1 FRICTION PIECE IN A LUBRI CATED MEDI UM WORKI NG AT CONTACT PRESSURES

H GHER THAN 200MPA. The invention relates to the technical field of
tribology in lubricated 5 medium WMore particularly, the invention rel ates
to coatings and surface treatnents designed to reduce wear and to mnim ze
the transm ssion of tangential forces. 10 Nunerous technical sol utions
have been proposed for inproving the tribological performance of
mechani cal p ‘ » ‘ : opyent i onal
case hardenlathC = &!atalned by
various mnethods SUC(E‘O&SL?@EP ?E@&J@Rt%lﬁlﬂmwmémm or PACVD
(Plasma Assi sted Chem cal vapour Deposition). Anmong the deposits of thin
and hard | ayers, nmention can be nade of deposits of transition netal
nitrides (TiN, OGN, TiAN etc.), coatings of 20 anorphous carbon (DLC),
etc. For techni chhe imeention relesriie Hanfeshnicrbiskhef tiibolagpenrisbrinaedt hese
deposits of syrface coatings do not generally exceed 5 m Above this

t hi cknéss, F%ékgnof embrittl enent of the layer and flaking may occur. It
is also inportant to obtain perfect adhesion and strength of the thin

| ayer over time. Thus, a person skilled in the art clainms very slightly 25
rregul ar sur f acedexhfiesiatt b HRuannes fIbRe) 10fcARAM P4 fhee ! t
therefore appears fromthe pfior art that the tribol ogi performance of
t he surfacetrédigrhnedtdgant tvacdura GeR@siiid tangindmniie duatantaedior bl

tangential forces.
10
Numerous technical solutions have been proposed for improving the
tribological performance of mechanical parts. A distinction 1s made
essentially between conventional case hardening treatments and deposits of
thin and hard layers obtained by various methods such as PVD (Physical
15 Vapour Deposition) or PACVD (Plasma Assisted Chemical Vapour

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

20 amorphous carbon (DLC), etc. For technical, as well as mechanical reasons,
it appears that these deposits of surface coatings do not generally exceed

5 pm. 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

25 irregular surface textures with a roughness (Ra) of about 0.04 pm.



surfaces having a slight roughness. For exanple, nention can be nmade of the
teaching of patent US 6 886 5 521, whigh sets a maxi num val ue of the
surface roughness paraneter (Rz) as a function of the hardness of the DLC
deposit and the thickness thereof. In the field of tribology, numerous

i nvestigations have been conducted on the influence of the topography of
the contact surfaces on the 10 establishnent of a hydrodynam c |ubrication

regi me. Thus, it s bee I ‘ o) rry out, a te r.izing. of hearings
or thrust beari nét}s}ﬁlélﬁ?(glr%glgﬁcﬁg%oggélﬁr%‘?lg&t%fi“}sagg!é‘f gho)é{%éllb‘%l I{’(ﬁgngwlfgces by
an i nprovedobuRei Gante RESRMBALs SRPAGEAY NEVIOME g De RdGeed AL g anpl e,
of the teaching of documents US 5,952, 080 ‘and W20047 063533. 15 However,

t he di nensi enifagsdkvingen silfaceslinepography is not a sinple mtter, so that
this solution is inconpatible wth severe contact conditions, and also in
t he case of heavlbyetasapledminiict combpandds, oft thatticdichingwhepatenhl ScoRBact
pressures give rf',Sﬁ to operation in conditions called el astohydrodynam c 20
regi me> I n pabtWhichisgtstiekaypwpigluspi B suelaggipuament PUgNELEH Ry apat t er ns

h f . Loni fi ' he b [
curface ar ch st 4RSSt Ao Wbl A3 BRIReDIy Etoses o arop

in pressure of the oil filmand damage to the surfaces, which mlitates
agai nst the desired objective. 25 It follows that the principle of surface
texturizing is notheRRlid od uolagy,ARms@BuS kivckegatidhsti® cdebn @¥a@R4ted N Cases

of slightly |loaded friction parts in |ubricated medi um

on the influence of the topography of the contact surfaces on the

10 establishment of a hydrodynamic lubrication regime. Thus, it has been
proposed to carry out a texturizing of bearings or thrust bearings in order to
promote the separation of the surfaces by an improved lubricant bearing
capacity. Mention can be made, for example, of the teaching of documents
US 5,952,080 and WO2004/063533,

i5

However, the dimensioning of the surface topography is not a simple

matter, so that this solution is mcompatible with severe contact conditions,
and also in the case of heavily loaded friction parts, that is, where the contact
pressures give rise to operation in conditions called elastohydrodynamic

20 regime. In fact, this texturizing, which is equivalent to etching patterns on the
contact surface, causes a significant decrease in the bearing surface area, so
that an unsuitable texturizing inevitably causes a drop in pressure of the oil
film and damage to the surfaces, which militates against the desired
objective.

25

It follows that the principle of surface texturizing is not applied by a

person skilled in the art except in cases of slightly loaded friction parts in

lubricated medium.



Based on the analysis of this prior art, one of the problens that the

i nvention proposes to solve is to be abLe to apply the principle of the
texturizing of a friction surface in order to prol ong the exi stence of an 5
el ast ohydrodynam c | ubrication regi me between friction parts in |ubricated
and heavily | oaded nedium that is, working under contact pressures, for
exanpl e, above 200 MPa. In fact, above a certain contact pressure

t hreshol d, the exponential 10 increase in the viscosity of the |ubricant
(several orders of magnitude) radically alters its physical behaviour. The
l'ubri cant then cpRangesn $h@hBalydRGb 1 BROPYBP ab) ReAMIR GbRS! iR thbat of a
solid than a fluid. The conpléte separation of the contact surfaces is
then perm timdnbiyn thepedastd coblef & maticonbleoto tipplwppospmeislkr baaks, under
the action of the lubricant that has becone 15 extrenely viscous. This
creates thetegbniiing oiisaclalctiod airésicony drdaly ramirelongedicrexistehec pHy si cal
behavi qur of the |ubricant and the opposing surfaces being radlcally

di ff er ént |?113%1P§¥‘{118H3Y/Eﬁ18k§y 9&“%@?&%‘@“ PA @(@XLMW Hgltww u'ewte
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originalityg0f 1315 Beaiﬂfv%sﬁﬂ@t ipgvention thereby consists of the successful
opti m sati on, terns of 1}/Irlctlon and wear, of a surface texturizing for

contacts oper atl ng at least partially in el ast ohydrodynam c regine. 25 To
solve this problem the contact surface is subjected to operations for
produci ng a perilodfactnebwver k @fitam cooteet niressory ithicelsoliaviin gxpowdsial ned
shapes and si zes and whereof the period. is adapted to the width of the
cont ad® 4 increase m the viscosity of the lubricant (several orders of magnitude)
radically alters 1ts physical behaviour. The lubricant then changes state, and
behaves in a manner closer to that of a solid than a fluid. The complete
separation of the contact surfaces is then permitted by the elastic deformation
of the opposing surfaces, under the action of the lubricant that has become
I5 extremely viscous. This creates the conditions called elastohydrodynamic
regime. The physical behaviour of the lubricant and the opposing surfaces
being radically different in elastohydrodynamic regime, thus explaining why

the optimisation of a surface texturizing for contact takes place very

differently than for the case of other lubricated interfaces.

20
The originality of the present invention thereby consists of the
successful optimisation, in terms of friction and wear, of a surface texturizing
for contacts operating at feast partially in elastohydrodynamic regime.
25 To solve this problem, the contact surface 1s subjected to operations

for producing a periodic network of micrometric cavities having predefined

shapes and sizes and whereof the period is adapted to the width of the contact



surface in order to pronote the passage to el astohydrodynam c | ubrication
regi me. According to other features, theg mcronetric cavities consist 5
advant ageously, but not limtatively, of holes and/or grooves. The depth of
the cavities is less than or equal to 10 pm and advantageously |less than 3
pan and less than | pm The major length of these cavities is between 5
and 500 m 10 To solve the problem of obtaining a textured surface

according t s .of t nvent i

o 11 es i s UG RbERBERRlnAT Ryt RSk obD0nRFHEELF i AR a8 ni ng
met hod or by.Apel On beam nethod, or by m cronachining, or by plastic
deformation, or by chem cal attack, or by electroerosion. 15

Advant ageously, the friction part whereof the surface is textured, is

subj ected, before or after texturizing, to a case hardening treatnent
having a tribol dgitesling ufict dthar  Thiteress eizhtnentc1®lgcam/a¢ﬁva@<ebu@<b1381%bt ai ned
by the deposition of a thin |ayer. of am)rphous carbon (DL to limt the
damage Sof 280 YREAEEEpFlye Byt aﬁahtmtﬁéwubh@fth@wtsfﬂ{%@éwwel érhe &ptlbod t he

f h ded f d
P P ontTiavRG L 105 uBTES bt £ itﬁttt?arfﬁ}fly higEoRy AIRLAIRTL S can
be 0Bt al nedy P YAKL NS, PEHIDMS o FRILASGEADN. LSSEE, RULSER, YA 50T oove

matter by I'i mati'on w i cant Ing t

mcrostructyme. |t should be noted however that m cromachi ni ng t echni ques
(l'ithography, mcroerosion) or plastic surface deformation (knurling,

m cropercussion) or electrochem cal techniques (chem cal attack,

el ectroerosion) serve to obtain simlar results.

To solve the problem of obtaining a textured surface according to the
features of the invention, the periodic network of cavities is obtained
particularly by a femtosecond laser pulse machining method or by an ion
beam method, or by micromachining, or by plastic deformation, or by

chemical attack, or by electroerosion.

Advantageously, the friction part whereof the surface is textured, is

subjected, before or after texturizing, to a case hardening treatment having a
tribological function. This treatment is advantageously obtained by the
deposition of a thin layer of amorphous carbon (DLC), to limit the damage of

20 the surfaces and lower the friction coefficient before the passage of the

heavily loaded friction parts into elastohydrodynamic lubrication.

As stated above, the texturizing of the friction surface can be obtained

by various methods. Femtosecond laser pulses serve to remove matter by

25 sublimation without significantly changing the microstructure. It should be
noted however that micromachining techniques (lithography, microerosion)

or plastic surface deformation (knurling, micropercussion) or electrochemical

techniques (chemical attack, electroerosion) serve to obtain similar results.



5 The periodic patterns prepared on the textured surfaces constitute
cavities which can be defined according to the follow ng four essential

paranmeters: - the shape in the plane of "'the surface (circular, elliptical,
square, triangular, groove, etc.); 5 - the profile in the thickness of the
material (cylinder, hem sphere, cone, etc.); - the dinensions (dianeter,
wi dth, depth, etc.); - the period considered in all directions, and with

regard to the surface t di,rec 10 The 0 vities is
advant ageous!'y I!I‘Jcrelfs()??(tllt lé]%n‘%gﬁa‘éf’d%' Rf" textimedy Sy aé’egacr%égém&% (’flﬁgmhi n
layers and R\@um&%@&ffilmﬁ decbRfih FOAR. RMolIg ft)&t%u&ﬁtd Al 9 AegLfe, W th an
opti mumresult observed for patterns aroun lh nore or |ess
250 nm dept h. {He mAypdenokserpia: t(hatlhé hearfaext WlﬁﬁllcﬂlJS eﬂaptlsa of sfulage,
invention can be treated before or after texturizing by conventional

t her nochem cal utaﬂgatdmgnoogcsneml ng, carbonitriding, and other diffusion
or converS| on treat nts or. .vacuum deposi tion obtained by PVD (Physical
Vapour >Deposi t hgnyrodiie phdvDiskesie! A8 inttedalctfadindar. heapsplherepepssi ti on) |
such as nltrldes and carbides of transition netals or deposits of 20

anor phous car b‘oﬁ)( DLC). These various di nensions and orientations of the

patterns are aganfifdnsibQs Fd1&m ﬁﬁt\%l&tﬂt{g@t]ﬁ rgayed, according to the

di mensi ons of the contact sur aces direction and speed of sliding,

the contact. pr@gsspuasl asghkidded GUr MAtkMeohs, Znd b@thpﬁergta% tt6 @b edrfater
exanpl e, on nechanical parts subjected to very high
friction direction.

10
The depth of the cavities is advantageously fess than 3 pum in order to
limit the damage to the thin layers and to maximize their influence on the
lubrication regime, with an optimum result observed for patterns of around
500 nm with more or less 250 nm depth. It may be observed that the textured
15 parts of the invention can be treated before or after texturizing by

conventional thermochemical treatment (cementing, carbonitriding, and other
diffusion or conversion treatments) or vacuum deposition obtained by PVD
(Physical Vapour Deposition) or PACVD (Plasma Assisted Chemical Vapour
Deposition), such as nitrides and carbides of transition metals or deposits of

20 amorphous carbon (DLC).

These various dimensions and orientations of the patterns are adapted
to the parts to be treated, according to the dimensions of the contact surfaces,
the direction and speed of sliding, the contact pressures and the curvature of

25 the parts treated. For example, on mechanical parts subjected to very high
contract pressures, such as rocker parts in the automobile field, it is necessary

to provide shallow pattern depths of about 500 nm.



contract pressures, such as rocker parts in the autonobile field, it is
necessary to provide shallow pattern djpths of about 500 nm 6 It should
be noted that the addition of a hard |layer, as indicated above, with regard
to an uncoated textured surface, serves inter alia to significantly reduce
the danage to the patterns over tine and, in consequence to maintain the
tri bol ogi cal perfornance of the textured surfaces. is al so observed that

cerves unexpect KanguRbbSEE ERhS R e G 1f g g A O the
| ocal i zed Q@iﬁﬁ.ﬁﬁﬁﬂh af uht‘(‘?at&?%ﬂutcd sPG ck M ntd f?l'i'cl‘ zﬁciidiéﬁﬁg§§ﬁ%]{ greater

detail below in conjunction wth 0O the figures appende reto 1h which:
- Figure | 1csiuaeglmapdnns§mmﬁ@;ialﬁeugsa(m:a phay ke dnlynthigcpat tennsingfint he
textured surface; - Figure 2 shows an exanple of a surface textured by a

network of Hltedol ogiF] qerraastons thciexfurbd sidacaredisyrasrenbeerott diated when

t he maxi num (? contact pressure is r@gt constant at 2.4, GPa - Fi gure 4
shows Phr eel™ #JHEPRAO @frPEYCAIoN ﬁ’@f ICEHPYD GeEEE é?Xtanzmgczl‘é‘i’ék*tV@ﬁi zing on
the friction_ |eve can t he treatnent
bel ow 20 %‘@*Paa@%v Ft Bl Bahsr0p B bReSTr Bt 1t D pelpalGedur ace
50 Mmin 1,8 m tribofinished X85WCr MoV6-5-4-2 steel. These
parts have g@r{ %‘gad%ggdtlts% a 2 put thick DLC deposit, in which holes
(circular mcrocavities) have been prepared by fentosecond | aser pul ses.

The surfaces . o _
The invention is discussed in greater detail below in conjunction with

10 the figures appended hereto m which:
- Figure 1 is a graph showing the gain provided by the patterns of the
textured surface;
- Figure 2 shows an example of a surface textured by a network of holes;
- Figure 3 shows the friction measurements obtained when the maximum
15 contact pressure is kept constant at 2.4 GPa;
- Figure 4 shows three f{riction curves showing the influence of a

microtexturizing on the friction level.

Reference can be made to example No. 1 of the treatment below:

20
The parts treated are rollers with a spherical bearing surface 50 mm in
diameter, made from tribofinished X8SWCrMoV6-5-4-2 steel. These parts
have been coated with a 2 um thick DLC deposit, in which holes (circular
microcavities) have been prepared by femtosecond laser pulses. The surfaces
25 are textured by a network of holes 79 um in diameter and 400 nm deep, with

a spacing of 125 pm, as shown in Figure 2. The network consists of a
succession of rows of 7 and 8 offset holes, on a 1 mm wide strip placed at the

centre of the roller friction track.



25 are textured by a network of holes 79 min dianmeter and 400 run deep,
with a spacing of 125 m as shown in Fihgure 2. The network consists of a
succession of rows of 7 and 8 offset holes, on a | mmwde strip placed at
the centre of the roller friction track. 7 These rollers are used for
friction tests on a "Amster” machine (reference tribological test for a
person skilled in the art), under high contact pressures (I to 3.2 GPa
maxi mum cont act pressure), sliding speeds from0.2 5 to 2 nls, and | ow

| ubricant entrai nment speeds in the contact (10% of the sliding speed).

Each textured parhefasol&eNalkeat&r 1BPAPRILR RVtUBROAT edpangd M%I%E‘” ed
roller, in order to observe the influence of the texturizing on the

friction cogkfireh@ntribiohodicdirteaaoed geeginnikilld W ticeng), nedeod high @mthdio
exam ne the service behaviour of the coatings on the different contact
pressures. Wesguiesnl] ¢ 3chat’ednakintunbicCnizgt prissuregxdbiag spexslsdren G.2st ed
opp05|te an upcoated . and nIextured roll er, {o serve as a reference, and
accurately ¥ dB? SnEndHaw Bf KaRT BRUFIRMENERPERC E’z’innglct %@‘tté‘d JR% Ké Bent act

per for mance

dDb
Pt ot ot o y1ifife SbFED. FRefl ¥t LR ZBeh BN AL REEY 4T Bsonted aud,
decreasing %1“@)_% Lb i ng Sﬂ?ﬁﬁiu Ro Yidefvel@e 1}?{13@1&&'[&9’(11%' tlﬁ}.ifu'x 1Mo 8l HENst ant

applied | oa e performance on tests on coated snooth surfaces; already

| eadi ng t ofri:ti@gai dveifficicheid fubeichRa 1egrhd ( LIWAD oMglk: HEgamd {oextahgnsane
surfaces but 20 wi thout DLC deposit, the surfaces coated with DLC with

thi s patt erthewedere dbebonbactof nhewaneg:obnZEhGRhfﬁLw"Eakmmca [gegpuirds. cant gain
inthe friction coefficient. The graph in Figure 1 appended hereto shows
t he vaPi at i ®her O3B V@Q} RLC but not textured was also tested opposite an uncoated

and untextured roller, to serve as a reference, and accurately pinpoint the

effect of the texturizing tested on the contact performance.

In order to quantity the gain obtained by the microtexturizing, friction
15 tests were performed by progressively decreasing the shiding speed in order to

break the o1l film, at constant applied load.

The performance on tests on coated smooth surfaces, already leading

to a gain in the friction coefficient with regard to the same surfaces but

20 without DL.C deposit, the surfaces coated with DL.C with this pattern under a
contact pressurc of 2 GPa revealed a significant gain in the friction

coefficient.

The graph in Figure 1 appended hereto shows the variation in the gain

25 obtained by this particular pattern on the {riction coefficient (in comparison
with the same test but without texturizing) as a function of the sliding speed

of the opposing parts in an o1l bath. It may be observed that under this contact

pressure of 2 GPa, the friction coefficient can be reduced by 30% by this



25 obtained by this particular pattern on the friction coefficient (in
conparison wth the sane test but w thgut texturizing) as a function of
the sliding speed of the opposing parts in an oil bath. It may be observed
that under this contact pressure of 2 GPa, the friction coefficient can be
reduced by 30% by this 8 pattern conpared with a coated but untextured
surface. Incidentally, the preparation of an untextured DLC deposit

al ready ser Lo the frictjon coefficient by 15% compared to a
ol  onod unbraaleet BPUER b acklfed MR RRE LR PLaRE mACERIRRGDe: he
appl i cati onpehagBXbur & (HERGSH dL@%pbenaalf&ﬁgcgér% WH ROWEE the
consunption by friction of 30 Wand also serves to reduce the overheating

of the surfagafmadittichhey 054 codipabd ienpalicies] tunecaded abel suifacef the
conponent. 10 Exanple of treatnment No. 2: By strictly follow ng the sane
procedure as for the treatnment exanple 1, whether for the coating and the
texturizing of the test roller _friction track, .as for the perfornance of
the tests on t helDAYHF dpreqie niHdizusation, siBg otplisatipesolof Eriwed gieposdt s was

conducted af _various contact pressures. Figure.3 shows . t.hg, friction
nmeasur ement fsca%:ﬁ)tt%iané _,U(“\iixiﬂgnmt ﬁ%‘_’*’%ﬁ%ﬂﬂm&%ﬁ@cfl'%‘P&Wﬁﬁ@ |€Vs a!?gp?ls‘&onst ant
at 2.4 GPa, ;apg fiﬁrreghéé Effl@rkﬁverhémﬁ’i edrshl &%c%?%ﬁ%s of 2BePoll! Walich Ol | er
with a spherical bearing surface was coated wth ., then textured by

fol I owi ng theanetndekiueibitiy 6tharcomponegavi ties as described in treatnent
exanple No. 1. The depth of the microcavities was increased to 5 m this
val ue bei ng an exanple representing what is commonly used by a

10 Example of treatment No. 2:

By strictly following the same procedure as for the treatment
cxample 1, whether for the coating and the texturizing of the test roller
friction track, as for the performance of the tests on the Amsler machine, a

15 second series of friction tests was conducted at various contact pressures.

Figure 3 shows the friction measurements obtamed, when the
maximum contact pressure is kept constant at 2.4 GPa, and for different

imposed sliding speeds.

20
A first roller with a spherical bearing surface was coated with DLC,
then textured by following the network of circular microcavities as described
in treatment example No. 1. The depth of the microcavities was increased to
5 pum, this value being an example representing what is commonly used by a
25 person skilled in the art. After starting the test with the application of the

normal imposed contact force, the destruction of the opposing surfaces by

delamination of the DLC deposit and seizure of the surfaces occurred after



25 person skilled in the art. After starting the test with the application
of the normal inposed contact force, the destruction of the opposing
surfaces by delam nation of the DLC deposit and seizure of the surfaces
occured after 9 only 25 seconds. The surface texturizing as normally
carried out is therefore inappropriate for this el astohydrodynamc
contact. The other three tests performed subsequently at this contact

pressure Iml%SfS &%(): n?{]e”iﬁ{]gﬁl}%deqc u91 16'\%%? n%l-t?}?zﬁ !ézﬂleanou(fli'i\/h bt’ a' ned

thus clearly nension
particul ar Qlfdg Hﬁnfé@‘cpid?t Bfroliﬂi‘%o(!ﬂjhﬁnhﬂ(%%wdbﬁs for values set

advant ageousl nm an even “nore advantageously at 450 nm serve to

obtain a signi fncammmdum @Btsi peridigedf Jubstquantigenehat eshtadt progsugent act .
10 The purpose was to di nmension the depth of the mcrocavities as a
functi on of ol hd ORackaebswofintfhgursi 3. The dmbenweeryes hbtooed dots danflaces,

cal cul ated hy caonventional. anal ytical, formulas of the theory of
el ast ofydr otimafhat th trwmieﬂmtm OfrHesd Iawswwsa vaRtdabustythsedamtien 0. 1

To nexpeat bt OF e S BEERRL (Ol S B ha ek DT AL BT AP Savi 1)

depth set aﬁm":ﬁ@d\%‘r%‘% )}i% dttq §3ﬁ§ﬁ es’é?x‘?'ﬁ%ﬁt}{u{ £d ‘ﬁ?n ahl?u?rﬂf‘ch% ﬁtﬁé' pat ed

by friction, rangin to 35% conpared e sanme surface w thout

m cr ot ext urfiyzitiog. gea@ldThed1QQgp@ﬁ@Lg ve tests bet vveen the roller with a
surface coated with untextured DLC, and the roller with a surface coated

with DLC having the
10 The purpose was to dimension the depth of the microcavities as a
function of the thickness of the oil film between the contact surfaces,
calculated by conventional analytical formulas of the theory of
elastohydrodynamic lubrication. This depth is advantageously between 0.1
and 10 times the thickness of the lubricant film calculated theoretically.
15
Unexpectedly, Figure 3 thus clearly shows that the choice of the cavity
depth set at 450 nm serves to systematically reduce the energy dissipated by
friction, ranging from 15% to 35%, compared to the same surface without
microtexturizing.
20
The comparative tests between the roller with a surface coated with
untextured DLC, and the roller with a surface coated with DLC having the
450 nm depth texturizing, were then continued, by setting the maximum
contact pressure at higher values, that is 2.6 GPa, 2.8 GPa, 3 GPa, and 3.2

25 GPa.

During the first test at pressure kept constant at 2.6 GPa, the coated

and untextured surface of the reference roller i1s destroyed imunediately by



450 urn depth texturizing, were then continued, by setting the maxi num
contact pressure at higher val ues, thatiés 2.6 GPa, 2.8 GPa, 3 GPa, and 3.2
25 GPa. During the first test at pressuré kept constant at 2.6 GPa, the
coated and untextured surface of the reference roller is destroyed

imedi ately by 10 delam nation of the DLC deposit foll owed by seizure of
the opposing surfaces. The value of 2.6 GPa, is thus retained as the

maxi mum cont,act . pressuyr g | idm hat ..c be withstood by the reference
surtace wi ¢ Mot nfigt ot Bind L Rt on Rl M F sbRafing
strictly the,sam® qepdlhi,ong MBSGpgo {h%rsel%t&YMlé(h%'Sltthqu%rmW ddhejde coated
surface and having the 450 run depth texturizing. 10 Simlarly, this test
was then repgat@d tiitieahtd mas bsi wahtlbs beliher refemxlur adfi@ avidepih of 450
nm and by turther increasing the contact pressure kept constant at 2.8
GPa for thetdxtyrstingi me, 3.0 GPa the second tinme, and 3.2 GPa the third
time. 15 Unexpectedly, the friction surface of this roller having the nost
advant &geous texturizing was not damaged at the end of this series of

tests, and one gan therefore co cllg%de t hat 1 he oli)t)i‘r,ri sed texturizing
according Lo ouf TAVERGTEN Belboerigghdl sty e RuRecaiine X8h Try of
f t i.b t . Lt hat, i i 20
5 20 A e AN DESROLORh 6 SIS o0 R gy 20
depth texturizing.

10 Similarly, this test was then repeated three times using this roller
textured to a depth of 450 nm, and by further increasing the contact pressure
kept constant at 2.8 GPa for the first time, 3.0 GPa the second time, and 3.2

GPa the third time.

15 Unexpectedly, the friction surface of this roller having the most
advantageous texturizing was not damaged at the end of this series of tests,
and one can therefore conclude that the optimised texturizing according to
our invention serves to considerably increase the ability of a surface to

withstand the contact pressure that is applied to it.

20
Surprisingly, in addition to reducing the energy dissipated by friction,
the invention thereby serves to confer on the surface better load resistance,
and thereby substantially increases its service life.
25 Example of treatment No. 3:

The parts treated are rectangular and flat plates measuring 30 mm x 18

mm, and 8 mm thick, made from XE85WCrMoV6-5-4-2 steel. These parts



the invention thereby serves to confer on the surface better |oad

resi stance, and thereby substantially increases its service life. 25
Exanpl e of treatnment No. 3. The parts treated are rectangular and fl at

pl ates neasuring 30 mmx 18 nmm and 8 nun thick, rmade from

X85WCr MbV6-5-4-2 steel. These parts 11 were coated wwth a 2 pmthick DLC
deposit, in which holes (circular mcrocavities) were produced by

fenmt osecond | aser pul ses. .The surface re.textured by, a petwork of hol es
76 o amsrercoafi W apdchi AR DL fpobE Ll PR Rt Rl rhe
net wor k CP”ﬁii&%@é’viﬂ-s)awéllégf{%&&%e% enf BV offl 1295@@3)‘?1?56?. TRl 88fackQVRiENg the
entire friction surface. Two platés were textured according to this

descri pti ongexaned Wytdndrvoroed%ibldse® 1208 diamerepwith hespatigrof W hm,

m crocavities 600 run deep. Athird reference plate was coated with the
sane DLC deposiawsir Figuty?. Bt netmsrkovnsieed of educTdseionndl] ioasod afset he t wo
surface texturizings carried qut on the caontact performance can thus be 10
i sol at &d f obolgpmsaredes Wict Kot EWHOBd SWHACS ndBth Iﬁﬂté?ﬁe}’*’e’l"he@é*%f?%t es were
then used for friction tests on a_ "cylinder/pl.aneimachine. This, device
serves to coesiptld Wi filador v PREBHEPHEVEET A8 I FubFhg an
external frjeti trac i __5d'ﬁ!]l’}§‘:_,_,_ n : Wi de ; a plate
as defined ?%‘ltlﬁgl%%@?é?@gd%r%gc 3&1{.1 LZ 1’((::9?‘7 ﬁgig? %Vgpgfcgt\\é@hgggut its
own axis. TagPIAlE® deposieGHi@E, Ot avdsi Bot PRKIrBE The Undesige & Ay twent al
back-and-forth novenment, in the direction of the major dinension. The

cont act | i neréseatexiighedzdbetmweeh othemodliercostact geeforofantbhecanytliuvsdbe and t he
surface of the plate thus makes round trips on the 20 treated pl ane
surfade. A isnlatatetor sonparipaeridethpsoated aagpinyecdh $ladadard | oad to

These plates were then used for friction tests on a
“cylinder/plane”machine. This device serves to contact a cylinder made from
X85SWCrMoV6-5-4-2 steel having an external friction track 35 mm in

15 diameter, and 8 mm wide, with a plate as defined in the preceding paragraph.
The cylinder is rotated about its own axis. The plate s secured on a rig
making it undergo a horizontal back-and-forth movement, m the direction of
the major dimension. The contact line established between the outer surface
of the cylinder and the surface of the plate thus makes round trips on the

20 treated plane surface. A pneumatic cylinder serves to apply a standard load to
the rig supporting the plate, and thereby generate a high contact pressure
between the plate and the cylinder in movement. The two solids in contact
are enclosed in a tank filled with 10W40 engine o1l, heated and temperature-

controlled.

T~
th

The tests described were performed successively for different constant
forces applied to the contact, that is 40 daN, 80 daN, 120 daN, then 160 daN,

by lowering the speed of rotation of the cylinder in successive increments



the rig supporting the plate, and thereby generate a high contact pressure
between the plate and the cylinder in npyement. The two solids in contact
are enclosed in atank filled with 10W0 engine oil, heated and
tenperature- controlled. 25 The tests described were perforned successively
for different constant forces applied to the contact, that is 40 daN, 80
daN, 120 daN, then 160 daN, by |lowering the speed of rotation of the

i nder i ] 12 f 1000
i ding spolf SERTAVR b FOCTPRRIdEn < SATRE e BUOESlY SAGECG° ©
| overing thug,SenYes g“f?s)r FANCS LE@%\X&'H é‘ﬂﬁé%cﬂks tb E‘dd%!e' hd UL@ML%EW?E” the

opposi ng surfaces, to pro te the tTansition between

el astohydromsenamﬁﬂni et eat Hanopeding saffdcéhamndl kegrdmgicne Bakdfion he
standard | oad tested and kept constant at 160 daN generating a maxi nmum

cont act pr ebstiaveen dlic FaSiohPdodyndreid lubdthiorn measaredent sixabtegimed are
plotted in Figure 4 10 Unexpectedly, in comparison with the three friction
curves?in Figure 4, is observed that the optimsed texturi zi ng

SSEALCREC e e M e
coef ficienty FaSadRIUGibon 9L lie Ano0EY sl SShPaERd Il ElsGlifayg eaches

up to 30% here r| cation condi t| e Nnost severe.
The appl i cagptgimealard hg)t@urlﬁ@@%qnf@axt urizing according to the invention

presented here serves to shift the transition between el astohydrodynam c
10 Unexpectedly, in comparison with the three friction curves in Figure
4, 1t is observed that the optimised texturizing according to our invention, and
advantageously having a depth “d” of 600 nm, serves here to systematically
reduce the measured friction coefficient. This reduction of the energy
dissipated by friction reaches up to 30% here, when the lubrication conditions

15 are the most severe.

The application of the surface texturizing according to the invention
presented here serves to shift the transition between elastohydrodynamic

regime and mixed regime towards more severe operating conditions,

20
This decrease 1n friction 1s again obtained by adjusting the dimensions,
and in particular, the depth of the microcavities “d”, which must
advantageously be between 0.1 and 10 times the thickness of the lubricant
film.
25

The advantages of the invention illustrated by these three examples
clearly appear from the description, and in particular, it is emphasized and

recalled that it:



regime and m xed reginme towards nore severe operating conditions. 20 This
decrease in friction is again obtained Y adj usting the dinensions, and in
particular, the depth of the mcrocavities "d", which nust advantageously
be between 0.1 and 10 tinmes the thickness of the lubricant film 25 The
advantages of the invention illustrated by these three exanples clearly
appear fromthe description, and in particular, it is enphasized and
recalled that it: 13 significantly reduces the friction coefficient in
clearly defined operating conditions by favouring the transition to

el ast ohydr Odyﬂﬁg}lgvfdguggirg deQMne FROH SR coriicid Gh R84SR, hbn J?Péf;él’dﬂh%ﬁ”? act

pressure perms e treated surface, before-its destructi

limts the danggeiitiond be feQREE tthEYrreﬁl@ﬁfd:ﬂ@ﬂ@l@&toﬁ%fdlbﬂ?nzilhﬁkﬁﬁ)ri@@iiwﬂen t wo
periods of the pattern prepared, and by renoval of the worn particles in
the cavities; f@imejncreases the durability of the nechanical parts, by
limting their wear. The invention finds a particul arly advant ageous

appl i cati on- i nnCE@tedbe oNaRIMENaCPIBel PaeSSBYY iDETBISAEYO NP rtBeyWedEe regi ne
of heavily Ioad__,duf%i\fct.i on s r.t‘%. qunt act pressures above 0.2 MPa, above
0.5 MPa, 15 abBU&FE: 8°'MFa)s gﬁj‘r“[‘“ilé’ lFarly in the autonobile field and nore

particularly TohiRROMGIAE ENBLMEpEOMRRNEM el dheRAT b ClliRss RfrwkOTker s
such as |evers or

two periods of the pattern prepared, and by removal of the worn particles

in the cavities;

10 - increases the durability of the mechanical parts, by limiting their wear.

The invention finds a particularly advantageous application in
connection with a lubrication in eclastohydrodynamic regime of heavily
loaded friction parts (contact pressures above 0.2 MPa, above 0.5 MPa,

15 above (.8 MPa), particularly in the automobile field and more particularly for
producing engine components, in particular of rockers such as levers or

tappets in the field of leisure or racing vehicles.

The invention also finds an advantageous application in connection
20 with the lubrication in elastohydrodynamic regime of heavily loaded friction
parts of power transmissions, particularly for the treatment of gear teeth, used

n particular in gearboxes for leisure or racing vehicles.

25



tappets in the field of |leisure or racing vehicles. The invention al so
finds an advant ageous application in conpection 20 with the lubrication in
el ast ohydrodynam ¢ regi ne of heavily |l oaded friction parts of power

transm ssions, particularly for the treatnent of gear teeth, used in
particular in gearboxes for leisure or racing vehicles. 25 14 CLAIM 1.
Friction part in a lubricated nedi umworking at contact pressures above
200 MPa and whereof the surface is textur d subjected, before or 5
after texturizing, to a case hardenin’It@Ea nt for a tribol ogical
function, characterized in that the said surface is subjected to operations

for producing a_ periodic network of mcraonmetric cavities having predefined
shapes and sizek Bielherdop & Hbrpatsdoprersmy pupkat foCoMaChWPIRsRUISS t he
contact surf,ace J| der. 1o praonpte the passage,to, el.astohydrodynam c
bt cat  orisgi b MIG 5l BeRORTRE Syl RaTeRlRef SulE R BFRSART  hat
the m eromefl,G. viLles, Si S Les.andl or,. -3 Part
accord?ng t%ﬁéeiﬁg ﬁ@?%3#§’§3?% qﬁg(ﬁ@i}%?&%ﬁg?@g}g {eglnzlg{)}%%&? Hgfmtoﬁé 15 maj or
| ength of téers@viitddeim fhat BRtWEERBa@nd saBRctdl todopdPRidnsaee Phddigng o C ai m
3, characterized in that the depth of the <cavity is |ower than or equal to
10 pm 20 5a peapticaceoratkngl hoc@nadtne 4cavatnsr hetiepi pedefined Bhtpdshendlept h of
the cavities is |ower than or equal to 3 pin. 6. Part according to Caim
4, char act efizgseand whereal thapergadisnadaptadnie the width of the contact surface in

order to promote the passage to elastohydrodynamic lubrication regime,
10
2. Part according to Clamm 1, characterized in that the micrometric

cavities consist of holes and/or grooves.

3. Part according to either of Claims 1 and 2, characterized in that the

15 major length of the cavities is between 5 and 500 pm.

4. Part according to Claim 3, characterized in that the depth of the

cavity is lower than or equal to 10 pm.

20 5. Part according to Claim 4, characterized in that the depth of the

cavities is lower than or equal to 3 um.

6. Part according to Claim 4, characterized in that the depth of the
cavities 1s lower than or equal to I pm.
25
7. Part according to Claim 1, characterized in that the periodic network

of the cavities is obtained by a femtosecond laser pulse machining method.



cavities is lower than or equal to 1 m 25 7. Part according to Caim1,
characterized in that the periodic netwlﬁ k of the cavities is obtained by
a femosecond | aser pul se machining nethod. 15 8. Part according to Claim
1, characterized in that the periodic network of the cavities is obtained
by m cromachining. 9. Part according to Claim1l, characterized in that the
periodic network 5 of the cavities is obtained by plastic defornmation of

per i odi ¢ netvor & B 058 g RehP L Rb B Rt DY EREReoAF gl Cuc Rl

el ectroer oshpmhe hQitkk-is Pg{atn@%pﬁl%ggmmmgcal m 1 characterized in that the
periodic network of the caviti'es i s obtained by an i on beam machi ni ng

met hod. 12. Part according to Claim1, characterized in that the case
hardening treatnment is obtained by the deposition of a thin |ayer of

amor phous 15 ca? bt ¢@@)ing 16 ClEar 1, docortdiing! nahd dicnerictic 1@work
characterized in that .the perlod of . the caV|t|$s is lLess than half of the
cont ac® wi d? “Cézﬁéiﬂt%és akiBtNediy plagiast agasut o ButieEsed. 1 and 10 tinmes
the thickness of a lubricant film 20 between the contact surfaces. 14. Use
of parts according to any one of Clains 1 to 13 in the autonobile field

and particul arly){ Opaﬁnﬁ,&ﬁﬁngnﬁ gﬁgﬂh bloxa%tagtéukgﬁ tysﬁlaiictﬁerﬁ]élpghéo daim

14 for carrying out treatnments on roc conmponent s particul y of the
| ever type itwbalppethet diREcsli® obtained by chemxca attack or electroerosion.

10 P, Part according to Claim 1, characterized in that the periodic

network of the cavities is obtained by an ion beam machining method.

12. Part according to Claim 1, characterized in that the case hardening
treatment is obtained by the deposition of a thin layer of amorphous

15 carbon (DLC).

13. Part according to Claims | to 12, characterized in that the period of
the cavities is less than half of the contact width, and the depth is
advantageously between 0.1 and 10 times the thickness of a lubricant film

20 between the contact surfaces.

14. Use of parts according to any one of Claims | to 13 in the

automobile field and particularly for engines and gear boxes.

25 15. Use according to Claim 14 for carrying out treatments on rocker

components particularly of the lever type or tappet type.



16. Use according to Claim114 for carrying out treatnment on power

transm ssi on conponents, particularly o the gear teeth type. 17. Use
according to Clainms 1 to 16, on parts su%j ected during all or 5 part of
their operation to maxi mnum contact pressures above 0.5 GPa, by

advant ageously using mcrocavities having a depth less than 1 m 18. Use
according to Clains 1 to 16, on pails subjected during all or part of

their operation {g g@@udﬁ&%ﬁ{ﬁnk Qﬁlaiﬁ{ NN dlg}??%%fjp'ﬂ%aﬁ&t @ﬁ’ I%ogzv%@ Use

advant ageously usi'ng m croca I €S havi ng ess
accordi ng tﬁ&z@zﬁis%xﬂcobﬁxﬂi&ns %falﬁ%flfa'll@fQ)fttH@g:@&lCl(,@l@lqybéy depth between 0.1

and 10 tinmes the thickness of | ubri cant | m between the contact
surfaces. 15 20 25
17. Use according to Claims 1 to 16, on parts subjected during all or
5 part of their operation to maximum contact pressures above 0.5 GPa, by

advantageously using microcavities having a depth less than 1 pm.

18. Use according to Claims | to 16, on parts subjected during all or
part of their operation to maximum contact pressures above 0.8 GPa, by

10 advantageously using microcavities having a depth less than 1 pm.
19. Use according to Claims 1 to 18, by setting the microcavity depth
between 0.1 and 10 times the thickness of the lubricant film between the

contact surfaces.

15

20

25



