
1  WO 2008/047044 PCT/FR2007/052173    Sliding contact
part, in lubricated regime, coated with a thin layer
The invention relates to the technical field of
tribology in lubricated  regime. 5 More particularly,
the invention relates to coatings and surface
treatments for ' reducing wear and for minimizing the
transmission of  tangential forces. 10 Numerous
technical solutions have been proposed for improving
the  tribological performance of mechanical parts. A
distinction is made  essentially between conventional
case hardening treatments and deposits of  thin and
hard layers obtained by various methods such as PVD
(Physical  Vapour Deposition) or PACVD (Plasma
Assisted Chemical Vapour  15 Deposition). Among the
deposits of thin and hard layers, mention can be made
of  deposits of transition metal nitrides (TiN, CrN,
TiAIN, etc.), coatings of  amorphous carbon (DLC),
etc. For technical, as well as mechanical reasons, 20
it appears that these deposits of surface coatings do
not generally exceed  5 m. Above this thickness, risks
of embrittlement of the layer and flaking  may occur.
It is also important to obtain perfect adhesion and
strength of the  thin layer over time. Thus, a person
skilled in the art claims very slightly  irregular
surface textures with a roughness (Ra) of about 0.04
m. 25 It therefore appears from the prior art that the
tribological  performance of the surface treatments
and vacuum deposits are only  



guaranteed with surfaces having a slight roughness.  2
WO 2008/047044 PCT/FR2007/052173   For example,
mention can be made of the teaching of patent US 6
886 521 ,which sets a maximum value of the surface
roughness parameter  (Rz) as a function of the
hardness of the DLC deposit and the thickness
thereof. A person skilled in the art generally claims
the lowest possible  5 roughnesses, that is, for
example, Ra < 0.04 m. Thus, it appears from the
analysis of the prior art that high surface
roughnesses are unsuitable for receiving hard
deposits, because this  produces surface
irregularities leading to local overpressures liable
to cause 10 excessive plastic deformation detrimental
to the mechanical strength of the  coating.
Furthermore, in lubricated regime, when the amplitude
of the  roughnesses is too high, the oil film is
locally broken and the surfaces which  are in relative
motion are no longer perfectly separated, thereby
giving rise  to an increase in the friction
coefficient and premature wear of the said  15
surfaces. Scientific publications in the field of
tribology also discuss the  influence of roughness on
lubrication. Mention can be made for example of:
"Occurrence of microelastohydrodynamic lubrication in
simple sliding 20 motion with transverse roughness" -
J. Wang, M. Kaneta, F. Guo, P. Yang  - Journal of
Engineering Tribology - Vol. 220 No. J 13 (May 2006)
pp. 273- 285. It appears from these publications that
the amplitude of the surface  25 roughnesses must be
considered, with the conclusion that the lowest
possible roughnesses must be sought in order to
decrease the friction  



coefficient. 3  WO 2008/047044 PCT/FR2007/052173
Also noteworthy, as it appears from the scientific
publication: "Influence of harmonic surface roughness
on the fatigue life of  elastohydrodynamic lubricated
contact" - A.D. Chapkov, F. Colin, A. A.  Lubrecht -
Journal of Engineering Tribology - Vol. 220 No. J13
(May 5 2006) pp.287-294", is that the numerical
analysis of the rough surface  contact treated as
sinusoidal profiles, reveals overpressure effects
associated  with the irregularities of the contact
surfaces, and indicates that these  overpressures may
be limited by increasing the profile period. However,
this  decrease in the contact pressure on high
wavelength profiles, is explained 10 by an elastic
deformation of the substrate. In the case of hard
deposits  obtained by the PVD or PACVD method, these
deposits, due to their high  modulus of elasticity and
their high hardness, cannot accommodate the
deformation of the substrate, so that they are rapidly
damaged. 15 It therefore appears clearly from the
prior art, in the field of  tribology, that the thin
layer deposits, for example in the case of amorphous
carbon, must be carried out on surfaces having very
high finish levels with a  roughness (Ra) not
exceeding a few hundredths of a micron and generally
less than 0.04 gm. 20 In a surprising and unexpected
manner with regard to the general  knowledge of a
person skilled in the art, it has appeared that a
surface  texture having a certain roughness, with a
sufficiently high period, can  allow for thin deposits
obtained by a PVD or PACVD method, when the  25 parts
work in lubricated regime. 



It therefore results, according to one basic feature
of the invention,  that the thin layer is deposited on
a surface having roughness profiles  4  WO 2008/047044
PCT/FR2007/052173  Translation whereof the parameters
and mean periods are determined for improving the
tribological performance. These particular roughness
profiles are obtained  by selecting appropriate
machining parameters (turning, milling, speed of
rotation of the broach, tool feed, etc.). 5 More
particularly, according to one basic feature of the
invention, the ratio  A between the square of the mean
period of the profile (PsM) in gm and the  roughness
profile (Pa) in gm, as defined by French standard ISO
4288, is  equal to or greater than 5x 105 gm, that is:
10 A=PMZ>5x105gm  Pa  Due to the wide dispersion of
the parameter (PSM), this formula applies to mean
parameters calculated from 8 measurements taken at the
15 friction zone and parallel to the sliding
direction. Tribological tests have also given
remarkable results with (A) higher  than 106 gm and
even better with (A) higher than 107 gm. 20 It is
consequently possible to tolerate surface textures
that are  severely degraded, with a profile height
that is normally not tolerated, by  only using the
waviness period. The application of the preceding
formula, for a profile having a  25 roughness (Pa) of
0.4 gm shows that good results are obtained when the
mean period of this profile (PSM) is higher than 450
gm. Even better results  are obtained when the mean
period of this profile (PSM) is higher than 2 mm. 



5  WO 2008/047044 PCT/FR2007/052173   Due to the basic
features of the invention, contrary to the teaching of
the prior art, where it was necessary to obtain a
surface texture with high  finish levels, it is
consequently possible to obtain, at minimum cost,
parts  with equivalent or even superior tribological
performance. 5 Thus, if for economic or technical
reasons, it is not possible to obtain  remarkable
surface textures by lapping, grinding or other
methods,  according to the invention, it suffices to
summarily roughen the surface, in  order to limit the
presence of sharp edges and roughness peaks, while
only 10 preserving the surface waviness associated
with the upstream machining  methods. The latter are
even optimized (speed of rotation, tool feed, etc.),
in  order to maximize the parameter (A) defined above.
These wavinesses serve  to obtain a sinusoidal profile
acceptable for lubrication, which proves  advantageous
for reducing the fabrication costs for assembly line
market  15 applications. It should be noted that
numerous methods are available for obtaining  a high
period on roughness features, and they are generally
easy to carry out  using conventional machining
methods: turning, milling, etc. 20 Reference can now
be made to the table below which shows various
examples of treatment according to the invention. The
parts or samples are  flat test specimens obtained by
various machining methods, in order to  observe the
influence of the surface preparation and the friction
coefficient 25 during a test in lubricated regime. The
surfaces were coated with a deposit  



on DLC by the PACVD method. The samples were tested in
lubricated  regime in a 5W30 oil bath heated to 100C
opposite an untreated 10006  steel ring rotating at
constant speed. The friction coefficient of the ring
6  WO 2008/047044 PCT/FR2007/052173  facing the sample
was measured during the tests. Four samples (A), (B),
(C), (D) were prepared to compare their friction
coefficient.   Sample R, (m) R, Pa PSM A = Friction
Degraded area  (m) (m) (m) PSM2/Pa coefficient (mm2)
(m) A 0.014 0.12 0.18 240 3x10 0.089 2.9  B 0.042 0.25
0.23 1300 7x 10 0.087 1.0  C 0.036 0.20 0.23 2400
2.5x10 0.065 0.6  D 0.12 0.79 0.34 578 10 0.088 2.1
These results demonstrate that the ratio A defined
above influences 5 the friction coefficient more than
the roughness parameters (Ra) and (Rz). It  is
observed, for example, that sample (A), despite a very
low roughness,  does not fit into the field of the
invention and has the highest friction  coefficient in
the table. On the contrary, sample (C), although
having a  much higher (Ra) than that of sample (A),
has a very high ratio A and  10 displays slight
friction behaviour. The advantages clearly appear from
the description. The invention finds advantageous
applications in the automobile  15 field, particularly
in the case of friction parts in the engine.  7  



WO 2008/047044 PCT/FR2007/052173   CLAIMS  Sliding
contact part, in lubricated regime, coated with a thin
layer, for n - example of amorphous carbon (DLC),
having a tribological function, 5 characterized in
that the thin layer is deposited on a surface having
roughness profiles whereof the parameters and mean
periods are determined  for improving the tribological
performance, so that the. ratio A between the  square
of the mean period of the profile (PSM) in m and the
roughness  profile (Pa) in m, as defined by French
standard ISO 4288, is equal to or  10 greater than 5x
105 m, that is: A=P M2>5x105m  Pa 2. Part according to
Claim 2, characterized in that the ratio A is higher
than  15 106 m. 3. Part according to Claim 2,
characterised in that the ratio A is higher than  10'
gm. 20 4. Part according to Claim 1, characterized in
that, for a profile whereof the  roughness Pa is about
0.4 m, the mean period of the said profile PSM is
higher than 450 m. 5. Part according to Claim 1,
characterized in that, for a profile whereof the  25
roughness Pa is about 0.4 m, the mean period of the
said profile PSM is  higher than 2 mm. 6. Use of parts
according to any one of Claims 1 to 5 in the
automobile  field, particularly of component parts of
an engine.  


