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Description

Field of the invention.

�[0001] The present invention relates to a piston of an
internal combustion motor, and more particularly to an
improvement of the skirt surface of the piston. The inven-
tion also relates to a method of treating the skirt surface
of the piston and to a use of the piston.

Background of the invention.

�[0002] On the one hand, pistons are widely known and
used in internal combustion motors. The motors often
operate with a frequency of several thousands rotations
per minute at elevated temperatures. A lot of attention
has been given to the working of those pistons, and more
particularly to the reduction of friction of the piston inside
the cylinder bore. Incremental reductions in friction or
incremental improvements in lubrication may increase
substantially the efficiency of the motor.
�[0003] On the other hand, coatings such as dia-
mond-like coatings are well known in the art, amongst
others, for their hardness, for their corrosion resistance
and for their low coefficient of friction. Diamond-like coat-
ings have been applied successfully on various automo-
tive components such as valve heads, rods, shafts, pis-
ton rings, and cylinder heads... (s. WO97/14555).
�[0004] Despite the widely spread use of pistons of in-
ternal combustion motors and despite the existence of
hard coatings such as diamond-like coatings, application
of hard coatings such as diamond-like coatings to the
skirts of pistons has proved to be unsuccessful and not
in line with other applications of diamond-like coatings.

Summary of the invention.

�[0005] It is an object of the invention to avoid the dis-
advantages of the prior art.�
It is a further object of the invention to reduce the friction
of a working piston of an internal combustion motor.�
It is another object of the invention to reduce the need
for an additional lubricant.
�[0006] It is still another object of the invention to in-
crease the lifetime of a piston of an internal combustion
motor.�
It is yet another object of the invention to increase the
performance of a piston of an internal combustion motor.
�[0007] According to a first aspect of the present inven-
tion, there is provided a piston with a skirt. The skirt has
a surface, which is at least partially polished and there-
after coated with a coating having a hardness of greater
than 8 GPa and having a coefficient of friction of less
than 0.20.
An intermediate tie layer is present between the polished
surface and the coating.�
The terms coefficient of friction refer to a friction coeffi-
cient as measured in a ball on disk test in dry circum-

stances. Reference is here made to ASTM G99 and to
DIN 50 324. The friction test can be performed by means
of a multi-axis tribometer such as type TE 79 provided
by Phoenix Tribology Ltd.
�[0008] The part of the surface of the skirt is preferably
polished until a surface with a flat surface morphology is
obtained. The surface has at least partially a ten-point
mean roughness Rz of less than 1.0. The ten-point mean
roughness is determined as follows. A section of stand-
ard length is sampled from the mean line on the rough-
ness chart. The distance between the peaks and valleys
of the sampled line is measured in the y-direction. Then
the average peak is obtained amongst the five tallest
peaks and the average valley is obtained amongst the
five lowest valleys. The sum of these two values is then
made and is expressed in micrometer (Pm).
�[0009] The part of the surface of the skirt is preferably
polished until a surface roughness Ra of less than 0.15
has been reached.�
The term Ra refers to the arithmetical mean roughness
and its value is expressed in micrometer (Pm). Preferably
Ra ranges from 0.08 to 0.15, most preferably from 0.08
to 0.12, e.g. from 0.08 to 0.10.
�[0010] The working of the invention can be explained
as follows.
�[0011] A prior art piston skirt is provided with striations,
ridges or small grooves. Generally the skirt surface has
a ten-point mean roughness Rz about 7 to 8 and an ar-
ithmetical mean roughness Ra ranging from about 1 to
about 5. The reason is that the skirt surface must retain
the lubricating oil in order to allow for the sliding while
reducing wear and friction. The relatively high surface
roughness of the skirt functions as a reservoir for the
lubricant. �
So the skirt surface has an image of relatively high peaks
and deep valleys. Coating the skirt with a hard coating
such as a diamond-like carbon coating will not take away
the existing roughness. Only the peaks will be covered
with a hard coating that will make contact with any neigh-
boring part. The surface area of the peaks is too small
to make any effect.�
The present invention departs from the generally accept-
ed assumption that the skirt surface must be rough. The
invention provides a polishing treatment prior to the coat-
ing so that the landscape of the skirt surface is flattened
and that more working surface becomes available so that
the effect of diamond-like carbon coatings is more pro-
nounced.�
The polishing treatment reduces the existing roughness
and the reservoir available for the lubricant. However,
this has not been considered as a disadvantage due to
the self-lubricating properties of diamond-like coatings
and due to a reduced need for extra lubrication.
�[0012] JP-A-�2000-320670 discloses a surface treat-
ment method for a piston of a hydraulic pump or a hy-
draulic motor. To improve the sliding performance of the
piston in a bore a surface hardening treatment is applied,
thereafter the hardened layer is polished and the polished
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layer is coated with diamond-like carbon. The working
circumstances of a hydraulic pump or hydraulic motor,
however, are not that severe as in an internal combustion
motor.
�[0013] According to the invention, preferably the hard
coating is selected from the group of diamond-like carbon
coatings, diamond-like nanocomposite coatings, and
wolfram carbide coatings including any doped such coat-
ings or a combination thereof.�
The terms "wolfram carbide" coatings refers to wolfram
carbide coatings as such but also to wolfram carbide
coatings, which have been enriched with carbon or to
WC/C coatings with an additional layer of carbon in order
to reduce the friction. �
For example, the hard coating may have two layers, a
first layer of a diamond-like coating (DLC) and a surface
layer of a diamond-like nanocomposite coating (DLN),
which has a coefficient of friction, which is even lower
than the coefficient of friction of DLC.�
DLC coatings (a-C: �H) are a mixture of sp2 and sp3 bond-
ed carbon atoms with a hydrogen concentration between
0 - 80%. �
DLN coatings (a-C:�H/ �a-Si:�O) are commercialized under
the trademark DYLYN® and comprise C, H, Si and O:�

a-Si: �O enhances high temperature stability, leads to
lower friction & lowers films stress
a-C:�H provides diamond-like properties.

�[0014] The intermediate tie layer is present between
the polished skirt surface and the coating in order to in-
crease the adhesion between the substrate of steel or
aluminum and the hard coating. The intermediate tie lay-
er may be selected from a group consisting of dia-
mond-like nanocomposite coatings, doped diamond-like
coatings, TiN coatings, Ti (C,�N) coatings, i-C coatings,
wolfram carbide coatings, SiN coatings, CrN coatings or
a combination hereof.
�[0015] The hard coating on the polished skirt surface
may have a thickness ranging from 1 micrometer to 10
micrometer, for example from 2 micrometer to 6 microm-
eter, e.g. about 4 Pm.
�[0016] According to a second aspect of the invention,
there is provided a method of treating a piston, where
the piston has a skirt. �
The method comprises the following steps: �

a) polishing at least partially the surface of the skirt;
b) coating the thus polished surface with a coating
having a hardness of greater than 8 GPa and having
a coefficient of friction of less than 0.20.

An intermediate tie layer is deposited between the pol-
ished surface and the coating.�
Preferably the coating is done under vacuum, e.g. by
means of a chemical vapor deposition (CVD) process,
most preferably by means of a plasma assisted chemical
vapor deposition (PACVD) process or by means of a

mixed PVD/ �PACVD process.
�[0017] The invention piston according to the first as-
pect of the invention or treated according to the second
aspect of the invention may be used in an internal com-
bustion engine.

Brief description of the drawings.

�[0018] The invention will now be described into more
detail with reference to the accompanying drawings
wherein

FIGURE 1 shows a schematical drawing of a prior
art embodiment of a piston;
FIGURE 2 shows a schematical drawing of a piston
according to the first aspect of the invention.

Description of a prior art embodiment.

�[0019] FIGURE 1 shows a prior art embodiment of a
piston 10. The piston 10 has a skirt 12. An enlarged view
of its surface 14 is also shown. This enlarged view shows
a surface with roughnesses Ra ranging from 3 to 5 and
even higher. The valleys between the peaks serve as
reservoir for the lubricant and facilitate the mounting of
the lubricant upwards. The coating of this prior art piston
skirt with a hard coating does not lead to any substantial
advantages. The reason is that any contact with e.g. the
cylindrical bore is limited to the surfaces of the peaks,
which are too small.

Description of the preferred embodiments of the in-
vention.

�[0020] FIGURE 2 shows an embodiment of a piston
20 according to the invention. The piston 20 has a skirt
22 which may be out of steel or out of aluminum or out
of titanium. The skirt 22 has been subjected to a polishing
treatment preferably until its surface 24 obtains a rough-
ness Ra of below 0.10.
�[0021] The PACVD process mainly occurs as follows.�
The pistons 20 with the polished skirt surfaces 24 are
placed in a vacuum chamber.�
A liquid organic precursor containing the elements C and
H in suitable proportions is introduced in the vacuum
chamber. A plasma is formed from the introduced pre-
cursor by an electron assisted DC-discharge using a fil-
ament with a filament current of 50-150 A, a negative
filament bias DC voltage of 50-300 V and with a plasma
current between 0.1 and 20 A and a composition is de-
posited on the piston skirt, to which a negative DC- bias
or negative RF self-bias voltage of 200 to 1200 V is ap-
plied, in order to attract ions formed in the plasma.
�[0022] The plasma generation and the vacuum depo-
sition may be performed in one single chamber. The pis-
tons 20 may be arranged on a rotatable support (in the
upper part of the vacuum chamber) in a manner similar
to that shown in US-patent 5,352,493. The base pressure
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in the vacuum chamber is 3�10-7 mbar and the typical
working pressure is maintained at 1�10-4 to 1�10-3
mbar by diffusions pumps (controlled with throttle
valves).�
The piston skirts 22 can be cleaned by an in-situ (Ar-)
plasma etching process prior to deposition. This plasma
etching may last for 3 to 30 minutes. The piston skirt
temperature does generally not exceed 200 °C during
the deposition process..
�[0023] A liquid precursor is preferably preheated
above 30 °C before or during release in the vacuum
chamber. The precursor is delivered to the vacuum
chamber e.g. through a heat resistant porous body with
a porosity of e.g. 30 to 50 %. The precursor can contin-
uously be metered in small quantities through a tube,
which delivers it as a vapor or a mist to the porous body.
Otherwise the precursor can be introduced in batch in an
open reservoir, which is placed in the chamber before
this is put to vacuum. This reservoir can be electrically
heated prior to the start of the deposition process inside
the chamber to form the vapor.
�[0024] A bundle of alloyed Tungsten filaments is
placed as a cathode typically at about -150 V (DC bias
voltage) in front of the earthed porous body. The body
itself, with the inlet tube for the precursor at the backside
of the porous body may be mounted in the lower part of
the chamber. The filament bundle is convexly bent, e.g.
to a half circle in a vertical plane and with a length of 15
to 30 cm. The current in the cathode filaments is prefer-
ably between 50 and 120 A (AC). The plasma current
(measured between filament bundle and earthed porous
body) can then typically amount to about 0.5 to 3 A. Pre-
heating the precursor may offer the advantage that the
current needed afterwards in the cathode filaments (for
generating the plasma) could be lowered.
�[0025] The distance between the uppermost area of
the bent cathode bundle and the piston skirt is at least
about 20 cm. The deposition occurs from bottom to top
through attraction of the plasma ions by the substrate
support, which is put to a negative RF self-bias voltage
of typically about 400 V. Also the RF frequency is pref-
erably much lower than that used according to US patent
5,352,493; viz. between 100 and 500 kHz and specifically
about 200 to 300 kHz.
�[0026] Invention pistons for motors with two stroke cy-
cles have shown an improved behavior resulted from an
increased lifetime or from an increased performance.

Embodiment 1

�[0027] The following double coating has been depos-
ited on a polished piston skirt 22:�

- First a diamond-like carbon (DLC) coating of 3 Pm;
- Thereafter, a diamond-like nanocomposite (DLN)

coating of 1 Pm in order to profit from the usually
lower coefficient of friction of DLN (e.g. less than
0.10 for DLN instead of less than 0.20 for DLC). Al-

though lower than the hardness of DLC, the DLN
topcoat still has a hardness higher than 10 GPa.

Embodiment 2

�[0028] First some tie layers have been deposited on a
polished piston skirt, and thereafter an i-C coating has
been deposited: �

- a TiN layer;
- a Ti (C,�N) layer;
- an i-C coating

The coating has a hardness of more than 30 GPa and
the coefficient of friction is less than 0.10.

Embodiment 3

�[0029] First a tie layer of a silicon-nitrogen doped dia-
mond-like carbon coating is deposited on a polished pis-
ton skirt. This coating has a good adhesion to the sub-
strate. Thereafter a DLC top layer is deposited.

Embodiment 4

�[0030] First a tie layer of DLN is deposited as tie layer
on the polished piston skirt. Thereafter a DLC top coating
is deposited.

Embodiment 5

�[0031] The initial rough surface of the piston skirt had
following roughness parameters:�

- Ra = 0.79Pm
- Rz = 6.32 Pm

After polishing the piston skirt had a smooth planar sur-
face with following roughness parameters: �

- Ra = 0.02 Pm
- Rz = 0.21 Pm

Claims

1. A piston (20) for an internal combustion motor, said
piston (20) comprising a skirt (22), �
said skirt having a surfirce (24) which is at least par-
tially polished and thereafter coated with a coating
(26) having a hardness of greater than 8 GPa and
having a coefficient of friction of less than 0.20 as
measured in a ball on disk test according to ASTM
G99,
characterised in that an intermediate tie layer is
present between said polished surface and said
coating.
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2. A piston (20) according to claim 1, wherein said skirt
(22) has a surface with a flat surface morphology
and which has at least partially a ten-point mean
roughness Rz of less than 1.0.

3. A piston (20) according to any one of the preceding
claims, wherein said skirt (22) has a surface, which
has at least partially an arithmetical mean roughness
Ra of less than 0.15.

4. A piston (20) according to any one of the preceding
claims wherein said coating (26) is selected from the
group of diamond-like carbon coatings, diamond-like
nanocomposite coatings, wolfram carbide coatings
or a combination thereof.

5. A piston (20) according to claim 1 wherein said in-
termediate tie layer is selected from a group consist-
ing of diamond-like nanocomposite coatings, doped
dlamond-like coatings, doped diamond-like nano-
composite coatings, TiN coatings, Ti (C, �N) coatings,
SiN coatings, CrN coatings, wolfram carbide coat-
ings or a combination hereof.

6. A piston according to any one of the preceding claims
wherein said coating has a thickness ranging from
1 micrometer to 10 micrometer.

7. method of treating a piston (20) of an internal com-
bustion motor,�
said piston having a skirt (22), wherein
that said method comprises the following steps:�

a) polishing at least partially the surface of said
skirt (22);
b) coating said at least partially polished surface
(24) with a coating (26) having a hardness of
greater than 8 GPa and having a coefficient of
friction of less than 0.20 as measured in a ball
on disk test according to ASTM G99,

characterised in that an intermediate tie layer is
deposited between said polished surface and said
coating.

8. A method according to claim 7, wherein said coating
is done in vacuum.

9. A method according to claim 7, wherein said coating
is done by means of a CVD process, a PVD process,
a PACVD process or a mixed PVD/�PACVD process.

10. Use of a piston according to any one of claims 1 to
6 in an internal combustion motor.

Patentansprüche

1. Kolben (20) für einen Verbrennungsmotor, der einen
Schaft (22) umfasst, wobei der Schaft eine Fläche
(24) aufweist, die zumindest teilweise poliert und da-
nach mit einer Beschichtung (26) überzogen ist, de-
ren Härte größer als 8 GPa ist und die eine Reibungs-
zahl von weniger als 0,20 aufweist, wie in einem Ku-
gel-Scheibe-Test gemäß ASTM G99 gemessen, da-
durch gekennzeichnet, dass zwischen der polier-
ten Fläche und der Beschichtung eine Verbindungs-
zwischenschicht vorgesehen ist.

2. Kolben (20) nach Anspruch 1, bei dem der Schaft
(22) eine Fläche aufweist, die eine flache Oberflä-
chenmorphologie und zumindest teilweise eine ge-
mittelte Zehnpunkt-Rautiefe Rz von weniger als 1,0
aufweist.

3. Kolben (20) nach einem der vorhergehenden An-
sprüche, bei dem der Schaft (22) eine Fläche auf-
weist, die zumindest teilweise eine arithmetische ge-
mittelte Rautiefe Ra von weniger als 0,15 aufweist.

4. Kolben (20) nach einem der vorhergehenden An-
sprüche, bei dem die Beschichtung (26) aus der
Gruppe bestehend aus diamantartigen Kohlenstoff-
beschichtungen, diamantartigen Nanokompositbe-
schichtungen, � Wolframkarbidbeschichtungen oder
einer Kombination davon ausgewählt ist.

5. Kolben (20) nach Anspruch 1, bei dem die verbin-
dungszwischenschicht aus der Gruppe bestehend
aus diamantartigen Nanokompositbeschichtungen,
dotierten diamantartigen Beschichtungen, dotierten
diamantartigen Nanokompositbeschichtungen,
TiN-Beschichtungen, Ti (C, N) �-Beschichtungen,
SiN-Beschichtungen, CrN-Beschichtungen, Wolf-
ramkarbidbeschichtungen oder einer Kombination
davon ausgewählt ist.

6. Kolben nach einem der vorhergehenden Ansprüche,
bei dem die Beschichtung eine Dicke von 1 Mikro-
meter bis 10 Mikrometer aufweist.

7. Verfahren zur Behandlung eines Kolbens (20) eines
Verbrennungsmotors,�
wobei der Kolben einen Schaft (22) aufweist, wobei
man bei dem Verfahren

a) die Fläche des Schafts (22) zumindest teil-
weise poliert;
b) die zumindest teilweise polierte Fläche (24)
mit einer Beschichtung (26) überzieht, die eine
Härte von über 8 GPa aufweist und eine Rei-
bungszahl von weniger als 0,20 besitzt, wie in
einem Kugel-Scheibe-Test gemäß ASTM G99
gemessen,
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dadurch gekennzeichnet, dass zwischen der po-
lierten Fläche und der Beschichtung eine Verbin-
dungszwischenschicht aufgebracht ist.

8. Verfahren nach Anspruch 7, bei dem die Beschich-
tung im Vakuum erfolgt.

9. Verfahren nach Anspruch 7, bei dem die Beschich-
tung mittels eines CVD-Prozesses, PVD-Prozesses,
PACVD-Prozesses oder eines gemischten
PVD-PACVD-Prozesses erfolgt.

10. Verwendung eines Kolbens nach einem der Ansprü-
che 1 - 6 in einem Verbrennungsmotor.

Revendications

1. Piston (20) pour un moteur à combustion interne,
ledit piston (20) comprenant une jupe (22), �
ladite jupe ayant une surface (24) qui est au moins
partiellement polie et ensuite revêtue d’un revête-
ment (26) ayant une dureté supérieure à 8 GPa et
ayant un coefficient de frottement inférieur à 0,20,
tel que mesuré dans un test de bille sur disque selon
ASTM G99,
caractérisé en ce qu’ une couche de liaison inter-
médiaire est présente entre ladite surface polie et
ledit revêtement.

2. Piston (20) selon la revendication 1, dans lequel la-
dite jupe (22) a une surface ayant une morphologie
de surface plate et ayant au moins en partie une
rugosité moyenne sur dix points Rz inférieure à 1,0.

3. Piston (20) selon l’une quelconque des revendica-
tions précédentes, dans lequel ladite jupe (22) a une
surface ayant au moins en partie une rugosité
moyenne arithmétique Ra inférieure à 0,15.

4. Piston (20) selon l’une quelconque des revendica-
tions précédentes, dans lequel ledit revêtement (26)
est choisi parmi le groupe des revêtements de car-
bone de type diamant, des revêtements nanocom-
posites de type diamant, des revêtements de carbu-
re de tungstène ou d’une combinaison de ceux-ci.

5. Piston (20) selon la revendication 1, dans lequel la-
dite couche de liaison intermédiaire est choisie parmi
un groupe constitué des revêtements nanocompo-
sites de type diamant, des revêtements de type dia-
mant dopés, des revêtements nanocomposites de
type diamant dopés, des revêtements de TiN, des
revêtements de Ti (C, N), des revêtements de SiN,
des revêtements de CrN, des revêtements de car-
bure de tungstène ou d’une combinaison de ceux-ci.

6. Piston selon l’une quelconque des revendications

précédentes, dans lequel ledit revêtement a une
épaisseur dans la plage de 1 micron à 10 microns.

7. Procédé de traitement d’un piston (20) d’un moteur
à combustion interne, �
ledit piston ayant une jupe (22), dans lequel
ledit procédé comprend les étapes suivantes : �

a) polissage au moins en partie de la surface de
ladite jupe (22) ;
b) revêtement de ladite surface polie au moins
en partie (24) avec un revêtement (26) ayant
une dureté supérieure à 8 GPa et ayant un coef-
ficient de frottement inférieur à 0,20, tel que me-
suré dans un test de bille sur disque selon ASTM
G99,

caractérisé en ce qu’ une couche de liaison inter-
médiaire est déposée entre ladite surface polie et
ledit revêtement.

8. Procédé selon la revendication 7, dans lequel ledit
revêtement est appliqué sous vide.

9. Procédé selon la revendication 7, dans lequel ledit
revêtement est effectué au moyen d’un processus
CVD, d’un processus PVD, d’un processus PACVD
ou d’un processus mixte PVD/�PACVD.

10. Utilisation d’un piston selon l’une quelconque des
revendications 1 à 6, dans un moteur à combustion
interne.
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