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Description

Technical Field

[0001] The present disclosure generally relates to a
cylinder liner for an internal combustion engine.

Background

[0002] Cylinder liners are part of an internal combus-
tion engine and are placed in the cylinder bore to form
the inner surface of the cylinder, particularly the surface
along which a piston moves during normal operation.
[0003] During normal operation of the piston, waste
products from the explosion process, such as soot, may
stick to the top part of the piston. The waste products
may also attach to the side of the piston and therefore
be located between the piston and the cylinder liner. In
that situation the waste products may build up over time
and may touch the inner surface of the cylinder liner dur-
ing the movement of the piston. This may damage the
surface.
[0004] To remove the waste products from the upper
part of the piston it is known to place a ring in a recess
at the upper part of the cylinder liner. The ring forms an
edge at the inner surface of the cylinder liner. During
operation the piston will move across this ring and if there
is any waste product attached to the piston it will be swept
off by the ring.
[0005] The present disclosure is directed, at least in
part, to provide an alternative cylinder liner, to improve
and/or to overcome one or more aspects of the prior cyl-
inder liners.

Summary of the Invention

[0006] According to one aspect of the disclosure a cyl-
inder liner comprises an inner surface, an outer surface
and a protrusion at the inner surface. The cylinder liner
and the protrusion may be one single part.
[0007] A further aspect of the disclosure is related to
an internal combustion engine, particular to a stationary
internal combustion engine, comprising at least the
above mentioned cylinder liner or the use of such a cyl-
inder liner in a stationary combustion engine, particular
in a stationary gas engine.
[0008] The disclosure is also directed to the use of a
cylinder liner as mentioned before for a stationary internal
combustion engine, in particular for a gas engine, espe-
cially for a stationary gas engine.

Brief Description of the Drawings

[0009] The present invention will now be described, by
way of example, with reference to the accompanying
drawing, in which:
[0010] Fig. 1 shows a cylinder liner with a protrusion
according to the present disclosure.

Detailed Description

[0011] The following is a detailed description of exem-
plary embodiments of the present disclosure. The exem-
plary embodiments described therein and illustrated in
the drawing are intended to teach the principles of the
present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many
different environments and for many different applica-
tions. Therefore, the exemplary embodiments are not in-
tended to be, and should not considered as, a limiting
description of the scope of patent protection. Rather, the
scope of patent protection shall be defined by the ap-
pended claims.
[0012] Fig. 1 shows a cylinder liner 1 for an internal
combustion engine, in particular for an gaseous fuel in-
ternal combustion engine. The cylinder liner 1 may be
intended to be introduced in a bore of an engine block
(not shown) The cylinder liner 1 comprises a top part 2
and a bottom part (not shown), where the top part 2 and
the bottom part are connected by an intermediate part 3.
The top part 2 of the cylinder liner may be defined
throughout the disclosure as that part of the cylinder liner
1 which extends axially above the top dead center of the
top piston ring. Top or above may be defined here as the
direction towards to that end of the cylinder liner 1, where
a cylinder head gasket 4 could be placed.
[0013] The cylinder liner 1 maybe constructed rotation-
al symmetric in respect to main axis 9 and has an outer
surface 5, which will in an operational state be next to
the bore of the engine block. Further the cylinder liner 1
encompasses an inner volume 11, in which in operational
state a piston 10 is placed. The piston 10 is arranged to
move in the cylinder liner 1 in a reciprocating manner.
[0014] The inner volume 11 is to some extent defined
by an inner surface 6, which is formed by the cylinder
liner 1. The inner surface 6 has at least two sections, an
upper section 12 and a lower section 13. A protrusion 17
defines the boundary between the upper section 12 and
the lower section 13. In both sections 12,13 the inner
surface 6 is substantially cylindrical. However the diam-
eter 14 of the inner surface 6 of the upper section 12 is
smaller than the diameter 15 of the inner surface 6 of the
lower section 13. The difference between the diameter
14 of the inner surface 6 of the upper section 12 and the
diameter 15 of the inner surface 6 of the lower section
13 is substantially between 0.1 and 0.3 mm. Because of
this difference a substantially circular edge 16 is formed
between the inner surface 6 of upper section 12 and the
inner surface 6 of the lower section 13. The edge 16 is
between 0.05 and 0.15 mm thick and circular around a
center, which is positioned on the main axis 9 of the cyl-
inder liner 1.
[0015] During operation the top part of the piston 10
reaches the edge 16 and moves further so at least a
portion of an upper part of the outer surface of the piston
10 faces the protrusion 17. The upper part of the outer
surface of the piston 10 may be defined as the part of
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the outer surface that extends axially above the piston
rings 18. After reaching the top dead center the piston
10 moves down, so at least when, but preferably before
the piston 10 reaches the bottom dead center the outer
surface of the piston 10 is no longer in contact with the
protrusion 17.
[0016] By moving the upper part of the piston across
the edge 16, the protrusion 17 strikes off the waste prod-
ucts from the piston 10. The waste products, which are
removed, do not touch the lower section 13 of the inner
surface of the cylinder liner 1. Thus the inner surface 6
of the cylinder liner 1 is protected from damage that may
be caused by waste products.
[0017] The cylinder liner 1 can be manufactured by
forming a steel tube with an inner diameter smaller than
the desired diameter of the cylinder liner 1 at the position
of the protrusion 17. In a next step the tube may be ma-
chines to form an upper section with a smaller diameter
and a lower section with a larger diameter. Between both
sections is the edge 16.
[0018] To harden the surfaces of the cylinder liner 1
the cylinder liner 1 may be nitrided and to round any sharp
edges and to smoothen the surface, the cylinder liner 1
may be vibratory grinded.
[0019] Those skilled in the art will recognize that cyl-
inder liner 2 may be manufactured and/or hardened by
other methods known in the art.

Industrial Applicability

[0020] In the following the operation of the cylinder liner
1 will be described with reference to Fig. 1.
[0021] According to one aspect of the disclosure the
cylinder liner 1 comprises an inner surface 6, an outer
surface 7 and a protrusion 17 at the inner surface 6. The
protrusion 17 forms one part with the cylinder liner 1 or
with an major part of the top part 2 of the cylinder liner 1.
[0022] It was found, that a cylinder liner 1 can be
formed with a protrusion 17 instead or in addition to a
separate ring, which is placed at the inner surface 6 of
the cylinder liner 1. As the protrusion 17 will be supported
by the underlying rest of the cylinder liner 1 or a major
part of the cylinder liner 1, it is possible to achieve a thin
protrusion 17, which is resistant enough to withstand the
mechanical impact of the piston 10 and/or the waste at-
tached to the piston 10. A thin protrusion 17 minimizes
the distance between the inner surface 6 of the cylinder
liner 1 and the outer surface of the piston 7 for a better
guidance of the piston 10 by the cylinder liner 1. Further
a smaller gap between the piston 10 and the inner surface
6 of the cylinder liner 1 increases the effectiveness of the
engine, as less unburned fuel will leave the combustion
chamber through the gap.
[0023] Further it was found that by forming the protru-
sion 17 as an integral part of the cylinder liner 1, there is
no need for a ring to strike off the waste products of the
piston 10. Further there is no need for a recess in the
cylinder liner 1 to house such a ring. Such a recess could

weaken the stability of the cylinder liner 1 forming the
cylinder liner 1 and the protrusion 17 as one part results
in a more stable cylinder liner 1. So a thinner and there-
fore less expensive cylinder liner 1 will be possible.
[0024] The protrusion 17 may have an edge 16 facing
the bottom part of the cylinder liner 1. This edge 16 can
be formed by two or more planes or be curved to form a
smoother gradient. The edge 16 may be formed rotation-
al symmetric in respect to a main axis of the cylinder liner
1.
[0025] The protrusion 17 may be located, at least par-
tially, where the piston 10 is moving along during normal
operation. In other words, as the piston 10 moves in the
cylinder liner 1 periodically between the top dead center
and the bottom dead center, at least a top part of the side
surface of the piston 10 is next to the protrusion 17 when
the piston ring 18 of the piston 10 reaches the top dead
center 8.
[0026] By reaching the protrusion 17 or moving along
the protrusion 17 the waste elements that are attached
to the piston 10 come into contact with the protrusion 17
and will be scraped off the piston 10.
[0027] The plane of the edge 16 facing the lower part
of the cylinder liner 1 may be substantially perpendicular
in respect to the main axis 9 of the cylinder liner 1.
[0028] The protrusion 17 may form at least a ring or a
ring segment which center is on the main axis 9 of the
cylinder liner 1. In particular the edge 16 formed by the
protrusion 17 facing the bottom part of the cylinder liner
1 can form a ring or a ring segment with the center on
the main axis of the cylinder liner 1. In particular, the
plane in which the ring or the ring segment is placed is
perpendicular to the cylinder liner 1. So the protrusion 17
and/or the edge 16 of the protrusion 17 will be reached
by the top parts of the piston 10 at the same time and to
the same extent, so, the waste elements will be removed
from all sides of the piston.
[0029] The cylinder liner 1 may be formed of cast ma-
terials and/or steel. Making the cylinder liner 1 from steel,
results in a cylinder liner 1 with a low tendency to distor-
tion. As a result a cylinder-head gasket 4 may be no long-
er necessary, which may also result in less expensive or
more robust engines.
[0030] The protrusion 17 may be disposed above the
top dead center of a first piston ring 18. As the piston ring
18 seals the combustion chamber, the outer diameter of
the piston ring 18 is often larger than the diameter of the
part of the piston, which is above the piston ring 18. As
the inner diameter of the protrusion 17 may be adapted
to the outer diameter of the upper part of the piston 10,
the inner diameter of the protrusion 17 is smaller or close
to the outer diameter of the piston ring. So while moving
along the protrusion 17 the piston ring 18 could touch the
protrusion 17 and get damaged by the protrusion 17. Ro
locate the protrusion 17 above the top end center of the
piston ring prevents the piston ring 18 from reaching the
protrusion 17 and getting damaged by the protrusion 17.
[0031] The protrusion 17 may substantially have a
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height of 0.01 mm to 0.2 mm, in particular a height of
0.05 to 0.15 mm. By using a protrusion 17 of small height
the difference of the inner diameter of the protrusion 17
and the inner diameter of the lower parts of the cylinder
liner 1 will be less prominent. As there is just a small step
from the outer surface of the protrusion 17 to the inner
surface of the cylinder liner 1, less fuel will be located in
axial direction behind the protrusion from the cylinder
head and so less fuel will be prevented from being ignited
because of the protrusion. By designing the protrusion
17 as an integral part of the cylinder liner 1 and not as a
separate part, it is possible to use protrusions 17 with
such a small height without resulting in a fragile compo-
nent as it would, when a ring or another separate element
of such a height would be implemented in the cylinder
liner 1.
[0032] The protrusion 17 may start at the top end of
the cylinder liner 1. The top end of the cylinder liner may
be defined throughout the whole disclosure defined as
the end of the cylinder liner which faces the cylinder head
and /or the cylinder head gasket 4 in an operating posi-
tion. In particular, the protrusion 17 starts in an axial di-
rection at the top end of the cylinder liner 1 and ends
below the top dead center of the top of piston 10. The
beginning of the protrusion 17 at the top end of the cyl-
inder liner 1 helps to avoid undesired edges in the upper
part 2 of the cylinder liner 1, where waste could accumu-
late and change the geometry of the upper part 2 of the
cylinder liner 1. Further as the protrusion 17 extends from
the upper part 2 of the cylinder liner to an area below the
top dead center of the movement of the top part of the
piston, it forms an edge 16 facing the lower part of the
cylinder liner, which is supported by the broad protrusion
to reduce the risk of the protrusion breaking.
[0033] The protrusion 17 may have a uniform height.
The height of the protrusion 17 can be uniform along the
circumference at one defined point of the main axis 9.
As the cylinder liner 1 is substantially symmetric in re-
spect to the main axis 9 of the cylinder liner 1, the pro-
trusion 17 with a uniform height along the circumference
is also substantially symmetric in respect to the main axis
9 of the cylinder liner 1 and the cylinder liner 1 with the
protrusion 17 has a substantially symmetric inner diam-
eter.
[0034] Further the protrusion 17 may be produced by
removing some material from the cylinder liner 1. By us-
ing a procedure to produce the protrusion which removes
some material from the cylinder liner and not a procedure
which just transfers some material from one point of the
cylinder liner to the other, a more uniform thickness of
the cylinder liner can be achieved, which results in a more
defined cylinder liner 1.
[0035] The protrusion 17 may have a uniform height
along the main axis 9 of the cylinder liner. This may be
an advantage in manufacturing as a cylinder liner 1 with
a uniform inner diameter can be produced with low cost.
[0036] The protrusion 17 may be substantially cylindri-
cal, wherein the inner surface of the cylindrical protrusion

17 faces the inner opening of the cylinder liner 1. So the
form of the protrusion 17 may be adapted to the form of
the piston 10.
[0037] The inner diameter of a circle, which is on a
plane normal to a main axis 9 of the cylinder liner 1 and
which circle is on the surface of the protrusion 17 , may
be larger than a diameter of the piston 10, in particular
than the largest diameter of the piston 10. So it is possible
to assembly the engine by putting the piston 10 in place
through the cylinder liner 1 when the outer diameter of
the piston 10 is smaller than the inner diameter of the
cylinder liner 1.
[0038] The inner surface 6 of the cylinder liner 1 may
be formed by turning. By manufacturing the cylinder liner
by turning it is possible to get well defined inner surfaces
of the cylinder liner 1 including a protrusion 17 with a
well-defined height. Turning is also a common method
of machining and easy to adopt to the surface treatment
of the cylinder liner.
[0039] After turning the inner surface may be nitrided,
to get a harder inner surface of the cylinder liner 1 to
increase the life-time of the cylinder liner 1. It is also pos-
sible to treat the whole cylinder liner 1 or just a part of it.
[0040] Further the inner surface of the cylinder liner 1
or the whole cylinder liner 1 may be vibratory grinded to
get a smooth surface to reduce the friction between the
cylinder liner 1 and the piston 10.
[0041] Further the disclosure is related to an internal
combustion engine, particular to a stationary internal
combustion engine, comprising at least one of the above
mentioned cylinder liners 1, the use of such a cylinder
liner 1 in a stationary combustion engine, particular in a
stationary gas engine.

Claims

1. A cylinder liner (1) configured for use within an inter-
nal combustion engine, comprising an inner surface
(6), an outer surface (5), wherein the inner surface
6 further defines a protrusion 17.

2. A cylinder liner (1) of claim 1, wherein the protrusion
(17) located at an area of the inner surface 6 wherein
a part of a piston 10 moves along during normal op-
eration in the engine.

3. A cylinder liner (1) of claim 1 and 2, wherein the pro-
trusion (17) forms at least a ring or a ring segment,
which center is on a main axis (9) of the cylinder liner
(1).

4. A cylinder liner (1) wherein the cylinder liner (1) is
formed of cast materials and/or steel.

5. A cylinder liner (1) of claim 1 to 4, wherein during
normal operation of the internal combustion engine
the protrusion (17) is disposed above the top dead
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center (8) of a piston ring (18).

6. A cylinder liner (1) of claim 1 to 5, wherein the pro-
trusion (17) has a height of about 0.01 mm to 0.2
mm, particular a height of 0.05 to 0.15 mm

7. A cylinder liner (1) of claim 1 to 6, wherein the pro-
trusion (17) starts at the top end of the cylinder liner
(1).

8. A cylinder liner (1) of claim 1 to 7 wherein the pro-
trusion (17) has a substantially uniform height.

9. A cylinder liner (1) of claim 1 to 8 wherein an inner
diameter of a circle which is in a plane rectangular
to a main axis (9) of the cylinder liner (1) and which
circle is at the outer surface of the protrusion (17),
is larger than a diameter of the piston, particular the
largest diameter of the piston.

10. A method to manufacture a cylinder liner (1) of claim
1 to 9, wherein the inner surface (6) is at least partially
formed by turning.

11. A method of claim 10 wherein after turning at least
partially the inner surface (6) is nitrided.

12. Method of claim 9 and 10 wherein at least a portion
of the inner surface (6) is vibratory grinded.

13. Stationary internal combustion engine comprising a
cylinder liner to claims 1 to 9.

14. Use of a cylinder liner (1) of claim 1 to 9 for a sta-
tionary internal combustion engine.

15. Use of a cylinder liner (1) of claim 1 to 9 for a gas
engine, particular for a stationary gas engine.
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