CYLINDER BLOCK STRUCTURE RELA IED APPLICATIONS This application is based on
Japanese Patent Application No. 2011-013475 filed with the Japan Patent Office on January 25, 2011.
BACKGROUND 1. Technical Field The present invention relates to a cylinder block structure, and
particularly relates to a structure that facilitates discharge of blow-by gas in an engine with a plurality of
cylinders.

CYLINDER BLOCK STRUCTURE

RELATED APPLICATIONS
This application is based on Japanese Patent Application No. 2011-013475

filed with the Japan Patent Office on January 25, 2011.

BACKGROUND
1. Technica Field

The present invention relates to a cylinder block structure, and particularly
relates to a structure that facilitates discharge of blow-by gasin an engine with a
plurality of cylinders.

2. Related Art

In an internal combustion engine, which generates torque by an up-and-down
motion of apiston inside acylinder, it is preferable to recircul ate blow-by gasto an
intake air side, except for atwo-cycle engine. The blow-by gasis unburned gas that
remainsinside acrank chamber. The blow-by gas includes, for example, hydrocarbon
and causes engine oil to deteriorate inside the crank chamber.  On the other hand, if the
blow-by gasis simply discharged, influence on environment isleft asaproblem. Itis
necessary to ensure a passage to pump the blow-by gas out of the crank chamber.

FIG. 3illustrates a passage for blow-by gas disclosed in Japanese Utility Model
Application Publication No. JP-A-62-175205. This publication discloses an engine
that includes an ail returning hole and a blow-by gas rising hole in a cylinder block.

The ail returning hole returns oil, which is discharged from a valve mechanism and
received at a cylinder head top surface, to acrankcase. The blow-by gasrising hole

guides blow-by gasinside the crankcase to arocker cover. The engine has an ail



2. Related Art In an internal combustion engine, which generates torque by an up-and-down
motion of a piston inside a cylinder, it is preferable to recirculate blow-by gas to an intake air side,
except for a two-cycle engine. The blow-by gas is unburned gas that remains inside a crank chamber.
The blow-by gas includes, for example, hydrocarbon and causes engine oil to deteriorate inside the
crank chamber. On the other hand, if the blow-by gas is simply discharged, influence on environment
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The blow-b 0 -by gas insi e crankcase to a rocker cover. The engine

has an oil 1glERgaRieRYrBHAbRASA RPN SRedaing hole 112 and an oil returning hole 111. The

blow-by gas rising hole 112 has an opening portion that actively receives airflow generated inside the

crankcase. The oil retgrynguselecs Blphatausive peninatRettianthatdeeenthRigaewifrastfewing into the
crankcase.

blow-by gas rising hole 112 to discharge the blow-by gasinside acrank chamber. The

protrusion 114 has a similar shape to a baffle member 113 that prevents blow-by gas
from flowing into the oil returning hole 111 due to rotation of a counter weight and a
connectingrod. The protrusion 114 has a different function from the baffle member
113. Specificaly, the protrusion 114 does not reflux blow-by gas 116, which flowsin
an arrow direction due to rotation of the counter weight and the connecting rod, to the
crank chamber along a skirt inside the crank chamber again. The protrusion 114
guides the blow-by gas 116 to the blow-by gasrising hole 112.

In Japanese Utility Model Application Publication No. JP-A-62-175205, the
blow-by gasrising hole 112 isformed inside asidewall of acylinder. This makesthe
cylinder portion larger in size and makes it difficult to cool the cylinder portion.

Although Japanese Patent Application Publication No. JP-A-2010-084560 does
not directly describe the blow-by gas, this discloses an invention that includes a
partition wall between cylinders with a communication hole as a structure that reduces
pumping loss due to air compression inside the crank chamber. The air inside the
crank chamber is assumed to contain the blow-by gas. Thus, Japanese Patent
Application Publication No. JP-A-2010-084560 discloses an exemplary method for
ventilation of blow-by gas.

Japanese Patent Application Publication No. JP-A-2010-084560 discloses the

following invention. The invention includes a communication hole on the partition



FIG. 3 illustrates a protrusion 114 that actively guides blow-by gas 117 to the blow-by gas rising hole
112 to discharge the blow-by gas inside a crank chamber. The protrusion 114 has a similar shape to a
baffle member 113 that prevents blow-by gas from flowing into the oil returning hole 111 due to
rotation of a counter weight and a connecting rod. The protrusion 114 has a different function from the
baffle member 113. Specifically, the protrusion 114 does not reflux blow-by gas 116, which flows in an
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Japanese Patent Application Publication No."J 010-084560 not directly describe the blow-by
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hole as a structure that reduces pumping loss due to air compression inside the crank chamber. The
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Application Publication No. JP-A-2010-084560 discloses an exemplary method for ventilation of

blow-by gashe cylidaipablesk. Parén épaiigstinadaghieation No. JP-A-2010-084560 discloses the
following invention. The invention includes a communication hole on the partition wall that allows the
blow-by gad te ficotr ba tweldd (semBEEs 3rebsahestin pthisiaibiitati mvbagia difficlultie sna counter weight
that makes a timing to cover the communication hole and a timing to flow the blow-by gas agree with
each other.formgtga g satingucioea NpNuatidie Fasblictioh NeSIRLATBRITEES discloses an
engine that includes a passage for the blow-by gas inside the wall at the side face of the cylinder
block. This @ﬁm@@q@%@hg_as disclosed in Japanese Patent Application Publication No.

JP-A-2010-084560 is appropriate for downsizing of the engine. However, smply
disposing the venthole on the partition wall between cylinders, which is described in
Japanese Patent Application Publication No. JP-A-2010-084560, does not ensure an
efficient discharge of the blow-by gas for the following reasons.

Rotational motion of the member such as a counter weight, acrank arm, and a
connecting rod causes the blow-by gas to flow inside the crank chamber. In Japanese
Patent Application Publication No. JP-A-2010-084560, the venthole, which is disposed
on the partition wall between the cylinders, is arranged parallel to the flow of the
blow-by gasinside the crank chamber. Accordingly, the blow-by gas does not
efficiently flow into the venthole.

Thus, arranging a communication hole between the cylinders requires a method
for alowing the blow-by gasto flow into the communication hole more actively as
described in Japanese Patent Application Publication No. JP-A-2010-084560. The
method must not degrade formability of the cylinder block. If acylinder block cannot

be formed with high yield, an engine cannot be produced with high yield.



The protrusion 114 (see FIG. 3) disclosed in this publication has a difficulty in formation by casting
such as aluminum die cast. In this respect, the structure for flowing the blow-by gas disclosed in
Japanese Patent Application Publication No. JP-A-2010-084560 is appropriate for downsizing of the
engine. However, simply disposing the venthole on the partition wall between cylinders, which is
described in Japanese Patent Application Publication No. JP-A-2010-084560, does not ensure an
efficient discharge of the blow-by gas for the f%m'ggigge\sons. Rotational motion of the member
such as a counter weight, a crank arm, and a ting rod causes the blow-by gas to flow inside the
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venthole. Thus, arranging a communicatio ween the cylinders requires a method for
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wall. The cylinder block structure includes a protrusion on alateral inner wall surface

of the skirt. The protrusion isformed by inwardly recessing an outer surface of the

cylinder block.

The present invention forms a protrusion by inwardly recessing a cylinder
block outer surface on alateral inner wall surface of a skirt on a partition wall between
cylindersinside the cylinder block. Thisforms a narrow portion between a crank locus,
which isarotation locus of a counter weight, and the inner wall surface of the skirt.
Thus, the blow-by gas at an upper stream side increases in pressure when the blow-by
gas passes through the gap.  Thisforcibly makes the blow-by gasto flow into a
communication hole formed paralld to the flow.

The protrusion may be arranged at one side of the partitionwall. Thisflows
the blow-by gas with the protrusion at one side of the partition wall into the other side
of the partition wall while preventing the blow-by gas from returing from the other side
of the partition wall.  Thisforms smooth flow of the blow-by gas.

The protrusion formed on the lateral inner wall surface of the skirtisa
protrusion formed by inwardly recessing the outer surface of the cylinder block. This
facilitates pulling out of amold at casting even if the protrusion isformed.  Further, the
cylinder block has a recess on the outer surface, thus allowing a mold to cool the recess
with the casting mold.  This ensures effective cooling of the mold even when athick

portion is provided in the vicinity of the skirt of the cylinder block, and prevents a



The present invention provides a cylinder block structure for a multi-cylinder internal combustion
engine. The cylinder block structure includes a partition wall at a skirt between a plurality of cylinders
and a communication hole. The communication hole is communicated between the cylinders at an
upper side of the skirt of the partition wall. The cylinder block structure includes a protrusion on a
lateral inner wall surface of the skirt. The protrusion is formed by inwardly recessing an outer surface

of the cylinder Qlock. The present invention forms a protrusion by inwardly recessing a cylinder
block outer BGHAER S AA R AR SRS R RO g o D AR SR AR SEFCy inders inside
the Cylinderb?é?%'\/gﬁ]ﬁ g & narrow portion between a crank locus, which is a rotation locus of a
counter weight, and the ANET Wall surface of the skirt. Thus, the blow-by gas at an upper stream side

increases in pressure when the blow-by gas passes through the gap. This forcibly makes the blow-by
gas to flow into a communication hole formed parallel to the flow. The protrusion may be arranged

at one side of the partition wall. g HewstSehsrydy epsypiingergtrusion at one side of the

partition wall into the other side of the partition wall while preventing the blow-by gas from returing from

the other side of the-partitiem Braks baisi dREME et fiorda! Bt l@eory fipt an  The protrusion
formed on the lateral inner wall surface of the skirt is a protrusion formed by inwardly recessing the

outer surfacenbbtimeylioidéxiplesknilinisefaiohtates pulling out of a mold at casting even if the protrusion
is formed. Further, the cylinder block has a recess on the outer surface, thus allowing a mold to cool
the recess with the EHStiAgsapktsTatsvensavesfdife cyliadaydlingahthedmgld mydnmwhdicaiathick portion
is provided in the vicinity of the skirt of the cylinder block, and prevents a
by theline A-A in FIG. 1; and
FIG. 3isacross-sectional view of an exemplary conventional engine that has

protrusions at a skirt.

DETAILED DESCRIPTION OF THE EMBODIMENTS

In the following detailed description, for purpose of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the
disclosed embodiments. It will be apparent, however, that one or more embodiments
may be practiced without these specific details.  In other instances, well-known
structures and devices are schematically shown in order to simplify the drawing.

FIG. 1lisacross-sectional view of acylinder block 1 according to an
embodiment of the present invention. More particularly, FIG. 1 is across-sectiond
view where a partition wall between cylindersis cut away along a direction
perpendicular to acrankshaft 20. FIG. 2 is a perspective view of the cylinder block 1
including a portion indicated by theline A-A in FIG. 1.

Asillustrated in FIG. 1, the cylinder block 1 according to the embodiment
includes acylinder 2 and askirt 3. Throughout this description, the cylinder block 1

has directions defined as follows. The crankshaft 20 has afront-back direction. The



problem such as sink and cracking in production of casting, thus forming a cylinder block with high
yield. BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a cross-sectional view of a cylinder block
according to an embodiment of the present invention; FIG. 2 is a perspective view of the cylinder
block including a portion indicated by the line A-A in FIG. 1; and FIG. 3 is a cross-sectional view of
an exemplary conventional engine that has protrusions at a skirt. DETAILED DESCRIPTION OF THE

EMBODIM% g?vhere the cylinder 2 is arranged is defined as the upper side.  The opposite side of

the upper sideis defined asthe lower side.  The direction perpendicular to the
crankshaft 20 and a vertical direction is defined as the lateral direction. The cylinder
block 1 has aside portion that is defined as aportion in the lateral direction. The
cylinder block 1 includes a plurality of cylindersthat are arranged parallel to one
another (see FIG. 2). Thecylindersin V-shaped arrangement or horizontally opposed
arrangement has a difficulty in disposing a communication hole between the cylinders.

The respective cylinders are separated by a partition wall 4 inthe skirt 3. In
FIG. 1, the partition wall 4 is not shown since the partition wall 4 covers awhole
cross-sectional surface, and thus only the reference numeral 4 isillustrated. The
crankshaft 20 and other members are coupled to the partition wall 4 at athrough hole 5.
A cylinder head is coupled to the upper side of the cylinder block 1.  Anoil panand a
lower block are coupled to the lower side of the cylinder block 1. These are not
shown.

A piston 21 movesin avertical direction insidethe cylinder 2. The piston 21
is coupled to the crankshaft 20 by a connecting rod 22.  Thus, linear motion of the
piston 21 is converted into rotational motion of the crankshaft 20.

It is preferred that at least one counter weight 23 be arranged at one connecting
rod 22. Thisreduces vibration caused at conversion of linear motion into rotational
motion. The counter weight 23 isaweight that is arranged at the opposite side of a
crank pin 24 of acrank arm (not shown) in order to cancel vibration caused by the crank
arm and the connecting rod 22.  Alternatively a crank web that is a combination of the
crank arm and the counter weight 23 may be used. An outermost periphery of a
rotation locus of the counter weight 23 or the crank arm (which is hereinafter referred to

as "acounter weight 23 and other members") isreferred to as a crank locus 6.



In the following detailed description, for purpose of explanation, numerous specific details are set forth
in order to provide a thorough understanding of the disclosed embodiments. It will be apparent,
however, that one or more embodiments may be practiced without these specific details. In other
instances, well-known structures and devices are schematically shown in order to simplify the drawing.
FIG. 1 is a cross-sectional view of a cylinder block 1 according to an embodiment of the present
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direction. The side where t Inder 2 Is arrange ined as the upper side. The opposite side of
the upper siglgdsgafiaRd Bai iR QWer AdRl dhegirgetion perpendicular to the crankshaft 20 and a

vertical direction is defined as the lateral direction. The cylinder block 1 has a side portion that is
defined as a portionrietigctafermeeiirptian: e eyltndekipl Gkad thidasce ®rglity of cylinders that
are arranged parallel to one another (see FIG. 2). The cylinders in V-shaped arrangement or
horizontallyppegimedni ratangitherdvois i ateifirite inithspe siglal causBiunitiaioylindke bieskeen the
cylinders. The respective cylinders are separated by a partition wall 4 in the skirt 3. In FIG. 1, the
partition wall Hasaoshiewwn Sithet i thiomaed tyn nveal d \coscessi aganodeter sesfaeelianbtiwirface, and thus
only the reference numeral 4 is illustrated. The crankshaft 20 and other members are coupled to the

partition waflylizdes gheekidrondne Biaatyingewpk adrfacso( pidhasktied ppeiaiteiegrsscltifgler block 1.

An oil pan and a lower block are coupled to the lower side of the cylinder block 1. These are not
shown. formed onthe outer surface 1aof the cylinder block 1. Therecess 1d isformed to

protrude inward, thus forming the protrusion 9.  The protrusion 9 is formed to avoid
interference with the crank locus 6.  Accordingly, at the lateral inner wall surface 7 of
the skirt 3, a clearance 8n between a part of the protrusion 9 and the crank locus 6 forms
the narrowest gap.

In "the protrusion 9 formed by inwardly recessing the outer surface 1a of the
cylinder block 1," the inner protrusion 9 does not necessarily have the same shape as a
shape of the outer recess 1d. That is, an amount of protrusion of the inner protrusion 9
and an amount of recess of the outer recess 1d may be different. It is because the inner
protrusion 9 and the outer recess 1d have different functions as described later.
Accordingly, the casting mold for the cylinder block 1 may not have the protrusion 9
inside. The casting mold for the cylinder block 1 is not only for forming the recess 1d
inward from the outer surface 1a. The casting mold for the cylinder block 1 may be a
mold for forming the protrusion 9 inside and the outer surface may be ground thereafter.
The casting mold for the cylinder block 1 may be amold for forming the outer recess 1d
and the inner protrusion 9 may be formed thereafter.

Forming the inner protrusion 9 by depressing the outer surface lais preferred



A piston 21 moves in a vertical direction inside the cylinder 2. The piston 21 is coupled to the
crankshaft 20 by a connecting rod 22. Thus, linear motion of the piston 21 is converted into rotational
motion of the crankshaft 20. It is preferred that at least one counter weight 23 be arranged at one
connecting rod 22. This reduces vibration caused at conversion of linear motion into rotational motion.
The counter weight 23 is a weight that is arranged at the opposite side of a crank pin 24 of a crank arm

(not shown) in order to cancel vibration caused he crank arm and the connecting, rod, 22.
Alermatei BB TR HRELTAMTE LB AN R G a0 ST I REs BB AROGCES may be
used. An oyter inhery of a rotation locus of the counter weight 23 or the crank arm (which is
hereinafter%%%ﬁ%%&%%@gg (if/'ounter weight 23 and other members") is referred to as a crank locus 6.
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becomes wider as it goe to accommodate the cr ocus 6. It is preterred that the
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The lateral inner wall surface 7 of the skirt 3 has a clearance 8 with a predetermined width to avoid

interferencespyiib dit 6FanK dgnnad -iftaentndes Blowkby hasroRi@trusion stiaéds igrreed, by inwardly
recessing an outer surface la of the cylinder block 1 on the lateral inner wall surface 7 of the skirt 3.

That is, a ressssédlistithened o thtbe cylitedes s (GG 3dlnfahe 30d)ndarelbnitby besttoass Id is formed to
protrude inward, thus forming the protrusion 9. The protrusion 9 is formed to avoid interference with
the crank ldtwsughAocourdingst| ait ioketadbidicirane disatisedréadberpaftitiorskiet |3 4 derdance 8n between
a part of the protrusion 9 and the crank locus 6 forms the narrowest gap. In "the protrusion 9
formed by iEWHIdRy 30aée sy theehahisr surheceyllnesriBecdysma diseharaeiopenngiashbpvtidision 9 does
not necessarily have the same shape as a shape of the outer recess Id. That is, an amount of
protrusion (3o IEEPRFGFUSWE PUHAN Ahho DRk RACRSSAIYSIQf HE HIREFPREESS B YRHORE Wifferent. It

is because the inner protrusion 9 and the outer recess Id havefi ifferent function described later.

as
Accordingly Nt SHHRAK S M cIifds: BORIOT YR AG HaGexhRdsr o aaBly 8 8. The casting
mold for the cylinder block 1 is not only for forming the recess Id.inward from the o surface la. The
casting moBRER T B SRk g B RCA T A g S BH SRR Sl the outer
surface ma [ . Ihe casting mold for the cylinder block 1 may be a mold for forming
the outer re%§&ﬁ$§ﬁgwgﬁ%%?(h?%%'usion 9 may be formed thereafter. Forming the inner protrusion 9
by depressing the oNIRLREHGSEIIA 45 EF RERE&Ery to form the protrusion 9 uniformly in the

front-back direction of the cylinder block 1 for the following reason. The protrusion 9
facilitates discharge of the blow-by gas through the communication hole 4h arranged
near the protrusion 9 as described later. Thus, if the protrusion 9 were formed on the
partition wall 4 at the side of the cylinder from which the blow-by gas flows out, the
protrusion 9 would return the blow-by gas that flows out back to the cylinder in the
upstream of flow direction.

Asillustrated in FIG. 1, the communication hole 4h is arranged on the partition
wall 4 between the cylinders.  The communication hole 4h may be arranged in the
cylinder 2, in the skirt 3, or over both of those. However, the communication hole 4h
needs to be formed in a position away from the center of the cylinder 2 to avoid gas
leakage from a combustion chamber (a space that is formed by a piston, a cylinder, and

acylinder head) when the piston 21 moves to the lowest point inside the cylinder 2. It



since this can form the inner protrusion 9 while keeping the thickness of the skirt 3 of the cylinder block
1. It is not necessary to form the protrusion 9 uniformly in a front-back direction of the cylinder.
Rather, it is preferable to form the protrusion 9 on the partition wall 4 at the side of the cylinder into
which the blow-by gas flows. As illustrated in FIG. 2, assume that there are three cylinders (30a, 30b,
and 30c). The blow-by gas flows through communication holes 4h that are disposed on the partition

walls 4 from g cylinder 30a to a cylinder 30c. The cylinder 30¢ has a discharge opening for blow-by
s at t5 R LTS AR O e TS D TSP S LG ke i the fromt-beck
direction. Ta j rotrusjon 9 of the cylinder 30a only needs to be disposed in the vicinity of the
partition wa gé@?%{%ﬁé%&%u{he cylinder 30b in which the blow-by gas flows. Accordingly, it is

not necessary to foﬁé@%ﬁ%ﬁ%%@dﬁ@ﬁ%%ﬁﬂ%@@ﬁi gig%%% %31!?5 f:éflmger block 1 for
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the following reason. The protrusion 9 facilit scharge of the blow-by gas through the
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were formed on the partition wall 4 at the side of the cylinder from which the blow-by gas flows out, the
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direction. As illustrated in FIG. 1, the communication hole 4h is arranged on the partition wall 4
between thatcylimdersrEppabmthuhicatok llooles 4hthedy dve-byrgapedurnt thediffioaetdfl owthe skirt 3, or
over both of those. However, the communication hole 4h needs to be formed in a position away from
the center afuthe cylinder 2 to avoid gas leakage from a combustion chamber (a space that is formed
by a piston, a cylinder, and a cylinder head) when the piston 21 moves to the lowest point inside the

cylinder 2. It is becabys 0esileeneRfectl coMBURITEH ARROIRA e BambaisusAthawiien atises

degraded engine output. _ _ _
disposed on the lateral inner wall surface 7 of the skirt 3, cannot be determined at only

one point. However, the communication hole 4h isformed at the upper side of the
skirt 3. The protrusion 9 isformed at the same height as the communication hole 4h or
at the lower end side of the skirt 3 below the communication hole 4h where the
protrusion 9 is not wholly covered with the crank locus 6. "Height" means a height
with the lower end 3u of the skirt 3 being the reference.

It is preferable that the lateral inner wall surface 7 of the skirt 3 from the lower
end 3u of the skirt 3 to the inner protrusion 9 have an arc-like shape along the crank
locus 6 or an arc-like shape with a curvature larger than the arc-like shape along the
crank locus 6.  If the curvature becomes smaller toward the lower end 3u of the skirt 3,
thismakes it difficult to pull out of amold. This makes the width of the cylinder block
1 excessively wide, making it difficult to downsize the engine.

It is preferable that a portion from the inner protrusion 9 of the skirt 3 to the
upper side (before the cylinder) be formed as a standing wall in an almost straight shape.
Forming as astanding wall provides higher rigidity than that of an arc-like curve. This
can provide areduced thickness portion 10 that may have a small thickness. Forming

the reduced thickness portion 10 ensures a lightweight engine and improves fuel



The communication hole 4h needs to be formed at a position that is farther from the crankshaft 20 than
a position where the whole area of the communication hole 4h is overlapped with the crank locus 6. If
the whole area of the communication hole 4h were overlapped with the crank locus 6, the blow-by gas
would be difficult to flow out. Thus, positions of the communication hole 4h and the protrusion 9,
which are disposed on the lateral inner wall surface 7 of the skirt 3, cannot be determined at only one
point. However, the communication hole 4h is formed at the upper side of the skirt 3. The protrusion 9
is formed af;ﬂq'élgﬁ?ﬁgrf‘leight as the communication hole 4h or at the lower end side of the skirt 3

below the communicati 4 ere t rotrusion 9 i h oyer ith crank locus 6.
"Height" means a h%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ#&gﬁ g}éﬁéﬁsr\g%[ @I%%ltl(r\% r|1|l|ey ?%%%2&& wl%is preferable
that the lat i | iR, f engsY [ kIt 3 inner
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than the aresliliegBARE RIANY i GemklamsBbiaR RVAIRARTBIMSSBRA!IPbIRNIARE lower end
3u of the skirt 3, this makes it difficult to pull out of a mold. This makes the width of the cylinder block 1

excessivelycygaesharakmehibdifiché dorfiewigizedPe entineerankshds poaiasahdatiata portion from the

inner protrusion 9 of the skirt 3 to the upper side (before the cylinder) be formed as a standing wall in
an almost siveiigittt Zhame offer miagiss s thignditag ngah preoridiesthdyeeti aigidiththtelowhby gbsin arc-like
curve. This can provide a reduced thickness portion 10 that may have a small thickness. Forming the
reduced thidRribes fhonta A Q) smslatesahi igetwel b hurdacsech Hub iskiit B/salioel deopswiiption.
rotation of the counter weight 23 and other members.
When the counter weight 23 and other members pass though a portion that
faces the protrusion 9 of the lateral inner wall surface 7, the clearance 8n between the
counter weight 23 and the inner wall of the skirt 3 becomes narrow. Accordingly, the
pressure increases in the upper stream side 8b that is the clearance between the counter
weight 23 and the inner wall of the skirt 3 at the upstream of the clearance 8n. Itis
because the blow-by gas 12 that flows together with the counter weight 23 has difficulty
passing through due to the narrowed clearance 8.
Thus, the blow-by gas 12y with increased pressure passes through the
communication hole 4h, and sent into the next cylinder. As described above, the
blow-by gas flows into the next cylinder through the communication hole 4h formed on
the partition wall 4 between the cylinders. Thus, in order to facilitate the flow of the
blow-by gasinto the next cylinder, the protrusion 9 is preferably formed in the vicinity
of the communication hole 4h into which the blow-by gas flows (see FIG. 2).
If the protrusions 9 are formed on both side faces of the skirt 3 regardiess of a
rotation direction of the counter weight 23, this reduces a region to which the blow-by

gas escapes.  This encourages the blow-by gas to pass through the communication hole

4h.  Accordingly, it is preferable that the protrusion 9 be arranged at the both side

10



Next, advantageous effects of the cylinder block 1 will be described. As described above, the piston 21
vertically moves in the cylinder 2 by compression and explosion of fuel. The vertical linear motion is
converted into rotational motion of the crankshaft 20 through the connecting rod 22. The crankshaft 20
has the counter weight 23 and other members, thus rotating in a constant direction. The blow-by gas
12 then flows along the lateral inner wall surface 7 of the skirt 3 in accordance with rotation of the
counter weight 23 and other members. When the counter weight 23 and other members pass
though ap 16N that faces the protrusion 9 of the lateral inner wall surface 7, the clearance 8n

between the counte vigighl 23,300 e NS AloLiNg S 8 hscamesauwyssardipal. the

pressure increases in the upper Stream side IS the Clearance e counter weight 23

and the inngf wallGLIRERKE shHIRANRS RN Mehﬁ%@)ﬁ%’%%sﬁ&%Eé?n%@%‘éﬁ?é{ﬂ@ﬁ@?""by gas 12

that flows together with the counter weight 23 has sing through due to'the narrowed

clearance 8rpjs reﬁhﬂ%%’tﬁ@%ﬁﬁ‘/\lm%m}%ﬂ%@%@fﬁé?&ﬁ&ﬁ%&mUmi‘stWﬂI

communication hole 4h, and sent into the next cylinder. As described above, the blow-by gas flows

into the nexseybasRINAUY RetbRsmeTIEC atiomBelesdivier aril @rHd pregtdiemoysll 4 between the

cylinders. Thus, in order to facilitate the flow of the blow-by gas into the next cylinder, the protrusion 9
is preferablgrfargetiantibeyicicdy30btineiwuicmitycsttine hateiéh Wit whish tbeheloylitigegas flows (see
FIG. 2). If the protrusions 9 are formed on both side faces of the skirt 3 regardless of a rotation
direction of 39k twhteh theiblav2Bythés femvs e sQnrdgiothey lanid H ntibeadphingsr §ab tsedpes. This
encourages the blow-by gas to pass through the communication hole 4h. Accordingly, it is preferable
that the protheditivelyedasiheiye framithesytindaiSOrdbe protrusion 9 is not arranged at the

partition wall 4 side next to the cylinder 30a.  This does not return the blow-by gas
back to the cylinder 30a.

The cylinders are arranged in parallel.  This collects the blow-by gasin the
cylinder arranged at oneend. Thiscylinder additionally has a discharge opening for
blow-by gas so asto recirculate the blow-by gasto an intake air side.  This ensures
downsizing and lightweight of the engine itself without providing means for taking out
the blow-by gas at respective cylinders.

Next, advantageous effects of the outline of the cylinder block 1 according to
the embodiment of the present invention will be described. FIG. 2 isa perspective
view illustrating a portion indicated by theline A-A in FIG. 1. Therecess 1d, which
corresponds to the protrusion 9 formed on the lateral inner wall surface 7 of the skirt 3,
isformed on the outer surface 1aof the cylinder block 1. The recess 1d formsthe
clearance 14 between the respective cylindersin thecylinder 2. Theclearance 14 is
formed with a protrusion in the mold of the cylinder block 1. This means that, in the
mold, a portion forming the protrusion provides a recess for cooling from the outer
surface of the mold.

That is, athough the mold often forms a thick portion between the cylinders,

11



In contrast, it is preferable that the protrusion 9 not be arranged in the vicinity of the communication
hole 4h to which the blow-by gas flows from the next cylinder. This returns the blow-by gas 12y that
flows in back to the former cylinder. This will be described with reference to FIG. 2. As described
above, the protrusion 9 is arranged at the cylinder 30a in the vicinity of the partition wall 4 next to the
cylinder 30b to which the blow-by gas flows. On the other hand, in the cylinder 30b to which the

ot 10106 ISAVACH SOHCTVE 800 ABL DA 0Lty DA PR L BT SR, The
cylinders arg QIangRs I RPLale) Fis COlln 7 oL B IR RRgRAhge ond

This cylinder additionally hasa discharge opening to W-Dy gas so as to recir ow-by gas

to an intak %ﬁrﬁ% ﬁm j r iZi Iigmyﬁgig ' itk roviding
means for(teta Ing out %#ﬂ%i%ﬂ%%%ég%%@cylm ersm%ﬁg%%%?%@%@ef Eéocts of the
outine of the:gyegy bIfcis TuaaamE g terife aies caenbehIbe e asealdig Hine e described.

FIG. 2 is a perspective view illustrating a portion indicated by the line A-A in FIG. 1. The recess Id,

which corregagegiedo thpeist s dRpoafbANs beolatendie BeinMathsH Aarm peatibie skirt 3, is formed

on the outer surface la of the cylinder block 1. The recess Id forms the clearance 14 between the
respective cybnrastiagrhtive ayangeati #efEnesdleacatiog fefniscfatone taviibgg suchrasgnkiaritie mold of the
cylinder block 1. This means that, in the mold, a portion forming the protrusion provides a recess for
cooling fronaramkiogteccsusfancdn@taiéngiold. That is, although the mold often forms a thick portion
between the cylinders, the thick portion or a portion in the vicinity of the thick portion can be cooled. A
casting, which is caAe@glinoky cepalig ifeithi sk eerEomRs dyginaaianoeke ool Wdbediiteming
molten metal into the casting mold. When the casting is cooled down in the casting mold, it is ideal that
the temperRONECRTBAFEHHRIAYS PASEH RS A GO SNy E¥ rRIASEa C Be Blogkh wtHid Bbrtion is
cooled more_slowly than a thin portion. If the casting have a large difference in cooling temperature,
damage su# sink and cracking occurs in the casting.

As described above, the cylinder block 1 has the partition wall 4 between the
cylinders. The partition wall 4 with the communication hole 4h has the protrusion 9in
the vicinity of the communication hole 4h such that the clearance 8 between the crank
locus 6 and the protrusion 9 becomes narrow.  Accordingly, the pressure of the
blow-by gas inside the cylinder block 1 increases at the upper stream side 8b every time
when the counter weight 23 passes through a position that faces the protrusion 9. The
blow-by gas then flows from the communication hole 4h to the next cylinder, thus
ensuring effective discharging of the blow-by gas.

The protrusion 9 is formed by the recess 1d arranged on the outer surface 1a of
the cylinder block 1. This allows the structure to easily cool the casting from outside
of the casting mold when the cylinder block 1 is casted. Particularly, the recess 1d can
be formed between the cylinders where a portion tends to be thick.  This can produce
the cylinder block 1 without any sink and cracking with high yield.

The present invention can be preferably applied to formation of a cylinder

block of an engine.
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Accordingly, cooling the thick portion or the portion in the vicinity of the thick portion reduces damage
occurring at cooling, thus forming a cylinder block with high yield. As described above, the cylinder
block 1 has the partition wall 4 between the cylinders. The partition wall 4 with the communication hole
4h has the protrusion 9 in the vicinity of the communication hole 4h such that the clearance 8 between
the crank locus 6 and the protrusion 9 becomes narrow. Accordingly, the pressure of the blow-by gas

inside th lind 1 at th ide 8b hen th t ht
25 passes trough A BeSBRGRCRALE (IS0 IBUCR B %ﬁmﬁe&% B om the

le 4 I har t b
The protrua S o oo i iﬁ%an'§§ ﬁ%%ﬁ%i%ér e ook 1
This aIIows eragg\%[%g Qga ylgﬂe! ﬁ%ﬁ@n eform Ide,P dh rﬁ\é{ﬁ%pthe cylinder

block 1 is casted. Particularty, t e rece etween t e cylindérs where a portion

tends to be daiefinBlscean R esbiss rdeschiask L MithaliRine sl thaiaekiaauh high vield

The present invention can be preferably applied to formatio a cylinder block of an engine. The
foregoing dgeadeBedeaTERGGHEaseR RO RRSRIIRS festhesRIrtPOsARPLHGISHRIEP Bobs) ¢ fgegeription.
Many modifications and variations are possible in light of the above teaching. It is not intended to be
exhaustive be tmdienitdbe thiabjbetsopdte mee e rietichdubine thd @ppendeeiatke feyin ribs nessshridjthough the
subject matter has been described in language specific to structural features and/or methodological
acts, it is tol byei tedderdte aoetifac flest wiasjecactradrscidléth adoveth eRatipes nthedsatel frsfisshuwem ecessarily
limited to the specific features or acts described above. Rather, the specific features and acts

described a#lectirdegiidied chave esadhnoseras BmprRiInEns G tnel ersigpbe AdiBhereto.
appended hereto.
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CLAIMS 1.A cylinder block structure for a multi-cylinder internal combustion engine, the cylinder block
structure comprising: a partition wall at a skirt between a plurality of cylinders; and a
communication hole that is communicated between the cylinders at an upper side of the skirt of the
partition wall, characterized in that the cylinder block structure has a protrusion on a lateral inner
wall surface of the skirt, the protrusion being formed by inwardly recessing an outer surface of the
cylinder block. CLAIMS

1 A cylinder block structure for amulti-cylinder internal combustion engine, the
cylinder block structure comprising:

apartition wall at a skirt between a plurality of cylinders; and

a communication hole that is communicated between the cylinders at an upper
side of the skirt of the partition wall, characterized in that

the cylinder block structure has a protrusion on alateral inner wall surface of
the skirt, the protrusion being formed by inwardly recessing an outer surface of the

cylinder block.
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