder
bores 20 in the region in which the piston reciprocates,
and the connected cylinder 10 can be more stably fixed
to the cylinder block main body 60 as compared to the
case using the combination example B1.
[0202] (Case in which the internal combustion engine
100 has the first fitting portion and the second fitting por-
tion)

• Combination Example C1

[0203] For the first fitting portion and the second fitting
portion, the clearance fit is used.
[0204] With the combination described above, it is ex-
tremely easy to suppress the deformation of the cylinder
bores 20 over the entire region in the Z direction.

• Combination Example C2

[0205] For the first fitting portion, the transition fit is
used, and for the second fitting portion, the clearance fit
is used.
[0206] With the combination described above, it is ex-
tremely easy to suppress the deformation of the cylinder
bores 20 in the region in which the piston reciprocates,
and the connected cylinder 10 can be more stably fixed
to the cylinder block main body 60 as compared to the
case using the combination example C1.
[0207] The internal combustion engine 100 according
to this embodiment can be used as, for example, a liquid

cooled gasoline engine, a liquid cooled diesel engine, or
a liquid cooled engine using a fuel other than gasoline or
light oil (such as alcohol, a natural gas, or a hydrogen
gas). A purpose of use of the internal combustion engine
100 according to this embodiment is not particularly lim-
ited, and the internal combustion engine 100 may be used
for various purposes of use, for example, for a vehicle
such as an automobile, a motorcycle, or a railroad vehi-
cle, a ship, an aircraft, or power generation. The internal
combustion engine 100 is particularly suitably used for a
vehicle. A displacement of the internal combustion en-
gine 100 according to this embodiment is not particularly
limited, and can be appropriately selected in accordance
with the purpose of use. In general, the displacement of
the internal combustion engine 100 is selected to fall with-
in a range of from 20 cc to 60 L in accordance with the
purpose of use. When the internal combustion engine
100 is used for an automobile including a large-size au-
tomobile such as a large-size truck or bus, it is preferred
that the displacement be selected to fall within a range
of, for example, from 50 cc to 30 L. For an automobile
other than a large-size automobile such as a large-size
truck or bus, it is preferred that the displacement be se-
lected to fall within a range of, for example, from 50 cc
to 7 L, and more preferably, from 300 cc to 4 L. Further,
for a motorcycle, it is preferred that the displacement be
selected to fall within a range of, for example, from 20 cc
to 1.5 L, more preferably, from 50 cc to 1.2 L.
[0208] The internal combustion engine 100 according
to this embodiment is applicable to, for example, a large-
size engine (for example, a large-size diesel engine for,
for example, a ship and/or a large-size engine having a
displacement exceeding 30 L or 60 L) . However, it is
difficult to manufacture the connected cylinder 10 and
the cylinder block main body 60 (particularly, the cylinder
block main body 60), which correspond to the displace-
ment or a magnitude of the engine size. Thus, it is pre-
ferred that the displacement of the internal combustion
engine 100 according to this embodiment be 60 L or less,
preferably, 30 L or less, and particularly preferably, 10 L
or less. For the same reason, the internal combustion
engine 100 according to this embodiment is suitably an
internal combustion engine except for the large-size en-
gine as described above.
[0209] Further, the connected cylinder 10 according to
this embodiment may be combined with a member other
than the cylinder block main body 60 to form an internal
combustion engine. The structure of the internal com-
bustion engine described above is not particularly limited,
and may be of any one of a liquid cooled type or an air
cooled type. For example, in a case of a large-size diesel
engine for, for example, a ship and/or a large-size engine
having a displacement exceeding 30 L or 60 L, the inter-
nal combustion engine can be configured to include the
connected cylinder 10 and a cover member configured
to surround a portion of the outer peripheral surface 10S
of the connected cylinder 10, which is on a side closer
to the cylinder head. The cover member is fixed to the
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connected cylinder 10 with use of a plurality of bolts . In
this case, a coolant is supplied to a cooling chamber
formed between the outer peripheral surface 10S of the
connected cylinder 10 and the cover member. In the in-
ternal combustion engine having a large engine displace-
ment as described above, even when the cylinder block
main body 60, which has large size and volume in ac-
cordance with the engine displacement, is desired to be
produced by casting, it is difficult to manufacture the cyl-
inder block main body 60 due to a problem such as a
blowhole. However, the cover member has a size and a
volume which are much smaller than those of the cylinder
block main body 60, and thus is easy to manufacture.

Reference Signs List

[0210]

10: connected cylinder
10A, 10A1, 10A2, 10A3, 10A4, 10A5: first connected
cylinder
10B: second connected cylinder
10S: outer peripheral surface
10S1: first region (portion of outer peripheral surface
10S)
10S2: second region (portion of outer peripheral sur-
face 10S)
10ES: end surface
12: groove
14: level difference
16, 16A, 16B: flange portion
20: cylinder bore
20B: inner peripheral surface
30, 30A, 30B, 30C: coolant passage
34: opening portion
36: end surface
40: cylinder liner
40A: outer peripheral surface
40B: inner peripheral surface
42: connecting portion
50: connected cylinder main body portion
50B: inner peripheral surface
52: coating
52A: outer peripheral side surface
52B: surface
60, 60A, 60B, 60C: cylinder block main body
62: crankcase
64: hollow portion
64J: fitting portion
64X: opening portion
64S, 64S1, 64S2, 64S3: inner peripheral surface
64S1A: cylinder head-side region (portion of inner
peripheral surface 64S1)
64S1B: crankcase-side region (portion of inner pe-
ripheral surface 64S1)
66: groove
68A: first level difference
68B: second level difference

68C: third level difference
69: guide grooves
70: coolant jacket
70A: cylinder head-side coolant jacket
70B: crankcase-side coolant jacket
80: (head-side) fixing member
100, 100A, 100B, 100C: internal combustion engine

Claims

1. A method of manufacturing an internal combustion
engine, comprising at least a fitting step of fitting a
connected cylinder to a hollow portion of a cylinder
block main body,
the connected cylinder comprising any one of con-
nected cylinders selected from the group consisting
of:

(1) a first connected cylinder including two or
more cylinder liners and a connecting portion
configured to connect the two or more cylinder
liners to each other; and
(2) a second connected cylinder including a con-
nected cylinder main body portion having two or
more cylinder bores and a coating configured to
cover an inner peripheral surface of the connect-
ed cylinder main body portion in which the cyl-
inder bores are formed,

the cylinder block main body having one end side
where a crankcase is formed and another end side
where a cylinder head is attachable,
the hollow portion passing through the cylinder block
main body from the one end side to the another end
side.

2. The method of manufacturing an internal combus-
tion engine according to claim 1, wherein the fitting
step is carried out through any type of fitting selected
from clearance fit, transition fit, and interference fit.

3. The method of manufacturing an internal combus-
tion engine according to claim 1 or 2,
wherein the connected cylinder comprises the first
connected cylinder, and
wherein a sliding surface formation step of forming
sliding surfaces by finishing inner peripheral surfac-
es of the cylinder liners is carried out only before the
fitting step.

4. The method of manufacturing an internal combus-
tion engine according to any one of claims 1 to 3,
wherein the connected cylinder comprises the first
connected cylinder,
wherein, after a coating formation step of forming
coatings on inner peripheral surfaces of the cylinder
liners is carried out, a sliding surface formation step
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of forming sliding surfaces by finishing surfaces of
the coatings is carried out, and
wherein the sliding surface formation step is carried
out only before the fitting step.

5. The method of manufacturing an internal combus-
tion engine according to claim 1 or 2,
wherein the connected cylinder comprises the sec-
ond connected cylinder, and
wherein a sliding surface formation step of forming
a sliding surface by finishing a surface of the coating
configured to cover the inner peripheral surface of
the connected cylinder main body portion in which
the cylinder bores are formed is carried out only be-
fore the fitting step.

6. The method of manufacturing an internal combus-
tion engine according to any one of claims 3 to 5,
wherein the fitting step is carried out through any
type of fitting selected from clearance fit and transi-
tion fit.

7. The method of manufacturing an internal combus-
tion engine according to any one of claims 3 to 5,
wherein the fitting step is carried out through clear-
ance fit.

8. The method of manufacturing an internal combus-
tion engine according to any one of claims 3 to 7,
wherein the sliding surface formation step is carried
out under a state in which the connected cylinder is
assembled to a jig that imitates the cylinder block
main body and the cylinder head, and at least the
connected cylinder is heated.

9. The method of manufacturing an internal combus-
tion engine according to any one of claims 1 to 8,
wherein a coolant passage formation step of forming
a coolant passage between two adjacent ones of the
cylinder bores of the connected cylinder is carried
out at least before the fitting step.

10. The method of manufacturing an internal combus-
tion engine according to claim 9,
wherein the coolant passage is formed inside an end
surface of the connected cylinder on a side where
the cylinder head is arrangeable, and
wherein a sectional shape of the coolant passage,
which is taken along a plane being parallel to a center
line of each of the cylinder bores formed in the con-
nected cylinder, is a slit-like shape.

11. An internal combustion engine comprising at least:

a connected cylinder selected from the group
consisting of:

(1) a first connected cylinder including two

or more cylinder liners and a connecting
portion configured to connect the two or
more cylinder liners to each other; and
(2) a second connected cylinder including
a connected cylinder main body portion
having two or more cylinder bores and a
coating configured to cover an inner periph-
eral surface of the connected cylinder main
body portion in which the cylinder bores are
formed; and

a cylinder block main body having one end side
where a crankcase is formed, another end side
where a cylinder head is attachable, and a hol-
low portion passing through the cylinder block
main body from the one end side to the another
end side,
wherein the connected cylinder is fitted to the
hollow portion of the cylinder block main body
so as to be removable.

12. The internal combustion engine according to claim
11, wherein the connected cylinder is fitted into the
hollow portion of the cylinder block main body
through any type of fitting selected from clearance
fit and transition fit.

13. The internal combustion engine according to claim
11 or 12,
wherein a coolant passage is formed between two
adjacent ones of the cylinder bores of the connected
cylinder so as to be located inside an end surface of
the connected cylinder on a side where the cylinder
head is arranged,
wherein a sectional shape of the coolant passage,
which is taken along a plane being parallel to a center
line of each of the cylinder bores formed in the con-
nected cylinder, is a slit-like shape.

14. The internal combustion engine according to any one
of claims 11 to 13,
wherein fixing flange portions are formed on an outer
peripheral surface of the connected cylinder along a
direction parallel to a center line of each of cylinder
bores formed in the connected cylinder, and
wherein guide grooves to be fitted to the fixing flange
portions are formed in an inner peripheral surface of
the hollow portion of the cylinder block main body.

15. The internal combustion engine according to claim
14,
wherein the fixing flange portions are formed on the
outer peripheral surface so as to be located on both
end sides in a direction of arrangement of the cylinder
bores, and
wherein the guide grooves are formed in the inner
peripheral surface of the hollow portion of the cylin-
der block main body so as to be located on both end
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sides in a longitudinal direction of an opening portion
of the hollow portion.

16. The internal combustion engine according to any one
of claims 11 to 13,
wherein fixing flange portions are formed on an inner
peripheral surface of the hollow portion of the cylin-
der block main body along a direction parallel to a
penetrating direction of the hollow portion, and
wherein guide grooves to be fitted to the fixing flange
portions are formed in an outer peripheral surface of
the connected cylinder.

17. The internal combustion engine according to claim
16,
wherein the fixing flange portions are formed on the
inner peripheral surface of the hollow portion of the
cylinder block main body so as to be located on both
end sides in a longitudinal direction of an opening
portion of the hollow portion, and
wherein the guide grooves are formed in the outer
peripheral surface of the connected cylinder so as
to be located on both end sides in a direction of ar-
rangement of cylinder bores formed in the connected
cylinder.

18. The internal combustion engine according to claim
15 or 17, wherein the internal combustion engine
comprises a horizontally-opposed engine.

19. The internal combustion engine according to any one
of claims 11 to 18, wherein a coolant jacket is pro-
vided between an outer peripheral surface of the
connected cylinder and an inner peripheral surface
of the hollow portion of the cylinder block main body.

20. The internal combustion engine according to claim
19, wherein a dividing flange portion configured to
divide the coolant jacket into two or more portions is
formed at least on any surface selected from the out-
er peripheral surface of the connected cylinder and
the inner peripheral surface of the hollow portion of
the cylinder block main body.

21. The internal combustion engine according to claim
20, wherein the dividing flange portion has no
through hole penetrating in a width direction of the
dividing flange portion.

22. The internal combustion engine according to claim
20, wherein the dividing flange portion has a through
hole penetrating in a width direction of the dividing
flange portion and a closing member capable of clos-
ing the through hole.

23. The internal combustion engine according to claim
22, wherein the through hole is closed by the closing
member when the internal combustion engine is op-

erated.

24. The internal combustion engine according to any one
of claims 20 to 23, wherein no coolant jacket spacer
is arranged in the coolant jacket.

25. The internal combustion engine according to any one
of claims 20 to 24, wherein a depth D of the coolant
jacket is 1/2 times of a total length L of the coolant
jacket or smaller in a direction parallel to a center
line of each of cylinder bores formed in the connected
cylinder.

26. The internal combustion engine according to any one
of claims 20 to 25, wherein a depth D of the coolant
jacket is 1/2 times of a total length L of the coolant
jacket or smaller in a direction parallel to a center
line of each of cylinder bores formed in the connected
cylinder, and no coolant jacket spacer is arranged in
the coolant jacket.

27. A connected cylinder, comprising:

two or more cylinder liners; and
a connecting portion configured to connect the
two or more cylinder liners to each other.

28. The connected cylinder according to claim 27,
wherein the connected cylinder has a connected
ring-like outer peripheral shape having a ring-like
portion with a diameter larger than a bore diameter
of each of the cylinder liners,
wherein an outer diameter (D1) of a first region
formed of an outer peripheral surface from a vicinity
of a cylinder head side to a vicinity of a central portion
in a direction of a center line of each of the cylinder
liners based on the center line of each of the cylinder
liners as a reference is larger than an outer diameter
(D2) of a second region formed of an outer peripheral
surface in a vicinity of a crankcase side based on
the center line of each of the cylinder liners as a
reference, and
wherein a level difference that is parallel to an outer
peripheral direction and is continuous is formed be-
tween the first region and the second region.

29. A connected cylinder, comprising:

a connected cylinder main body portion having
two or more cylinder bores; and
a coating configured to cover an inner peripheral
surface of the cylinder bores, which are formed
in the connected cylinder main body portion.

30. The connected cylinder according to claim 29, com-
prising:

a connected cylinder main body portion having
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two or more cylinder bores; and
a coating configured to cover an inner peripheral
surface of the cylinder bores, which are formed
in the connected cylinder main body portion,
wherein the connected cylinder has a connected
ring-like outer peripheral shape having a ring-
like portion with a diameter larger than a bore
diameter of each of the cylinder bores,
wherein an outer diameter (D1) of a first region
formed of an outer peripheral surface from a vi-
cinity of a cylinder head side to a vicinity of a
central portion in a direction of a center line of
each of the cylinder bores based on the center
line of each of the cylinder bores as a reference
is larger than an outer diameter (D2) of a second
region formed of an outer peripheral surface in
a vicinity of a crankcase side based on the center
line of each of the cylinder bores as a reference,
and
wherein a level difference that is parallel to an
outer peripheral direction and is continuous is
formed between the first region and the second
region.

31. The connected cylinder according to any one of
claims 27 to 30, further comprising a flange portion
formed on an outer peripheral surface.

32. The connected cylinder according to claim 28 or 30,
wherein a flange portion that partitions the first region
into a region on the cylinder head side and a region
on the crankcase side is formed on the first region.

33. The connected cylinder according to claim 31 or 32,
wherein the flange portion has no through hole pen-
etrating in a width direction of the flange portion.

34. The connected cylinder according to claim 31 or 32,
wherein the flange portion has a through hole pen-
etrating in a width direction of the flange portion and
a closing member capable of closing the through
hole.

35. The connected cylinder according to any one of
claims 27 to 34,
wherein a coolant passage is formed between adja-
cent two ones of cylinder bores of the connected
cylinder so as to be located inside an end surface of
the connected cylinder on a side where the cylinder
head is arrangeable, and
wherein a sectional shape of the coolant passage,
which is taken along a plane being parallel to a center
line of each of the cylinder bores formed in the con-
nected cylinder, is a slit-like shape.
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