1 SLIDI NG MATI NG PART I N LUBRI CATED REA ME, COATED BY
A THIN FILM The invention relates to the techni cal
field of tribology in lubricatedq 5 regine, Mre
particularly, the invention relates to coatings and
surface treatnents for reducing wear and for
mnimzing the transm ssion of tangential forces. 10
Nurreres% echni cal sol utions have been proposed for

i npro NG MATING FART f%ﬁm@
parts. A distinction is ma\dlgp essentl a &%ATED
conventi onal case hardenBYA TEHNEIE.M and deposits of
thin and hard | ayers obtai ned by vari ous nethods such
as PVD (Physical 15 Vapour Deposition) or PACVD
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CrN, RAIN, etc.), coatings of 20 anorphous carbon
(DLC), etc. For technical, as well as nechani cal
reasons, it appears that these deposits of surface

coat i ngs Merenpertigularhal the éxceidn belates Pt %nd surface

t hi (&lén SS fSk f.enbrittlenent of the |ayer and
f | aki n%" legt wegr qatd forpminianizingo theb t@inBmission of

pertﬁ,@%ﬁﬁghﬁ LN and strength of the thin layer over

a person skilled in the art clains very
slightly 25 irregular surface textures with a
roughness (Ra) of about 0.04 pm 2 It therefore

appear s Nuoreroietephiioal @/lttiéiPhatd Bedd hbBhag f:o?limproving the |
tribological performance of mechanical patts. 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
Deposition).

Among the deposits of thin and hard Iayers, mention can be made of
deposits of fransition metal nitrides (TiN, CiN, TiAIN, etc.), coatings of
amotphous carbon (DLC), etc, For technical, as well as mechanical reasons,
it appears that these deposits of surface coatings do not generally exceed
5 pn. Above this thickness, risks of embritilement 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.



performance of the surface treatnents and vacuum

+ deposits are only guaranteed with surfaces having a

sl ight roughness. For exanple, gention can be nade of

the teaching of patent US 6 5 886 521, which sets a

maxi mum val ue of the surface roughness paraneter (Rz)

as a function of the hardness of the DLC deposit and

the thickness thereof. A person skilled in the art

gener al | yltclthéreforehe s saibl.e. r essgs, . . )
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rouggnesstes ar, unisuitabl-e for receiving hard Y
depoe il TR asps having dudight sumphaes.
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. C i ng.. Furthernore,
in lubricated regine, \%eﬁﬁn{ E@“ﬁﬁgﬂ‘? ﬁﬁga% royghness parameter

Rag s e fiirg:tioa oo hik@hhardREs <0 ' i | ] .
L?ggen angst ﬁ? lsﬁ?? gceshv\hi gsr?%gﬁ%’l P@q ?Fé?ﬁci@&“ﬁ&br' Jhickness
are ﬁ%e?%n@d?erm Bkilledyins dpanet geherAIe ERRYS qhgi 10%ebst PBssible

to ikncrease in the friction coefficient an
pr egﬁ«]g}wgs 31, {Mexgmpde. RaEOdkdesm. 20 Sci entific
publications in the field of tribology al so discuss
the influence of roughness on lubrication. Mention

can be nEEg, fiPk "Occurtence, of .

m cr oe}n;st oh)}dr%lg%/%ﬁg]r%%lﬁ% r‘a}l%gﬁscﬂftﬁﬁ PLioRATE taati high gurface

notfoughngsses taranaueNisblé OfF RESSvins . )

Kanet ﬁ F. Quo, P. Yang - Jour hare o#“ﬂ\r?gg’g%% nBeca,USe this

Tr i BBesp surkise irreglatities mailfgmmoagmqﬁ@ssﬁ%ﬁa@}% to cause

285, Ll Zeoﬁlsa{is fromthese publications that the

arrp?ﬁ: Yole B eé‘ﬁﬂﬂﬂ@@ defpughtab b G mesharieal strength of the

Co%hﬁﬁé.eﬁwﬂ@ﬁﬁortep %ncﬁl%gcgtseldo?egtilgg,t V‘tfhré:?l Lc}gcmaigpliiude 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
surfaces,

Scientific publications in the field of tribology also discuss the
influence of roughness on Iubrication. Mention can be made for example of:
“Occurrence of microelastohydrodynamic Iubrication in simple sliding
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

roughnesses must be considered, with the conclusion that the lowest |



possi bl e roughnesses nust be sought in order to

- decrease the friction coefficient. Al so noteworthy,

as it appears fromthe scientif4c publication: 5

"I nfluence of harnonic surface roughness on the:

fatigue life of elastohydrodynam c |ubricated

contact" - A . D. Chapkov, F. Colin, A A Lubrecht -

Jour nal of Engineering Tribology - Vol. 220 No. J13
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anal'ysi s of the rough surl?ezgtéﬁggo%@é?&{?{éaﬁ%&"%Fs the friction
Si nG@éﬂ@Féﬁntprofi | es, reveals overpressure effects
associated 10 with the irregularities of the contact
surfaces, and indicates that these overpressures my

be limt y.i.ncreasing the profile period. However,

this de?ﬁse(gs%étfgﬁ'oftﬁ‘g’ nita@PPsATesEome the srignfific publication:
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deformati on of the substr

depekistohydeidyahmes [tidael RYRa0F Pﬁ\[%D (gffiﬂgﬁ%g’sﬁ Ltrecflgep, A A,

deposits, due to their high 15 nodul us

andLuhrecht hi fhurhak ofi dgineeaingoTriBoREFONGE 1P No. 113 (May
y

ggr‘l‘g@@t IBE?ES?%Q?‘E? éﬁs gg;é rﬁ;;gﬁﬂ‘;gie;l? g;algfgi:?/mt? rﬂﬂ:e :?Zslﬁi surface
Gepsoatfir et B nfioiaitpro S Sevenls pvemmsesioe.effodd associated
by on T Lo R R b 8 o B R pod il o ghese
0.08 11m 1 8 i pr ey A R TalRork G Hibier, s
r egFIPase in Hee gentacbprestickorgbowRyEIbnSthPBIGTRSS, is explained

ski,lled in th rt, it has appeared that a surface

t e VUi WFn‘Sﬂfg@éﬂt}%iQf theuythsrats, Inithe ease of hard deposits

‘suf £i.Gi hi per.l can  aJ]low for thin deposits

obtogut“_rgn%egp%)ﬁ%c B GF ﬁp‘%‘g\V/Q AR thegsedenosiss, dug tastheir high

WOkzkodulus HP@I%% ot tHEr high hardness, camnot accommodate the
deformation of the substrate, so that they are rapidly damaged.

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 gencrally
less than 0.04 pm.

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
parts work in lubricated regime. | |



4 1t therefore results, according to one basic

+ feature of the invention, that the thin [ayer is
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deposited on a surface having rgpughness profiles

wher eof the paraneters and nean periods are determ ned

for inproving the tribological performance. These

particul ar roughness profiles are obtained 5 by

sel ecting appropriate machi ni ng paraneters (turning,
mlling, IsgagefdRé r abj f | f, .
et c.tg]. More part i cﬁ%lgirsf )E}b&j;gglr iﬁ%}éjtb gﬁgnrrgaﬁﬁlgés)iog i fivention,
f eatthate thef thihelayeaw antdepositédonr 8tuefacd Hﬁ]ﬁﬁg%%ugﬁﬁess profiles
square of the nean period of the profile (PSM I'n pm

and Wifgeoti e natynptsssant oican pefipdy atendgieymined dof impfbving the

L T L A TN
T O

nMeasotatoR of the BROh,3bof ftRd, &iphction zone and parall el
to the sliding direction. ’Tri't%ol ogi cal tests have al so

given remarkabl e results with (A) higher 20 than 106m
and. even better with (A) higher than 10'm It is
condefadRrtisuladysaaspeding te onebasie featufaof thektventisn, the ratio

e T R ol OF i afan adtion o7 toripiptis (Rgu cun and the
For uehne Tty (3, HFRE0R dsTHCl 23, Bienbl Suftolrd 15801se, i

m séniad td 8, eg@@(ﬂh,gﬂs§ﬂm5§,@r PRt ai ned when the nean
period of this profile ( sl\/bﬁfas hi gher than 450 m

Even better results A=Pgi>5x10° ym
Pa

Due to the wide dispetsion of the paramneter (Psn), this formula
applies to mean parameters calcufated from 8 measurements taken at the

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 ym.

It is consequently possible to tolerate surface texturcs 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
roughness (Pa) of 0.4 pm shows that good results are obtained when the
mean period of this profile (Pgy) is higher than 450 um. Even better results
are obtained when the mean period of this profile (Ps) is higher than 2 mm,



are obtai ned when the nean period of this profile

- (PSM is higher than 2 nm 5 Due to the basic

features of the invention, contgary 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 m ni nrum cost,

parts wth equival ent or even superior tribol ogical

per f or mardge tSthEBESic § &m@ X ' ;

reasons, it is n(r)%h% bogefgit%rleiofo 0 ?%@h&{’rcéﬁgrwa‘éatbe teaching of

sur ftheerianary rvelserb it barspidtgssagy itd GbRan o st texture with high
0

nmet hods, . accarding to the invention, it sutfices
su ish e ‘Ff‘i% ghéncenrequendyupessible toootdatm, bo minthbmt fsst, paris

re f sharp edges and roughness peaks, while
onl v 6 epkaBAfprevan Rineript sielipvahpsbravese at ed

swWith the upstream nmachining nethods, The latter are

10

15

20

25

even optim zed (speed of rotation, tool feed, etc.),

P ese o MM dckomiid SrEARI flast. 1B AS 8BRS obtain

These wavi nesses serve to obtaln a siAiusoi

accépmatsiablef eurfavbr tesdiies n by Whippih gﬁﬁﬂingadd&arﬁ[?&ﬁ gﬂgfhods,

for redei ng the fabrication costs for assenbly I
mar REtOTAYig tﬁﬁ%? eitons 1t sufficerotd shirmmaribt ashghatthe surface, in
nu .hads are avajl.able for obtaining a high

vor PR 30 TR e n@ieh &t i1Bep Sdees ambyotishocaenaria) While only
eaSyrek vy | nvent.ional . hi ni ng ..
met 1:)e'gs: tu?‘%’i g%itfacrf# I%‘fﬂsrg%?%ge%sg?m%a%"ftgﬁgﬁ CRPSEEAM, Bigchining

be wmmtheds OThd RitfeA BheeRg) WE& @ﬁ@?‘ﬂh&ﬁﬁbﬁ,ﬁgh feed, etc.), in

exanpl es of treatnment ac I ng he rnve (
par@denio wavipiias theer parafrledr (146 efBBE 6bHR THREE WaVBiEsO¥ serve
e

var i oua pachi pi ng, methods, in order to observe t E

i nfiPuBREE & siwsoidat frreBlpmepentatle oforahbricatiof ikl broves
el ent '

Coe&fdfv'aﬁfaggous for reducing the fabrication costs for assembly line market

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.

Reference can now be made to the table below which shows various
examples of treatment according to the invenfion. The parts or safnples are
flat test specimens obtained by various machining methods, in order to
observe the influence of the surface preparation and the friction coefficient
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

stcel_ rmg rotating at comnstant speed. The friction coefficient of the ring
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- were coated with a deposit on DLC by the PACVD

nmet hod. The sanples were tested.in lubricated regine
in a 5WB0 oil bath heated to 10(é)C opposite an
untreated 100C6 steel ring rotating at constant
speed. The friction coefficient of the ring 6 facing
the sanpl e was neasured during the tests. Pour sanples

1) crrl tespnle Sos e RN 1 SO0 Pl salelesa), @),
c11@), @masepina o (ORI B0 UG FARIEY

coeffici ent A 0.014°0.12 0.1
80042025023 1300 7x10 0.087 1.0 C 0.036 0.20

0. 23 246k 2 T%X4E) P RO5[ 0pb T 02 L= 196 04_57_8;131'9—‘
0.088 2.1 Theséﬂ? a5 (EBNDRSH Bbe Zbhdt & mﬁf;@tl e%"’mi?})ma
defli ned aboye inf|uences 5| the frtp%l dn Coefti cilent

norje t han theo.(n@ugmrless opar aamtergs:mma){ A?na}:gHZ)t 5%
IS Oqugveu e e—thpt—Ssa e esplte a
verplaw rofighnes ﬁﬁngEQB opb?"vxr to\the ?qeld of L0
the i mfenti pri8nd Bae |t ka3 hizjhbstzwtﬂ’ctl on0065 0.6
cogffT @ ent 'GIIEHFU.%“ Q=g pontt rpHe—{( O
aIiJﬁeugh haling—-al h@ﬁ‘i1 thlr; (Rg) th ?10)8? 0 s 2l
sanple (A), has a very high ratio A and 10 di spI ays

sl i ght f ctl 0 mgSeaaw our. The advantages clearly

appear f etrﬁé SRPRTTR thatbeiraie d definedrbiove influences

advgpnt t he utonobile 1
par PR So AR AU O R PR o ond .
endi NsbseRRd/ for example, that samplc (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
displays slight friction behaviour,

The advantages clearly appear from the description.

The invention finds advantageous applications in the automobile

field, particularly in the case of friction patts in the engine.



CLAIMS 1. Sliding contact part, in lubricated regine,

» coated with a thin layer, for exanple of anorphous
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carbon (DLC), having a tribol ogycal function, 5
characterized in that the thin l[ayer is deposited on a
surface having roughness profiles whereof the
paraneters and nean periods are determ ned for

i mproving the tribol ogi cal perfornmance, so that the

ratio A between the square of g heryegn period of the
profile (PSM in mand the roughness profile (Pa) in
pm as defined by French standard | SO 4288, is equal

to ar. Slidingc9aiaef a : .Jhat i,S: _. ]
A=P5GZ>5x105m  Pa’ E2utl gla??&é%ag‘%‘% %%%1 t So%Fd; With a thin layer, for

chareXempld afamomphobetaibos (D@ ' ﬂhﬁﬁﬁ’ ; 5
106 H\ 3. _Part.gjccor di ng _t(o CI%P%V%% o arﬁgacgtlttédg?g%%&qnﬁ

t hatigtistarizetloinathal Hieglibin tinen isldeppumed28nda Haice having
aCC?r'?%ﬁ\%ﬁsteg g.lal nbl, gharacterl zed in that, for a

proft rodHes Wherep thyrpregmetrss and sisoutpebiods ave tdtermined
meag | 0d:_of [ rofile PSMis higher than

150 OB b MinGBftat bl onfance o thstdhadute i batvween the
t hasqudr@rofahprréd rtOfhet rqughness Pa, i s

abou(% fé). 2Pp)tm t hﬁeIi Eggﬁ&perl Sdﬁg’ﬁlﬁ%@a’?‘d%’r gpd ﬁée peNghness
i s peifige EPa) inapm? asratefified Yyerreholp ; 9

one of Clains 1.,to 5 in tHZ autgnog%)ai}lla%ﬁcwjeﬁg,gg’ ks ecﬁﬁYto or

par8ieater HianSok0’ gempibateist parts of an engi ne.

A=Pg*>5x10° um
Pa

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

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

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 i that, for a profile whereof the

roughness Pz is about 0.4 g, the mean period of the said profile Py is
higher than 2 mm,

- 6. Use of parts according to any one of Claims 1 to 5 in the automobile

field, particnlarly of component parts of an engine.



