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eposi
thin and hard layers obtained by various methods such as PVD (Physical

Vapour Depdsition) 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 um. Above this thickness, risks of embrittlement of the layer and flaking
méy 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 pm.

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.

o _ *
L 14 £, 2003

*G00002*




guaranteed wi th surfaces having a slight roughness. 2
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Furthernore, in lubricated regine, when the anplitude

of the roughnesses is too high, the oil filmis
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Scientific publications in the field of tribology also discuss the
 influence of roﬁghness 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. J13 (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.
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Al so not evvorthy, as it appearg fromthe scientific
publication:. "Influence of harnonic surface roughness
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15 It therefore appears clearly from the prior art, in the field of
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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 0.041 pm,
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
-texﬁlre havin'g 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
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It therefore results, according to one basic feature
of the invention, that the thin layer is deposited on

a surface having roughness profiles 4 WD 2008/04 4
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period of the profile (PsM 1n gmand the Toughness
pr oftatien pPd)e broagm) toakfeddf ¢tngd by French standard | SO
4288, is equal to or greater than 5x 105 gm that is:
10 A=PMZ>5x105gm Pa Due to the w de dispersion of

th t PSM, .this f | [ i t .
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even better wth (A hi gher than 107 gm 20 It is

congeduent lgyeqpasthabSe 1 0o ptmltieatas:e surface textures

that are severely degraded, with,a profile height

that is normally not tol eratedPsiay> S0y Hisi ng t he
wavi ness period. The applicati ® of the preceding
formula, for a profile having a 25 roughness (Pa) of

0.4 gm aQogl | t i.ned Nt
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- friction zone and parallel to the sliding direction.

Tribological tests have also given remarkable results with (A) higher -

than 10° um and even better with (A) higher than 107 pm.

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
'rou'ghness (Pa) of 0.4 um shows that good results are obtained when the |
mean period of this profile (Psy) is higher than 450 pm. Even better results

are obtained when the mean period of this profile (Pgy) is higher than 2 mm.




5 WD 2008/ 047044 PCT/ FR2007/ 052173 Due to the basic
features of the invention, contrary to the teaching of
. th ry where it was nécessary to obtain a
SED suvBanbodrtas Tk b gh finish levels, it is PCT/FR2007/052173
.~Dépanemem/o onsequently possible to obtain, at m nimum cost,

Traduction Rarts W th equival ent or even superior tribol ogical

" Jepasons Dueoide RAYE fekhrasil S PR EobREY Rt teaching of
P Uﬂ{@gﬁof Qrtl WiiPe th@&@bé@ ﬁfd BBiaftd a QurcB/Exture with high

(330478003107
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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 SW30 oil bath heated to 100°C opposite an untreated 100C6

steel ring rotating at constant speed. The friction coefficient of the ring




on DLC by the PACVD nethod. The sanples were tested in

| ubricated regine in a 5WB0 qil bath heated to 100C

Opﬁgsite an_untreated 10006 teel ring rotating at
coNNO2008042044 The friction coefficient of the ri R§T/FR2007/052173
6 WD 2008/ 047044 PCT/ FR2007/052173 facing the sanple

was nmeasured during the tests. Four sanples (A, (B),
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ohserved, or examplel that sanple (Al _despitela very
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| dw r dlighnes®®2 Hdes ho3t| 3% nt 51¢he |fi eP@of the 1O

i Nventa@ on anglodas dFe| hizghesto Frzsfioon coeéf i cilent 0.6
t He—table- H

e—tab -Gh Eh, contrary—SarpleS—aktheuet

havi nd a  hudh’ h d)h73r (0;33) %7ﬁan ‘Ohat of 539 e (A, 21
has a very high ratio A and 10 displays slight
friction behaviour. The advantages clearly appear from
t he desdhiese resnlts Temdnstretet than tifd rad® Addefmesggmys influences
applications in the autonobile 15 field, partjcul arlg

5 i ntheigwacostiigiencmosnhthaarthe royghngss pagmeders (Ra) and (Rz). It

is bbserved, 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.
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contact part, in lubricated rggi me, coated with a thin

| ayer, for n - exanple of anorphous carbon (DLO),

haX’YQg?Oﬁs@ﬂ?% ogi cal function, 5 characterized i nPCT/FR2007/052173

that the thin layer is deposited on a surface having

oughness profiles whereof the paraneters and nean
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0. fomimproeingedie tpibolagica fpetfoemaacel sorthhi the B A detween the
hi gher than 450 m 5. Part accordi r11Dg to daimi1l,
chaqueare eofi thedmiean tpegiod b thea ppfdlei (Pomhie rieBfandnthe osighness

rou es a i s about. 0. th j .th
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10 au%g%g%ﬁﬁ%ﬁgfﬁgl Hﬁﬂg}ﬂa?tl?'cul arly of comlacr)]nen;e parts of
an engi ne. A =Pgy*> 5x10° um
Pa

2. Part according to Claim 2, characterized in that the ratio A is higher than
15 10° pm.

3. Part according to Claim 2, characterised in that the ratio A is higher than

107 pm.

20 4. Part according to Claim 1, characterized in that, for a profile whereof the
roughness Pa is about 0.4 pm, the mean period of the said profile Pgy is

higher than 450 pm.

5. Part according to Claim 1, characterized in that, for a profile whereof the
25 roughness Pa is about 0.4 pm, the mean period of the said profile Pgy 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.




