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Internal combustion engine piston

The present invention relates to a piston for an internal combustion engine com-
prising an essentially cylindrical body with a plurality of axially spaced ring grooves
5 in its lateral surface spaced from an end surface, a first portion of the cylindrical

body, lying between said end surface and the most closely adjacent ring groove,

having varying cross section.

It is a known fact that pistons for internal combustion engines change their shape

10 during engine operation under the influence of heat in the combustion chamber and

the occurrence of dynamic forces.

The shape of the piston in its cold state must therefore be adapted to these changes
in shape so that there is maintained between the piston and the cylinder wall, a

15 clearance which 1s neither so small as to risk polishing of the cylinders when coke
is deposited on the piston, nor so large that emissions and performance are negative-

ly affected. Cylinder polishing results in increased oil consumption and can result in

shearing.

20 The shape of the piston must also be adapted to those changes in shape which occur
in the engine block itself as it is heated, which results in the outer cylinders 1n a
multicylinder engine becoming inclined relative to the centre cylinders. In other
words, the cylinders will assume a ”fan” shape as the engine block 1s heated and
expands more at the top than at the bottom during engine operation.

23
In order to adapt the shape of the piston to this changing shape in the engine block,
it is common to make the piston with an oval cross section with the minor diameter
oriented in the longitudinal direction of the engine. The difierence between the
major and minor diameters of this piston portion is, in previously known engine

30 designs, not larger than ca 0,15 mm, which means a "normal” so-called top ring land.
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clearance in the transverse direction of the engine of 0,40 mm and 1n the longitudi-
nal direction of 0,55 mm when t-he engine is cold. In a known engine with a 151 mm
cylinder diameter, this means a difference between the major and minor diameters
which is ca 0,1% of the major diameter. This clearance has, however, in certain
engine designs nbt proved to be sufficient to eliminate the risk of polishing of the
cylinders. It is a known fact that a small top ring land clearance can increase the risk
of polishing the cylinder. This can be avoided by providing the piston with a large
top ring land clearance. The clearance in this case has amounted to ca 2 mm, which

has, however, led to a large detrimental volume having a negative effect on emis-

sions and performance.

The purpose of the present invention is to achieve a piston of the type described by
way of introduction, by which it is possible to avoid cylinder polishing without
making the detrimental volume so large that emissions and performance are affected

more than marginally.

This is achieved according to the invention by virtue of the invention that the
difference between the major and minor diameters of the cross section of the top

ring land of the piston is at least 0,3% of the major diameter.

The invention is based on the idea of first investigating where cylinder polishing
occurs and having a top ring land ovality which provides as little clearance as
possible where no polishing occurs and increases the clearance cnly so much in the
polished cylinder portions that polishing is avoided. Tests performed have shown
that for a given engine design, polishing could not be avoided with common top ring
land ovality on the order of 0,15 mm, i.e. ca 0,1%, while it was only possible to

eliminate polishing from 0,3%.

The invention will be described in more detail below with reference to examples

shown in the accompanying drawing, where Fig. 1 shows a schematic longitudinal
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section through a cylinder lining with a portion of a piston therein in accordance
with the invention, and Fig. 2 shows the piston in Fig. 1 seen from above and with

its ovality greatly exaggerated.

In Fig. 1, 1 designates a cylinder lining in a multicylinder internal combustion
engine of diesel type and 2 designates the upper portion of a piston, the lower
portion (not shown) of which can be made in one piece with the upper portion 2
or be a separate portion joined with the latter, i.e. a pendulum piston. The upper

portion 2 of the piston is made with first, second and third ring grooves 3, 4 and 5,

respectively, for piston rings (not shown).

The so-called top ring land of the piston, 1.e. the piston portion 6 between the upper
surface 7 and the upper edge 8 of the first piston ring groove 3 is, firstly, slightly
conical, as shown greatly exaggerated in Fig. 1, and is, secondly, oval as is shown
greatly exaggerated in Fig. 2. D1 marks the diameter of the basic circle, i.e. the

largest diameter of the oval piston portion 6, while D2 marks the smallest diameter

of this portion 6.

Tests performed have shown that the difference between D1 and D2 must be at least
0,3% of D1 over a certain portion of the height h of the top ring land 6 of the piston
and that the greatest difference should not exceed 3%. In tests performed on an
engine with an inner diameter of 131 mm of the cylinder lining and a piston with an
ovality of the piston top ring land which was 0,99 mm, the greatest clearance
between the piston and the cylinder lining for a cold engine was 9,5 mm 1in the
longitudinal direction of the engine and 0,51 mm in the transverse direction of the
engine. It was found that previous problems with the same engine as regards
cylinder polishing when the top ring land ovality was 0,15 mm could be completely
eliminated without affecting performance and emissions more than marginally,
when the ovality was increased to 0,99 mm, was having a diameter difference of

ca 0,8% instead of ca 0,1%.



10

CA 02277985 1999-07-15

WO 98/31929 PCT/SE98/00056

4

In Fig. 2, the shaded areas mark the deviation of the top ring land oval from a per-
fect circle. The sections A wittﬁn the angular sectors o have a small top ring land
clearance with a major diameter D1, while the sectors B within the angular sectors f3
have a varying diameter with a minimum diameter D2 at the centre of the sector, so
that a soft transiﬁon is obtained between the sectors B with large clearance and the
sectors A with small clearance to the cylinder lining. The sector angle o can vary
from a minimum of 15° to a maximum of 120° depending on the engine. The posi-
tions of the sectors are determined by those locations in which testing has shown
that there is a risk of polishing. It is most common, however, that polishing occurs

in the longitudinal direction of the engine and that D2 is thus parallel to the longi-

tudinal direction.
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Claims

1. Piston for an internal combustion engine comprising an essentially cylindrical

body (2) with a plurality of axially spaced ring grooves (3,4,5) in its lateral
5 surface spaced from an end surface (7), a first portion of the cylindrical body (6),
lying between said end surface (7) and the most closely adjacent ring groove (3),
having varying cross section, characterized in that the difference between the
maximum and minimum diameters (D1,D2) of the cross section is at least 0,3%
of the maximum diameter (D1) in any portion of said first portion.
10

2. Piston according to Claim 1, characterized in that the difference between the

maximim and minimum diameters (D1,D2) of the cross section is at most 3% of

the maximum diameter (D1) in any portion of said first portion.

15 3. Piston according to one of Claims | or 2, characterized in that the diameters

(D1,D2) increase from the end surface (7) to the ring groove (3).

4. Piston according to one of Claims 1-3, characterized in that it is housed in a
cylinder (1) with constant diameter and that the difference between the diameter
20 of the cylinder and the minimum diameter (D2) of said piston portion (2) is less
than 3% of the cylinder diameter, while the difference between the cylinder

diameter and the maximum diameter (D1) of said piston portion (2) is greater
than 0,3% of the cylinder diameter.
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