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Sammendrag:

A top piston ring (4) for use in a piston ring pack in a

groove (3) in a piston (1) of a large two-stroke turbo charged uniflow-scavenged internal combustion engine
with crossheads. The top piston ring (4) comprises a ring body with an upper ring face (16), a lower ring face
(17), an

outer ring face (11), an inner ring face (12) and firstand

second engaging end portions (8,9) at a ring partition. The first engaging end portion (8) comprises a
circumferentially extending finger (23), the second engaging end portion (9) comprising an circumferentially
extending recess (28) shaped and sized for sealingly and slidably receiving the finger (23). The circumferential
extend of the recess (28) is divided in a proximal portion (46) and a distal portion (47). The circumferential
extend of the finger is divided in a

proximal portion (44) and a distal portion (46). The

proximal portion (46) of the recess (28) opens to the outer ring face (11) and to the lower ring face (17). The
distal portion (47) of the recess (28) opens to the outer

ring face (11), to the lower ring face (17) and to the

upper ring face (16). The proximal portion (44) of the

finger (23) is flush with the outer ring face (11), with the lower ring face (17) and at least partially with the
upper ring face (16), and the distal portion (45) of the

Fortsattes ...



DK 2014 00533 A1

finger (23) is flush with the outer ring face (11) and
with the lower ring face (17).
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A TOP PISTON RING FOR A LARGE TWO-STROKE TURBO-CHARGED

UNIFLOW-SCAVENGED INTERNAL COMBUSTION ENGINE WITH

CROSSHEADS

FIELD OF THE INVENTION

The present invention relates to a top piston ring for a
large two-stroke turbo-charged uniflow-scavenged internal
combustion engine with crossheads, in particular a top
piston ring that is provided with a ring partition with

engaging end portions to form a gas tight ring.

BACKGROUND ART

Large two-stroke turbo-charged uniflow-scavenged engines
with crossheads are typically used in propulsion systems
of marine vessels or as prime mover in power plants.
Typically, these engines are operated with heavy fuel o0il

or other inexpensive combustible product, or with gas.

The engine pistons are provided with a ring pack that
seals against the combustion pressure in order to prevent
combustion gases penetrating the scavenge space. In
addition, the piston rings ensure the lubricating film is
evenly distributed. The piston rings in the ring pack
seal a piston oscillating at a speed of approximately 10
m/sec for an compressed air and combustion gasses at a
pressure of around 250 bar pressure and a temperature of
around 400 °C and wusing only a few drops of oil as
lubrication, and all with an expected service 1life of
many thousand hours. Therefore the main requirements for
piston rings are high resistance to wear and corrosion

and a low drop in elasticity at high temperatures.
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Due to the aggressive nature of the combustion gases
created when operating with heavy fuel o0il, the inner
walls of the cylinder 1liners are lubricated with a
special cylinder lubrication oil that protects the inner
walls of the «cylinder 1liners from +the aggressive
components of the combustion gases. The provision of the
cylinder lubrication and the size of the components
involved, 1like pistons with diameter between 25 cm and
108 cm are the reason for the ring pack of a large two-
stroke turbo-charge wunit flow-scavenged engine to be
different from ring pack in smaller four-stroke diesel

engines.

The ring pack of a large two-stroke turbo-charged
uniflow-scavenged engine with crossheads typically
includes four piston rings with the top piston ring being
a CPR ring, i.e. the top piston ring or the groove in the
piston 1is provided with pressure relief grooves that
allow for a well-defined and control flow of hot gas from
the combustion chamber to the underside of the top piston
ring thereby reducing the pressure drop over the top ring
and distributing the load over several rings in the ring

pack.

WO02070926 discloses a top piston ring that is provided
with a ring partition. The ring partition is formed from
engaging end portions on the ring body. One end portion
is provided with a finger flush with the outer face and
with the lower face of the top piston ring. The other end
portion 1is provided with a recess opening to the outer
face and to the lower face of the top piston ring. The

finger slidingly engages the recess but the result is not
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gas tight, giving combustion gas free passage to the
backside space between piston groove and piston ring. This
flow of combustion gas 1is concentrated in the partition
area, thereby heating wup the finger. The finger 1is
coolest at the contact face touching the cylinder liner.
The resulting temperature gradient causes the finger to
deform and cause hard contact between the tip of the
finger and the cylinder liner. Excessive wear and failure
of the finger can result, and may cause failure of the

top piston ring.

DISCLOSURE OF THE INVENTION

On this background, it 1is an object of the present
application to provide a top piston ring that overcomes

or at least reduces the problems indicated above.

This object is achieved by providing a top piston ring
for use in a piston ring pack together with a plurality
of lower piston rings in respective annular ring grooves
in the side wall of a piston of a large two-stroke turbo
charged uniflow-scavenged internal combustion engine with
crossheads to seal against the pressure in the combustion
chamber above the piston, the top piston ring comprising
a ring body with an upper ring face, a lower ring face,
an outer ring face, an inner ring face and first- and
second engaging end portions at a ring partition that
allows expansion and contraction of the top piston ring,
the first engaging end portion comprising a
circumferentially extending finger, the second engaging
end portion comprising an circumferentially extending
recess shaped and sized for sealingly and slidably

receiving the finger, the circumferential extend of the
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recess being divided in a proximal portion and a distal
portion with the proximal portion closest to the ring
body, the circumferential extend of the finger being
divided in a proximal portion and a distal portion with
the proximal portion <closest to the ring body, the
proximal portion of the recess opening to the outer ring
face and to the lower ring face, the distal portion of
the recess opening to the outer ring face, to the lower
ring face and to the upper ring face, the proximal
portion of the finger being flush with the outer ring
face and with the lower ring face, at least a radially
outer portion of the proximal portion of the finger being
flush with the upper ring face, and the distal portion of
the finger being flush with the outer ring face and with

the lower ring face.

By adding a vertical wall or shoulder in the first
engaging end portion flush with the upper face of the top
piston ring to the finger and by creating a corresponding
recess in the other engaging end portion it is possible
to restrict the gas flow in and around the ring
partition. Thus, the gas flow, and heat input, 1is
distributed over the whole radius of the top piston ring.

This avoids extra heating of the partition area.

In a first possible implementation of the top piston ring
the proximal part of the finger 1s provided with a
vertical wall or shoulder that has a face flush with the
outer face and with a face flush with the upper ring

face.
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In a second possible implementation of the top piston
ring the second engaging end portion is provided with a

recess for receiving the shoulder.

In a third possible implementation of the top piston ring
the recess is defined by a horizontal wall and a vertical
wall, the vertical wall extending completely to the outer
face in the proximal portion of the recess and the
vertical wall extending only partially to the outer face
in the distal portion of the recess into order to create
a recess in which the vertical wall is at least partially

received.

In a fourth possible implementation of the top piston
ring the recess opens to the inner face and to the outer

face.

In a fifth possible implementation of the top piston ring
the main ring body is non-circular so that the pressure
between and the cylinder liner and the outer face of the
top piston ring in the area of the partition is lower
than on the remaining circumference of the top piston

ring.

In a sixth possible implementation the top piston ring is

a temper-hardened casting.
In a seventh possible implementation the top piston ring
is coated with a thermal spray coating or with a galvanic

coating.

In a eighth possible implementation the top piston ring
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is provided with at least two controlled leakage grooves
for allowing a controlled flow of gas from the combustion

chamber to the to the underside of the top piston ring.

In an ninth possible implementation of the top piston
ring a horizontal wall projects from said second engaging
end portion into said recess. The horizontal wall
reinforces and stabilizes the distal portion of the

second engaging and portion.

In a tenth possible implementation of the top piston ring
the proximal portion of the recess opens only to the

outer ring face and to the lower ring face.

In a eleventh possible implementation of the top piston
ring the distal portion of the finger is flush only with

the outer ring face and with the lower ring face.
Further objects, features, advantages and properties of
the engine and method according to the present disclosure

will become apparent from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following detailed ©portion of the present
description, the invention will be explained in more
detail with reference to the exemplary embodiments shown

in the drawings, in which:
Fig. 1 is a section through a segment of a piston fitted

in a cylinder liner showing a ring pack with four piston

rings,
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Fig. 2 on a larger scale, is a section of a piston fitted
in a cylinder liner, showing a ring pack with five piston
rings,

Fig. 3 is a plane view of a piston top ring in a loaded
condition,

Fig. 4 is a side view of the top piston ring of Fig. 3,
Figs. 5 and 6 show a side view and a top view,
respectively, of a segment of the ring of Fig. 3 in the
area around a pressure relief groove,

Figs. 7 to 11 are perspective views a piston top ring
according to an embodiment of the invention in the area
around the partition with Fig. 9 focusing on one engaging
end portion and Fig. 10 focusing on the other engaging
end portion, and

Figs. 12 to 14 are perspective views a piston top ring
according to anther embodiment of the invention in the

area around the partition

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figs. 1 and 2 show a piston 1, the cylindrical side wall
of which is provided with several ring grooves 3, of
which the top groove 3 receives a piston top ring 4 and
the lower piston rings 6 have been inserted in the lower
grooves 3. The top piston ring 4 and the lower piston
rings 4,6 of a single piston 1 form a so-called ring pack
of cooperating piston rings 4,6. The piston 1 is of a
large two-stroke turbo-charged uniflow-scavenged engine
with crossheads and the piston 1 defines together with
the <c¢ylinder 1liner 7 and the «cylinder cover 5 a
combustion chamber 2 (it is noted that Fig. 1 does not

show an wvalve exhaust wvalve in the cylinder cover 5 but
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it is understood that an exhaust valve will be present in

the engine).

The piston rings 4,6 prevent the gas pressure in the
combustion chamber 2 from penetrating to the space below

the piston 1.

Figs. 3 and 4 illustrate an example embodiment of a top
piston ring 4 with a ring partition which substantially
prevents gas flow through the partition. The piston top
ring 4 has ring body with a partition, which renders it
possible partly to expand the ring diameter at the
mounting in the ring groove 3, partly to permit two
engaging end portions 8,9 of the top piston ring 4 to
withdraw from each other as the top piston ring 4 gets

worn during use.

As shown in Figs. 5 and 6, the outer side 11 of the ring
has in an embodiment four pressure relief four grooves
15, which extend obliquely at an angle a in relation to
the plane of the top piston ring 4. The pressure relief
grooves which ensure a controlled gas flow from the top
side to the lower side of the piston top ring 4, and thus
a uniform and suitably delimited gas flow through the

individual groove 15.

The outer rim of the ring groove 3 is indicated by dashed
lines 10. An outer face 11 of the top piston ring 4 is in

contact with a cylinder liner not shown in this drawing.
In another embodiment, the top piston ring 4 1is not
provided with pressure relief grooves and the pressure

relief function is e.g. provided by grooves in the piston
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(not shown). It is also possible to operate the top
piston ring 4 without controlled leakage, 1i.e. a gas
tight top piston ring 4 that handles substantially the

complete pressure difference over the piston 1.

As shown in Figs. 7 to 11, one end portion 8 of the top
piston ring 4 has a circumferentially extending finger 23
projecting into a substantially corresponding
circumferentially extending recess 28 at the other end
portion 9 of the top piston ring 4. The circumferentially
extending recess 28 is shaped and sized for sealingly and

slidably receiving the finger 23.

In the radial direction, the finger 23 is smaller than
the top piston ring 4, and the recess 28 is delimited at
the inner side of the top piston ring 4 by a vertical

wall 42 abutting the inner side of the tongue 23.

The axial height of the tongue 23 1is smaller than the
ring height, and the recess 28 is upwardly delimited by a
horizontal wall 36, the lower side of which abuts the
upper side of the finger 23. As the finger 23 fills out
the recess 28 in the directions of width and height, the
combustion gases are substantially prevented from flowing
through the cut to the space below the piston 1, whether
or not the end face 29 of the finger 23 is spaced from
the end face 33 of the recess 28 in the circumferential

direction.
The circumferential extend of the recess 28 is divided in

a proximal portion 46 and a distal portion 47 with the

proximal portion 46 closest to the ring body.
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The circumferential extend of the finger 23 is divided in
a proximal 44 portion and a distal portion 45 with the

proximal portion 44 closest to the ring body.

The proximal ©portion 46 of the recess 28 opens
substantially only to the outer ring face 11 and to the
lower ring face 17. The proximal portion 46 of the recess
is delimited by vertical wall 42 and by horizontal wall
36. In the circumferential direction of the recess 28 is

delimited by the end wall 33.

In the embodiment shown in Figs. 7 to 11 the recess 28 is
extended by a recess 26 in the circumferentially distal
portion 47 of the second engaging end portion. The recess
26 opens to the top face 16 and to the outer face 11 and
connects to the recess 28. Thereby, the distal portion 47
of the recess 28 opens to the outer ring face 11, to the
lower ring face 17 and to the upper ring face 16. A
horizontal wall 34 projects from the vertical wall 42 up
to the recess 26 in the circumferentially distal portion
47 of the recess 28. The vertical wall 34 reinforces and
stabilizes the distal portion of the second engaging end
portion 9.Thus, the recess 28 is defined by a horizontal
wall 42 and a vertical wall 34,36. The vertical wall 36
extends completely to the outer face 11 in the proximal
portion 46 of the recess 28 whilst the vertical wall 34
extends only partially to the outer face 11 in the distal
portion 47 of the recess 28 into order to create a recess
26 in which the wvertical wall 25 is at least partially

received.

The proximal portion 44 of the finger 23 has an axial

height that is at least in an outer part of the radial
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11

extend of the proximal portion 44 of the finger 23 equal
to ring height, thereby rendering the proximal potion 44
of the finger 23 flush with the outer ring face 11, with
said lower ring face 17 and at least partially with said
upper ring face 16, thereby forming an upright wall 25.
The upright wall 25 forms an additional finger that fills
out the recess 26 in in the directions of width and
height, thereby forming an additional barrier to the gas
flow through the partition. In particular, a flow through
the partition to the inner side of the top piston ring 4
is prevented by the overlap between the vertical wall 25
and the face 34 created by recess 26 and abutting with
the radially inner face 27 of the upright wall 25.

The distal portion 45 of the finger 23 is flush
substantially only with the outer ring face 11 and with
the lower ring face 17. The distal portion 45 of the
finger 23 thus has a height that is less than the height
of the ring body and a width that is less than that of
the ring body. The inner wall and the upper wall of the
distal portion of the finger 23 sealingly and slidably
engage/abut in the horizontal wall 36 and the wvertical

wall 42 of the second engaging and portion 9.

The ring partition construction with one end portion with
a protruding finger 23 that has a proximal portion 44
with a height equal to the axial height of the ring body
and a distal portion 45 with a height less than the axial
height of the ring body in combination with a matching
recess 1in the other end portion 9 renders the ring
partition substantially gastight and presents increased

head load on the engaging end portions.
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Figs. 12 to 14 show another embodiment of the top piston
ring 4, that is essentially identical to the embodiment
described with reference to Figs. 7 to 11, except that
the proximal portion 44 of the finger 23 of the first
engaging end portion 8 has the same height as the ring
height over the complete radial extend of the proximal
portion 44 of the finger, thus forming a shoulder 25 as
opposed to a vertical wall. The recess 26 is accordingly

wider to accommodate the shoulder 25.

Typically, all piston rings 4,6 in a pack are
manufactured to be non-circular. This non-circular form
is required so that the piston ring exerts an exactly
defined pressure over the whole ring circumference when
inserted in the circular cylinder liner 7. This pressure
can in principle Dbe distributed evenly over the
circumference; however, a negative oval form is generally
aimed for in a top piston 4 for use a piston 1 of a large
two-stroke turbo charged uniflow-scavenged internal
combustion engine. This means that the pressure in the
area of the partition is lower than on the remaining
circumference which avoids increased pressure on the

partition during operation of the engine.

In an embodiment the top piston ring 4 is a temper-
hardened casting with inclusions of vermicular graphite
for use in the first groove, while in the lower grooves,
piston rings of a non-hardened alloyed casting with

lamellar graphite.

In an embodiment the top piston rings 4 is coated with a

thermal spray coatings or with a galvanic coating. In an
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embodiment the top piston ring 4 has an asymmetric convex

running surface (outer face) profile.

In an embodiment a ring pack comprises:
- a top ring: asymmetrically barreled, twin layer
coated, side face chromium coated,

2 ring asymmetrically barreled, running-in

- a
coated, side face chromium coated,

- a 3" ring asymmetrically barreled, running-in
coated, and

4th

- a ring asymmetrically barreled, twin layer

coated.

In another embodiment a ring pack comprises:
- a top ring: asymmetrically barrelled, side face
chrome ceramic coated,
- lower rings: asymmetrically barreled, chrome ceramic

coated.

The term "comprising” as used in the claims does not
exclude other elements or steps. The term "a" or "an" as
used in the claims does not exclude a plurality. The
single processor or other unit may fulfill the functions

of several means recited in the claims.

The reference signs used in the claims shall not be

construed as limiting the scope.

Although the present invention has been described in
detail for purpose of illustration, it is understood that
such detail is solely for that purpose, and variations
can be made therein by those skilled in the art without

departing from the scope of the invention.
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CLAIMS:

1. A top piston ring (4) for use in a piston ring pack
together with a plurality of lower piston rings (6) in
respective annular ring grooves (3) in the side wall of a
piston (1) of a large two-stroke turbo charged uniflow-
scavenged internal combustion engine with crossheads to
seal against the pressure in the combustion chamber (2)
above said piston (1), said top @piston ring (4)

comprising:

a ring body with an upper ring face (16), a lower ring
face (17), an outer ring face (11), an inner ring face
(12) and first- and second engaging end portions (8,9) at
a ring partition that allows expansion and contraction of

said top piston ring (4),

said first engaging end ©portion (8) comprising a

circumferentially extending finger (23),

said second engaging end portion (9) comprising an
circumferentially extending recess (28) shaped and sized

for sealingly and slidably receiving said finger (23),

the circumferential extend of said recess (28) being
divided in a proximal portion (46) and a distal portion
(47) with the proximal portion (46) closest to said ring

body,
the circumferential extend of said finger (23) Dbeing

divided in a proximal portion (44) and a distal portion

(47) with the proximal portion closest to said ring body,
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the proximal portion (46) of said recess opening to said

outer ring face (11) and to said lower ring face (17),

the distal portion (47) of said recess opening to said
outer ring face (11), to said lower ring face (17) and to

said upper ring face (16),

the proximal portion (44) of said finger (23) being flush
with said outer ring face (11) and with said lower ring

face (17),

at least a radially outer portion of said proximal
portion of said finger (23) being flush with said upper

ring face (16), and

the distal portion (45) of said finger (23) being flush
with said outer ring face (11) and with said lower ring

face (17).

2. A top piston ring according to claim 1, wherein said
proximal part of said finger (23) 1is provided with a
vertical wall (25) that has a face flush with said outer
face (11) and with a face flush with said upper ring face

(le).

3. A top piston ring according to claim 2, wherein said
second engaging end portion (9) is provided with a recess

(26) for receiving said vertical wall (25).

4. A top piston ring according to claim 2 or 3, wherein
said recess (28) is defined by a horizontal wall (42) and
a vertical wall (34,306), said wvertical wall (306)

extending completely to the outer face (11) in the
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proximal portion (46) of the recess (28) and said
vertical wall (34) extending only partially to the outer
face (11) in the distal portion (47) of the recess (28)
in order to create a recess (26) in which said vertical

wall (25) is at least partially received.

5. A top piston ring (4) according to claim 4, wherein
said recess (26) opens to said inner face (16) and to

said outer face (11).

6. A top piston ring (4) according to any one of claims 1
to 5, wherein said main ring body is non-circular so that
the pressure between and the cylinder liner and the outer
face of the top piston ring in the area of the partition
is lower than on the remaining circumference of the top

piston ring.

7. A top piston ring (4) according to any one of claims 1

to 6, wherein said top ring is a temper-hardened casting.

8. A top piston ring (4) according to any one of claims 1
to 7, wherein said top piston rings (4) is coated with a

thermal spray coating or with a galvanic coating.

9. A top piston ring (4) according to any one of claims 1
to 8, wherein said top piston ring (4) is provided with

at least two controlled leakage grooves (15) for allowing
a controlled flow of gas from the combustion chamber (8)

to the to the underside of the top piston ring (7).

10. A top piston ring (4) according to any one of claims

1 to 9, wherein said proximal portion (46) of said recess
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opens only to said outer ring face (11) and to said lower

ring face (17).

11. A top piston ring (4) according to any one of claims
1 to 10, wherein the distal portion (45) of said finger
(23) being flush only with said outer ring face (11) and

with said lower ring face (17).
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