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(54) CYLINDER BLOCK AND INTERNAL COMBUSTION ENGINE

(57) A casted cylinder block having: a cylinder bore
wall part; a water jacket groove arranged on the outer
periphery of the cylinder bore wall part; and a water jacket
external wall part defining the water jacket groove togeth-
er with the cylinder bore wall part. The water jacket
groove includes a shallow groove part in which the groove
depth becomes shallower towards the end portion of the
cylinder bore wall part. When the direction that the groove
becomes deeper is taken to be the downward direction,

the portion of the cylinder bore wall part where the shallow
groove part is arranged includes a second outside wall
surface facing the water jacket groove, and a third outside
wall surface constituting the outer wall surface of the cyl-
inder block and arranged in the downward direction from
the groove bottom of the shallow groove part. The third
outside wall surface is depressed towards a cylinder
bore.
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Description

Technical Field

[0001] The present invention relates to a cylinder block
manufactured by casting, and an internal combustion en-
gine.

Background Art

[0002] To date, cylinder blocks made from lightweight
alloys such as aluminum alloys have been formed by
casting. The cylinder bores are being produced linerless
by forming a sprayed coating using a ferrous alloy ma-
terial on the internal wall surfaces of the cylinder bore
walls that are made from aluminum, without providing
cast iron cylinder liners.
In this case, it is demanded that there is proper flow of
the melt during casting, without the formation of cavities
on the internal wall surfaces of the cylinder bore walls. If
cavities form on the internal wall surface of the cylinder
bore walls, recesses will remain on the surface even after
forming the sprayed coating on the internal wall surface.
[0003] Under these circumstances, a method for man-
ufacturing a cylinder block is known in which there is a
cooling liquid jacket on the block side provided so as to
surround a plurality of cylinder bores that form a plurality
of cylinders (Patent Document 1). The cylinder block is
the main body of a liquid-cooled internal combustion en-
gine having at least one bank with a plurality of cylinders
disposed in line. In this method, resin impregnation
processing is carried out after casting. The manufactured
cylinder block can also be applied to linerless engines.

Citation List Patent Literature

[0004] Patent Document 1: Japanese Unexamined
Patent Application Document No. 2012-246831 A

Summary of Invention

Technical Problem

[0005] When forming such a cylinder block by casting,
there is a possibility that sufficient flow of the melt will not
be obtained. In addition, in order to manufacture the lin-
erless cylinder block, when forming the sprayed coating
on the internal wall surface of the cylinder bore wall after
casting, there is a possibility of damage due to thermal
deformation of the external wall of the water jacket.
[0006] Therefore it is an object of the present invention
to provide a cylinder block configured so as to be suitable
as a linerless cylinder block and that is capable of im-
proved melt flow during forming by casting, and an inter-
nal combustion engine using this cylinder block.

Solution to Problem

[0007] One aspect of the present invention relates to
a casted cylinder block. The cylinder block includes: a
cylinder bore wall part having a plurality of cylinder bores
aligned along a first direction; a water jacket groove hav-
ing a groove bottom and arranged on an outer periphery
of the cylinder bore wall part so as to surround the cylinder
bore wall part; and a water jacket external wall part ar-
ranged on an outer periphery of the water jacket groove,
and defines the water jacket groove together with the
cylinder bore wall part. The water jacket groove includes
a shallow groove part where the groove depth becomes
shallower toward an end of the cylinder bore wall part in
the alignment direction of the plurality of cylinder bores.
A portion of the water jacket external wall part where the
shallow groove part is formed includes a first inner wall
surface facing the water jacket groove and a first outer
wall surface on the opposite side to the first inner wall
surface. From among the groove depth directions, the
direction in which the groove becomes deeper is taken
to be the downward direction. A portion of the cylinder
bore wall part where the shallow groove part is arranged
has a second outside wall surface facing the water jacket
groove, and a third outside wall surface arranged in the
downward direction from the groove bottom and consti-
tuting the outside wall surface of the cylinder block to-
gether with the first outer wall surface of the water jacket
external wall part. The third outside wall surface is de-
pressed towards a cylinder bore with respect to the first
outer wall surface.
[0008] Preferably a rib projecting from the first outer
wall surface is arranged , along the shallow groove part
and on the first outer wall surface at a position corre-
sponding to the groove bottom of the shallow groove part
with respect to the groove depth direction.
[0009] In this case, preferably, when the direction in
which the groove depth of the groove bottom becomes
deeper is taken to be the downward direction, the rib is
arranged at a position in the downward direction from the
groove bottom of the shallow groove part.
[0010] Preferably, the rib projecting from the first outer
wall surface is arranged continuously over at least a part
of the portion of the water jacket external wall part where
the shallow groove part is arranged.
[0011] Preferably, an inclined surface extending from
the rib towards the depressed portion of the third outside
wall surface includes a portion that bulges to the outside
of the cylinder block such that the thickness of the water
jacket external wall part is increased.
[0012] Preferably, the portion of the shallow groove
part where the groove depth is shallowest continues con-
tinuously.
[0013] Preferably, the groove depth of the shallow
groove part is shallowest at the end portion in the align-
ment direction of the plurality of cylinder bores.
[0014] Preferably, in addition to the shallow groove
part, the water jacket groove includes a deep groove part

1 2 



EP 3 088 719 A1

3

5

10

15

20

25

30

35

40

45

50

55

with a constant groove depth, and the shallowest groove
depth of the shallow groove part is 20 to 80% of the
groove depth of the deep groove part.
[0015] Preferably, the region of the water jacket groove
where the shallow groove part is arranged has an angle
of view from 45 to 180 degrees with reference to a center
point of the circular arc shape of the cylinder bore located
at the end where the shallow groove part is arranged.
[0016] Preferably, the cylinder block has no cast iron
cylinder liner, and a spray coated film is formed on the
inner wall surfaces of the cylinder bore wall part.
[0017] Another aspect of the present invention is an
internal combustion engine having any one of the cylinder
block mentioned above.

Advantageous Effects of invention

[0018] The cylinder block and the internal combustion
engine as described above can be applied to a linerless
cylinder block, and is capable of improved melt flow dur-
ing forming by casting.

Brief Description of Drawings

[0019]

FIG. 1 is an external perspective view of a cylinder
block of an engine according to a first embodiment;
FIG. 2A is a top view of the cylinder block illustrated
in FIG. 1, and FIG. 2B is a side view of the cylinder
block illustrated in FIG. 1;
FIG. 3 is a cross-sectional view sectioned along the
line A-A in the direction of the arrows in FIG. 2B;
FIGS. 4A and 4B are perspective views of the cylin-
der block sectioned along the lines B-B and C-C re-
spectively in the direction of the arrows in FIG. 2A;
FIG. 5 is a side view of a cylinder block of an engine
according to a second embodiment;
FIG. 6A is a cross-sectional view of the cylinder block
sectioned along the line D-D in the direction of the
arrows in FIG. 5, and FIG. 6B is a perspective view
of the cylinder block sectioned along the line D-D in
the direction of the arrows in FIG. 5; and
FIG. 7A is a cross-sectional view of the cylinder block
sectioned along the line E-E in the direction of the
arrows in FIG. 5, and FIG. 6B is a perspective view
of the cylinder block sectioned along the line E-E in
the direction of the arrows in FIG. 5.

Embodiments of the Invention

[0020] Below, a first embodiment and a second em-
bodiment of a cylinder block, which is a constituent mem-
ber of an engine, are described with reference to the
drawings.

First Embodiment

[0021] FIG. 1 is an external perspective view of a cyl-
inder block 10 of a 3-cylinder engine according to the first
embodiment. FIG. 2A is a top view of the cylinder block
10, and FIG. 2B is a side view of the cylinder block 10.
The cylinder block 10 is made from an aluminum alloy,
and is cast using a mold that is not illustrated on the
drawings. The cylinder block 10 of the first embodiment
is used as a constituent member of an engine (internal
combustion engine).
[0022] The cylinder block 10 includes a cylinder bore
wall part 14, a water jacket external wall part 16, and a
water jacket groove 18.
[0023] The cylinder bore wall part 14 is a wall provided
so as to surround three cylinder bores 12 arranged in
one direction. The three cylinder bores 12 are arranged
in line in one direction. Therefore, the cylinder bore wall
part 14 surrounds the peripheries of the three cylinder
bores 12.
A film of a ferrous alloy material is formed by spray coating
the inner wall surface of the cylinder bore wall part 14
facing the cylinder bores 12. In this way a linerless cyl-
inder block can be obtained. In other words, the cylinder
block 10 does not have a cast iron cylinder liner, but a
spray coated film is formed on the inner wall surfaces of
the cylinder bore wall part 14.
[0024] The water jacket groove 18 is provided on the
outer periphery of the cylinder bore wall part 14 so as to
surround the cylinder bore wall part 14, and has a groove
bottom. Cooling water flows in the water jacket groove
18 when the engine is operating, to cool the cylinder bore
wall part 14.
[0025] The water jacket external wall part 16 is provid-
ed on the outer periphery of the water jacket groove 18,
and is a wall that demarcates both the cylinder bore wall
part 14 and the water jacket groove 18. The water jacket
external wall part 16 is provided so as to form a gap with
a predetermined space on the outside of the cylinder bore
wall part 14. This gap is the water jacket groove 18.
[0026] FIG. 3 is a cross-sectional view sectioned along
the line A-A in the direction of the arrows in FIG. 2B. FIG.
4A and 4B are perspective views of the cylinder block 10
in FIG. 2A sectioned along the lines B-B and C-C respec-
tively in the direction of the arrows.
As illustrated in FIGS. 4A and 4B, the water jacket groove
18 formed between the cylinder bore wall part 14 and the
water jacket external wall part 16 includes a shallow
groove part 20 in which the groove depth becomes shal-
lower the closer to an end of the cylinder bore wall part
14 in the alignment direction of the cylinder bores 12. In
FIG. 3 and FIGS. 4A and 4B, the groove bottom of the
water jacket groove 18 is indicated with a dotted line.
This shallow groove part 20 is provided to improve the
flow of the melt when casting the cylinder block 10. When
casting the cylinder block 10 using an aluminum alloy
melt, at the portion of the casting mold corresponding to
the cylinder bore wall part 14 a melt supply sprue and
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melt discharge outlet are provided at the two ends of the
cylinder block 10 so that the melt flows from a first end
of the cylinder bore wall part 14 to a second end in the
alignment direction of the cylinder bore 12 (from the top
side towards the bottom side in FIG. 2A). Also, in the
portion of the casting mold corresponding to the water
jacket external wall part 16, the flow is from the first end
towards the second end. At this time, in the portions of
the casting mold corresponding to the cylinder bore wall
part 14 and the water jacket external wall part 16, the
melt flows together near the second end, and finally the
melt flows out together with air bubbles from the melt
discharge outlet of the casting mold provided near the
second end. In particular, the portion of the casting mold
corresponding to the water jacket groove 18 located near
the second end of the cylinder bore wall part 14 is a por-
tion that is a wall that obstructs the flow of the melt, so it
is difficult for the melt to flow towards the discharge outlet.
Moreover, near the second end, the melt flows together
from two sides, so it can easily stagnate. Therefore, in
the first embodiment in the region near the discharge
outlet of the melt, in other words in the region that includes
the second end on the downstream side in the direction
of flow of the melt, the water jacket groove 18 includes
the shallow groove part 20 with a shallow groove bottom.
Therefore, in the region of the casting mold correspond-
ing to the shallow groove part 20, the height of the wall
corresponding to the water jacket groove 18, which is a
wall that can easily obstruct the flow of the melt, is made
lower. Also, the groove depth of the shallow groove part
20 becomes shallower towards the end of the cylinder
bore wall part 14 in the alignment direction of the cylinder
bores 12 such that the melt flows easily. In other words,
the groove bottom of the shallow groove part 20 is in-
clined so that it becomes shallower the closer to the end
of the cylinder bore wall part 14, and the groove bottom
is shallowest in the region that includes this end.
[0027] The portion of the water jacket external wall part
16 where the shallow groove part 20 is provided includes
a first inner wall surface 16a that faces the water jacket
groove 18, and a first outer wall surface 16b on the op-
posite side to the first inner wall surface 16a.
[0028] When the groove depth direction in which the
groove becomes deeper is the downward direction, the
portion of the cylinder bore wall part 14 where the shallow
groove part 20 is provided includes a second outside wall
surface 14a that faces the water jacket groove 18 (see
FIG. 4A), and a third outside wall surface 14b from which
the outer wall surface of the cylinder block 10 is config-
ured provided in the downward direction from the groove
bottom of the shallow groove part 20 (see FIG. 4A). The
third outside wall surface 14b together with the first outer
wall surface 16b of the water jacket external wall part 16
constitute the outside wall surface of the cylinder block
10. In this case, preferably the third outside wall surface
14b has a recess shape depressed with respect to the
first outer wall surface 16b towards the cylinder bore 12.
The third outside wall surface 14b has a depressed shape

with respect to the first outer wall surface 16b in order to
improve the flow of the melt. Specifically, if the third out-
side wall surface 14b is not depressed with respect to
the first outer wall surface 16b, in other words, if the out-
side wall surface is formed without providing a step in
the third outside wall surface 14b with respect to the first
outer wall surface 16b, the thickness of the wall between
the third outside wall surface 14b and the inside wall sur-
face 14c of the cylinder bore wall part 14 that faces the
cylinder bore 12 will be greater compared with its sur-
roundings, and during casting a large quantity of melt
can easily accumulate in this portion, the melt can easily
stagnate, and in addition gas bubbles can accumulate.
Therefore, in order to make the thickness of the wall at
this portion the same as that of its surroundings, the third
outside wall surface 14b is formed as a recess depressed
with respect to the first outer wall surface 16b towards
the cylinder bore 12. Also, by providing the depressed
shape, the mass can be reduced.
[0029] In other words, at one end of the water jacket
external wall part 16 in the direction of alignment of the
cylinder bores 12 (the first end), as illustrated in FIG. 3,
the cylinder bore wall part 14 is provided extending from
below upwards, and from a position that is partway up-
wards in the extension of the cylinder bore wall part 14,
the cylinder bore wall part 14 branches to form the water
jacket groove 18 with the water jacket external wall part
16 towards the outside. The third outside wall surface
14b of the cylinder bore wall part 14 below the groove
bottom of the shallow groove part 20 is depressed into a
recess shape towards the cylinder bore 12 with respect
to the first outer wall surface 16b of the water jacket ex-
ternal wall part 16 so that the wall of the cylinder bore
wall part 14 at this position does not become thick.
[0030] In addition, a rib 22 projecting from the first outer
wall surface 16b is provided in the first outer wall surface
16b at a position in the groove depth direction corre-
sponding to the groove bottom of the shallow groove part
20, and along the shallow groove part 20. More specifi-
cally, when the direction in which the groove depth of the
groove bottom becomes deeper is taken to be the down-
ward direction, the rib 22 is provided on the first outer
wall surface 16b in a position downward from the position
of the groove bottom of the shallow groove part 20, as
illustrated in FIG. 3.
[0031] This rib 22 is provided to reinforce the mechan-
ical strength of the groove bottom 20. When the sprayed
coating is formed on the inner wall surface of the cylinder
bore wall part 14 after casting the aluminum alloy in order
that the cylinder block 10 can be used as a linerless cyl-
inder block, the cylinder bore wall part 14 and the water
jacket external wall part 16 are raised to a high temper-
ature, and damage can easily occur due to thermal de-
formation of the water jacket external wall part 16. Spe-
cifically, when the water jacket external wall part 16 in
which a portion has plastically deformed due to thermal
expansion is cooled, the plastically deformed portion
does not return to the shape prior to spray coating, so
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damage can easily occur due to cracking in the part
around the groove bottom of the shallow groove part 20
of the water jacket external wall part 16. Therefore, the
rib 22 is provided in the first outer wall surface 16b cor-
responding to a position in the groove depth direction of
the groove bottom of the shallow groove part 20 down-
ward from the groove bottom of the shallow groove part
20, and along the shallow groove part 20. In this way,
the mechanical strength around the groove bottom of the
shallow groove part 20 can be ensured. Note that if the
thickness of the wall of the water jacket external wall part
16 is not locally thickened as with the rib 22, and the
thickness of the whole wall is increased, the mechanical
strength of the water jacket external wall part 16 around
the groove bottom of the shallow groove part 20 will be
increased, but at the same time the mass will be in-
creased. The inventors discovered that providing the rib
22 in this way is effective for ensuring the mechanical
strength.
[0032] Note that the rib 22 is provided continuously cor-
responding to the portion of the water jacket external wall
part 16 where the shallow groove part 20 is provided, but
it does not necessarily have to be provided continuously.
The rib 22 may be partially disconnected. However, pref-
erably the rib 22 is provided continuously from the point
of view of ensuring the mechanical strength of the water
jacket external wall part 16 around the groove bottom of
the shallow groove part 20, and obtaining resistance to
thermal deformation caused by heating when the
sprayed coating is formed. In this case, as a preferred
embodiment it is provided continuously in the whole re-
gion of the water jacket external wall part 16 where the
shallow groove part 20 is provided. Alternatively, as an-
other preferred embodiment it is provided continuously
over a portion of the whole region of the shallow groove
part 20. Also, preferably it is provided continuously in the
portion of the shallow groove part 20 where the groove
depth is shallowest.

Second Embodiment

[0033] FIG. 5 is a side view of a cylinder block 10 ac-
cording to a second embodiment that is different from
the cylinder block 10 for a three cylinder engine illustrated
in FIGS. 1 to 4. The side view of the cylinder block 10
illustrated in FIG. 5 is the cylinder block 10 viewed from
a direction corresponding to the upward direction in the
plane of the paper in FIG. 2A. Namely, the second em-
bodiment is an embodiment in which the shallow groove
part 20 is provided at the end on the opposite side in the
alignment direction of the cylinder bores 12 to the side
on which the depression is provided in the third outside
wall surface 14b of the cylinder block 10 as illustrated in
FIG. 2B (the lower side in the drawing). In the cylinder
block 10 according to this embodiment, a melt supply
sprue and melt discharge outlet are provided at the two
ends of the cylinder block 10 so that during casting the
melt flows in a direction corresponding to the direction

from the lower side to the upper side in the plane of the
paper in FIG. 2A (the direction from the distant side to-
wards the near side in the direction normal to the plane
of the paper in FIG. 5), unlike the flow of the melt in the
cylinder block 10 of the first embodiment. In other words,
in the second embodiment, the shallow groove part 20
is provided at the end in the alignment direction of the
cylinder bores 12 where the melt is discharged during
casting.
[0034] The cylinder block 10 according to the second
embodiment also includes the cylinder bores 12, the cyl-
inder bore wall part 14, the water jacket external wall part
16, the water jacket groove 18, the shallow groove part
20, the rib 22, the first inner wall surface 16a, the first
outer wall surface 16b, third outside wall surface 14b,
and the inside wall surface 14c, the same as for the cyl-
inder block 10 according to the first embodiment, so their
descriptions are omitted. Note that in the second embod-
iment also, the third outside wall surface 14b is depressed
towards the cylinder bores 12 with respect to the first
outer wall surface 16b, the same as in the first embodi-
ment.
[0035] FIG. 6A is a cross-sectional view of the cylinder
block 10 sectioned along the line D-D in the direction of
the arrows in FIG. 5, and FIG. 6B is a perspective view
of the cylinder block 10 sectioned along the line D-D in
the direction of the arrows in FIG. 5. FIG. 7A is a cross-
sectional view of the cylinder block 10 sectioned along
the line E-E in the direction of the arrows in FIG. 5, and
FIG. 7B is a perspective view of the cylinder block 10
sectioned along the line E-E in the direction of the arrows
in FIG. 5.
The cylinder block 10 according to the second embodi-
ment differs from that of the first embodiment in the region
where the rib 22 is provided. As illustrated in FIG. 5, a
circular arc-shaped rib 24 that extends in a large-radius
circular arc shape is provided on the cylinder block 10
on the outer wall of the cylinder block 10. A portion of the
circular arc-shaped rib 24 forms the rib 22 projecting from
the first outer wall surface 16b, provided corresponding
to a position in the groove depth direction of the groove
bottom of the shallow groove part 20. More specifically,
preferably the rib 22 is provided in a position below the
groove bottom of the shallow groove part 20. Preferably
the rib 22 is provided in the region of the water jacket
external wall part 16 where the shallow groove part 20
is provided. Unlike in the first embodiment, the rib 22 is
not provided over the whole region of the shallow groove
part 20, but is provided over at least a portion of the region
of the shallow groove part 20, for example it is provided
in a region of the shallow groove part 20 where the groove
depth is shallowest. Even when the rib 22 is provided
over a portion of the region of the shallow groove part 20
in this way, the mechanical strength around the groove
bottom of the shallow groove part 20 can be ensured.
Also, as illustrated in FIGS. 7A and 7B, preferably the
sloping surface that extends from the rib 22 towards the
depression of the third outside wall surface 14b has a
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portion 26 that bulges to the outside of the cylinder block
10. By providing the bulging out portion 26 in this way,
the thickness of the water jacket external wall part 16 is
increased at some positions. In this way, the mechanical
strength around the groove bottom of the shallow groove
part 20 can be further increased. This completes the de-
scription of the second embodiment.
[0036] Note that in the cylinder block 10 according to
the first embodiment illustrated in FIGS. 1 to 4 and the
cylinder block 10 according to the second embodiment
illustrated in FIGS. 5 to 7, besides the shallow groove
part 20, the water jacket groove 18 includes a deep
groove part 21 having a constant groove depth. In the
case of the portion of the shallow groove part 20 at which
the groove depth is shallowest, the shallower the groove
depth the better in order to improve the flow of the melt,
and the deeper the better in order to prevent damage
due to thermal deformation of the water jacket external
wall part 16. From these requirements there is no partic-
ular limitation on the groove depth of the portion of the
shallow groove part 20 at which the groove depth is shal-
lowest, but it is preferably in the range of 20 to 80% of
the constant groove depth of the deep groove part 21 as
described above.
In both the cylinder block 10 according to the first em-
bodiment and the cylinder block 10 according to the sec-
ond embodiment, when the region of the water jacket
groove 18 where the shallow groove part 20 is provided
is viewed as the angle of view with reference to the center
point of the circular arc shape of the cylinder bore 12
located at the end that the shallow groove part 20 is pro-
vided, the wider the angle of view of the region of the
water jacket groove 18 where the shallow groove part 20
is provided the better. In this way, the groove depth of
the water jacket groove 18 changes smoothly, so dam-
age due to thermal deformation of the water jacket ex-
ternal wall part 16 can be prevented. Also, the melt can
flow smoothly. However, in some cases it is not possible
to increase the angle of view due to restrictions of the
cooling water path. Therefore, the angle of view of the
region of the water jacket groove 18 is not particularly
limited, but preferably is from 45 to 180 degrees.
Also, in both the cylinder block 10 according to the first
embodiment and the cylinder block 10 according to the
second embodiment, preferably the portion of the shallow
groove part 20 where the groove depth is shallowest con-
tinues continuously. In this case the groove depth of the
shallow groove part 20 changes smoothly from the shal-
low groove part 20 to the deep groove part 21, and the
portion of the shallow groove part 20 where the groove
depth is shallowest is at the end in the alignment direction
of the cylinder bores 12, which is preferable for improving
the flow of the melt, and is preferable for preventing dam-
age due to thermal deformation of the water jacket ex-
ternal wall part 16.
[0037] The following is a summary of the description
of the cylinder blocks 10 of the first embodiment and the
second embodiment as described above. In the cylinder

block 10, the water jacket groove 18 includes the shallow
groove part 20 in which the groove depth becomes shal-
lower the closer to the end portion of the cylinder bore
wall part 14 in the alignment direction of the cylinder bores
12. The portion of the cylinder bore wall part 14 where
the shallow groove part 20 is provided includes the sec-
ond outside wall surface 14a that faces the water jacket
groove 18, and the third outside wall surface 14b from
which the outer wall surface of the cylinder block 10 is
configured, provided below the groove bottom. At this
time, the third outside wall surface 14b is formed de-
pressed towards the cylinder bore 12 with respect to the
first outer wall surface 16b of the water jacket external
wall part 16. Therefore when casting the cylinder block
10, the melt can flow smoothly without forming a part
where the melt accumulates. In other words, the flow of
the melt when casting the cylinder block 10 can be im-
proved.
[0038] Also, the portion of the water jacket external wall
part 16 where the shallow groove part 20 is provided
includes the first inner wall surface 16a facing the water
jacket groove 18, and the first outer wall surface 16b.
The rib 22 is provided projecting from the first outer wall
surface 16b along the shallow groove part 20, in a posi-
tion in the groove depth direction corresponding to the
groove bottom of the shallow groove part 20. Therefore
due to the shallow groove part 20, the flow of the melt
during casting of the cylinder block 10 can be improved
compared with when the shallow groove part 20 is not
provided. In addition, when the rib 22 is provided on the
periphery of the water jacket external wall part 16 along
the shallow groove part 20, the mechanical strength
around the groove bottom of the shallow groove part 20
is ensured, and therefore there is no damage due to high
temperatures when forming the sprayed coating on the
inside wall surfaces of the cylinder bores 12.
[0039] Also, in the first embodiment and the second
embodiment, the rib 22 that projects from the first outer
wall surface 16b of the water jacket external wall part 16
is provided continuously in a portion of the water jacket
external wall part 16 where the shallow groove part 20
is provided. Therefore, the strength around the groove
bottom of the shallow groove part 20 can be ensured,
and thermal deformation caused by heating when form-
ing the sprayed coating can be resisted. It is not neces-
sary to provide the rib 22 over the whole region of the
shallow groove part 20, and it may be provided over at
least a portion of the region of the shallow groove part 20.
[0040] Preferably the portion of the shallow groove part
20 where the groove depth is shallowest continues con-
tinuously. In this case the groove depth changes smooth-
ly from the shallow groove part 20 to the deep groove
part 21, and the end portion in the alignment direction of
the cylinder bores 12 where the shallow groove part 20
is provided is the portion of the shallow groove part 20
where the groove depth is shallowest, so the flow of the
melt can be improved.
[0041] Besides the shallow groove part 20, the water
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jacket groove 18 has a deep groove part 21 with a con-
stant groove depth. By making the groove depth of the
portion of the shallow groove part 20 where the groove
depth is shallowest 20 to 80% of the groove depth of the
deep groove part 21, both improvement in the flow of the
melt and prevention of damage due to the heat load can
be achieved.
[0042] When the region of the water jacket groove 18
where the shallow groove part 20 is provided is viewed
with an angle of view with reference to the center point
of the circular arc shape of the cylinder bore 12 located
on the end where the shallow groove part 20 is provided,
by making the angle of view of this region 45 to 180 de-
grees, improvement in the flow of the melt, prevention of
damage due to the heat load, and ensuring the path of
the cooling water can be achieved.
[0043] The cylinder block and internal combustion en-
gine according to the present invention were described
in detail above, but the present invention is not limited to
the above-described embodiments, and various im-
provements and changes may be made within the range
that does not deviate from the intention of the present
invention. In the first and second embodiments, three
cylinder bores were used, but it is sufficient that there are
at least two or more cylinder bores 12, and there may be
four or five or more.
[0044] Also, in the first and second embodiments, a
melt supply sprue and a melt discharge outlet were pro-
vided at the two ends of the cylinder block 10 so that the
melt flows from the first end to the second end in the
alignment direction of the cylinder bores 12. However, a
configuration in which the melt supply sprue is provided
near the center of the cylinder block 10, and the melt
discharge outlet is provided at both ends of the cylinder
block 10 can also be applied. In this case, the configu-
ration of the first embodiment and the second embodi-
ment can be applied to both ends of the cylinder block
10 (the upper part and the lower part in FIG. 2A) close
to the melt discharge outlet on the downstream side in
the direction of flow of the melt. In this way, the configu-
ration of the first embodiment and the second embodi-
ment can be applied to the ends of the cylinder block 10
close to the melt discharge outlet on the downstream
side in the direction of flow of the melt, regardless of the
position of the melt supply sprue. In the first and second
embodiments, a linerless cylinder block was described
in detail in which the sprayed coating was formed on the
inside wall surfaces of the cylinder bore wall part 14. How-
ever, the configurations of the first and second embodi-
ments can also be applied to cylinder blocks using cast
iron cylinder liners, in order to improve the flow of the
melt during casting.

Reference Signs List

[0045]

10 Cylinder block

12 Cylinder bore
14 Cylinder bore wall part
14a Second outside wall surface
14b Third outside wall surface
14c Inside wall surface
16 Water jacket external wall part
16a First inner wall surface
16b First outer wall surface
18 Water jacket groove
20 Shallow groove part
21 Deep groove part
22 Rib
24 Circular arc-shaped rib
26 Portion

Claims

1. A casted cylinder block, comprising:

a cylinder bore wall part having a plurality of cyl-
inder bores aligned along a first direction;
a water jacket groove having a groove bottom
and arranged on an outer periphery of the cyl-
inder bore wall part so as to surround the cylinder
bore wall part; and
a water jacket external wall part arranged on an
outer periphery of the water jacket groove, and
defines the water jacket groove together with
the cylinder bore wall part, wherein
the water jacket groove includes a shallow
groove part where the groove depth becomes
shallower toward an end of the cylinder bore wall
part in the alignment direction of the plurality of
cylinder bores,
a portion of the water jacket external wall part
where the shallow groove part is formed in-
cludes a first inner wall surface facing the water
jacket groove and a first outer wall surface on
an opposite side to the first inner wall surface,
when from among the groove depth directions
the direction in which the groove becomes deep-
er is taken to be the downward direction, a por-
tion of the cylinder bore wall part where the shal-
low groove part is arranged has

a second outside wall surface facing the wa-
ter jacket groove, and
a third outside wall surface arranged in the
downward direction from the groove bottom
and constituting the outside wall surface of
the cylinder block together with the first out-
er wall surface of the water jacket external
wall part, the third outside wall surface being
depressed towards a cylinder bore with re-
spect to the first outer wall surface.

2. The cylinder block according to claim 1, wherein a
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rib projecting from the first outer wall surface is ar-
ranged along the shallow groove part and on the first
outer wall surface at a position corresponding to the
groove bottom of the shallow groove part with re-
spect to the groove depth direction.

3. The cylinder block according to claim 2, wherein
when the direction in which the groove depth of the
groove bottom becomes deeper is taken to be the
downward direction, the rib is arranged at a position
in the downward direction from the groove bottom of
the shallow groove part.

4. The cylinder block according to claim 2 or 3, wherein
the rib projecting from the first outer wall surface is
arranged continuously over at least a part of the por-
tion of the water jacket external wall part where the
shallow groove part is arranged.

5. The cylinder block according to any one of claims 1
to 4, wherein an inclined surface extending from the
rib towards the depressed portion of the third outside
wall surface includes a portion that bulges to the out-
side of the cylinder block such that the thickness of
the water jacket external wall part is increased.

6. The cylinder block according to any one of claims 1
to 5, wherein the portion of the shallow groove part
where the groove depth is shallowest continues con-
tinuously.

7. The cylinder block according to any one of claims 1
to 6, wherein the groove depth of the shallow groove
part is shallowest at the end portion in the alignment
of the plurality of cylinder bores.

8. The cylinder block according to any one of claims 1
to 7, wherein, in addition to the shallow groove part,
the water jacket groove includes a deep groove part
with a constant groove depth, and the shallowest
groove depth of the shallow groove part is 20 to 80%
of the groove depth of the deep groove part.

9. The cylinder block according to any one of claims 1
to 8, wherein the region of the water jacket groove
where the shallow groove part is arranged has an
angle of view from 45 to 180 degrees with reference
to a center point of the circular arc shape of the cyl-
inder bore located at the end where the shallow
groove part is arranged.

10. The cylinder block according to any one of claims 1
to 9, wherein the cylinder block has no cast iron cyl-
inder liner, and a spray coated film is formed on the
inner wall surfaces of the cylinder bore wall part.

11. An internal combustion engine having a cylinder
block according to any one of claims 1 to 10.
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