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(54) PISTON

(57) The present invention relates to a Piston (1) for
an internal combustion engine (2) having
- a piston axis (3) and a radial plane (4) which runs or-
thogonally with respect thereto,
- a piston head (6) with an outer circumferential face (5)
with at least one ring groove (7) to receive a piston ring
(11).

Essential for the invention is,
- that at least one ring groove (7) is oriented at an angle

α between 0.5 ° ≤ α ≤ 2 ° obliquely with respect to the
radial plane of the piston (1),
- that the at least one ring groove (7) is arranged so as
to slope to the outside in the radial direction (13) in the
case of a piston (1) having the piston head (6) arranged
at the top,
- that at least one piston ring (11) is provided which has
a rectangular-like cross section with rounded corner re-
gions (14) and an oblique outer flank (15).
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Description

[0001] The present invention relates to a Piston for an
internal combustion engine according to the preamble of
claim 1. Moreover, the invention relates to an internal
combustion engine having at least one piston of this type.
[0002] Internal combustion engines having pistons are
well known and are used in virtually all current motor
vehicles. In order for it to be possible here to regulate an
oil film which is required for lubricating a piston in an
associated cylinder and at the same time to prevent an
undesired transfer of blow-by gases from the combustion
chamber into the crankcase, what are known as piston
rings are used. Here, piston rings of this type are usually
trimmed for a high sealing action and, at the same time,
a low oil consumption. In order to fulfil these divergent
tasks, there are piston rings with convex outer flanks
which can both fulfil their sealing function and can per-
form a regulation of the oil film both during an upward
movement and during a downward movement of the pis-
ton. In addition, the frictional resistance of the respective
piston ring on the cylinder wall can also be reduced by
means of a convex outer flank of this type and, as a result,
the wear resistance of the piston ring can be increased.
[0003] During the operation of the internal combustion
engine, at least a piston head of the piston which faces
a combustion chamber is heated to a pronounced effect
which results in an oblique position of a ring groove which
receives the respective piston ring on account of the as-
sociated thermal expansion. As a result the piston ring
contacts with a radially outer point of a groove wall of the
ring groove. This in turn has the disadvantage that hot
combustion exhaust gases can pass out of the combus-
tion chamber into the ring groove and can flow under the
piston ring there, as a result of which the said piston ring
lifts up from its sealing point on the radially outer point of
the groove flank, which leads firstly to an increased leak
and secondly to an unstable behaviour of the piston ring.
Both are disadvantageous and therefore undesired.
[0004] The present invention is therefore concerned
with the problem of specifying a piston overcoming the
disadvantages which are known from the prior art, in par-
ticular in relation to a sealing action and stability of the
piston ring in the associated ring groove.
[0005] According to the invention, the said problem is
solved by way of the subject matter of the independent
claims. Advantageous embodiments are the subject mat-
ter of the dependent claims.
[0006] The present invention is based on the general
concept of introducing at least one ring groove of a piston
which receives a piston ring obliquely into an outer cir-
cumferential face of the piston, obliquely meaning at an
angle α with respect to the radial plane of the piston.
Here, a radial plane of the piston runs orthogonally with
respect to a piston axis. As a result of the ring groove
which is made obliquely with respect to the radial plane
of the piston, a sealing point of the piston ring can be
shifted in the ring groove radially inwards, in particular to

a rounded corner region of an inner flank of the piston
ring, as a result of which, in particular, the flow under the
piston ring of hot gases/combustion exhaust gases from
the combustion chamber which has occurred up to now
and is absolutely undesired, can be avoided. The piston
according to the invention having said piston axis and
said radial plane which runs orthogonally with respect
thereto and a piston head with an outer circumferential
face with the at least one ring groove for receiving a piston
ring. Essential for the invention is that the at least one
ring groove is oriented at an angle α between 0.5° ≤ α ≤
2° obliquely with respect to the radial plane of the piston
and that the at least one ring groove is slopingly arranged
to the outside in the radial direction in the case of a piston
having the piston head arranged at the top. The men-
tioned angle range applies to a cold piston. Moreover the
at least one piston ring according to the invention has a
rectangular-like cross section with rounded corner re-
gions and an oblique outer flank. Therefore, the piston
according to the invention already has an oblique ring
groove in the cold state, that is to say a ring groove which
is oriented obliquely with respect to the radial plane of
the piston. Although the oblique position of the said ring
groove can still increase during operation of the internal
combustion engine and during operation of the piston,
this no longer has a negative influence on the sealing
point, more precisely on a sealing circle, of the piston
ring in the ring groove. Therefore, a piston can be pro-
vided, in which the sealing circle, which is formed from
the contact of the piston ring with a groove flank of the
ring groove, has a smaller radius than it was the case in
pistons which are known from the prior art. In particular,
a piston can be provided for the first time, in which the
piston ring is already in contact with a groove flank of the
ring groove in a corner region between an inner flank and
a ring flank of the piston ring, as a result of which the flow
of hot gas under the piston ring, which flows under high
pressure out of the combustion chamber into the groove
flank can be avoided.
[0007] According to the invention the stated angular
range outlines a range, in which the effect according to
the invention of shifting the sealing point or the sealing
circle radially inwards takes place, the selection of the
respective angle α being dependent on individual dimen-
sions both of the ring groove and of the piston ring and
also the materials which are used for the piston ring
and/or the piston. Here, in particular, the material which
is used for the piston is decisive for the thermal expansion
which occurs during operation of the piston and therefore
also for the resulting additional temperature-induced ob-
lique position of the ring groove. The introduction of the
oblique ring groove by means of a grinding tool or by
means of a material-removing tool makes manufacturing
of the ring groove highly precise, but at the same time
simple and reliable. It is clear that merely only one ring
groove of this type can be positioned obliquely, or all
existing ring grooves on the piston.
[0008] Furthermore, the present invention is based on
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the general concept of using a piston in an internal com-
bustion engine. Therefore, it is possible for the first time
by means of a piston of this type to already achieve an
oblique position of the ring groove in the cold piston,
which oblique position is additionally increased during
the operation of the internal combustion engine on ac-
count of the temperature which occurs. In particular, the
flow of hot combustion gases under the piston ring which
leads to an undesired blow-by effect can be avoided re-
liably via the oblique position of the at least one ring
groove which can be made comparatively simply in an
outer circumferential face of the piston. A sealing point
or a sealing circle, that is to say a contact point or contact
line of the piston ring on the associated groove flank of
the ring groove, can be shifted further inwards, an im-
proved rear flow of the piston ring being made possible
at the same time by way of the oblique position of the
ring groove, as a result of which the said piston ring is
pressed by the hot combustion gases from the combus-
tion chamber against the cylinder wall and as a result an
improved sealing action can be achieved. Therefore, by
way of the obliquely positioned ring groove with the piston
ring with the rectangular-like cross section with rounded
corner regions and an oblique outer flank, the sealing
action can be reinforced by way of utilization of the pres-
sure of the hot combustion exhaust gases, but a blow-
by effect can be reliably avoided by way of prevention of
the flow under the piston ring. Here, the two groove flanks
of the ring groove preferably run parallel to one another.
[0009] The at least one ring groove is arranged so as
to slope to the outside in the case of a piston having a
piston head which is arranged at the top. The arrange-
ment of the ring groove so as to slope to the outside
makes the above-described effects possible, namely, in
particular, the assisting action of the pressing by the com-
bustion exhaust gases and the prevention of the flow
under the piston ring, as a result of which the said piston
ring remains in a more stable manner.
[0010] The piston according to the invention has at
least one piston ring with a rectangular-like cross section
with rounded corner regions and an oblique outer flank.
Thereby a sliding and/or frictional resistance of the piston
ring on the cylinder can be reduced and it is also possible
to improve the regulation of a thickness of an oil film on
the cylinder wall at the same time on account of the ob-
lique position, which both have a beneficial effect on the
wear resistance and functionality of the internal combus-
tion engine.
[0011] The oblique outer flank expediently differs from
an inner flank of the piston ring which lies opposite by an
angle β between 2° ≤ β ≤ 5°. The following advantages
can be achieved by way of an angular range which is
selected in this way: firstly, the piston ring comes into
contact via its outer flank with the cylinder wall merely at
a point or along a circular segment, as a result of which
the frictional or sliding resistance can be reduced. Here,
the contact point or the contact line lies in a rounded
corner region, as a result of which favourable regulation

of the oil film thickness can be achieved both during an
upward movement and during a downward movement of
the piston.
[0012] In one advantageous development the at least
one ring groove having two parallel running groove
flanks. Thus a manufacturing process can be simplified.
[0013] Further important features and advantages of
the invention arise from the subclaims, from the drawings
and from the associated description of the figures using
the drawings.
[0014] It goes without saying that the features which
are mentioned in the above text and are still to be ex-
plained in the following text can be used not only in the
respectively specified combination, but rather also in oth-
er combinations or on their own, without departing from
the scope of the present invention.
[0015] Preferred exemplary embodiments of the inven-
tion are shown in the drawings and will be explained in
greater detail in the following description, identical refer-
ence numerals relating to identical or similar or function-
ally identical components.
[0016] In the drawings, in each case diagrammatically:

Fig. 1 shows a sectional illustration through an inter-
nal combustion engine in the region of a ring
groove of a piston according to the prior art, and

Fig. 2 shows an illustration as in Fig. 1, but in the case
of a ring groove and a ring outer diameter (OD)
profile according to the invention.

[0017] According to Figs 1 and 2, a piston 1 of an in-
ternal combustion engine 2 has a piston axis 3 and a
radial plane 4 which runs orthogonally with respect there-
to. At least one ring groove 7 is arranged on an outer
circumferential face 5 of a piston head 6, which ring
groove 7 runs with its groove flanks 8 parallel to the radial
plane 4 in the cold state in the case of the piston 1 which
is shown in Fig. 1 and is gathered from the prior art. Here,
according to Fig. 1, the ring groove 7 in the case of a cold
piston 1 is illustrated byway of a dashed line. In the case
of a piston 1 which is in operation, however, the ring
groove 7 is positioned obliquely on account of the tem-
perature expansion, as a result of which a sealing point
9 between a piston ring 11 and a groove flank 8 of the
ring groove 7 is moved to a radially outer point of the
groove flank 8. Here, Fig. 1 shows the ring groove 7 which
is positioned obliquely on account of the temperature ex-
pansion using a solid line. During the operation of the
internal combustion engine 2, however, the outer sealing
point 9 brings about a flow under the piston ring 11 of
combustion exhaust gases 10 which come from a com-
bustion chamber (not shown), as a result of which, in the
most unfavourable case, lifting of the piston ring 11 from
the lower groove flank 8 of the ring groove 7 and therefore
an undesired bypass flow of combustion exhaust gases
10 through the ring groove 7 can take place.
[0018] If the piston 1 according to the invention is then
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regarded according to Fig. 2, it can be seen from it that
the ring groove 7 already has an oblique position even
in the cold state (dashed line), that is to say is arranged
obliquely with respect to the radial plane 4 of the piston
1, the ring groove 7 being arranged or grounded or intro-
duced by means of a material-removing tool obliquely by
the angle α with respect to the radial plane 4. Here, the
at least one ring groove 7 is oriented obliquely with re-
spect to the radial plane 4 of the piston 1 by an angle α
between preferably 5° ≤ α ≤ 20°. During operation of the
internal combustion engine 2, said oblique position is in-
creased again on account of the temperature expansion,
which results in an oblique position of the ring groove 7
by an angle γ in the case of a warm or heated piston 1.
The said angle γ is greater than the angle α.
[0019] As can clearly be gathered from Fig. 2, however,
the sealing point 9 moves radially inwards, as a result of
which, in particular, a flow under the piston ring 1 of com-
bustion exhaust gases 10 which flow into the ring groove
7 from the combustion chamber can be avoided conclu-
sively. Rather, in the case of the ring groove 7 which is
oriented according to the invention in accordance with
Fig. 2, the combustion exhaust gases 10 which flow into
the ring groove 7 cause both the piston ring 11 to be
pressed onto a cylinder wall 12, and the piston ring 11
to be pressed with its sealing point onto the groove flank
8. Here, in the case of a piston 1 having a piston head 6
which is arranged at the top, the at least one ring groove
7 is arranged so as to slope to the outside, that is to say
to the outside in the radial direction 13. Here, the two
groove flanks 8 runs parallel.
[0020] If the piston ring 11 which is used is regarded,
it can be seen that it has a rectangular-like cross section
with rounded corner regions 14 and an oblique outer flank
15. Here, the oblique outer flank 15 differs from an inner
flank 16 which lies opposite by an angle β between 5° ≤
β ≤ 20°. The oblique outer flank 15 can achieve a situation
where the piston ring 11 bears against the cylinder wall
12 over merely a sealing point 9’ or, as viewed complete-
ly, over a sealing circle, and is guided on the cylinder wall
12 with comparatively low frictional or sliding resistance
as a result.
[0021] In general, both the risk of an undesired blow-
by flow can be prevented and the stability of the piston
ring 11 can be improved by way of the ring groove 7 which
is already introduced obliquely according to the invention
in the cold state, since a flow under the piston ring 11,
as shown according to Fig. 1, is then avoided (cf. Fig. 2).
Here, the introduction of the ring groove 7 can take place,
for example, by means of grinding or by means of a ma-
terial-removing tool.

Claims

1. Piston (1) for an internal combustion engine (2) hav-
ing

- a piston axis (3) and a radial plane (4) which
runs orthogonally with respect thereto,
- a piston head (6) with an outer circumferential
face (5) with at least one ring groove (7) to re-
ceive a piston ring (11),

characterized in

- that at least one ring groove (7) is oriented at
an angle α between 0.5° ≤ α ≤ 2° obliquely with
respect to the radial plane of the piston (1),
- that the at least one ring groove (7) is arranged
so as to slope to the outside in the radial direction
(13) in the case of a piston (1) having the piston
head (6) arranged at the top,
- that at least one piston ring (11) is provided
which has a rectangular-like cross section with
rounded corner regions (14) and an oblique out-
er flank (15).

2. Piston according to Claim 1,
characterized in
that the oblique outer flank (15) differs from an inner
flank (16) which lies opposite by an angle β between
2° ≤ β ≤ 5°.

3. Piston according to Claim 1 or 2,
characterized in
that the at least one ring groove (7) is grounded in
or is made by means of a material-removing tool.

4. Piston according to one of Claims 1 to 3,
characterized in
that the at least one ring groove (7) having two par-
allel running groove flanks (8).

5. Piston according to one of Claims 1 to 4,
characterized in
that a sealing point (9) is arranged in the area of the
rounded corner region (14).

6. Internal combustion engine (2) having at least one
piston (1) according to one of Claims 1 to 5.
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