EP 4 209 671 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 4 209 671 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
12.07.2023 Bulletin 2023/28

(21) Application number: 23150815.1

(22) Date of filing: 09.01.2023

(51) International Patent Classification (IPC):
FO2F 1/00 (2006.0%)

(562) Cooperative Patent Classification (CPC):
FO2F 1/004; FO2F 2001/006

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 10.01.2022 GB 202200257

(71) Applicant: Caterpillar Energy Solutions GmbH
68167 Mannheim (DE)

(72) Inventor: Guisasola, Inigo

68167 Mannheim (DE)

(74) Representative: Nordmeyer, Philipp Werner

df-mp Dorries Frank-Molnia & Pohiman
Patentanwailte Rechtsanwailte PartG mbB
TheatinerstraRe 16

80333 Miinchen (DE)

(54) CYLINDER LINER WITH SCRAPER EDGE BUT WITHOUT SCRAPER RING

(67)  The presentinvention pertains to a cylinder liner
for a cylinder of a combustion engine and a method for
producing a cylinder liner as well as a combustion engine
comprising at least one cylinder with a corresponding
cylinderliner, in particular to improve stiffness and fatigue
strength of the cylinder liner and/or to reduce pressure
differences between a combustion chamber and an up-
per part of a piston. Accordingly, a cylinder liner (10) for
a cylinder of a combustion engine is suggested, which
comprises a longitudinally extending wall, wherein an in-
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ner diameter of the wall defines a bore (12) configured
for receiving a piston and wherein the wall defines a pro-
trusion (14) extending into the bore (12) and beyond the
wall in a radially inward direction. An upper wall portion
(16) directly adjacent to the protrusion (14) and extending
to a combustion region end portion of the cylinder liner
(10) comprises an inner diameter (18) that is larger than
an inner diameter (22) of a bottom wall portion (20) di-
rectly adjacent to the protrusion (14) and extending to an
opposing end portion of the cylinder liner (10).
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Description
Technical Field

[0001] The presentinvention pertains to a cylinder liner
for a cylinder of a combustion engine and a method for
producing a cylinder liner as well as a combustion engine
comprising at least one cylinder with a corresponding
cylinderliner, in particular to improve stiffness and fatigue
strength of the cylinder liner and/or to reduce pressure
differences between a combustion chamber and an up-
per part of a piston.

Technological Background

[0002] Cylinder liners are commonly used in cylinders
of a combustion engine in order to ensure proper func-
tioning of a piston received therein, in particular by pro-
viding a sliding functionality during reciprocal action of
the piston. Such cylinder liners generally comprise a fire
ring or scraper ring, which extend from a top portion of
the cylinder liner towards the intended position. The gen-
erally large dimensions of such scraper ring result in a
significant reduction of the material thickness of the cyl-
inder liner, since an accordingly dimensioned recess is
provided. Furthermore, the thickness of the cylinder liner
is generally already reduced at the level of an outer re-
cess for mounting the cylinder liner in a respective cylin-
der. Common recesses hence significantly reduce the
stiffness of the cylinder liner and result in an increase of
stresses, which increase the risk of fatigue cracks that
hence reduce the longevity and durability of the cylinder
liner.

[0003] Furthermore, the dimensioning of the ring-
shaped element and a corresponding recess results in
pressure differences, e.g. a loss of pressure, between
an adjacent combustion area and the piston, e.g. at the
top land thereof. These pressure differences are consid-
ered to be further detrimental for the material strength
and furthermore reduce the functionality of the piston.
[0004] Accordingly, there is a need to improve the
structural stability of the cylinder liner, in particular in the
region of the scraper ring.

Summary of the invention

[0005] Starting from the prior art, it is an objective to
provide a new and inventive cylinder liner for a cylinder
of a combustion engine and a method to produce such
cylinder. In particular, it may be an objective to provide
a cylinder liner with improved stiffness and fatigue
strength and/or which reduces pressure differences be-
tween a combustion chamber and an upper part of a pis-
ton.

[0006] This objective is solved by means of a cylinder
liner for a cylinder of a combustion engine with the fea-
tures of claim 1. Preferred embodiments are set forth in
the present specification, the Figures as well as the de-
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pendent claims.

[0007] Accordingly, a cylinder liner for a cylinder of a
combustion engine is suggested, which comprises a lon-
gitudinally extending wall, wherein an inner diameter of
the wall defines a bore configured for receiving a piston
and wherein the wall defines a protrusion extending into
the bore and beyond the wall in aradially inward direction.
An upper wall portion directly adjacent to the protrusion
and extending to a combustion region end portion of the
cylinder liner comprises an inner diameter that is larger
than an inner diameter of a bottom wall portion directly
adjacent to the protrusion and extending to an opposing
end portion of the cylinder liner.

[0008] Furthermore, a method of producing a cylinder
liner is suggested, comprising the steps of:

- honing a wall of a cylinder liner defining a bore for
receiving a piston; and

- subsequently rolling a portion of the wall so as to
form an indent in said wall portion defining an en-
larged inner diameter of the bore, wherein the rolling
is performed such that the forming of the indent re-
sults in the formation of a protrusion extending into
the bore and beyond the wall in a radially inward
direction, wherein the protrusion is formed directly
adjacent to the indent.

[0009] Furthermore, a combustion engine is suggest-
ed, which comprises at least one cylinder having a cyl-

inder liner according to the invention.

Brief description of the drawings

[0010] The present disclosure will be more readily ap-
preciated by reference to the following detailed descrip-
tion when being considered in connection with the ac-
companying drawings in which:

Figure 1 shows a schematic longitudinal section of
a top portion of a cylinder liner prior to the formation
of a protrusion;

Figure 2 shows a detailed section of the cylinder liner
according to Figure 1 with a formed protrusion;
Figure 3 shows a detailed depiction of an alternative
protrusion;

Figure 4 shows a detailed depiction of another alter-
native protrusion; and

Figure 5 schematically depicts a method for provid-
ing a protrusion for a cylinder liner having an alter-
native wall configuration.

Detailed description of preferred embodiments

[0011] In the following, the invention will be explained
in more detail with reference to the accompanying fig-
ures. In the Figures, like elements are denoted by iden-
tical reference numerals and repeated description there-
of may be omitted in order to avoid redundancies.
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[0012] In Figure 1 a cylinder liner 10 for a cylinder of a
combustion engine is shown in a schematic depiction
and along a longitudinal section prior to the formation of
a protrusion. The cylinder liner 10 is only shown for a top
portion, wherein a combustion area may be present at
the top end. The cylinder liner 10 may hence extend fur-
ther towards a bottom end section, e.g. a gear section of
a combustion engine. The cylinder liner 10 is formed of
a solid material, preferably steel and is shaped and di-
mensioned so as to provide a liner for a cylinder of a
combustion engine, wherein a corresponding outer re-
cess (shown on the left side) and a top flange or annular
portion is present to facilitate the mounting of the cylinder
liner 10 in a cylinder.

[0013] The cylinder liner 10 is essentially formed as a
longitudinally extending wall, which defines a continuous
inner cavity formed as a bore 12, which is indicated with
the dashed lines. The bore 12 is configured and adapted
to receive and accommodate a piston of the combustion
engine therein in a reciprocal arrangement. In Figure 1,
the longitudinal section only depicts one radial end to-
wards a longitudinal axis, which is delimited by the right
dashed line in the Figure. Accordingly, the cylinder liner
10 is symmetrically formed and may be mirrored along
said line to form an essentially cylindrical bore 12 and
wall.

[0014] The wall of the cylinder liner 10 furthermore
comprises a step 26, which connects an upper wall por-
tion 16 and a bottom wall portion 20 via an inner radius
28. The step 26 extends in a radial direction and essen-
tially corresponds to a difference between the inner di-
ameter 18 of the upper wall portion 16 and the inner di-
ameter 22 of the bottom wall portion 20. As shown in
Figure 1, the step 26 and, in particular, the inner radius
28 may be processed by means of rolling, as indicated
with the corresponding symbols and arrowheads.
[0015] Figure 2 shows a detailed section of the cylinder
liner 10 according to Figure 1 with a formed protrusion
14. As shown, the protrusion 14 extends radially inwards
beyond the wall, defining a protruding length 15, which
may e.g. be between 0.05 mm and 0.20 mm, e.g. about
0.10 mm. The protrusion 14 extends from the step 26,
which has been accordingly deformed. The protrusion
14 is dimensioned as a scraper ring for a piston to be
received in the bore. The protrusion 14 itself may hence
form a ring-shaped element and defines a scraper edge
30, such that the provision of a separate scraper ring,
which is commonly inserted in a corresponding recess
of the cylinder liner, is no longer necessary. The scraper
edge 30, i.e. a cokes scraper ring or fire ring, may ensure
that deposits on the piston are not accumulated along
the circumference thereof, so as to avoid clogging and
impaired movement of the piston. To facilitate such func-
tion, the protrusion 14 hence extends into the bore 12
and beyond the wall in a radially inward direction. The
wall hence forms a scraper edge and renders a separate
scraper ring fully obsolete.

[0016] Furthermore, an indent 24 is provided, which is
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also formed by means of the rolling of the wall of the
cylinder liner 10, in particular the inner radius 28 thereof.
The indent 24 defines an indent depth 25, which extends
beyond the inner diameter 18 of the upper wall portion
16. Accordingly, an increased inner diameter is provided
directly above the protrusion 14. The increased inner di-
ameter 18, 25 of the upper wall portion 16 and indent 24
directly above the protrusion 14 ensure that pressure dif-
ferences may be reduced or essentially omitted.

[0017] This is further facilitated by the enlarged inner
diameter 18 of the upper wall portion 16 as awhole, which
provides that pressure differences at the protrusion 14
and an adjacent piston may be minimized, which may be
advantageous to reduce the risk of fatigue cracks.
[0018] Figure 3 shows a detailed depiction of an alter-
native protrusion 14, wherein a radial end face has been
processed, e.g. by turning, so as to define a truncated
protrusion 14 having predefined dimensions, in particular
a predefined height in the longitudinal direction and pre-
defined protruding length in the radial direction. The trun-
cated end face may provide further structural stability of
the protrusion 14 and its corresponding function and may
optionally also be rounded towards the upper wall portion
16.

[0019] Figure 4 shows a further detailed depiction of
another alternative protrusion 14, wherein the inner di-
ameter of the protrusion 14 gradually decreases from the
step towards the bottom wall portion 20. Such shape may
be further advantageous for reducing pressure differenc-
es orlosses towards the edge portion 30 and the adjacent
piston or top land thereof in the mounted state. The sur-
face of the protrusion 14 extending from the step 26 or
indent 24 may e.g. be flush with the surface of the step
26 or indent 24 facing the bore 12 to further optimize the
flow and pressure conditions at the level of the protrusion
14.

[0020] In Figure 5 a method for providing a protrusion
for a cylinder liner 10 having an alternative wall configu-
ration is schematically depicted. In this configuration, the
method or rolling step thereof is performed to a portion
of an essentially continuous wall, i.e. having an essen-
tially continuous inner diameter, which portion is then de-
formed by the rolling step, such that a corresponding pro-
trusion is formed that extends radially inward from the
wall and only the deformed portion, e.g. a formed indent,
comprises the enlarged inner diameter directly above the
protrusion.

[0021] It will be obvious for a person skilled in the art
that these embodiments and items only depict examples
of a plurality of possibilities. Hence, the embodiments
shown here should not be understood to form a limitation
of these features and configurations. Any possible com-
bination and configuration of the described features can
be chosen according to the scope of the invention.
[0022] This is in particular the case with respect to the
following optional features which may be combined with
some or all embodiments, items and/or features men-
tioned before in any technically feasible combination.
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[0023] A cylinder liner for a cylinder of a combustion
engine is provided.

[0024] Such cylinder liner comprises a longitudinally
extending wall, wherein an inner diameter of the wall de-
fines a bore configured for receiving a piston and wherein
the wall defines a protrusion extending into the bore and
beyond the wall in a radially inward direction. An upper
wall portion directly adjacent to the protrusion and ex-
tending to a combustion region end portion of the cylinder
liner comprises an inner diameter that is larger than an
inner diameter of a bottom wall portion directly adjacent
to the protrusion and extending to an opposing end por-
tion of the cylinder liner.

[0025] The protrusion particularly extends in a circum-
ferential manner, such that the protrusion may form a
ring-shaped element protruding into the bore, preferably
within a single plane.

[0026] The increase in the inner diameter directly
above the protrusion has the advantage that pressure
differences in this region may be minimized. Since pres-
sure differences may adversely affect the material
strength of the cylinder liner, the increase in the inner
diameter may hence result in an improved fatigue
strength, such that the occurrence of cracks or risk there-
of may be significantly reduced.

[0027] In this regard, the cylinder liner may be config-
ured to receive a corresponding piston in a reciprocal
manner, such thatan upper end of the piston, e.g. a piston
head, may be received along the upper wall portion of
the cylinder liner, for example, after a compression
stroke. Due to the increased inner diameter directly
above the protrusion, the space between the upper por-
tion or top land of the piston and the upper wall portion
of the cylinder liner is hence larger than the space be-
tween the piston and the other wall portions of cylinder
liner. The minimized pressure difference in this region is
hence particularly advantageous upon combustion of a
combustible mixture in the adjacent combustion cham-
ber, resulting in a movement of the piston towards the
bottom wall portion, e.g. agear end portion of the cylinder.
[0028] Furthermore, due to the fact that the protrusion
is formed of the wall, i.e. integrally or monalithically
formed therewith, no further components or adjustments
to the wall are required to ensure that the protrusion is
maintained at the intended position. Accordingly, com-
mon recesses to insert a protrusion or ring-shaped ele-
ment at the functionally intended position, may be omit-
ted. Thereby, the thickness of the cylinder liner may be
improved and further undesirable mechanical stresses
may be avoided, such that the fatigue strength of the
cylinder liner may be significantly improved. This is par-
ticularly the case at a region, where the cylinder liner
already comprises a reduced thickness, e.g. at the level
of an outer recess for mounting of the cylinder liner into
a respective cylinder.

[0029] Preferably, the protrusion is dimensioned as a
scraper ring for a piston to be received in the bore. The
protrusion itself may hence form a ring-shaped element

10

15

20

25

30

35

40

45

50

55

defining a scraper edge, such that the provision of a sep-
arate scraper ring, which is commonly inserted in a cor-
responding recess of the cylinder liner, is no longer nec-
essary. The scraper ring, i.e. a cokes scraper ring or fire
ring may ensure that deposits on the piston are not ac-
cumulated along the circumference thereof, so as to
avoid clogging and impaired movement of the piston. To
facilitate such function, the protrusion hence extends into
the bore and beyond the wall in aradially inward direction.
The wall hence forms a scraper edge and renders a sep-
arate scraper ring fully obsolete. The increased inner di-
ameter of the upper wall portion directly above the pro-
trusion thereby still ensures that pressure differences
may be reduced or essentially omitted.

[0030] A portion of the upper wall portion being directly
adjacent to the protrusion may comprise an indent ex-
tending at least partially in the radial direction and having
a larger inner diameter than the upper wall portion ex-
tending from said indent towards the combustion region
end portion. In other words, a cavity may be provided
directly above the protrusion and a depth of the cavity
into the wall may exceed the remaining radial extension
or inner diameter of the upper wall portion. The indent
hence ensures that pressure differences or losses may
be counteracted directly at the level of the protrusion,
e.g. at the level of the scraper ring.

[0031] Preferably, the indent is a rolled indent of the
wall and the protrusion is formed by the indent. By means
of rolling, the local stresses within the wall of the cylinder
liner are modified, resulting in a change of shape of the
material of the wall. By means of the rolling, such stresses
may hence result in the formation of the protrusion, which
may be accordingly optimized in terms of size, shape and
structural characteristics that would not be available us-
ing other techniques such as milling or turning. The rolling
is hence particularly advantageous, since it may further
increase the fatigue strength at the level of the protrusion
and of the protrusion itself. While the indent is formed in
such a manner that an increase of the inner diameter is
provided, i.e. in a radial direction, the indent may also,
additionally and at least partially, form a depression in a
longitudinal direction, if desirable for the formation of the
protrusion.

[0032] The enlarged inner diameter may be provided
at least at the level directly adjacent to the protrusion.
Preferably, the inner diameter of the entire upper wall
portion is larger than the inner diameter of the entire bot-
tom wall portion. Thereby, pressure differences at the
level of the protrusion may be further reduced, which is
further advantageous to improve the fatigue strength of
the cylinder liner and reduce the risk of fatigue cracks.
[0033] To provide such difference between the inner
diameter of the upper wall portion and the inner diameter
of the bottom wall portion, the protrusion may extend from
a step between the upper wall portion and the bottom
wall portion. Such step may be formed in an essentially
radial direction, but may also extend, at least partially, in
a longitudinal direction, e.g. in an oblique manner. Pref-
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erably, the step may comprise the indent at the outer
radial end while comprising or forming the protrusion at
the inner radial end, such that the indent and protrusion
are essentially at the same level in a longitudinal direc-
tion. For example, the step may comprise an inside ra-
dius, which is rolled so as to form a deformation of the
step, resulting in both the indent and the protrusion.
[0034] A variety of shapes may be provided for the pro-
trusion, depending on the required functionality of the
protrusion and a geometry and size of an adjacent piston
in the mounted state. Preferably, the protrusion compris-
es a conical shape, a V-shape, a pyramid-shape, a tri-
angular shape, or arighttrapezoid shape in a longitudinal
section of the cylinder liner. Accordingly, the protrusion
may form a scraper edge for an adjacent piston, wherein
the edge performs the function of a scraper ring.

[0035] Alternatively, or in addition, the protrusion may
be truncated and/or may define an edge surface at a
portion of the protrusion defining a minimum inner diam-
eter of the cylinder liner. As described above, the edge
surface may be particularly advantageous for use as a
scraper ring and may e.g. have a blade shape or barb
shape in a longitudinal section of the cylinder liner. Such
shape may furthermore provide a self-sharpening func-
tion. A truncated end of the protrusion may be advanta-
geous to increase the longitudinal dimension of the por-
tion of the protrusion that may be brought into contact
with other components, e.g. cokes deposits or a moving
element, so as to increase the robustness of the protru-
sion and corresponding functionality.

[0036] A ratio between the protruding length of the pro-
trusion extending beyond the wall and a height of the
protrusion in the longitudinal direction may be 1:1 to 1:5,
preferably 1:1 to 1:3. For example, the protruding length
beyond the wall into the bore may be between 0.05 mm
and 0.25 mm whereas the height of the protrusion may
be essentially the same or larger, e.g. between 0.1 mm
and 0.35 mm, for example. These dimensions may vary
depending on the combustion engine and the required
functionality or robustness.

[0037] Although the upper wall portion may be formed
having an essentially continuous inner diameter, the in-
ner diameter of the upper wall portion may also gradually
increase in a direction facing away from the protrusion.
The upper wall portion may at least partially comprise a
conical shape, funnel shape, concave shape, and/or par-
abolic shape in a longitudinal section of the cylinder liner.
[0038] Thereby, a further flow and/or pressure optimi-
zation may be provided and an even largerinner diameter
may be implemented, at least partially, for the upper wall
portion. The gradual increase may be alinear, curvilinear
and/or essentially steplessincrease, whichis further ben-
eficial for optimizing the flow and/or pressure conditions.
[0039] The preferred shape may be advantageous to
further reduce any potentially occurring pressure differ-
ences and avoid the presence of steps, which may be
adverse for optimizing the flow and pressure conditions
at the upper portion of the cylinder liner.
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[0040] Furthermore, a combustion engine is suggest-
ed, preferably a gas engine, comprising at least one cyl-
inder fitted with a cylinder liner as described in the above.
[0041] For each cylinder, a piston may be provided,
which is received within the respective cylinder liner. In
order to facilitate the mounting of the piston, the piston
is preferably mounted from the bottom side, e.g. a gear
end of the cylinder. For mounting the piston from a top
side of the cylinder, a device may be required that tem-
porarily biases the protrusion without plastic deformation
and/or facilitates the insertion of a piston.

[0042] According to a further aspect, a method of pro-
ducing a cylinder liner is suggested, comprising the steps
of:

- bhoning a wall of a cylinder liner defining a bore for
receiving a piston; and

- subsequently rolling a portion of the wall so as to
form an indent in said wall portion defining an en-
larged inner diameter of the bore, wherein the rolling
is performed such that the forming of the indent re-
sults in the formation of a protrusion extending into
the bore and beyond the wall in a radially inward
direction, wherein the protrusion is formed directly
adjacent to the indent.

[0043] The protrusion may be subsequently turned so
as to provide a predefined minimum inner diameter of
the bore defined by protrusion and/or a predefined radial
end surface of the protrusion. Preferably, the method pro-
vides a cylinder liner according to the invention.

[0044] The rolling is advantageously performed after
the honing step of the cylinder liner, such that the forma-
tion of debris material at the protrusion may be avoided.
As described above, the rolling step may induce local
stresses at the corresponding wall portion, not only re-
sulting in the protrusion, but which may furthermore be
advantageous in terms of fatigue strength. The applica-
tion of such particular stresses and distributions is not
possible when performing other method steps, such as
milling, and may significantly reduce production time of
the protrusion.

[0045] Furthermore, an optional turning step may e.g.
provide that the shape of the protrusion may be truncated
according to predefined dimensions. For example, the
turning step may provide that an essentially conical
shape is provided with a flat or rounded surface directly
adjacentto a piston received in the cylinder liner, wherein
fitting tolerances may be considered, also during opera-
tion of the combustion engine.

[0046] Although the cylinder liner preferably comprises
an upper wall portion having an enlarged inner diameter
in its entirety, the method may also be performed to a
portion of an essentially continuous wall, i.e. having an
essentially continuous inner diameter, which portion is
then deformed by the rolling step, such that only the de-
formed portion comprises the enlarged inner diameter.
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Industrial Applicability

[0047] With reference to the Figures, a cylinder liner
for a cylinder of a combustion engine and a method for
producing a cylinder liner as well as a corresponding
combustion engine equipped with such cylinder liner are
suggested. The suggested cylinder liner as mentioned
above is applicable in a variety of engines, such as gas
engines, wherein undesirable pressure differences may
occur at the region of the scraper ring or fire ring, resulting
in fatigue cracks. The geometry and mechanical aspects
concerning the recess receiving such scraper ring fur-
thermore reduce the stiffness and induce stresses in the
material, which directly affects the longevity of the cylin-
der liner. The disclosed cylinder liner may be mounted
into existing cylinders or may replace current cylinder
liners as a replacement or retrofit part, which may be
exchanged e.g. upon or prior to overhaul or prior to use.
The cylinder liner according to the invention reduces the
need for separate scraperrings. The method furthermore
provides an improved method that facilitates manufac-
turing of the cylinder liner with fewer steps while improv-
ing the structural stability of the cylinder liner and provides
that the cylinder liner and a scraper ring may be formed
from a single part.

List of reference numerals

[0048]

10  Cylinder liner

12  Bore

14  Protrusion

15  Protruding length
16  Upper wall portion
18  Inner diameter

20  Bottom wall portion
22 Inner diameter

24  Indent

25 Indent depth

26  Step

28 Innerradius

30 Edge

Claims

1. A cylinder liner (10) for a cylinder of a combustion
engine, comprising a longitudinally extending wall,
wherein an inner diameter of the wall defines a bore
(12) configured for receiving a piston and wherein
the wall defines a protrusion (14) extending into the
bore (12) and beyond the wall in a radially inward
direction and wherein an upper wall portion (16) di-
rectly adjacent to the protrusion (14) and extending
to a combustion region end portion of the cylinder
liner (10) comprises an inner diameter (18) being
larger than an inner diameter (22) of a bottom wall
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10.

1.

portion (20) directly adjacent to the protrusion (14)
and extending to an opposing end portion of the cyl-
inder liner (10).

The cylinder liner (10) according to claim 1, wherein
the protrusion (14) is dimensioned as a scraper ring
for a piston to be received in the bore (12).

The cylinder liner (10) according to claim 1 or 2,
wherein a portion of the upper wall portion (16) being
directly adjacent to the protrusion (14) comprises an
indent (24) extending at least partially in the radial
direction and having a larger inner diameter than the
upper wall portion (16) extending from said indent
(24) towards the combustion region end portion.

The cylinder liner (10) according to claim 3, wherein
the indent (24) is a rolled indent of the wall and the
protrusion (14) is formed by the indent (24).

The cylinder liner (10) according to any of the pre-
ceding claims, wherein the inner diameter (18) of the
entire upper wall portion (16) is larger than the inner
diameter (22) of the entire bottom wall portion (20).

The cylinder liner (10) according to claim 5, wherein
the protrusion (14) extends from a step (26) between
the upper wall portion (16) and the bottom wall por-
tion (20).

The cylinder liner (10) according to any of the pre-
ceding claims, wherein the protrusion (14) compris-
es a conical shape, a V-shape, a pyramid-shape, a
triangular shape, or a right trapezoid shape in a lon-
gitudinal section of the cylinder liner (10).

The cylinder liner (10) according to any of the pre-
ceding claims, wherein the protrusion (14) is trun-
cated and/or defines an edge (30) surface at a por-
tion of the protrusion (14) defining a minimum inner
diameter of the cylinder liner (10).

The cylinder liner (10) according to any of the pre-
ceding claims, wherein a ratio between the protrud-
ing length (15) of the protrusion (14) extending be-
yond the wall and a height of the protrusion (14) in
the longitudinal direction is 1:1 to 1:5, preferably 1:1
to 1:3.

The cylinder liner (10) according to any of the pre-
ceding claims, wherein the inner diameter (18) of the
upper wall portion (16) gradually increases in a di-
rection facing away from the protrusion (14).

The cylinder liner (10) according to any of the pre-
ceding claims, wherein the upper wall portion (16)
at least partially comprises a conical shape, funnel
shape, concave shape, and/or parabolic shape in a
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longitudinal section of the cylinder liner (10).

A combustion engine, comprising at least one cylin-
der having a cylinder liner (10) according to any of
the preceding claims.

A method of producing a cylinder liner, comprising
the steps of:

- honing a wall of a cylinder liner defining a bore
for receiving a piston; and

- subsequently rolling a portion of the wall so as
to form an indent in said wall portion defining an
enlarged inner diameter of the bore, wherein the
rolling is performed such that the forming of the
indent results in the formation of a protrusion
extending into the bore and beyond the wall in
a radially inward direction, wherein the protru-
sion is formed directly adjacent to the indent.

The method according to claim 13, wherein the pro-
trusion is subsequently turned so as to provide a
predefined minimum inner diameter of the bore de-
fined by protrusion and/or a predefined radial end
surface of the protrusion.

The method according to claim 13 or 14, wherein the
method provides a cylinder liner according to any of
the preceding claims.
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