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(54) PISTON RING COMBINATION

(57) In this piston ring combination, a second outer
peripheral surface, which is the outer peripheral surface
of a second ring, has a second protruding surface curved
into a convex shape, and a pair of third outer peripheral
surfaces, which are the outer peripheral surfaces of a
pair of segments, each have a third outer peripheral area
in which a third protruding surface is formed, the third
protruding surfaces being curved into convex shapes. In

at least one of the pair of third outer peripheral surfaces,
the peripheral edge on a crank-chamber side is posi-
tioned farther outward in the diametrical direction than
the peripheral edge on a combustion-chamber side, and
a peak of the third protruding surface is positioned nearer
to the crank chamber than the center of the third outer
peripheral surface.
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Description

Technical Field

[0001] The present invention relates to a piston ring
combination.

Background Art

[0002] An internal combustion engine that is mounted
in a standard vehicle adopts a configuration where three
piston rings are provided on a piston that is mounted in
a cylinder, the three piston rings combining two compres-
sion rings (pressure rings) including a top ring and a sec-
ond ring and one oil ring. These three piston rings include
the top ring, the second ring, and the oil ring in the stated
order from an upper side (a combustion chamber side),
the rings being mounted in ring grooves formed on an
outer peripheral surface of the piston to slide on a cylinder
inner wall surface. The oil ring farthest from the combus-
tion chamber includes an oil seal function for suppressing
oil from flowing out to the combustion chamber side (i.e.
oil rise) by scraping off excess engine oil (lubricant oil)
attached to the cylinder inner wall surface to a crankcase
side, and a function for preventing seizure of the piston
caused by operation of the internal combustion engine
by adjusting the amount of oil such that a lubricant oil film
is appropriately maintained on the cylinder inner wall sur-
face. The compression rings include a gas seal function
for suppressing flowing (blowby) of combustion gas from
the combustion chamber side to the crankcase side by
maintaining airtightness, and an oil seal function for sup-
pressing oil rise by scraping off excess oil that is not
scraped off by the oil ring. Such a piston ring combination
achieves reduced blowby gas and reduced oil consump-
tion in the internal combustion engine.
[0003] In relation to the above, Patent document 1 and
Patent document 2 each disclose a piston ring combina-
tion including a vertically symmetrical barrel-shaped top
ring, a tapered second ring, and an oil ring provided with
a vertically symmetrical barrel-shaped or straight seg-
ment. With the piston ring combinations disclosed in Pat-
ent document 1 and Patent document 2, oil consumption
of the internal combustion engine is reduced by using a
second ring, an outer peripheral surface of which has a
tapered shape that is superior in oil sealing, in combina-
tion with the oil ring.

Citation List

Patent Literature

[0004]

[Patent document 1] Japanese Patent Laid-Open
No. 2001-241357
[Patent document 2] Japanese Patent Laid-Open
No. 2012-215238

Summary of Invention

Technical Problem

[0005] To reduce fuel consumption of an internal com-
bustion engine, it is important to reduce friction generated
between an outer peripheral surface (a sliding surface)
of each piston ring and a cylinder inner wall, and to reduce
friction loss of the internal combustion engine. However,
the tapered shape mentioned above achieves excellent
performance in relation to oil sealing, but tends to be
disadvantageous in reducing friction. Accordingly, a pis-
ton ring combination that is capable of better reducing
the friction loss is desired, but achieving oil seal perform-
ance at the same time is difficult.
[0006] The present invention has been made in view
of the above circumstances, and an object thereof is to
provide a technology regarding a piston ring combination
that is capable of reducing friction loss while securing oil
seal performance.

Solution to Problem

[0007] To solve the problems described above, the
present invention adopts the following means. That is,
the present invention is a piston ring combination includ-
ing a top ring, a second ring, and an oil ring that are
mounted in ring grooves formed on a piston of an internal
combustion engine, where a first outer peripheral surface
that is an outer peripheral surface of the top ring includes
a first outer peripheral region where a first protruding sur-
face is formed, the first protruding surface being curved
outward into a convex shape in a radial direction of the
top ring in a cross-section perpendicular to a circumfer-
ential direction of the top ring, the convex shape having
a peak at an outermost position of the first outer periph-
eral surface in the radial direction of the top ring, a second
outer peripheral surface that is an outer peripheral sur-
face of the second ring includes a second outer peripheral
region where a second protruding surface is formed, the
second protruding surface being curved outward into a
convex shape in a radial direction of the second ring in
a cross-section perpendicular to a circumferential direc-
tion of the second ring, the convex shape having a peak
at an outermost position of the second outer peripheral
surface in the radial direction of the second ring, the oil
ring includes a pair of segments, each provided on a cor-
responding side in an axial direction, and an expander-
spacer that biases the pair of segments outward in a ra-
dial direction, a pair of third outer peripheral surfaces that
are outer peripheral surfaces of the pair of segments each
include a third outer peripheral region where a third pro-
truding surface is formed, the third protruding surface
being curved outward into a convex shape in the radial
direction of the oil ring in a cross-section perpendicular
to a circumferential direction of the oil ring, the convex
shape having a peak at an outermost position of the third
outer peripheral surface in the radial direction of the oil
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ring, and in relation to at least one of the pair of third outer
peripheral surfaces, a peripheral edge of the third outer
peripheral region on a crankcase side is positioned more
outward in the radial direction than a peripheral edge on
a combustion chamber side, and the peak of the third
protruding surface is positioned closer to a crankcase
than a center of the third outer peripheral surface in the
axial direction of the oil ring.
[0008] In relation each of the piston rings, the top ring,
the second ring and the oil ring, "outer peripheral surface"
refers to a surface that connects outer peripheral edges
of two end surfaces in the axial direction that define a
width (a dimension in the axial direction) of the ring (or
the segment or a rail). Unless particularly specified, "cir-
cumferential direction" refers to a circumferential direc-
tion of the corresponding piston ring. Unless particularly
specified, "radial direction" refers to a radial direction of
the corresponding piston ring. "Inner side" or "inward in
radial direction" refers to an inner peripheral surface side
of the corresponding piston ring, and "outer side" or "out-
ward in radial direction" refers to an opposite side (that
is, an outer peripheral surface side of the piston ring).
Unless particularly specified, "axial direction" refers to a
direction along a center axis of the corresponding piston
ring.
[0009] According to the present invention, the second
ring slidingly contacts an inner wall of a cylinder through
the second protruding surface that is curved outward into
a convex shape in the radial direction. That is, the second
ring slidingly contacts the inner wall of the cylinder
through a barrel-shaped outer peripheral surface. Ac-
cordingly, friction that is generated against the cylinder
inner wall may be reduced compared with a case where
the outer peripheral surface is tapered. Additionally, "bar-
rel shape" refers to a shape of an outer peripheral surface
that is curved outward into a convex shape in the radial
direction in a cross-section perpendicular to the circum-
ferential direction of the piston ring, and shapes of such
an outer peripheral surface include a symmetrical barrel
shape, an eccentric barrel shape, and a tapered barrel
shape. "Symmetrical barrel shape" is a shape of an outer
peripheral surface where a peak of the convex shape is
positioned at a center of the outer peripheral surface in
the axial direction (i.e. at a center of a ring width). "Ec-
centric barrel shape" is a shape of an outer peripheral
surface where a peak of the convex shape is positioned
closer to a crankcase than the center of the outer periph-
eral surface in the axial direction. Furthermore, "tapered
barrel shape" is an eccentric barrel shape, and is a shape
of an outer peripheral surface having a tapered shape
where a diameter is linearly reduced toward the combus-
tion chamber side from a shape on the crankcase side
that is curved outward into a convex shape in the radial
direction in the cross-section perpendicular to the circum-
ferential direction of the piston ring. Shapes of the second
outer peripheral region of the second ring according to
the present invention may include the barrel shape, the
eccentric barrel shape, and the tapered barrel shape.

Furthermore, shapes of the first outer peripheral region
of the top ring may include the symmetrical barrel shape
and the eccentric barrel shape.
[0010] When the second ring slidingly contacts the in-
ner wall of the cylinder through a barrel-shaped outer
peripheral surface, oil seal performance of the second
ring tends to be reduced compared with a case of a ta-
pered shape; however, with the present invention, the
pair of third outer peripheral surfaces that are outer pe-
ripheral surfaces of the pair of segments provided on the
oil ring each include the third outer peripheral region
where the third protruding surface is formed, the third
protruding surface being curved outward into a convex
shape in the radial direction of the oil ring in the cross-
section perpendicular to the circumferential direction of
the oil ring, the convex shape having the peak at the
outermost position of the third outer peripheral surface
in the radial direction of the oil ring, and in relation to at
least one third outer peripheral surface of the pair of third
outer peripheral surfaces, the peripheral edge of the third
outer peripheral region on the crankcase side is posi-
tioned more outward in the radial direction than the pe-
ripheral edge on the combustion chamber side, and the
peak of the third protruding surface is positioned closer
to the crankcase than the center of the third outer periph-
eral surface in the axial direction. Accordingly, with the
segment, a barrel width on the crankcase side is smaller
than a barrel width on the combustion chamber side, and
a distance between the peak of the third outer peripheral
region and a lower edge of the third outer peripheral re-
gion in the axial direction is smaller than a distance be-
tween the peak and an upper edge of the third outer pe-
ripheral region in the axial direction. Accordingly, a gap
between the inner wall of the cylinder and the third outer
peripheral region may be made smaller on the crankcase
side than on the combustion chamber side with the peak
as the boundary. Therefore, oil may be appropriately
scraped off at the time of lowering of the piston, and at
the time of rising of the piston, the third outer peripheral
surface runs on the oil due to wedge effect, and thus, oil
may be prevented from being scraped upward. Accord-
ingly, oil in a piston clearance is prevented from easily
flowing from the crankcase side to the combustion cham-
ber side through the gap on the crankcase side, and oil
rise may be better prevented. As a result, the oil seal
performance may be increased compared with a case of
the symmetrical barrel shape where the peak is at the
center of the segment in the axial direction. Shapes of
such a third outer peripheral region may include the ec-
centric barrel shape and the tapered barrel shape.
[0011] "Barrel width on the combustion chamber side"
of the segment refers to a distance in the radial direction
between the peak of the third outer peripheral region and
an edge of the third outer peripheral region on the com-
bustion chamber side, and is equal to a distance from
the inner wall of the cylinder to the edge of the third outer
peripheral region on the combustion chamber side in a
state where the oil ring is mounted in the ring groove.
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Furthermore, "barrel width on the crankcase side" of the
segment refers to a distance in the radial direction be-
tween the peak of the third outer peripheral region and
an edge of the third outer peripheral region on the crank-
case side, and is equal to a distance from the inner wall
of the cylinder to an edge of the segment on the crank-
case side in the state where the oil ring is mounted in the
ring groove.
[0012] As described above, the present invention in-
creases the oil seal performance of the oil ring while re-
ducing friction of the second ring. According to such a
piston ring combination, friction loss may be reduced
while securing the oil seal performance.
[0013] Additionally, the oil ring according to the present
invention may be a so-called three-piece oil ring including
a pair of separate segments, and an expander-spacer
that biases the segments toward the inner wall of the
cylinder, or may be a so-called two-piece oil ring including
an oil ring main body integrating a pair of rails correspond-
ing to the pair of segments, and a coil expander that bi-
ases the oil ring main body toward the inner wall of the
cylinder. That is, according to the present invention, the
oil ring may include a ring main body including a pair of
rails, each on a corresponding side in an axial direction,
and a coil expander that biases the ring main body out-
ward in a radial direction, a pair of third outer peripheral
surfaces that are outer peripheral surfaces of the pair of
rails may each include a third outer peripheral region
where a third protruding surface is formed, the third pro-
truding surface being curved outward into a convex
shape in the radial direction of the oil ring in a cross-
section perpendicular to a circumferential direction of the
oil ring, the convex shape having a peak at an outermost
position of the third outer peripheral surface in the radial
direction of the oil ring, and in relation to at least one of
the pair of third outer peripheral surfaces, a peripheral
edge of the third outer peripheral region on a crankcase
side may be positioned more outward in the radial direc-
tion than a peripheral edge on a combustion chamber
side, and the peak of the third protruding surface may be
positioned closer to a crankcase than a center of the third
outer peripheral surface in the axial direction of the oil
ring.
[0014] Furthermore, according to the present inven-
tion, in relation to both of the pair of third outer peripheral
surfaces, the peripheral edge of the third outer peripheral
region on the crankcase side may be positioned more
outward in the radial direction than the peripheral edge
on the combustion chamber side, and the peak of the
third protruding surface may be positioned closer to the
crankcase than the center of the third outer peripheral
surface in the axial direction of the oil ring. This may in-
crease the oil seal performance of both of the pair of third
outer peripheral surfaces, and thus, oil consumption of
the internal combustion engine may be reduced com-
pared with a case where the third outer peripheral region
of only one of the third outer peripheral surfaces is ec-
centrically barrel-shaped.

[0015] Furthermore, the third outer peripheral region
may include, between the third protruding surface and
the peripheral edge on the combustion chamber side, a
curved surface that is, in the cross-section perpendicular
to the circumferential direction of the oil ring, curved out-
ward into a convex shape in the radial direction of the oil
ring, the curved surface having a diameter that is grad-
ually reduced toward the combustion chamber side.
Shapes of such a third outer peripheral region may in-
clude the eccentric barrel shape. This may increase the
wedge effect of the third outer peripheral region at the
time of rising of the piston, and upward scraping of oil
may be further suppressed.
[0016] Furthermore, the third outer peripheral region
may include, between the third protruding surface and
the peripheral edge on the combustion chamber side, a
tapered surface that has a diameter that is gradually re-
duced toward the combustion chamber side. Shapes of
such a third outer peripheral region may include the ta-
pered barrel shape.
[0017] Furthermore, according to the present inven-
tion, of the second outer peripheral surface that is the
outer peripheral surface of the second ring, a peripheral
edge of the second outer peripheral region on the crank-
case side may be positioned more outward in the radial
direction than a peripheral edge on the combustion
chamber side, and the peak of the second protruding
surface may be positioned closer to the crankcase than
a center of the second outer peripheral surface in an axial
direction of the second ring. Shapes of such a second
outer peripheral region may include the eccentric barrel
shape and the tapered barrel shape. A gap formed on
the crankcase side in the second ring, between the inner
wall of the cylinder and the second outer peripheral region
of the second ring, may thus be made smaller than a gap
on the combustion chamber side. Accordingly, oil may
be prevented from flowing from the crankcase side to the
combustion chamber side through the gap on the crank-
case side. As a result, the oil seal performance of the
second ring may be increased, and oil consumption of
the internal combustion engine may be further reduced.
[0018] Furthermore, the second outer peripheral re-
gion may include, between the second protruding surface
and the peripheral edge on the combustion chamber
side, a curved surface that is, in the cross-section per-
pendicular to the circumferential direction of the second
ring, curved outward into a convex shape in the radial
direction of the second ring, the curved surface having a
diameter that is gradually reduced toward the combustion
chamber side. Shapes of such a second outer peripheral
region may include the eccentric barrel shape. This may
increase the wedge effect of the second outer peripheral
region at the time of rising of the piston, and upward
scraping of oil may be further suppressed.
[0019] Furthermore, the second outer peripheral re-
gion may include, between the second protruding surface
and the peripheral edge on the combustion chamber
side, a tapered surface that has a diameter that is grad-
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ually reduced toward the combustion chamber side.
Shapes of such a second outer peripheral region may
include the tapered barrel shape.
[0020] Furthermore, of the first outer peripheral sur-
face, a peripheral edge of the first outer peripheral region
on the crankcase side may be positioned more outward
in the radial direction than a peripheral edge on the com-
bustion chamber side, and the peak of the first protruding
surface may be positioned closer to the crankcase than
a center of the first outer peripheral surface in an axial
direction of the top ring.
[0021] Furthermore, the first outer peripheral region
may include, between the first protruding surface and the
peripheral edge on the combustion chamber side, a
curved surface that is, in the cross-section perpendicular
to the circumferential direction of the top ring, curved out-
ward into a convex shape in the radial direction of the
top ring, the curved surface having a diameter that is
gradually reduced toward the combustion chamber side.

Advantageous Effects of Invention

[0022] According to the present invention, a piston ring
combination is able to reduce friction loss while securing
oil seal performance.

Brief Description of the Drawings

[0023]

[FIG.1] FIG. 1 is an overall view of an internal com-
bustion engine provided with a piston ring combina-
tion of a first embodiment.
[FIG.2] FIG. 2 is an enlarged view of and around ring
grooves of the internal combustion engine according
to the first embodiment.
[FIG.3] FIG. 3 is a cross-sectional view, perpendic-
ular to a circumferential direction, of a top ring ac-
cording to the first embodiment.
[FIG.4] FIG. 4 is a cross-sectional view, perpendic-
ular to a circumferential direction, of a second ring
according to the first embodiment.
[FIG.5] FIG. 5 is a cross-sectional view, perpendic-
ular to a circumferential direction, of an oil ring ac-
cording to the first embodiment.
[FIG.6] FIG. 6 is a cross-sectional view, perpendic-
ular to a circumferential direction, of a segment pro-
vided on the oil ring according to the first embodi-
ment.
[FIG.7] FIG. 7 is an enlarged view of and around ring
grooves of an internal combustion engine provided
with a piston ring combination according to a con-
ventional example.
[FIG.8] FIG. 8 is a graph illustrating FMEP in relation
to engine speed according to an experiment example
and a comparative example.
[FIG.9] FIG. 9 is a cross-sectional view, perpendic-
ular to a circumferential direction, of a segment ac-

cording to a first modification of the first embodiment.
[FIG.10A] FIG. 10A is a cross-sectional view, per-
pendicular to a circumferential direction, of an oil ring
according to a second modification of the first em-
bodiment.
[FIG.10B] FIG. 10B is an enlarged view of a rail outer
peripheral surface 43B illustrated in FIG. 10A.
[FIG.11] FIG. 11 is an enlarged view of and around
ring grooves of an internal combustion engine pro-
vided with a piston ring combination according to a
third modification of the first embodiment.
[FIG.12] FIG. 12 is a cross-sectional view, perpen-
dicular to a circumferential direction, of a second ring
according to a second embodiment.
[FIG.13] FIG. 13 is a cross-sectional view, perpen-
dicular to a circumferential direction, of a second ring
according to a first modification of the second em-
bodiment.

Description of Embodiments

[0024] Hereinafter, preferred embodiments of a piston
ring combination according to the present invention will
be described with reference to the drawings. Additionally,
configurations described in the following embodiments
are not intended to limit the technical scope of the inven-
tion unless stated otherwise.

<First Embodiment>

[0025] FIG. 1 is an overall view of an internal combus-
tion engine 100 provided with a piston ring combination
according to a first embodiment. FIG. 2 is an enlarged
view of and around ring grooves of the internal combus-
tion engine 100. FIGS. 1 and 2 illustrate each structure
in a simplified manner for the sake of convenience. FIG.
3 is a cross-sectional view, perpendicular to a circumfer-
ential direction, of a top ring 1 according to the first em-
bodiment. FIG. 4 is a cross-sectional view, perpendicular
to a circumferential direction, of a second ring 2 according
to the first embodiment. FIG. 5 is a cross-sectional view,
perpendicular to a circumferential direction, of an oil ring
3 according to the first embodiment. FIG. 5 illustrates a
state where the oil ring 3 is provided in a ring groove. As
illustrated in FIG. 1, the internal combustion engine 100
according to the embodiment includes a cylinder 20, and
a piston 10 mounted in the cylinder 20. In the following,
an axial direction of the cylinder 20 of the internal com-
bustion engine 100 will be defined as "vertical direction".
Furthermore, a combustion chamber 30 side in the axial
direction of the cylinder 20 will be defined as "upper side"
(an up direction in FIG. 1), and the opposite side (that is,
a crankcase 40 side) will be defined as "lower side".
[0026] As illustrated in FIG. 2, with the internal com-
bustion engine 100, a predetermined distance is secured
between a piston outer peripheral surface 10a and a cyl-
inder inner wall 20a, and a gap (a piston clearance) PC1
is thus formed. Furthermore, a top ring groove 101, a
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second ring groove 102, and an oil ring groove 103 are
formed on the piston outer peripheral surface 10a in the
stated order in an axial direction of the piston 10 from the
upper side, with predetermined gaps therebetween. The
top ring 1, the second ring 2, and the oil ring 3 are seated
in the top ring groove 101, the second ring groove 102,
and the oil ring groove 103, respectively. In the following
description, when not distinguishing between the three,
the top ring groove 101, the second ring groove 102, and
the oil ring groove 103 will be simply referred to as "ring
groove(s)". Furthermore, of inner walls that are formed
in each ring groove and that vertically face each other,
an inner wall on the upper side will be referred to as "upper
wall W1", and an inner wall on the lower side will be re-
ferred to as "lower wall W2". Moreover, when not distin-
guishing between the three, the top ring 1, the second
ring 2, and the oil ring 3 will be simply referred to as
"piston ring(s)". A state as illustrated in FIG. 2 where each
piston ring is provided in the corresponding ring groove
of the piston 10 mounted in the cylinder 20 will be referred
to as "used state". Each piston ring is self-tensioning and
an outer peripheral surface thereof is pressed against
the cylinder inner wall 20a in the used state.
[0027] Furthermore, in the description of each piston
ring (or a segment or a rail), "outer peripheral surface"
refers to a surface that connects outer peripheral edges
of two end surfaces in the axial direction that define a
width (a dimension in the axial direction) of the piston
ring (or the segment or the rail). Unless particularly spec-
ified, "circumferential direction" refers to a circumferential
direction of the corresponding piston ring. Unless partic-
ularly specified, "radial direction" refers to a radial direc-
tion of the corresponding piston ring. "Inner side" or "in-
ward in radial direction" refers to an inner peripheral sur-
face side of the corresponding piston ring, and "outer
side" or "outward in radial direction" refers to an opposite
side (that is, an outer peripheral surface side of the piston
ring). Unless particularly specified, "axial direction" refers
to a direction along a center axis of the corresponding
piston ring. The axial direction of each piston ring in the
used state coincides with the vertical direction of the in-
ternal combustion engine 100, or in other words, the axial
direction of the cylinder 20. In relation to each piston ring,
the upper wall W1 side (that is, the combustion chamber
side) of the ring groove will be defined as "upper side",
and the lower wall W2 side (that is, the crankcase side)
of the ring groove will be defined as "lower side".
[0028] A shape of each piston ring of the piston ring
combination according to the first embodiment will be
described below. Additionally, in the present specifica-
tion, "barrel shape" refers to a shape of an outer periph-
eral surface that is, in a cross-section perpendicular to
the circumferential direction of the piston ring, curved out-
ward into a convex shape in the radial direction, and in-
cludes a symmetrical barrel shape, an eccentric barrel
shape, and a tapered barrel shape. "Symmetrical barrel
shape" is a shape of an outer peripheral surface where
a peak of the convex shape is positioned at a center of

the outer peripheral surface in the axial direction (i.e. a
center of a ring width). "Eccentric barrel shape" is a shape
of an outer peripheral surface where a peak of the convex
shape is positioned closer to the crankcase than the cent-
er of the outer peripheral surface in the axial direction
(i.e. the center of the ring width). Furthermore, "tapered
barrel shape" is an eccentric barrel shape, and is a shape
of an outer peripheral surface having a tapered shape
where a diameter is linearly reduced toward the combus-
tion chamber side from a shape on the crankcase side
that is curved outward into a convex shape in the radial
direction in the cross-section perpendicular to the circum-
ferential direction of the piston ring. Details of the sym-
metrical barrel shape, the eccentric barrel shape, and
the tapered barrel shape will be given later.

(Top Ring)

[0029] First, the top ring 1 according to the first em-
bodiment will be described. As illustrated in FIGS. 2 and
3, the top ring 1 includes a ring upper surface 11, a ring
lower surface 12, a ring outer peripheral surface 13, and
a ring inner peripheral surface 14. In the used state of
the top ring 1, the ring upper surface 11 faces the upper
wall W1 of the top ring groove 101, the ring lower surface
12 faces the lower wall W2, and the ring outer peripheral
surface 13 slidingly contacts the cylinder inner wall 20a.
[0030] As illustrated in FIG. 3, the ring outer peripheral
surface 13 includes a first outer peripheral region S11
that is formed outward into a convex shape in the radial
direction of the top ring 1, and a pair of connection regions
S12, S12 that connects the first outer peripheral region
S11 to the ring upper surface 11 and the ring lower sur-
face 12. One of the pair of connection regions S12, S12
connects a peripheral edge (hereinafter "upper edge")
E11 on the upper side (the combustion chamber 30 side)
of the first outer peripheral region S11 and a peripheral
edge (hereinafter "outer edge") on an outer side of the
ring upper surface 11 in the radial direction. The other of
the pair of connection regions S12, S12 connects a pe-
ripheral edge (hereinafter "lower edge") E12 on the lower
side (the crankcase 40 side) of the first outer peripheral
region S11 and an outer edge of the ring lower surface
12. The first outer peripheral region S11 includes a first
protruding surface 131 that is, in a cross-section perpen-
dicular to the circumferential direction of the top ring 1,
curved outward into a convex shape in the radial direction
of the top ring 1. A peak P1 of the convex shape of the
first protruding surface 131 is at an outermost position of
the ring outer peripheral surface 13 in the radial direction
of the top ring 1. More specifically, the first outer periph-
eral region S11 of the ring outer peripheral surface 13 is,
as a whole, formed into a symmetrical barrel-shaped
curved surface. That is, the first outer peripheral region
S11 has a symmetrical barrel shape that is symmetrical
in the axial direction across the peak P1, with the first
protruding surface 131 forming an arc that protrudes out-
ward into a convex shape in the radial direction in the
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cross-section perpendicular to the circumferential direc-
tion and the peak P1 of the convex shape being posi-
tioned at a center of the ring outer peripheral surface 13
in the axial direction (the vertical direction). An upper end
of the arc is connected to the connection region S12 on
the upper side, and a lower end of the arc is connected
to the connection region S12 on the lower side. The peak
P1 is at an outermost position of the ring outer peripheral
surface 13 in the radial direction, and the peak P1 slid-
ingly contacts the cylinder inner wall 20a in the used state.
A region of the first outer peripheral region S11 including
the peak P1 forms the first protruding surface 131. A ref-
erence sign "CL1" in FIG. 3 indicates a straight line that
is, in the cross-section, perpendicular to a center axis A1
of the top ring 1 and that passes through the center of
the ring outer peripheral surface 13 in the axial direction,
or in other words, the center of the ring width (a dimension
of the ring in the axial direction). The symmetrical barrel-
shaped curved surface forming the first outer peripheral
region S11 may also be seen as a curved surface that is
formed by causing an arc having a predetermined radius
r1, a center C1 of which is on the center line CL1 and on
the inner side than the ring outer peripheral surface 13
in the radial direction, to revolve around the center axis
A1. As illustrated in FIG. 3, the peak P1 is positioned on
the center line CL1. The ring outer peripheral surface 13
is an example of "first outer peripheral surface" according
to the present invention. Additionally, in the present ex-
ample, the first outer peripheral region S11 is formed by
an arc having a uniform radius, but the first outer periph-
eral region S11 is not limited to such a shape. The ring
outer peripheral surface 13 does not have to have a sym-
metrical barrel shape so long as it is barrel-shaped. That
is, the peak P1 does not have to be positioned at the
center of the ring outer peripheral surface 13 in the axial
direction (that is, on the center line CL1), and the peak
P1 may be offset to the combustion chamber 30 side or
the crankcase 40 side. That is, it suffices if the ring outer
peripheral surface 13 has the first protruding surface 131
that is curved outward into a convex shape in the radial
direction. In the cross-section perpendicular to the cir-
cumferential direction, the first protruding surface 131
does not have to have an arc shape with a uniform radius,
and may alternatively have a curved shape where a plu-
rality of arcs having different radii are joined continuously
in a manner protruding outward in the radial direction.
Furthermore, the first outer peripheral region S11 may
include a flat region. For example, the first protruding
surface 131 may include, at the peak P1, a flat portion
that is parallel to the axial direction. Moreover, the top
ring 1 does not have to include the pair of connection
regions S12, S12, and the first outer peripheral region
S11 may be joined continuously to the ring upper surface
11 and the ring lower surface 12. That is, the entire region
of the ring outer peripheral surface 13 may be taken as
the first outer peripheral region S11.
[0031] Reference signs "all" and "a12" in FIG. 3 each
indicate a barrel width. "a11" indicates a barrel width of

the ring outer peripheral surface 13 on the combustion
chamber 30 side, or in other words, a distance in the
radial direction between the peak P1 of the ring outer
peripheral surface 13 and the upper edge E11 of the first
outer peripheral region S11. "a11" is equal to a distance
from the cylinder inner wall 20a to the upper edge E11
of the first outer peripheral region S11 in the used state.
In the same manner, "a12" is a barrel width of the ring
outer peripheral surface 13 on the crankcase 40 side, or
in other words, a distance in the radial direction between
the peak P1 of the ring outer peripheral surface 13 and
the lower edge E12 of the first outer peripheral region
S11. "a12" is equal to a distance from the cylinder inner
wall 20a to the lower edge E12 of the first outer peripheral
region S11 in the used state. In the present example, the
first outer peripheral region S11 is formed as a symmet-
rical barrel-shaped curved surface, and thus, the upper
edge E11 and the lower edge E12 of the first outer pe-
ripheral region S11 coincide with each other in the radial
direction. Accordingly, "a11" and "a12" are equal to each
other. However, it is not limited to this. Moreover, a ref-
erence sign "b11" in FIG. 3 indicates a distance in the
axial direction between the peak P1 of the ring outer pe-
ripheral surface 13 and the upper edge E11 of the first
outer peripheral region S11. Furthermore, "b12" indi-
cates a distance in the axial direction between the peak
P1 of the ring outer peripheral surface 13 and the lower
edge E12 of the first outer peripheral region S11. In the
present example, the first outer peripheral region S11 is
formed as a symmetrical barrel-shaped curved surface,
and thus, "b11" and "b12" are equal to each other. How-
ever, it is not limited to this.

(Second Ring)

[0032] Next, the second ring 2 according to the first
embodiment will be described. As illustrated in FIGS. 2
and 4, the second ring 2 includes a ring upper surface
21, a ring lower surface 22, a ring outer peripheral surface
23, and a ring inner peripheral surface 24. In the used
state of the second ring 2, the ring upper surface 21 faces
the upper wall W1 of the second ring groove 102, the ring
lower surface 22 faces the lower wall W2, and the ring
outer peripheral surface 23 slidingly contacts the cylinder
inner wall 20a.
[0033] As illustrated in FIG. 4, the ring outer peripheral
surface 23 includes a second outer peripheral region S21
that is formed outward into a convex shape in the radial
direction of the second ring 2, and a pair of connection
regions S22, S22 that connects the second outer periph-
eral region S21 to the ring upper surface 21 and the ring
lower surface 22. One of the pair of connection regions
S22, S22 connects an upper edge E21 of the second
outer peripheral region S21 and an outer edge of the ring
upper surface 21. The other of the pair of connection
regions S22, S22 connects a lower edge E22 of the sec-
ond outer peripheral region S21 and an outer edge of the
ring lower surface 22. The second outer peripheral region
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S21 includes a second protruding surface 231 that is, in
a cross-section perpendicular to the circumferential di-
rection of the second ring 2, curved outward into a convex
shape in the radial direction of the second ring 2. A peak
P2 of the convex shape of the second protruding surface
231 is at an outermost position of the ring outer peripheral
surface 23 in the radial direction of the second ring 2.
More specifically, the second outer peripheral region S21
of the ring outer peripheral surface 23 is, as a whole,
formed into a symmetrical barrel-shaped curved surface.
That is, the second outer peripheral region S21 has a
symmetrical barrel shape that is symmetrical in the axial
direction across the peak P2, with the second protruding
surface 231 forming an arc that protrudes outward in the
radial direction in the cross-section perpendicular to the
circumferential direction and the peak P2 of the convex
shape being positioned at a center of the ring outer pe-
ripheral surface 23 in the axial direction (the vertical di-
rection). An upper end of the arc is connected to the con-
nection region S22 on the upper side, and a lower end
of the arc is connected to the connection region S22 on
the lower side. The peak P2 is at an outermost position
of the ring outer peripheral surface 23 in the radial direc-
tion, and the peak P2 slidingly contacts the cylinder inner
wall 20a in the used state. A region of the second outer
peripheral region S21 including the peak P2 forms the
second protruding surface 231. A reference sign "CL2"
in FIG. 4 indicates a straight line that is, in the cross-
section, perpendicular to a center axis A2 of the second
ring 2 and that passes through the center of the ring outer
peripheral surface 23 in the axial direction, or in other
words, the center of the ring width. The symmetrical bar-
rel-shaped curved surface forming the second outer pe-
ripheral region S21 may also be seen as a curved surface
that is formed by causing an arc having a predetermined
radius r2, a center C2 of which is on the center line CL2
and on the inner side than the ring outer peripheral sur-
face 23 in the radial direction, to revolve around the center
axis A2. As illustrated in FIG. 4, the peak P2 is positioned
on the center line CL2. The ring outer peripheral surface
23 is an example of "second outer peripheral surface"
according to the present invention. Additionally, in the
present example, the second outer peripheral region S21
is formed by an arc having a uniform radius, but the sec-
ond outer peripheral region S21 is not limited to such a
shape. The ring outer peripheral surface 23 does not
have to have a symmetrical barrel shape so long as it is
barrel-shaped. That is, the peak P2 does not have to be
positioned at the center of the ring outer peripheral sur-
face 23 in the axial direction (that is, on the center line
CL2), and the peak P2 may be offset to the combustion
chamber 30 side or the crankcase 40 side. That is, it
suffices if the ring outer peripheral surface 23 has the
second protruding surface 231 that is curved outward
into a convex shape in the radial direction. In the cross-
section perpendicular to the circumferential direction, the
second protruding surface 231 does not have to have an
arc shape with a uniform radius, and may alternatively

have a curved shape where a plurality of arcs having
different radii are joined continuously in a manner pro-
truding outward in the radial direction. Furthermore, the
second outer peripheral region S21 may include a flat
region. For example, the second protruding surface 231
may include, at the peak P2, a flat portion that is parallel
to the axial direction. Moreover, the second ring 2 does
not have to include the pair of connection regions S22,
S22, and the second outer peripheral region S21 may be
joined continuously to the ring upper surface 21 and the
ring lower surface 22. That is, the entire region of the ring
outer peripheral surface 23 may be taken as the second
outer peripheral region S21.
[0034] A reference sign "a21" in FIG. 4 indicates a bar-
rel width of the ring outer peripheral surface 23 on the
combustion chamber 30 side, or in other words, a dis-
tance in the radial direction between the peak P2 of the
ring outer peripheral surface 23 and the upper edge E21
of the second outer peripheral region S21. "a21" is equal
to a distance from the cylinder inner wall 20a to the upper
edge E21 of the second outer peripheral region S21 in
the used state. In the same manner, "a22" is a barrel
width of the ring outer peripheral surface 23 on the crank-
case 40 side, or in other words, a distance in the radial
direction between the peak P2 of the ring outer peripheral
surface 23 and the lower edge E22 of the second outer
peripheral region S21. "a22" is equal to a distance from
the cylinder inner wall 20a to the lower edge E22 of the
second outer peripheral region S21 in the used state. In
the present example, the second outer peripheral region
S21 is formed as a symmetrical barrel-shaped curved
surface, and thus, the upper edge E21 and the lower
edge E22 of the second outer peripheral region S21 co-
incide with each other in the radial direction. Accordingly,
"a21" and "a22" are equal to each other. However, it is
not limited to this. Moreover, a reference sign "b21" in
FIG. 4 indicates a distance in the axial direction between
the peak P2 of the ring outer peripheral surface 23 and
the upper edge E21 of the second outer peripheral region
S21. Furthermore, "b22" indicates a distance in the axial
direction between the peak P2 of the ring outer peripheral
surface 23 and the lower edge E22 of the second outer
peripheral region S21. In the present example, the sec-
ond outer peripheral region S21 is formed as a symmet-
rical barrel-shaped curved surface, and thus, "b21" and
"b22" are equal to each other. However, it is not limited
to this.

(Oil Ring)

[0035] Next, the oil ring 3 according to the first embod-
iment will be described. As illustrated in FIGS. 2 and 5,
the oil ring 3 includes a pair of ring-shaped segments
(also referred to as "side rails") 4, 4 that are vertically
arranged (on both sides in the axial direction), and an
expander-spacer 5 that is disposed on the inner side than
the segments 4, 4 in the radial direction to bias the seg-
ments 4, 4 toward the cylinder inner wall 20a. The pair
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of segments 4, 4 of the oil ring 3 according to the present
embodiment has the same shape. In the following, of the
pair of segments 4, 4, the segment 4 disposed on the
upper side (the combustion chamber 30 side) will be re-
ferred to as an upper segment 4U, and the segment 4
disposed on the lower side (the crankcase 40 side) will
be referred to as a lower segment 4L, and when not dis-
tinguishing between the two, a term "segment(s) 4" will
be simply used.
[0036] As illustrated in FIG. 5, the segment 4 includes
a segment upper surface 41, a segment lower surface
42, a segment outer peripheral surface 43, and a seg-
ment inner peripheral surface 44. In the used state of the
oil ring 3, the upper segment 4U is disposed such that
the segment upper surface 41 faces the upper wall W1
of the oil ring groove 103, the segment lower surface 42
and the segment inner peripheral surface 44 contact the
expander-spacer 5, and the segment outer peripheral
surface 43 slidingly contacts the cylinder inner wall 20a.
In the used state of the oil ring 3, the lower segment 4L
is disposed such that the segment lower surface 42 faces
the lower wall W2 of the oil ring groove 103, the segment
upper surface 41 and the segment inner peripheral sur-
face 44 contacts the expander-spacer 5, and the seg-
ment outer peripheral surface 43 slidingly contacts the
cylinder inner wall 20a.
[0037] FIG. 6 is a cross-sectional view, perpendicular
to a circumferential direction, of the segment 4. As illus-
trated in FIG. 6, the segment outer peripheral surface 43
includes a third outer peripheral region S41 that is formed
outward into a convex shape in the radial direction of the
oil ring 3, and a pair of connection regions S42, S42 that
connects the third outer peripheral region S41 to the seg-
ment upper surface 41 and the segment lower surface
42. One of the pair of connection regions S42, S42 con-
nects an upper edge E41 of the third outer peripheral
region S41 and an outer edge of the segment upper sur-
face 41. The other of the pair of connection regions S42,
S42 connects a lower edge E42 of the third outer periph-
eral region S41 and an outer edge of the segment lower
surface 42. The third outer peripheral region S41 includes
a third protruding surface 431 that is, in the cross-section
perpendicular to the circumferential direction of the oil
ring 3, curved outward into a convex shape in the radial
direction of the oil ring 3. A peak P4 of the convex shape
of the third protruding surface 431 is at an outermost
position of the segment outer peripheral surface 43 in
the radial direction of the oil ring 3. Furthermore, with the
third outer peripheral region S41, the lower edge E42 is
positioned more outward in the radial direction than the
upper edge E41, and the peak P4 of the third protruding
surface 431 is positioned closer to the crankcase 40 than
a center of the segment outer peripheral surface 43 in
the axial direction of the oil ring 3, or in other words, a
center of a segment width (a dimension of the segment
4 in the axial direction). The peak P4 is at an outermost
position of the segment outer peripheral surface 43 in
the radial direction, and the peak P4 slidingly contacts

the cylinder inner wall 20a in the used state. Moreover,
as illustrated in FIG. 6, the third outer peripheral region
S41 further includes, between the third protruding sur-
face 431 and the upper edge E41, a curved surface 432
that is curved outward into a convex shape in the radial
direction in the cross-section perpendicular to the circum-
ferential direction of the oil ring 3, the curved surface 432
having a diameter that is gradually reduced toward the
combustion chamber 30 side. The curved surface 432
connects an upper end of the third protruding surface
431 and the upper edge E41 of the third outer peripheral
region S41. The third outer peripheral region S41 is thus
formed into an asymmetrical barrel-shaped curved sur-
face. That is, the third outer peripheral region S41 has
an eccentric barrel shape that is asymmetrical in the axial
direction across the peak P4, with the third protruding
surface 431 being curved outward in the convex shape
in the radial direction in the cross-section perpendicular
to the circumferential direction and the peak P4 of the
convex shape being positioned closer to the crankcase
40 than a center of the segment outer peripheral surface
43 in the axial direction (the vertical direction) of the oil
ring 3. The segment outer peripheral surface 43 is an
example of "third outer peripheral surface" according to
the present invention.
[0038] A reference sign "δ4" in FIG. 6 indicates an
amount of offset of the peak P4 from the center of the
segment outer peripheral surface 43 in the axial direction.
Furthermore, a reference sign "CL4" in FIG. 6 indicates
a straight line that is, in the cross-section, perpendicular
to a center axis A3 of the oil ring 3 and that passes through
the center of the segment outer peripheral surface 43 in
the axial direction (the center of the segment width). Fur-
thermore, a reference sign "L4" indicates a straight line
that is perpendicular to the center axis A3 of the oil ring
3 and that is positioned closer to the crankcase 40 than
the center line CL4 by the amount of offset δ4. As illus-
trated in FIG.6, the third protruding surface 431 forms an
arc that protrudes outward in the radial direction in the
cross-section perpendicular to the circumferential direc-
tion. A lower end of the arc is connected to the connection
region S42 on the lower side. The third protruding surface
431 may also be seen as a curved surface that is formed
by causing an arc having a predetermined radius r41, a
center C41 of which is on the inner side than the segment
outer peripheral surface 43 in the radial direction, to re-
volve around the center axis A3. Additionally, in FIG. 6,
the center C41 is positioned on the straight line L4, but
the position of the center C41 is not limited thereto. Fur-
thermore, in the cross-section perpendicular to the cir-
cumferential direction, the third protruding surface 431
does not have to have an arc shape with a uniform radius,
and may alternatively have a curved shape where a plu-
rality of arcs having different radii are joined continuously
in a manner protruding outward in the radial direction.
Moreover, the third outer peripheral region S41 may in-
clude a flat region. For example, the third protruding sur-
face 431 may include, at the peak P4, a flat portion that
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is parallel to the axial direction. Moreover, the segment
4 does not have to include the pair of connection regions
S42, S42, and the third outer peripheral region S41 may
be joined continuously to the segment upper surface 41
and the segment lower surface 42. That is, the entire
region of the segment outer peripheral surface 43 may
be taken as the third outer peripheral region S41.
[0039] A reference sign "a41" in FIG. 6 is a barrel width
of the segment outer peripheral surface 43 on the com-
bustion chamber 30 side, or in other words, a distance
in the radial direction between the peak P4 of the segment
outer peripheral surface 43 and the upper edge E41 of
the third outer peripheral region S41, and is equal to a
distance from the cylinder inner wall 20a to the upper
edge E41 of the third outer peripheral region S41 in the
used state. In the same manner, "a42" is a barrel width
of the segment outer peripheral surface 43 on the crank-
case 40 side, or in other words, a distance in the radial
direction between the peak P4 of the segment outer pe-
ripheral surface 43 and the lower edge E42 of the third
outer peripheral region S41, and is equal to a distance
from the cylinder inner wall 20a to the lower edge E42 of
the third outer peripheral region S41 in the used state.
As illustrated in FIG. 6, with the third outer peripheral
region S41, the lower edge E42 is positioned more out-
ward in the radial direction than the upper edge E41, and
thus, "a42" is smaller than "a41". Furthermore, a refer-
ence sign "b41" in FIG. 6 indicates a distance in the axial
direction between the peak P4 of the segment outer pe-
ripheral surface 43 and the upper edge E41 of the third
outer peripheral region S41. Furthermore, "b42" indi-
cates a distance in the axial direction between the peak
P4 of the segment outer peripheral surface 43 and the
lower edge E42 of the third outer peripheral region S41.
As illustrated in FIG. 6, with the segment outer peripheral
surface 43, the peak P4 of the third protruding surface
431 is positioned more closer to the crankcase 40 than
the center of the segment outer peripheral surface 43 in
the axial direction, and thus, "b42" is smaller than "b41".

(Conventional Example)

[0040] FIG. 7 is a view of and around ring grooves of
an internal combustion engine 200 provided with a piston
ring combination according to a conventional example.
The internal combustion engine 200 according to the con-
ventional example is different from the internal combus-
tion engine 100 in that the internal combustion engine
200 uses a second ring 202 instead of the second ring
2, and an oil ring 203 instead of the oil ring 3. The second
ring 202 has a tapered shape where a ring outer periph-
eral surface 2023 that slidingly contacts the cylinder inner
wall 20a is gradually reduced in terms of diameter toward
the combustion chamber 30 side. The oil ring 203 is struc-
tured to bias a pair of segments 6, 6 that are vertically
arranged (on both sides in the axial direction) toward the
cylinder inner wall 20a by the expander-spacer 5. Unlike
the pair of segments 4, 4, the pair of segments 6, 6 each

includes a segment outer peripheral surface 63 that is
symmetrically barrel-shaped.

(Operations/Effects)

[0041] Next, operations and effects of the piston ring
combination according to the embodiment will be de-
scribed in comparison with the conventional example. In
contrast to the conventional example, with the internal
combustion engine 100, the ring outer peripheral surface
23 of the second ring 2 that slidingly contacts the cylinder
inner wall 20a has a shape that is, in the cross-section
perpendicular to the circumferential direction, curved out-
ward into a convex shape in the radial direction. That is,
the second ring 2 slidingly contacts the cylinder inner wall
20a through the second protruding surface 231 that is
curved outward into a convex shape in the radial direc-
tion. That is, the second ring 2 slidingly contacts the cyl-
inder inner wall 20a through a barrel-shaped outer pe-
ripheral surface having a curvature. As a result, friction
that is generated against the cylinder inner wall 20a may
be reduced compared with the second ring 202 according
to the conventional example having a tapered outer pe-
ripheral surface.
[0042] When comparing the second ring 2 according
to the first embodiment and the second ring 202 accord-
ing to the conventional example in relation to the oil seal
performance, the oil seal performance tends to be re-
duced for the second ring 2 that slidingly contacts the
cylinder inner wall 20a through a barrel-shaped outer pe-
ripheral surface than for the second ring 202 having a
tapered shape, but with the piston ring combination ac-
cording to the first embodiment, the segment outer pe-
ripheral surfaces 43 of the pair of segments 4, 4 provided
on the oil ring 3 are eccentrically barrel-shaped as de-
scribed above. That is, the pair of segment outer periph-
eral surfaces 43 each include the third protruding surface
431 that is curved outward into a convex shape in the
radial direction in the cross-section perpendicular to the
circumferential direction of the oil ring 3, where the peak
P4 of the convex shape is at an outermost position of the
segment outer peripheral surface 43 in the radial direc-
tion of the oil ring 3, and the lower edge E42 of the third
outer peripheral region S41 is positioned more outward
in the radial direction than the upper edge E41, and the
peak P4 of the third protruding surface 431 is positioned
closer to the crankcase 40 than the center of the segment
outer peripheral surface 43 in the axial direction. Accord-
ingly, with the segments 4,4, the barrel width a42 on the
crankcase 40 side is smaller than the barrel width a41
on the combustion chamber 30 side, and the distance
b42 between the peak P4 of the third outer peripheral
region S41 and the lower edge E42 of the third outer
peripheral region S41 in the axial direction is smaller than
the distance b41 between the peak P4 and the upper
edge E41 of the third outer peripheral region S41 in the
axial direction. Accordingly, in the used state, the gap
between the cylinder inner wall 20a and the third outer
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peripheral region S41 may be made smaller on the crank-
case 40 side than on the combustion chamber 30 side
with the peak P4 as the boundary. Therefore, oil may be
appropriately scraped off at the time of lowering of the
piston 10, and at the time of rising of the piston 10, the
segment outer peripheral surface 43 runs on the oil due
to the wedge effect, and thus, oil may be prevented from
being scraped upward. Accordingly, oil in the piston
clearance PC1 is prevented from easily flowing from the
crankcase 40 side to the combustion chamber 30 side
through the gap on the crankcase 40 side, and oil rise
may be better prevented. As a result, the oil ring 3 may
achieve increased oil seal performance than the oil ring
203 according to the conventional example where the
segment outer peripheral surfaces 63 of the pair of seg-
ments 6, 6 are symmetrical barrel-shaped. For example,
in the case of the segment 4 having a thickness (a di-
mension in the radial direction) of 1.7 mm and a width (a
dimension in the axial direction) of 0.4 mm, the radius
r41, the amount of offset δ4, the barrel widths a41, a42,
and the distances b41, b42 from the peak P4 to the upper
and lower edges in the axial direction are particularly de-
sirably r41 = approximately 0.5 mm, δ4 = 0.08 mm, a41
= 0.06 mm, a42 = 0.004 mm, b41 = 0.23 mm, and b42 =
0.06 mm, from the standpoint of increasing the oil seal
performance. However, the present invention is not lim-
ited to the dimensions mentioned above.
[0043] As described above, the piston ring combina-
tion provided in the internal combustion engine 100 ac-
cording to the present embodiment reduces friction due
to the second ring by making the ring outer peripheral
surface 23 of the second ring 2 a barrel shape, and in-
creases the oil seal performance of the oil ring by making
each segment outer peripheral surface 43 of the pair of
segments 4, 4 provided on the oil ring 3 an eccentric
barrel shape. Such a piston ring combination may reduce
friction loss while securing the oil seal performance.
[0044] Now, with the piston ring combination according
to the present embodiment, all the outer peripheral sur-
faces of the top ring 1, the second ring 2, and the oil ring
3 are barrel-shaped. Accordingly, the top ring 1 slidingly
contacts the cylinder inner wall 20a through the first pro-
truding surface 131 that is curved outward into a convex
shape in the radial direction, the second ring 2 slidingly
contacts the cylinder inner wall 20a through the second
protruding surface 231 that is curved outward into a con-
vex shape in the radial direction, and the oil ring 3 slidingly
contacts the cylinder inner wall 20a through the third pro-
truding surface 431 that is curved outward into a convex
shape in the radial direction. That is, with the piston ring
combination according to the present embodiment, all
the piston rings slidingly contact the cylinder inner wall
20a through the barrel-shaped outer peripheral surfaces
having curvatures. As a result, aggressiveness of the pis-
ton rings toward the cylinder inner wall 20a during an
initial stage of operation of the internal combustion en-
gine 100 may be reduced, and the cylinder inner wall 20a
may be prevented from being scratched.

[0045] Furthermore, the third outer peripheral region
S41 according to the present embodiment includes, be-
tween the third protruding surface 431 and the upper
edge, the curved surface 432 that is curved outward into
a convex shape in the radial direction in the cross-section
perpendicular to the circumferential direction of the oil
ring 3, the curved surface 432 having a diameter that is
gradually reduced toward the combustion chamber 30
side. This increases the wedge effect at the time of rising
of the piston 10, and upward scraping of oil may be further
suppressed.
[0046] Additionally, in the present invention, the third
outer peripheral regions S41 of both of the segment outer
peripheral surfaces 43 of the pair of segments 4, 4 may
be formed into an eccentric barrel shape while making
the radius r4, the amount of offset δ4, the barrel widths
a41, a42, and the distances b41, b42 from the peak P4
to the upper edge E41 and the lower edge E42 in the
axial direction different between the upper segment 4U
and the lower segment 4L. Moreover, in the present in-
vention, it suffices if the third outer peripheral region S41
of the segment outer peripheral surface 43 of at least one
of the pair of segments 4, 4 is eccentrically barrel-shaped
described above, and the segment outer peripheral sur-
face 43 of the upper segment 4U may be made an ec-
centric barrel shape and the segment outer peripheral
surface 43 of the lower segment 4L may be made a sym-
metrical barrel shape having the peak P4 at a center po-
sition in the axial direction, for example. However, in the
present embodiment, oil consumption of the internal
combustion engine 100 may be more reduced in a case
where the segment outer peripheral surfaces 43 of the
pair of segments 4, 4 are both made an eccentric barrel
shape to thereby increase the oil seal performance there-
of, than in a case where only one of the segment outer
peripheral surfaces 43 is made an eccentric barrel shape.
Moreover, the ring outer peripheral surface 13 of the top
ring 1 is not limited to be symmetrically barrel-shaped.
That is, the ring outer peripheral surface 13 may be ec-
centrically barrel-shaped.

(Example)

[0047] An internal combustion engine according to an
example corresponds to the internal combustion engine
100 provided with the piston ring combination according
to the first embodiment. That is, with a piston ring com-
bination of the example, an outer peripheral surface of a
top ring is symmetrically barrel-shaped, an outer periph-
eral surface of a second ring is symmetrically barrel-
shaped, and outer peripheral surfaces of a pair of seg-
ments provided on an oil ring are eccentrically barrel-
shaped.

(Comparative Example)

[0048] An internal combustion engine according to a
comparative example corresponds to the internal com-

19 20 



EP 3 825 584 A1

12

5

10

15

20

25

30

35

40

45

50

55

bustion engine 200 provided with the piston ring combi-
nation according to the conventional example. That is,
with a piston ring combination according to the compar-
ative example, an outer peripheral surface of a top ring
is symmetrically barrel-shaped, an outer peripheral sur-
face of a second ring is tapered, and outer peripheral
surfaces of a pair of segments provided on an oil ring are
symmetrically barrel-shaped.

(Experiment)

[0049] In an experiment, the internal combustion en-
gine according to the example and the internal combus-
tion engine according to the comparative example were
each operated at engine speeds of 620 rpm, 1035 rpm,
and 1555 rpm, and friction mean effective pressures
(FMEPs) were measured.

(Experiment Result)

[0050] FIG. 8 is a graph illustrating a relationship be-
tween the engine speed and the FMEP for the example
and the comparative example. As can be seen in FIG. 8,
the FMEP is lower for the internal combustion engine
according to the example than for the internal combustion
engine according to the comparative example at each of
the engine speeds of 620 rpm, 1035 rpm, and 1555 rpm.
It can thus be seen that the piston ring combination ac-
cording to the embodiment is effective in reducing friction.
Particularly, at 1555 rpm in a high engine speed range,
the difference in the FMEPs is 1.9 kPa between the ex-
ample and the comparative example, and it can be con-
firmed that the friction reduction effect is significant in the
high engine speed range.

(First Modification of First Embodiment)

[0051] FIG. 9 is a cross-sectional view illustrating a
cross-section, perpendicular to a circumferential direc-
tion, of a segment 4A according to a first modification of
the first embodiment. As illustrated in FIG. 9, the segment
4A is different from the segment 4 in that a segment outer
peripheral surface 43A has a tapered barrel shape. More
specifically, with the segment outer peripheral surface
43A of the segment 4A, the third outer peripheral region
S41 includes, between the third protruding surface 431
and the upper edge of the third outer peripheral region
S41, a tapered surface 432A that is curved outward into
a convex shape in the radial direction in the cross-section
perpendicular to the circumferential direction of the oil
ring 3, the tapered surface 432A having a diameter that
is gradually reduced toward the combustion chamber 30
side. Also with the segment 4A, the third protruding sur-
face 431 may have a curved shape, in the cross-section
perpendicular to the circumferential direction, where a
plurality of arcs having different radii are joined continu-
ously in a manner protruding outward in the radial direc-
tion, instead of an arc shape with a uniform radius. Fur-

thermore, the third outer peripheral region S41 may in-
clude a flat region. For example, the third protruding sur-
face 431 may include, at the peak P4, a flat portion that
is parallel to the axial direction.

(Second Modification of First Embodiment)

[0052] FIG. 10A is a cross-sectional view, perpendic-
ular to a circumferential direction, of an oil ring 3B ac-
cording to a second modification of the first embodiment.
FIG. 10B is an enlarged view of a rail outer peripheral
surface 43B illustrated in FIG. 10A. The oil ring according
to the present invention may be a so-called two-piece oil
ring, as illustrated in FIG. 10A, including an oil ring main
body 7 integrating a pair of rails 4UB, 4LB, and a coil
expander 8 that biases the oil ring main body 7 toward
the inner wall of the cylinder. The pair of rails 4UB, 4LB
are provided on respect sides of the oil ring main body 7
in the axial direction. The pair of rails 4UB, 4LB are parts
corresponding to the pair of segments 4U, 4L of the oil
ring 3.
[0053] A reference sign "CL4U" in FIG. 10A indicates
a straight line that is perpendicular to an axial direction
of the rail 4UB and that passes through a center of the
rail outer peripheral surface 43B of the rail 4UB in the
axial direction, and a reference sign "CL4L" indicates a
straight line that is perpendicular to an axial direction of
the rail 4LB and that passes through a center of the rail
outer peripheral surface 43B of the rail 4LB in the axial
direction. The rail outer peripheral surfaces 43B of the
pair of rails 4UB, 4LB are eccentrically barrel-shaped,
like the segment outer peripheral surfaces 43 of the pair
of segments 4U, 4L. More specifically, as illustrated in
FIG. 10B, the rail outer peripheral surfaces 43B of the
pair of rails 4UB, 4LB each include a third protruding sur-
face 431B that is curved outward into a convex shape in
the radial direction in a cross-section perpendicular to
the circumferential direction of the oil ring 3B, where the
peak P4 of the convex shape is at an outermost position
of the rail outer peripheral surface 43B in the radial di-
rection, and the lower edge E42 of the third outer periph-
eral region S41 is positioned more outward in the radial
direction than the upper edge E41, and the peak P4 of
the third protruding surface 431B is positioned closer to
the crankcase 40 than the center of the rail outer periph-
eral surface 43B in the axial direction. The oil seal per-
formance of the oil ring is thereby increased. The rail
outer peripheral surface 43B is an example of "third outer
peripheral surface" according to the present invention.
Alternatively, with the oil ring 3B, only one of the rail outer
peripheral surfaces 43B of the pair of rails 4UB, 4LB may
be eccentrically barrel-shaped. For example, the rail out-
er peripheral surface 43B of the rail 4UB may be eccen-
trically barrel-shaped, and the rail outer peripheral sur-
face 43B of the rail 4LB may be symmetrically barrel-
shaped, and vice versa.
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(Third Modification of First Embodiment)

[0054] FIG. 11 is an enlarged view of and around ring
grooves of an internal combustion engine provided with
a piston ring combination according to a third modification
of the first embodiment. The piston ring combination ac-
cording to the third modification is different from the piston
ring combination illustrated in FIG. 2 in that segment outer
peripheral surfaces 43C of both of a pair of segments
4C, 4C of an oil ring 3C are symmetrically barrel-shaped.
Moreover, the piston ring combination according to the
third modification may be understood to be the piston
ring combination of the conventional example illustrated
in FIG. 7 albeit with the shape of the outer peripheral
surface of the second ring changed to a symmetrical bar-
rel shape. All the outer peripheral surfaces of the top ring
1, the second ring 2, and the oil ring 3C of the piston ring
combination according to the third modification are thus
symmetrically barrel-shaped. Accordingly, with the pis-
ton ring combination according to the third modification,
friction loss may be reduced, although the oil seal per-
formance is reduced compared with the piston ring com-
bination illustrated in FIG. 2. Such a piston ring combi-
nation may be used in an internal combustion engine with
relatively small oil consumption, such as an internal com-
bustion engine with a low normal engine speed. Addi-
tionally, the second ring 2 and the segments 4C, 4C of
the oil ring 3C may each include a flat portion on the outer
peripheral surface.

<Second Embodiment>

[0055] FIG. 12 is a cross-sectional view, perpendicular
to a circumferential direction, of a second ring 2D that is
used in a piston ring combination according to a second
embodiment. The piston ring combination according to
the second embodiment is the same as the piston ring
combination according to the first embodiment, except-
ing that the second ring 2D including a ring outer periph-
eral surface 23D that is eccentrically barrel-shaped is
used instead of the second ring 2 including the ring outer
peripheral surface 23 that is symmetrically barrel-
shaped.
[0056] As illustrated in FIG. 12, the second outer pe-
ripheral region S21 of the ring outer peripheral surface
23D includes a second protruding surface 231D that is,
in a cross-section perpendicular to the circumferential
direction of the second ring 2D, curved outward into a
convex shape in the radial direction. The peak P2 of the
convex shape of the second protruding surface 231D is
at an outermost position of the ring outer peripheral sur-
face 23D in the radial direction of the second ring 2D.
Furthermore, with the ring outer peripheral surface
23D,the lower edge E22 of the second outer peripheral
region S21 is positioned more outward in the radial di-
rection than the upper edge E21, and the peak P2 of the
second protruding surface 231D is positioned closer to
the crankcase 40 than a center of the ring outer peripheral

surface 23D in an axial direction of the second ring 2D
(that is, a center of a ring width). The peak P2 is at an
outermost position of the ring outer peripheral surface
23D in the radial direction, and in the used state, the peak
P2 slidingly contacts the cylinder inner wall 20a. Moreo-
ver, as illustrated in FIG. 12, the ring outer peripheral
surface 23D further includes, between the second pro-
truding surface 231D and the upper edge E21 of the sec-
ond outer peripheral region S21, a curved surface 232D
that is curved outward into a convex shape in the radial
direction in the cross-section perpendicular to the circum-
ferential direction of the second ring 2D, the curved sur-
face 232D having a diameter that is gradually reduced
toward the combustion chamber 30 side. The curved sur-
face 232D connects an upper end of the second protrud-
ing surface 231D and the upper edge E21 of the second
outer peripheral region S21. The ring outer peripheral
surface 23D is thus formed into an asymmetrical barrel-
shaped curved surface.
[0057] A reference sign "L2" in FIG. 12 indicates a
straight line that is perpendicular to a center axis A2 of
the second ring 2D and that is positioned closer to the
crankcase 40 than the center line CL2 by an amount of
offset δ2. As illustrated in FIG. 12, the straight line L2
passes through the peak P2. The second protruding sur-
face 231D may also be seen as a curved surface that is
formed by causing an arc having a predetermined radius
r21, a center C21 of which is on the inner side than the
ring outer peripheral surface 23D in the radial direction,
to revolve around the center axis A2. Additionally, in FIG.
12, the center C21 is positioned on the straight line L2,
but the position of the center C21 is not limited thereto.
Furthermore, in the cross-section perpendicular to the
circumferential direction, the second protruding surface
231D does not have to have an arc shape with a uniform
radius, and may alternatively have a curved shape where
a plurality of arcs having different radii are joined contin-
uously in a manner protruding outward in the radial di-
rection. Moreover, the second outer peripheral region
S21 may include a flat region. For example, the second
protruding surface 231D may include, at the peak P2, a
flat portion that is parallel to the axial direction.
[0058] Accordingly, with the second ring 2D, the barrel
width a22 on the crankcase 40 side is smaller than the
barrel width a21 on the combustion chamber 30 side,
and the distance b22 in the axial direction between the
peak P2 of the second outer peripheral region S21 and
the lower edge E22 of the second outer peripheral region
S21 is smaller than the distance b21 in the axial direction
between the peak P2 and the upper edge E21 of the
second outer peripheral region S21. Accordingly, in the
used state, the gap between the cylinder inner wall 20a
and the second outer peripheral region S21 may be made
smaller on the crankcase 40 side than on the combustion
chamber 30 side with the peak P2 as the boundary. As
a result, oil in the piston clearance PC1 is prevented from
easily flowing from the crankcase 40 side to the combus-
tion chamber 30 side through the gap between the cyl-
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inder inner wall 20a and the ring outer peripheral surface
23D, and oil rise may be better prevented. The second
ring 2D may thus achieve increased oil seal performance
than the second ring 2 according to the first embodiment.
[0059] As described above, the piston ring combina-
tion according to the second embodiment may increase
the oil seal performance of the second ring by making
the outer peripheral surface of the second ring an eccen-
tric barrel shape. As a result, oil consumption of the in-
ternal combustion engine may be further reduced com-
pared with the piston ring combination according to the
first embodiment. Additionally, in relation to the ring outer
peripheral surface 23D, the radius r21, the amount of
offset δ2, the barrel widths a21, a22, and the distances
b21, b22 from the peal P2 to the upper and lower edges
in the axial direction are particularly desirably r21 = ap-
proximately 1.6 mm, δ2 = 0.2 mm, a21 = 0.16 mm, a22
= 0.03 mm, b21 = 0.7 mm, and b22 = 0.3 mm, from the
standpoint of increasing the oil seal performance. How-
ever, the present invention is not limited to the dimen-
sions mentioned above.

(First Modification of Second Embodiment)

[0060] FIG. 13 is a cross-sectional view illustrating a
cross-section, perpendicular to a circumferential direc-
tion, of a second ring 2E according to a first modification
of the second embodiment. As illustrated in FIG. 12, the
second ring 2E is different from the second ring 2D in
that the second outer peripheral region S21 of a ring outer
peripheral surface 23E has a tapered barrel shape. More
specifically, the ring outer peripheral surface 23E of the
second ring 2E includes, in the second outer peripheral
region S21, between the second protruding surface 231D
and the upper edge E21 of the second outer peripheral
region S21, a tapered surface 232E that is, in a cross-
section perpendicular to the circumferential direction of
the second ring 2E, curved outward into a convex shape
in the radial direction, the tapered surface 232E having
a diameter that is gradually reduced toward the combus-
tion chamber 30 side.
[0061] Heretofore, preferred embodiments of the
present invention have been described, and the various
modes described above may be combined in any possi-
ble way.

Reference Signs List

[0062]

100 : internal combustion engine

10 : piston

20 : cylinder

30 : combustion chamber

40 : crankcase

1 : top ring

11 : ring upper surface

12 : ring lower surface

13 : ring outer peripheral surface

14 : ring inner peripheral surface

2 : second ring

21 : ring upper surface

22 : ring lower surface

23 : ring outer peripheral surface

24 : ring inner peripheral surface

3 : oil ring

4 : segment

4U : upper segment

4L : lower segment

41 : segment upper surface

42 : segment lower surface

43 : segment outer peripheral surface

44 : segment inner peripheral surface

5 : expander-spacer

Claims

1. A piston ring combination including a top ring, a sec-
ond ring, and an oil ring that are mounted in ring
grooves formed on a piston of an internal combustion
engine, wherein
a first outer peripheral surface that is an outer pe-
ripheral surface of the top ring includes a first outer
peripheral region where a first protruding surface is
formed, the first protruding surface being curved out-
ward into a convex shape in a radial direction of the
top ring in a cross-section perpendicular to a circum-
ferential direction of the top ring, the convex shape
having a peak at an outermost position of the first
outer peripheral surface in the radial direction of the
top ring,
a second outer peripheral surface that is an outer
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peripheral surface of the second ring includes a sec-
ond outer peripheral region where a second protrud-
ing surface is formed, the second protruding surface
being curved outward into a convex shape in a radial
direction of the second ring in a cross-section per-
pendicular to a circumferential direction of the sec-
ond ring, the convex shape having a peak at an out-
ermost position of the second outer peripheral sur-
face in the radial direction of the second ring,
the oil ring includes a pair of segments, each provid-
ed on a corresponding side in an axial direction, and
an expander-spacer that biases the pair of segments
outward in a radial direction,
a pair of third outer peripheral surfaces that are outer
peripheral surfaces of the pair of segments each in-
clude a third outer peripheral region where a third
protruding surface is formed, the third protruding sur-
face being curved outward into a convex shape in
the radial direction of the oil ring in a cross-section
perpendicular to a circumferential direction of the oil
ring, the convex shape having a peak at an outermost
position of the third outer peripheral surface in the
radial direction of the oil ring, and
in relation to at least one of the pair of third outer
peripheral surfaces, a peripheral edge of the third
outer peripheral region on a crankcase side is posi-
tioned more outward in the radial direction than a
peripheral edge on a combustion chamber side, and
the peak of the third protruding surface is positioned
closer to a crankcase than a center of the third outer
peripheral surface in the axial direction of the oil ring.

2. A piston ring combination including a top ring, a sec-
ond ring, and an oil ring that are mounted in ring
grooves formed on a piston of an internal combustion
engine, wherein
a first outer peripheral surface that is an outer pe-
ripheral surface of the top ring includes a first outer
peripheral region where a first protruding surface is
formed, the first protruding surface being curved out-
ward into a convex shape in a radial direction of the
top ring in a cross-section perpendicular to a circum-
ferential direction of the top ring, the convex shape
having a peak at an outermost position of the first
outer peripheral surface in the radial direction of the
top ring,
a second outer peripheral surface that is an outer
peripheral surface of the second ring includes a sec-
ond outer peripheral region where a second protrud-
ing surface is formed, the second protruding surface
being curved outward into a convex shape in a radial
direction of the second ring in a cross-section per-
pendicular to a circumferential direction of the sec-
ond ring, the convex shape having a peak at an out-
ermost position of the second outer peripheral sur-
face in the radial direction of the second ring,
the oil ring includes a ring main body including a pair
of rails, each on a corresponding side in an axial

direction, and a coil expander that biases the ring
main body outward in a radial direction,
a pair of third outer peripheral surfaces that are outer
peripheral surfaces of the pair of rails each include
a third outer peripheral region where a third protrud-
ing surface is formed, the third protruding surface
being curved outward into a convex shape in the
radial direction of the oil ring in a cross-section per-
pendicular to a circumferential direction of the oil
ring, the convex shape having a peak at an outermost
position of the third outer peripheral surface in the
radial direction of the oil ring, and
in relation to at least one of the pair of third outer
peripheral surfaces, a peripheral edge of the third
outer peripheral region on a crankcase side is posi-
tioned more outward in the radial direction than a
peripheral edge on a combustion chamber side, and
the peak of the third protruding surface is positioned
closer to a crankcase than a center of the third outer
peripheral surface in the axial direction of the oil ring.

3. The piston ring combination according to claim 1 or
2, wherein, in relation to both of the pair of third outer
peripheral surfaces, the peripheral edge of the third
outer peripheral region on the crankcase side is po-
sitioned more outward in the radial direction than the
peripheral edge on the combustion chamber side,
and the peak of the third protruding surface is posi-
tioned closer to the crankcase than the center of the
third outer peripheral surface in the axial direction of
the oil ring.

4. The piston ring combination according to any one of
claims 1 to 3, wherein the third outer peripheral re-
gion includes, between the third protruding surface
and the peripheral edge on the combustion chamber
side, a curved surface that is, in the cross-section
perpendicular to the circumferential direction of the
oil ring, curved outward into a convex shape in the
radial direction of the oil ring, the curved surface hav-
ing a diameter that is gradually reduced toward the
combustion chamber side.

5. The piston ring combination according to any one of
claims 1 to 3, wherein the third outer peripheral re-
gion includes, between the third protruding surface
and the peripheral edge on the combustion chamber
side, a tapered surface that has a diameter that is
gradually reduced toward the combustion chamber
side.

6. The piston ring combination according to any one of
claims 1 to 5, wherein, of the second outer peripheral
surface, a peripheral edge of the second outer pe-
ripheral region on the crankcase side is positioned
more outward in the radial direction than a peripheral
edge on the combustion chamber side, and the peak
of the second protruding surface is positioned closer
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to the crankcase than a center of the second outer
peripheral surface in an axial direction of the second
ring.

7. The piston ring combination according to claim 6,
wherein the second outer peripheral region includes,
between the second protruding surface and the pe-
ripheral edge on the combustion chamber side, a
curved surface that is, in the cross-section perpen-
dicular to the circumferential direction of the second
ring, curved outward into a convex shape in the radial
direction of the second ring, the curved surface hav-
ing a diameter that is gradually reduced toward the
combustion chamber side.

8. The piston ring combination according to claim 6,
wherein the second outer peripheral region includes,
between the second protruding surface and the pe-
ripheral edge on the combustion chamber side, a
tapered surface that has a diameter that is gradually
reduced toward the combustion chamber side.

9. The piston ring combination according to any one of
claims 1 to 8, wherein, of the first outer peripheral
surface, a peripheral edge of the first outer peripheral
region on the crankcase side is positioned more out-
ward in the radial direction than a peripheral edge
on the combustion chamber side, and the peak of
the first protruding surface is positioned closer to the
crankcase than a center of the first outer peripheral
surface in an axial direction of the top ring.

10. The piston ring combination according to claim 9,
wherein the first outer peripheral region includes, be-
tween the first protruding surface and the peripheral
edge on the combustion chamber side, a curved sur-
face that is, in the cross-section perpendicular to the
circumferential direction of the top ring, curved out-
ward into a convex shape in the radial direction of
the top ring, the curved surface having a diameter
that is gradually reduced toward the combustion
chamber side.

29 30 



EP 3 825 584 A1

17



EP 3 825 584 A1

18



EP 3 825 584 A1

19



EP 3 825 584 A1

20



EP 3 825 584 A1

21



EP 3 825 584 A1

22



EP 3 825 584 A1

23



EP 3 825 584 A1

24



EP 3 825 584 A1

25



EP 3 825 584 A1

26



EP 3 825 584 A1

27



EP 3 825 584 A1

28



EP 3 825 584 A1

29



EP 3 825 584 A1

30

5

10

15

20

25

30

35

40

45

50

55



EP 3 825 584 A1

31

5

10

15

20

25

30

35

40

45

50

55



EP 3 825 584 A1

32

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2001241357 A [0004] • JP 2012215238 A [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

