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i nventi on rélates to greased nechanical 5 conporfent s. RERAGED §
specifically, the invention relates to gr eased™=fechanicar —conponent s
whi ch provide, by sliding friction, a translational or rotat|9n I 2
gui di ng functi on, i n continuous or reciprocating notion, ?g Co ’iﬂ
desi gned to effectively neet the concerns of many |ndustr|al 10
sectors with regard to sinplifying the lubrication and reduci ng the

frequency of mal §§§§¥§%B§§Q%§§D SLID%&%aE%IDEBEIﬁﬁﬁ@gRgeﬁAGEﬁGaﬂehgﬁomn in

whi ch, by g neans, possT bt e to nake
two mechani cal panggEEﬂzgﬁﬁﬂmuﬂF é&@WTGDNéANﬁpﬁﬂngﬁﬂﬁavEB LIFBEIMEr e

subj ected to very high | oading stresses, with a very | ow coeffici ent
of friction: exanples of such are given in the artlcle "Theory, and

i ndustri al practl ce Bte present cinvgntinn FElaWBER FRIKCS DFPRRP TS p,

1964, 5 ﬁﬁoﬁéntgo More spERi%18a999, Qhe 2 eihehenh edes to
conpl et ed by its Certif |caF

e of Additi 921, 7 17 January
1963, des%??%%%daﬁE€HBBHFﬁ%nquPQQ9ﬂ§S IbepFﬂV%% g@b %ﬁ 103
sel f-aligning peast Ngs, f@rtha@mé@ﬁ@isal or rotatlorsjmrgwmlir@sfummon,
techni cal effectiveness of recogni zed, have desf
a mjor drawbdck®n lnu8§§oéﬁ t%ﬁFﬁREQFﬁqﬁ§%xwﬁﬁ%X|ty o AEi r é%&gca
construction, whi céffeeatdsvély hingreti mphenerbateonscosts many |ImquEM1¢ﬂe
wth the curre i nt 13 i S S, 5 u on
30 1§ CheQ% ?%%% aﬁqﬁ':?ﬁg%ggﬁﬁglnve fﬁ?ﬁ%ﬁ f&ﬁe?ﬁ%ﬁlﬁgk ot eE%]éd({)wde
a gui di ng deV|E@d¢©ln@e@h@nﬁ@ﬁﬁkﬁﬁﬁbéﬁ%ﬂWﬁm§ﬁnance makes it possible to

di spense with the usg A SaH}idMed deSYSEEMare known irfAN@hRen,objgect

of the invention is to propose_such 35 a device which is effective and
i nexpensi ve i 'ViReueijefgsuitable sealing means, 1t 1s possi le to make

two mechanical parts rub against each other, even when

15 they are subjected to very high loading stresses, with a
very low coefficient of friction: examples of such are
given in the article "Theory and industrial practice of
friction" by JJ. CAUBET, Editor Dunod Technip, 1964,
Chapter 13.

20 FR 910,999 of 2 October 1962, completed by its

. Certificate of Addition FR 921,708 of 17 January 1963,
describes an embodiment of such a device in the case of
self-aligning bearings for high loads.

Such devices, the technical effectiveness of which

25 is recognized, do  have, however, a major drawback
associated with the complexity of their practical
construction, which 1leads to high implementation costs
incompatible with the current requirements of most
industrial sectors in question.

30 One object of the present invention is therefore to
provide a guiding device for mechanical members which
makes it possible to dispense with the use of a sealing
system.

Another object of the invention is to propose such

35 a device which is effective and inexpensive in the field
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2 _\ -in question. Further objects and advantages of the

i nvention w || appear on reading the description bel ow The
invention proposes a guiding device for 5 mechani cal nenbers which
consists of two parts intended to interact by sliding friction, one of
the two parts, called the snooth part, having a snooth, functional,

t hat is to say friction, surface and the other part, called t he
pi erced part, having at |east one functional, that is 10 to say
friction, surface, which includes energent cavities intended to
accomodat e a grease of Ahe | ubri cati ng-paste type and especially an
EP grease g?e RS pressure grease) conpri sing a soap-type

constituent, an oil-Fyperconsbijecest and adwxirages ©5 theesdurention
additive, erjze i ot | e between said
: su?‘?@fi %ﬂfﬁ Qrdérgrrroéo&ﬁng i d%%@&@f)‘i:lon be88¢.

functi onal ace sal and sai d gmease neasured at a
tenperature called tTee anﬁﬁéSGﬁen@ﬁpppéﬁﬁerzﬁur%m ¢h F§VisSpeer rjor

S[err] C bgl ow phenanical enpabatyr @ndthWidititdtes ansetwel psepar atnshded ween
said 20 soap-type constituent and _said, oil-type constltuent

occurs and/ or EPeiBREERCET RavapbiAttdnistcsiry: oiolnet the  twen H3%ient
occurs, is bet&\@BDeaOtlaé\dsrﬂ&oﬂlegpgﬂs angvimg a smddidt, tifmara:tcma]a,l datsai d

pi e d t h t.,.th
Teasured at | Lai A523eY nERLEriRn SPEAReF alie, et QERRL S EAd T uncr) S

Zurface ot hé hei preed epapay thanthgad pausons berseeamals diwt7sis
egrees. he ! gr den a r RS
gr ease, |s wel? ki &n Exe #lglse sk|$ﬁ?§§a‘f% thghg?g qn%)ﬁld%@e %(pressrl%on

"ext r eme- pr essua‘enxgl@%\se'insmded bé&ounderestnfiate  at odfeafca Gleas’e

capabl e of wi thsfanding,a high ! o aWi LBpUtiadapegen Branpas.ef
such greases are ?glﬂthi(%lnrﬁ'lpél gg%%segnof thg Slil%— Elg1 Clasgp'ijNLGl 2

type, or those(@Ftreme‘PW%SLHLQJBERQIEE‘RH@LEXC@E‘P’:&GQH?\ILG 2t yPREPOTYRY se
lithium 35  grsasestuand, sald d diubrdygant socaktibaekt UBERI COaT RAGKt fdme -

15 pressure additive, characterized in that the contact
angle between said functional surface of said smooth part
and said grease, measured at a temperature called the
measurement temperature, which is 15° * 5°C below the
temperature at which the onset of separation between said

20 soap-type constituent and said oil-type constituent
occurs and/or the onset of evaporation of said oil-type
constituent occurs, is between 20 and 40 degrees and in
that the material of said pierced part is chosen in such
a way that the contact angle, measured at said

25 measurement temperature, between said functional surface
of the pierced part and said grease is between 45 and 75
degrees.

The term "EP grease", denoting an extreme-pressure
grease, 1is well known to those skilled in the art. The

30 expression "extreme-pressure grease" should be understood
to mean a grease capable of withstanding a high load
without damage. Examples of such greases are lithium
greases of the SNR-LUB EP Class NLGI 2 type, or those of
the KLUBER CENTOPLEX GLP 402 NLGI 2 type, or else lithium

35 greases and solid lubricants of the KLUBER COSTRAC GL



3 r' 1501 MG NLA 2 type. It should be noted that both the

snmoot h part and the pierced part nay each have a non-functional
surface,’ but this is not obligatory. 5 The two parts - the
snoot h part and the pierced part - are intended to interact by sliding
friction, translationally or rotatipnally, in continuous or

reci procating notion. The shape of each of the two parts nay be
pl ane, 10 cylindrical or spherical. Al though it is conmonly
enpl oyed by those skilled in the art, the concept of the contact angle

of a drop of i.quid . or_viscous product placed on a solid surface is
not the subject® ¥ 6}@(% éﬁ%‘%ﬁf& 7a8%n, nor even of a 15 conpletely

st andardi zed nethodt ofhoukdsbeenerited thast both tYhar t$nedt| pawhermsai d
product is a qgﬁfsgierced art mggeeﬁ§ﬁer%q%n%mndﬁl &déﬁEﬁéﬁ“&ﬂfﬂM@éﬁ‘the
cont act angl e“1's meastifed aré therefore gl ven bel ow.

Measur ement ofbuthet kot s tnagngld isedordi-ng to the 20  invention:

Firstly, %he surfacerf the sRldcd bodyren Wb&th i bart and StHesigiRGde
perform the nmeasurenent is cleaned. and then a straight bead of grease
i s deposited tPRFfleorm. arfexintended tRe HAFErIEE héat e8lLALRY thetctiom
tenperature oftidssfaCH 1130 ogoNtastatidibiig bead of cgnemseoneaches a
val ue of 20 + , ggrrr}(ﬂc reater than the limt use tenperature of the
gr ease. FRCIRT et Tt B this tenperature for the tinme needed

for the grease to benanessapéi eifertdan |ofutlet awst grarttso may besprleate out

over the, surfag approxi nat el y 90 conds). 30 Heating of the part is
then sto ?S)ed a?PZl£rt1£iP:Lsc Xief?r £ e eic'ool . This has the effect of freezing
the shape of the  Althhugh ahtd akl cwsmesdsuremeimyest bys tdoscactkidngid at

J Oomt h ttenﬂ?r@’ié'rgrt, the concepiid@blie M RHA Srdfle for B Mrdheos
SNDO ar .
P a liquid or viscous product placed on a solid surface 1is

not the subject of standardization, nor even of a

15 completely standardized' method of wmeasurement, most
particularly when said product is a grease.

The experimental conditions under which the contact
angle is measured are therefore given below.

Measurement of the contact angle according to the

20 invention:
Firstly, the surface of the solid body on which it
is desired to perform the measurement is cleaned and then
a straight bead of grease is deposited thereon. Next,
the part is heated until the temperature of its face in
25 contact with the bead of grease reaches a value of 20
5°C greater than the limit use temperature of the grease.
It is maintained at this temperature for the time needed
for the grease to become sufficiently liquid to start to
spread out over the surface (approximately 90 seconds).
30 Heating of the part is then stopped and it is left to
cool. This has the effect of freezing the shape of the
drop and allows measurement of its contact angle at room
temperature.
Suitable materials for forming the smooth part

35 according to the invention are especially chosen from



35 _according to the invention are especially chosen from

4. anong steels, for exanpl e case-hardened, quench-hardened and
ground steels, ground HF quench-hardened steels, steels that are

har dened and then coated with hard chromum nitrided steels and
carbonitrided steels, 5 chrom um and nlckel as well as from anong

ceram c-coat ed st eel s. 1t4is necessary each tine to
nmeasure the contact angl e between the grease and the material that is
to form the snmooth part, which angle nust be between 20 and 40 10
degrees, in order to determ ne whether this material_is really
appropriate ac¥BPHg n§te6lehe fioAvanampde case-hardenpge mHIGHIDBIISGHITH

the pierced paghgi ng@tﬂ% WBéteels, bgraubul kHﬂat@uéﬁd:h haﬂ_dléﬁed\/l ldedisiugl |y

be chosen from non p mat.eri als

materials. 15 © ‘F—%ﬁ%ve? %r ac'%ng'tarﬁi@n gcl gadd Fﬁﬁ? o?‘?l% ‘%od?”etsh cSHT be
sui tabl e as IO@@r@mlmmelrnQaﬁiaéa aﬁgéélmﬁtbnﬁhecghﬁﬁﬁﬁtr1de&%ﬂ8ﬁ§akﬁ;the
speC|f|ed conditions tablf%nate |als for nakl%%_theéﬂ:%{ced

par t 5 accor i ARt R ?h%%]tﬁ o"?‘F A% especi Al YV Ehosen 17 om 20°° - Shong
pol yi m des, $tedeksl. pol yi m des, for exanpl e graphite-filled

pol yi m des, epoxy r n f 0 si.ns, S o] {,ns
filled with m)lybde(;\;[lsjﬂm'SL A%géﬁ% %& é%uﬂkbgfégrfﬂ) mé é%eFSP &yfggﬁﬁg
pol yet hyl ene, angle shifsteent e 9¥ﬁasetﬁﬂﬂﬂﬁthWﬂQﬁ¥1alfqhﬁérdéhﬁﬁbﬁgﬂml and

25  especial lyhe smBBEAn par(tper\sﬂl&{oﬁrhé(PéW%ust blé0|B’é9ctuhéér19”§0 and 40
t er epht hal at e, pol yet her sul phone m des

pol yet het®t herR@gHRRS: 10 order” 4% @%F%ﬂ@k?%m%%%%%ﬁ? Eaéﬁ F?ﬁ@rﬁélnéééure

t he contaﬁéappglépﬁmﬁpwiﬁtéf&tqyﬁaa&g apdthbeimatatiah. that |s 30 to
formthe pierced par

g etme
degrees, in order {4?) Eﬁ%ﬁ%;r@;nﬁﬁ%? etﬁﬁgrceg pﬁﬁFeﬁlaWaqe may
really appropsé ake budccoadengjalto Thiwe vull iusveritliyonbe chosen from

among polymer materials and copolymer materials.

15 However, it cannot be excluded that other bodies could be

gsuitable as long as their contact angle with the grease
satisfies the specified conditions.

Suitable materials for making the pierced part

according to the invention are especially chosen from

20 among polyimides, filled polyimides, for example

graphite-filled polyimides, epoxy resins, filled epoxy

resins, such as epoxy resins filled with molybdenum

disulphide Mos,, polyacetal resins, polyethylene,
substituted or unsubstituted fluorocarbons, and
25 especially PFA (perfluoroalkoxy), polyethylene
terephthalate, polyethersulphone, polyamides and

polyetheretherketone.
It is also necessary each time to measure the
contact angle between the grease and the material that is
30 to form the pierced part, which angle must be between 45
and 75 degrees, in order to determine whether this
material is rea:ly appropriate according to the
invention.
The material of which the pierced part is made may

35 also be a substrate covered with a coating. The coating



The material of which the pierced part is made may 35 al so be a substrate
covered with a coating. The coati ng

5 - is usually deposited as a thin film generally having a

t hi ckness of approximately 5 to approximately 50 [err]m In this
case, the substrate is any material, in - bulk formor in the formof a
thin rolled sheet, for 5 exanpl e a plain carbon steel, an alloy steel, a
st ai nl ess steel, an alum niumalloy, a copper alloy, a titanium

al l oy, etc. The thin rolled sheet is advant ageously produced in

accordance with the | i cant tent FR- 93, 520. 10 n the
materi al of whigh“tHa BVeP€8855£F§ i rfad rif £9 ?@ genefaddy, hay Vg%vered
with a coatthfickness of sapproxiaditarityade aus lappaostimetewli 60 ps.

prenitrided and then oV ' \Yi t a
of which the coati ngl?str}rlal% ggg%h\gﬁh%Sasw %I;%\e %rsonﬁn%rrﬁnra\tgggaga oA
neterlals andbUbbpdhymeror in neheer fars, afspecitdiiny f@bh@%nﬁﬁ&eﬁelyﬁ%ﬁdes
filled éxm&ﬁe 9&@@&9&&%@@@%@1% pé)ié’éin d@sstaegmss
resins, f|IIed epo reS|ns such as _epoxy resins fil

mol ybdenum du%teehl dén MBEpBFRIUN FaLPNeetal COPPEEi r%ll% po‘FJy"e%W‘%ne

substituted orgunsybsétsuted quorocarbons and espeC|aIIy PFA
(perfluoroal koxy), fluoroethyl ene or

pol yet hyl ene t e pht Hal 5o ¢! ed She%%lﬁ%t% ?ﬁéakﬁﬁ§a¥xﬁﬁeﬁﬁ%ﬁ% Hhd
pol yet her et her keto6fA®ance with the\Nﬁpiﬂdumunﬁ<Eat&htoFRka@hGEBeSBDerCed
part is de 25 i a substrat t i's
advant ageously a ste 1I“:‘?h%l A& relean su jec Ccehj rbl)(%ébl dicrpaa%to a su%face

har deni ng treatsenta Thiubssuntece drareierd ngwith taeaﬂﬁeﬁﬂlﬁny béta is
t her rochem cal ?¥useg§g5u§ Skﬁgs%eel Ygeggrqggeggghatgqgegxagﬁge then

nitrogen, to di nto the 30 st ee Sai d "thernochem cal treatnent
is preferably cavered whihrg ddpgye®at ment in a nolten bath of alkali netal

The material of which the coating is made is then

15 chosen from among polymer materials and copolymer
materials, especially from among polyimides, filled
polyimides, for example graphite-filled polyimides, epoxy
resins, filled epoxy resins, such as epoxy resins filled

with molybdenum disulphide MoS,, polyacetal resins,

20 polyethylene, substituted or unsubstituted fluorocarbons,
and especially PFA (perfluoroalkoxy), fluorocethylene or
fluoropropylene, polyethylene terephthalate,

polyethersulphone, polyamides and polyetheretherketone.
When the material of which the pierced part is made
25 is a substrate covered with a coating, it is
advantageously a steel that has been subjected beforehand
to a surface hardening treatment. This surface hardening
treatment may be a thermochemical treatment causing a
heterocelement, for example nitrogen, to diffuse into the
30 steel. Said thermochemical treatment is preferably a
nitriding treatment in a molten bath of alkali metal
cyanates and carbonates and furthermore advantageously
containing an amount of at least one sulphur species, for
example according to the Applicant's FR-B-2,708,623.

35 In one particularly advantageous embodiment of the



cyanates and carbonates and furthernore advant ageously contai ni ng an

anmopunt of at | east one sul phur species, for exanpl e according to the
Applicant's FR-B-2,708,623. 35 In one particularly advant ageous
enbodi nent of the 6

invention, the pierced part is made in the formof a thin rolled
sheet, in accordance with the aforenenti on®dd FR-B- 2,693, 520, nmade of
nitrided steel according to the af orenenti oned FR-B-2, 708, 623 and
coated with a polymer. 5 In this case too, it will be necessary to

check that the contact angle of the material of the coating of .
the pierced patBventhoR hetlye casersed Rateer® M ddyshe fogpdiledd FRr der

to determne whgihed LRhiscCoahi BEcbBdance WEEH | Y& PHEOPEHE el BEEDITR B t O
the invention. 1

e v o 10 43 consien ol i Syl L fhcorg D
di stributed ovefopedeht Cahey rheB-entioss e faace cobtelewith appelgedrpart .
Support i nd a | oad Spphi S0P SHE (R°! Lt phits, be AocesdrfPREUIGRACD
advant ageous fohathehar eanoectipeedle of et mateavilli of drhe oadavid ophent
of the.func“o{z‘gé tercil f Of«iEﬂetWeercliﬁé’aé)@fE L g diRiEsens hgwepn 20
approxi mat el y and approxi mat el'y 40% of e total area . of said.
devel opment . degrees imTherdeyi ttcesdae§rainerayhgéhebe ke 6P2FE88 the
sane as each oibhgli1y appropriatd e&RHildfLT IR0 nReYtAeh.be di stributed
nore or 25 less "regularly over the entire urface of ‘;[s’gﬁepl rcec{”1
part. 10 | f AFCERAY i e§Car € noPIREFETEF | € ‘?q%é“ Sg the aach
other  and/orineegcichst riet echvigess, @ormihgss"supportregadat)y awer
:Eg gggggeofsu[agg?ﬁgkglé%%ge%k/%&cef)jrapcatritdal?l(%/ tl%ge e%ti]:grrteeséugfgé@n%% bﬂg\een
pierced part.

It is then advantageous for at least three cavities

15 to contribute to supporting a load applied to the two
parts.

It is then also advantageous for the area occupied
by the cavities on the development of the functional
surface of the ©pierced part to represent between

20 approximately 20 and approximately 40% of the total area
of said development.

The cavities may or may not be more or less the
same as each other.

The cavities may or may not be distributed more or

25 less regularly over the entire surface of the pierced
part.

If the cavities are not more or less the same as
each other and/or are distributed more or less
irregularly over the entire surface of the pierced part,

30 the shortest distance between the edges of two juxtaposed
cavities will advantageously be greater than
approximately 2 mm.

The emergent surface of each cavity usually has an

area of between approximately 3 mm* and approximately

35 40 mm*, advantageously between approximately 10 mm® and



cavities wll advant ageousl y be greater t han appr oxi mat el y
2. mm ‘ The energent surface of each cavity usually has an

area of between approximately 3 mjerr] and approxi nately 35 40 mmerr],
advant ageously between approximately 10 nmmjerr] and

7 approximately 30 mjerr]. According to an

advant ageous arrangenent of the i nvent i on, the cavities energing on

t he functi onal surface of the pierced part do not comunicate with
each 5 ot her on the side containing said functional surface of sai d
pi erced part. The cavities may or nmay not communicate on the

si de contaimﬁc??glf@trﬁ)'w &M enal surface of the pi erced part. | f
the cavities com‘runlpp@&fdm@ heosi ge Q-;(Hiﬁa{:htl’ag’éa@)u% napratfemehtincd f onale
surface of the pierced part, for exanple oSYs tt%e m of . channel a

cover will advENSYedifsly tover CRRRELES 839?"9?%%. byreyediat
context of thesprsentof nykat pmarcmﬁepart docawict icesmane ceébemicd temcds
comuni cat i ng th each her t hat
sai d caviastil es St ST aP8 '%‘Snnec ci’/Illtaalc lr}‘r# ? Pc?dgﬂ 8;?@%9%”%:&6:%?@ ¥
creat ed csaidhepmdai:@alst the renoval of material” The
cavities may, for Xﬁ'i)g) cea}vﬁ:eiecsydﬂ rdrc"’ﬁ{a not communl-g&%esr&f)ttmeoasfﬂdeand
the pierced part ma ane cylindrical or spherical in shape.

The present |mmawnmk@snpn benctipral osupiarh af the FHErCEFeddtly

device in whiche tt!}?esé@@f‘&hé’@réorﬁ@ﬁl%te on M tsi @NGontddiging &f Grh-

part is the bearin sl i deway/ runner device in which the
snooth pedt |sf‘f]fllf\"e‘:12f5“agll sgrliﬁ%%‘e?y Brfde therS5i%madd eXab LG ¢ 19 Fhner
or a bal 4y siskes f dewaseeld, Wi edvdhersIaidvarardgdcisilye deatdr the and
the pierced part js. the socket . Apart from the guiding devices
conmposed of twiPVitie

In the context of the present invention, when
cavities are referred to as communicating with each
15 other, it should be understoocd to mean that said cavities
are "connected via channels (ducts) intentionally created
on the surface by the removal of material™.
The cavities may, for example, be cylindrical.
The smooth part and the pierced part may be plane,
20 cylindrical or spherical in shape.
The present invention makes it possible to obtain a
shaft/bearing device in which the smooth part is the
shaft and the pierced ©part is the Dbearing, a
slideway/runner device in which the smooth part is the
25 slideway and the pierced part is the runner, or a
ball/socket device in which the smooth part is the ball
and the pierced part is the socket.
Apart from the guiding devices composed of two
rubbing parts, the present invention makes it possible to
30 devise an arrangement in which there are three rubbing
parts, and not two. For example, in the case of a
pierced part in the form of a bushing, the two surfaces
(the internal bore and the external cylinder) of the
pierced bushing are then functional.

35 In this configuration, the pierced bushing becomes



rubbi ng parts, the present invention nmakes it possible to 30 devi se an

arrangenent in which there are three rubbing parts, and not two.

For exanple, in the case of a pierced part in the formof a

bushi ng, the two surfaces (the internal bore and the external

cylinder) of the pi erced bushing are then functional. 35 In
this configuration, the pierced bushing Btcones

8 "floating", its speed of rotation then being only a fraction
of that of the shaft, depending on the coefficients of friction.

The advantage of such an arrangenent. is_relatively 5 limted in the

case of an oSEIPREiPMy Syt eSP6ED tRE rota%qur%lcgpgpi on®tYPe ¥ nte & he
sliding speedsfigvolyed aFke chat than rghat i yehye ) owdepéntibagor der afhe). 2
ms. On the ot her han‘g, it becomes nuch nore inportant for guiding
systems in contPREbSI$Rt 2ot T ¥dp&di-al Iy those in which 10 the sliding

speeds reach hi gh spEedsad@famppyeoxbfbath 8n arrangei@ntd sis orelateiveliyher .
A bushi ng.accordin o the i hventd o dvan sl yergplace,
for a | ower {lm%%%%, a3 gﬁlhgi n%é%%rrb%eflr g?%ﬁ%ﬁ%ﬁ%&i ggg:égﬁl or ¢
exanpl e a needhetiohlarideatiyng. sifce the siThdingespeePsi dAVOMVEL a¥ke nore

clearly understond relati‘()‘e%gt rl%vfreﬁgf:et‘h% thesappspded of kgures bR WHLh:

- figure 1 illustrates schematical'ly the basic . principle of the prior
art accordi ng PehFR $#e0d99gitangecomes | friiche Mg cATBOBE A d O 0P ERI1 I

921,708; 20 gsystems {hQH6ESindoud Orotatidd Usddpdeialsigheimidecald whidte

ressurERl of hACpsalia oale acord 8, {Olus or NSIULSDE by

sl i deway/ runnetot ypenmdeGorah ngvéw RBRdghethe imviemshimg according to filgure 7

I's a bOtt0n1Vi§M§th£Q§ %%Qﬁeéhéﬁ ghggﬁgageousf§' replace, for a Ilower
cost, a guiding member of more complex design, for
example a needle roller bearing.

15 The description will be more clearly understood
with reference to the appended figures in which:

- figure 1 illustrates schematically the Dbasic
principle of the prior art according to FR 910,999 and
its Certificate of Addition FR 921,708;

20 - figures 2 to 5 illustrate schematically the
measurement of the contact angle according to the
invention;

- figure 6 1is a schematic sectional view of a
guiding member of the slideway/runner type according to

25 the invention;

- figure 7 is a bottom view of the runner in figure
6;

- figure 8 shows schematically a guiding member
variant of the slideway/runner type in figure 6;

30 - figure 9 shows schematically a guiding member
according to the invention in the shaft/bearing
configuration;

- figure 10 shows schematically the bearing bush in
figure 9;

35 - figure 11 shows schematically a device of the



- fi gure 8. shows schematically a guiding nenber vari ant of the

slideway/ runner type in figure 6; 30 - figure 9 shows
schemati'cally a guiding nenber according to the invention in
the - shaft/bearing configuration; - figure 10 shows
schematically the bearing bush in fi@ure 9; 35 - figure 11
shows schematically a device of the

9 ball -joint type according to the invention; - figure
12 shows schenatically a device of the runner/track type in which
there is tilting of the runner; 5 ure 13 shows
schematical |y b?kﬂsi@ﬁﬁﬁttXﬂet%ﬁ9°rdln9r&ﬁnépeb9HYﬁPgé°Bads

figure 14 shows schematigiald yia Sél@év&é b%@lhleﬁlgtlcalIQOnil dervatieonof n tids ch

there are three rubbin arts, El g %unctl onal i.l{faces 1Q 16
- figure 15 SHRRT/ (YRR | y1 aWDARBf t FBEATI nb° %ﬁﬁlguratlon in
conti nuous rotatheerw th two rubbing parts, in which a facing is

shrunk-fitted onto the shaft | evel. W nci Lo f age t he
pi erced bearing (I? L}ﬁ 4y shows SC%%%%?‘%HI% gh%\/\rga&%gr&r&t@)&ca ey an
arrangenment w timner by hrleeea yiddayg parts and with two functional surfaces,

which is a variant Ojéégﬂhﬁin Q}g%ﬁgwgS,Sghggagy@apggrlgg shaft SbEaVs one

shrpnk-fitted onto th t and ed |nto the bore of a
casing. 20  configupairion dmowshich ufherel, are tthrecadePhang dtarts.

steel , intended; {0 fih Ah& {dRk &rf%lc%% made of steel, agai nst
which it bears wth a resultant force ove has

ul ar gr
been forhR®d in the |owetS4¥ite 10of tsll?u?ws SCPEWﬁE?CillYnt% V\%?%%C Sate 'Bh
O-ring seal 3 basfbgeraPon fiid t €dntihli6uspass: & itdrus wikef t twd nsideb ire

Oring seal parts, in which a facing is shrunk-fitted onto the shaft
level with the functional surface of the pierced bearing
(ring) ;

15 - figure 16 shows schematically an arrangement with
three rubbing parts and with two functional surfaces,
which is a variant of that in figure 15, with two bearing
sleeves, one shrunk-fitted onto the shaft and the other
fitted into the bore of a casing.

20 Figure 1 shows a runner 1, in this case made of
steel, intended to rub on a track 2, also made of steel,
against which it bears with a resultant force F. A
circular groove has been formed in the lower face of the
runner 1, into which space an O-ring seal 3 has been

25 fitted, the space E thus left inside the O-ring seal
being filled with grease 4. Thus designed, the runner 1
becomes "floating", being supported by an actual "pad" of
grease, thereby making it possible to obtain very low
coefficients of friction, typically less than 0.01, even

30 under a high load and when moving slowly.

In this regard, it will be noted that a simplified
arrangement of the runner 1 in figure 1 in which the O-
ring seal 3 is omitted would not be suitable. This is
because, under the effect of the load pressing 1 against

35 2, the grease would in fact be very rapidly expelled from



bei n,g filled wth grease 4. Thus designed, the runner 1 becones

"floating", being supported by an actual "pad" of grease, thereby
making it possible to obtain very | ow coefficients of friction,
typically less than 0.01, even 30 under a high | oad and when novi ng

sl owy. In this regard, it will be noted that a sinplified
arrangenent of the runner 1 in figure 1 i h%whi ch the O- ring seal 3

is omtted would not be suitable. This is because, under the effect
of the | oad pressing 1 against 35 2, the grease would in fact be very
rapidly expelled from , _ 10

the contact regh®ncORFRCE VERF MR ofthe g igsuIcf théal arpuld tham faks
metal on netal ppaEe Sejyzi REtWoUlsh | ReviElabhyd seizdeeurwbnld Vierey istedrlty
space of time. On the other han t hi s_does not occur n e seal 3
is in place, aSt¥en'B 2@ YREY aggﬁgeSpicecgﬁn fmeescgﬁe%%ﬁ:%gge%[h§n&%
bushing is thismeeyi nus. occur when tha eeddr 3t dsnmeas @plecehe asorittest
angle 0 accordin to the i t.ion pr rechs figishl%at O ;
correctlyg t%%eaﬁrFﬁgesupfaé%ig &ft?ﬁé%ﬁ%id9§§g§ oﬁhéhi%% %ﬁ s f§
desired to makempérevieasur enent . Next, a straight bead of grease 6

approxi mately 2 mm i, dpageler ol sndlepas tekh tadfi BAgReSY | & rdihd hat
surface of the solidﬂbody on © which it iscags?red tg ﬁake t he d

measur ement (fi@uEBez)invention, therreggduie; ihehipFhdéd toh PHAC Yt e

(not shown) 15-7 st ichet heyteimer st Wre phei tspifidcepddy Cont agiiom t hitt hiss
bead of grease reaches a value of 20 5[err]C greﬁteg t han %hﬁ)ldlﬁt
nt.j'g Next, at°

use tenp®rat iFeS16Fd tRe Maffeddls measuren e R (R L Hi s
tenperature fosfappeaxengt elpprddtimatelgeconds.inTll guaatter sidt hirposinmdaed

fromthe hot plate and 20 . left to.cool, which h effec r i ng
t he shape Ustiené dfopt e t Rus taa;%ovﬁl%ﬁg a|“?es ggnttg%t éaé]gj[% tgédge%%
measur ed at roemitlenperid utes byedeansakfe aheomeastiremgnt (£1igdeei ge- of the

bi nocul ar- magni fi er 4ypeolifted Phill Blacea BAOR' #BtOp1atRe GidieCiHUn Ol
observation is indicate y _ .

15 until the temperature of its face in contact with the
bead of grease reaches a value of 20 * 5°C greater than
the limit wuse temperature of the grease. It is
maintained at this temperature for approximately 90
seconds. The part is then removed from the hot plate and

20 left to cool, which has the effect of freezing the shape
of the drop and thus allowing its contact angle to be
measured at room temperature by means of a conventional
device of the binocular-magnifier type fitted with a
protractor. The direction of observation is indicated by

25 "DO" . The results obtained are shown schematically in
figures 3 (lateral cross-sectional view of the initial
bead of grease 6 before heating), 4 and 5 which each show
a lateral cross-sectional view of the bead of grease

after heating and then cooling, respectively in the case

30 of a smooth part 5' and of a pierced part 5''. According
to the invention, it is necessary to have § = 20-40° (6')
in the case of a smooth part and 0 = 45-75° (6'') in the

case of a pierced part.
In figure 6, showing a runner 8/slideway 11 device,

35 cavities 9 are made in the lower face 7 of the runner 8,



25 "DO'.. The results obtained are shown schematically in figures

3-(lateral cross-sectional view of the initial bead of grease 6
before heating), 4 and 5 which each show a lateral cross-sectional
view of the bead of grease after heating and then cooling,
respectively in the case 30 of a snooth part 5' and of a pierced part
5''. According to the invention, |% is necessary to have [err] =
20-40 (6") in the case of a snooth part and 0 = 45-75[err] (6'') in

t he case of a pierced part. In figure 6, shomﬁng a runner

8/slideway 11 device, 35 cavities 9 are eijn ghe Iowerlfac of .the
runner 8, that is to sayhhpti £acg é”zﬂ} a’tsf CRERAPRA i § uﬁ"’éﬁcghal
and whi ch it e ed SvMH ftHeh%liHe@b%Wa)lllini plsbidgngrictconon.
Figure?showsthevewfr nder atht gunner y its
functional surface #lgfffee cavit9% essrlﬁh ' Y herormuﬁlnne(%eranreeaté‘hﬁ‘fhnédr| crgteskgnd
arranged regul@atdty.is ﬂ'meglay its dﬁmrcihmﬂmﬂunfaxcE With ﬁm:h:ajﬂféfesorﬂt he
si de contai ni s_fac The deual % At r@f, .t herydipbi ng
surface h%re .r%“? hrumtlgk ?og £y ;é’&_‘é‘r o% taﬁg runﬁe? % arreg of \Aheili}gh i's
equal 10 to dhengt omm‘nurkl&at[ferwl]t,h leamd Jeray %ltﬁ‘gf rse’s,%&cmfé}ﬁmt%

| ength and w dijh of et e  unner. The area occupl ed by the
cavities is equal to n[err]/4 i ng tge nunber g_‘%wtl es) and d
is the shortest Theyj ?‘é@ﬂé&"%’éﬁar%ﬁlﬁﬁetﬁéb é’&?n@uéﬁﬁgg Pwgs 't

j uxtaposed 15 1oﬁéﬁ|fé@é 7 of the runﬁé@OBdlﬂgethEBECﬁraﬂﬁKmeds equal
arr angerrent s of t o _have;

nferr]/ 4% 20 9 ig’@ Er%d‘l[“"gt)r/?]rﬂ'gl AR - ec,es% BioxFREPSry T3 Jd'e

approxi mat el y Beni@@eraidd <wniteﬂ rdf £4he appmexi.mately 40 mierr].

[0 ihe armangeront il UGHLSRF 1 rt Mtcies (SRGEEL 9ROl
(n being the number of cavities) and d is the shortest
distance separating the facing edges of two juxtaposed

15 cavities.
According to the preferred arrangements of the
invention, it is necessary to have:
nn¢’/4 = 20 to 40% (L x £)
d > approximately 2 mm
20 approximately 3 mm® < nn$’/4 < approximately 40 mm’.
In the arrangement shown in figures 6 and 7, the
cavities do not emerge on the non-functional side 10 of

the runner.

However, it is conceivable for this to Dbe
25 otherwise, that is to say for the holes no longer to be
blind. It is then important to prevent, by a suitable

means such as a cover 12 covering the cavities (figure

8), the grease which fills the cavities from being able

to escape via the non-functional rear surface 10 of the
30 runner.

In the arrangement shown in figure 7, the cavities
do not communicate with each other on the side containing
the face 10. Nevertheless, it is conceivable for them to
be able to do so, for example via a system of suitable

35 channels.



the runner, However, it is conceivable for this to be
25 otherwise, that is to say for the holes no | onger to be bl i nd.

It is then inportant to prevent, by a suitable means such as a cover
12 covering the cavities (figure 8), the grease which fills the
cavities frombeing able to escape via the non-functional rear
surface 10 of the 30 runner. 121 n the arrangenent shown in
figure 7, the cavities do not communicate with each other on the side
cont ai ni ng the face 10. Nevertheless, it is conceivable for themto
be able to do so, for exanple via a system of suitable 35 channel s.

12 | n trhe thppeapeendéduifegurele cdlwe t iceyikaes beaye beershown

in the form ofgcylindpi ¢gl @@fﬁiofr@§f%$§4fEbfhﬁolesl 8ABBeaBetagh taidher

and arranged in a regular manner. wever, this I's not_a necessary
condi tion and 338§ @ey Sachbetdaranged HAWRECEH | INwid hsGEUE #Es BT

arrangements poyeddler eby; depar tidtg 4 rod hen seopen@icihe hngerhegn.may
Figure 9 shows a guidin accordin invention in the

g .nmember 1g. to th
shaft 13/Deari®Ry B8Fraearingibiskensly ngEBHFi 5@@5& S e SRR S e
made in the begndRgbPusdpalft indl 4 rdof it@ier @cd@k. ofl bhehisveaskonwe shoul d

speak of the devel oped_surface of thg.beariq& bush 14, .1his gaeg%
3”# & e 1J§ t

obt ai ned by slittind YHFDuEhiHG"®n & FHFELPE oM FRF Al |apeording (EO R s

and then unrolimvegnt foruntin asheectlarfgul aB/beariggeetr bsardbgailpesh 14 Al |
the considerations,, develppedntd coAraMLUslY Wl £E9Ad By push
y tyﬁ% evice may t

runner/ sl i dewa _ hen be transposed to the
shaft/beb?i ng Bystiagure 10). IR dirie 19ashowdea WK1 Fedheohalihe

15/ socket 16 geveldhla RAQIUERd ZECAl NGehoihhe huwentiaon, thhe Gavird es 9
being fornmed in the sockets, that is to say.the concave 20 . slidiqgiﬁgrts.
Figure 12 repedpsai®ed rB¥ingl 1hhdngr GER SPSKFBarénlﬁ direction para

to its axis and then unrolling it until a rectangular
sheet 1is obtained. All the considerations developed

15 previously with regard to the runner/slideway type device
may then be transposed to the shaft/bearing system.

Figure 11 shows a device of the ball 15/socket 16
type, produced according to the invention, the cavities 9
being formed in the sockets, that is to say the concave

20 sliding parts.

Figure 12 repeats the runner and track of figure 1,
but in a configuration in which the load F of the runner
does not give a resultant passing through the centre of
the O-ring seal 3. In this case, the runner 1 tilts,

25 leading to undesirable phenomena of bearing surfaces on
sharp edges, which generate overstresses - resulting in
premature deterioration of the surfaces 1in sliding
contact. To avoid this, the runner 1 may be supported by
at least three '"pads" 17, the resultant of the load

30 pressing the runner onto the track then falling inside
the support polygon thus defined (figure 13).

Figure 14 shows a guiding member according to the
invention 1in a shaft/bearing configuration which 1is
distinguished from that in figure 9 by the fact that

35 there are three rubbing parts: the shaft 13, the bearing



but in a configuration in which the |load F of the runner does not give
a-resultant passing through the centre of the Oring seal 3. In this
case, the runner 1 tilts, 25 | eadi ng to undesirabl e phenonmena of bearing
sur fraces on sharp edges, which generate overstresses - resulting in
premature deterioration of the surfac§§ in sliding contact. To
avoid this, the runner 1 nmay be supported by at |l east three "pads"

17, the resultant of the |load 30 pressing the runner onto the track then
falling inside t he support polygon thus defined (figure 13).

Figure 14 shows a guidin% menber according to the inyvention in a
shaft/bearing (ReHiRirdt) diengadcmitihs holes 9dP§§iEBEi§ﬁ§ﬂn$r5§1that in
figure 9 by the factaddwtdidy ddierenbse hbresgeudhi ng phers: tlve shafd 13,
t he bearing . . : ( i ng
14) pierced witHFot¥RY HFiaResadthg e pierced lb"TL%J,A?(%rlclc?rgdi g 't o%tqﬁélqs
arrangenent, tdetisisrend wof itdunotiemsdl sldracesiroh tthe picdtead bidshi ng

14, one consi st fod internal bore and the other its 5 ext erna
cylinder.5 ei@géﬁé#ﬁ%#ﬂﬁ%éé;bnfiguration, t he pierced bushin%}'

.I S .
"floating". In FRiljig e dn&imuwatdierar r dlgemgriteifach tWSHidshi nig
parts, which affié{?ﬁﬁﬂ?aft 13 and the bearing (bushing 10 14) pierced
wi th holes 9. A be

aring sleeve 19 nade of bearin% st eel of &De 100C6
type has been shrunkE¥qure 15 ($Reednfd. ATRRNGREH hg Wikl ¢ Seps Jupbing

tight-fitted harids which©¥rel Nale dsngeten i i acher deafrinbe (AmMIndlS.
(bashi ngy® whi E 1 BOSEACE 5T POYSErd ng & BATI"ED SHIES HAAS0F Baar ng
steel of the beari)Chteyle, ofespret i Medge shuyek- hbt obeent hehsha{tf idnd
Llet E:ISSC:’ ?E)Ce)dt Pﬁh%f%(%ng?f t hﬁ’lecagtllsr}ging 14 itself Tlf’ge @{gq&e—@iﬂ%chQ;faoq% N
external diameter into a bore of the casing 18.
Figure 16 is a variant of figure 15 with a
15 "floating" pierced bearing (bushing) which rubs on two
bearing sleeves 19 and 20 made of bearing steel of the
100C6 type, respectively shrunk-fit onto the shaft and
fitted into the bore of the casing.
The present invention will be described in greater

20 detail with reference to the following examples.

Example 1 (comparative)

This example illustrates tests on oscillating
bearings.
The configuration is shaft/bearing (bearing bush) .
25 Nature of the shaft: quenched case-hardened 16NCé6
steel.
Nature of the bearing (bearing bush): 40% graphite-
filled polyimide of the PI 5508 type.
Diameter of the shaft: 30 mm.
30 Width of the bearing bush: £ = 20 mm.
Developed length of the bearing bush: 7 x 30 =
94 .25 mm.
Movement: alternating rotation over 90° of arc at a
frequency of 1 Hz.

35 Calculated pressure on the projected surface:



20 deta|I with reference to the foll ow ng exanples. Example 1

(conpar ati ve) This exanple illustrates tests on oscillating
beari ngs. The configuration is shaft/bearing (bearing bush). 25
Nat ure of the shaft: quenched case-hardened 16NC6 st eel .

Nat ure of the bearing (bearing bush): 40% graphite- filled polyimde
of the PI 5508 type. D anet er g the shaft: 30 nm 30

Wdth of the bearing bush: [err] = 20 mMm Devel oped | ength of
the bearing bush: [err] x 30 = 94.25 mMm Movenent :
alternating rotation over 90[err] of arc at a frequency of 1 Hz. 35
Cal cul ated pre&d@fae. on the projected surface:

14 10 MPa. ¢yiging speed lodbng/gpeed: 0.2 ni's.

Extreme- pressure grease: r1Ilthl um soap, éNR—LUB EP [ ade,
use tenperatures - 30t FFRIOFGSEIES FIrease: lignéyy nsg?a t S%uﬁ]?n&%
then operation,pa thot 2 gra&ddldsleorﬁélmp%htalahYe@f goease+110°C. I n
order to determ ne the cont act ang es [cerrg] shaftt/ reaset q:d
beari ng/ gt ease, Pregmsge atof mougting, n%ké%rbr effBRf 8- na hed

i ndi cat ed abOV@ddWidShab]eastl.Sp;ﬂfy lcff grgleease deposited on par aI I eI ep| pedal
speci nens, heated atIrr orde]f?’o rrée%erqr{m%o §E§|e cas%tgﬁ%l%%o'@d for

The results are as follo af t

(quenched casesﬂnaftd,ég;mhse an@GN@E@rm]ngs/t%@a)se [era] = BFL&E9E ; 5
-60I n the case rgéarstlgllpferp&%é nsgas(ﬁ’\gc{%gr aphiterdddd®thbove, WOLNI ﬁb@% &F =

I's exanple was nmade with a snoath bearing bush,
that is 1@ saydTRASS deCRMRI F9@| oh oPaXHkl§IRRIMGIA. specimens, hedted at

130°C for 90 seconds and then cooled.

The results are as follows:

- in the case of the shaft (quenched case-hardened
16NC6 steel): 6 = 30°%

15 - in the case of the bearing (40% graphite-filled

polyimide): 6 = 60°.

This example was made with a smooth bearing bush,
that is to say outside the field of the invention.

Results of the tests:

20 - average coefficient of friction: 0.11;
- number of oscillations before a rapid rise in the
coefficient of friction: 35,000.

Example 2 (according to the invention)

Example 1 is repeated, except that the bearing bush

25 is pierced with 40 holes (cavities), each 4 mm in

diameter, arranged in a regular manner with d (shortest

distance separating the facing edges of two juxtaposed
cavities) = 4 mm.

Results of the tests:

30 - average coefficient of friction: 0.009;
- number of oscillations before a rapid increase in
the coefficient of friction: > 250,000 (test stopped
before its conclusion).

Example 3 (comparative)

35 Example 1 is reproduced, except that, in the case



Results of . the tests: 20 - average coefficient of
- nunber of oscillations before a rapid rise in the

friction: 0.11;
coefficient of

friction: 35,000. Exanple 2 (according to the invention)
Exanple 1 is repeated, except that the bearing bush 25 is pierced wth
40 holes (cavities), each 4 nmm in di aneter, arranged in a
regul ar manner with d (shortest di stance separatlng the facing edges
of two juxtaposed cavities) = 4 mm Results of the tests:
30 - average coefficient of friction: O. 009 - nunber
of oscillations before a rapid increase in fficient of

friction: > 25% obbe(fMeserdpdpdy which BE?OF@aFﬁ§9C5ﬂEﬁ stpnyade, the
Exanpl e 3 (comgsinatriMB) i3 replaced wixaumel @EL 1i2s B efypedboethze evhdept itshat ,

in the case 15

material of WL HEFINY bissS {orabsa RS- pol yi

of the
mde is replaced

with a UE 12 P type Treorizemhichoush is sapotlhl oyhgomidnky Fo@d udrside

beari ngs aring bush is snooth, that is t
the invention. the lnve-I;bcel(pnl'he contact angle O f or beari ng

measured under the cOmlit¢oraef Exaspte 9, fer3sbearing

0 say outside 5
bush/ gr ease,
OUSIREBAASS rof

the tests: Jeasured e dgfe %%%Bf%ﬁb%@t o®f Ekbinpleon; 0Os125°.10 -
nunber of oscillations before a rapid increase in the coefficient of

friction: 25 000. Results ofpdleslt@SESiconparative)
is repeated, except thaferd kﬁ%f@@&&e@t of fribeisateoind;

pi erced bearing bush d of t
br onze %9 usedg P “g"ri?]ﬁ é’éﬁ’%ﬁﬁ t?}g)r?ﬁgrﬂef%s?g& %‘“ Bt

the coefficient of friction: 25,000.

Example 4 (comparative)

Exanpl e 2
of which the

1nc1%a]s% R I'% ype

ear I'n

Example 2 is repeated, except that, in the case of

the material of which the pierced bearing bush is made,

15 instead of the polyimide a UE 12 P type bronze is used,

which is an alloy commonly used for bearings.
The contact angle 6 for bearing

measured under the conditions of Example 1,

bush/grease,
is 35°, that

is to say outside the range of the invention for the

20 pierced part.
Results of the tests:

- average coefficient of friction: 0.09;

- number of oscillations before a rapid increase in

the coefficient of friction: 80,000.

25 Comments on Examples 1 to 4

1) When the bearing bushes are smooth,

that i1is to

say outside the invention, their lifetime is of the same

order of magnitude, whether they are made of

polyimide or

of bronze. The coefficients of friction are themselves

30 comparable and correspond to a hybrid

mode, this

continuing as long as the lubricant remains in the

contact region. When the grease, which can escape via

the edges of the bearing, 1is completed eliminated, the

coefficient of friction rapidly increases;

the bearing

35 then heats up and then suffers deterioration by the



The cont act angle O for bearing bush/grease, measur ed under the

condi ti ons of Exanple 1, is 35, that is to say outside the range of
the invention for the 20 pi erced part. Results of the tests:
- average coefficient of friction: 0.09; - nunber of
oscillations before a rapid increase in the coefficient of friction:
80, 000. 25 Comments on Exanpl es 1160 4 1) Wen the
beari ng bushes are snooth, that is to say outside the invention,
their lifetime is of the sanme order of magnitude, whether they are
made of polyim de or of bronze. The coefficients of frlctlgn e

t hensel ves 30 themwalarabfect andithofhEspORyimige £ Nyl i BroRfrle® qﬁﬁ

continuing as pesi s duih |bbb{d1@@nbnrc©nehassteel hehaft. contact region.

When the grease, Whl ch can escape Vi dges of the bearin
conpl eted el ininated) tHe lifetigss ﬂ%m &t pdfe Fﬁ% ES P FpiS ?7 %as

t he bearing 3%f tplaﬁlylmhaats (adtiPordirty tbenthesufpfressntdeimemmm)on anigly

t he
with the Dol yiTidfe ?F PRE"AFolgEEEFIENERS 11V %gléhoﬂ gich %flgaéleﬁtcl t he
steel shaft. longer tha?) Thes¢ifadti trbs o$medich plh@ts@e@gbeéuﬁhgsbush@gl made

of polyimde (ag 0 sent .hnv ) d nnRze
(outside the |Cﬁlv%ﬁa'£r|%o%gjé artl'ellp(gl gﬁlgf ?)?ar'lctk{é W) o%@e‘fvést ﬁgﬁg%'yﬁgstet of the
%@ﬁi%lllﬁg

snooth bearimftl bedheshe gregse ava} tlﬁ%ecé‘ﬂdtéﬁst heed edieSn j t

was observed thgisumed. al | TR{st %V@ﬁ%’setﬁﬁa%é@ﬁdﬂhﬂ h@s@@bﬁtt ies hak been
consuned. This reveals the . benqlf! ial _as gect 'reserves

of lubrit@nt" trefetRs Qviltudd @dst i . §95e18t %?H%Jet‘é%%f ficient
of friction of the piermed coefflifdrne bedr i Mg iktsln s dfessHeharp itehateddf

Lo STOOLN | kTS ReATnO,BUE e LRGBS Al foogt DAL iyl
uni f orm di strilmunon lofdating pusgase Thisthag be at least partly due to
a more regular supply of grease to the contact region and
15 to a more uniform distribution of this grease in this
contact region, thereby reducing the risk of metal/metal
contact between the bronze of the bearing and the steel
of the shaft.

4) On the other hand, the explanation at 3) does

20 not take into account the very low coefficient of
friction recorded with the pierced polyimide bearing bush
(according to the invention). In fact, a wvalue of 0.009
typically corresponds to a hydrodynamic mode of
lubrication, something which it is unexpected to find in

25 a relatively highly loaded oscillating bearing in which
the sliding speed is not very high.

The lifetime of the pierced polyimide bearing (more
than 250,000 oscillations) is also surprising when it 1is
compared with that of the bronze bearing bush (80,000

30 oscillations) .

Schematically, everything happens as if the double
fact of the bearing bush being made of polyimide and of
it being pierced resulted, on the one hand, in an
improvement in the bearing capacity effect and, on the

35 other hand, in an increase in the length of time



cont act region, thereby reducing the risk of netal/netal cont act

bet ween the bronze of the bearing and the steel of the shaft.

4) On the other hand, the explanation at 3) does 20 not take into
account the very low coefficient of friction recorded with the

pi erced polyi m de bearing bush (acco glng to the invention). |In fact,
a val ue of 0.009 typically correspo% a hydrodynam c node
of | ubrication, sonmething which it is unexpected to find in 25 a
rela;ively hi ghly | oaded oscillating bearing in which t he sliding

speed is not very high The lifetinme_of the erced pol yi m de
bearing (nore Necessatah 5EXG0Sss el ZEF6RYS PE LFEBlg rlsing m%en itis

gogpar ted V\/:lth t hat Cﬂhhet hehébﬁéZECé)Baﬁﬂo]@gzlﬁusﬂg (80, @0Rs20 ph@ls@rhéﬂlat iherss) .
chemati cal |y, in ens, as_i.f t t

bearing bush BEWth%%ﬂe %? %&y?ﬁ%dgngngxgﬁ HaLBLy, PYBOthgggg %Bn a1y
resul ted, on tie aobeadsedl, iThese will monpy mmlamlm@%edrh%ml ty
eff ect aqg on, {1 %éfergﬂggrtoh%ﬂ%uré L anThbn%ﬁﬁﬁﬁﬁa ANcohbginkgngth of

time necessary to
exhaust the redervaveilabbei epace E between th?eltwretjrcthﬁDBelaFr‘n& of

these phenomef}% gﬂrle O-r Deen £alFd ity 1@%@1@1&'3,&%1@%3& eidieses

can only anced. These w Il nore conveniently be illustrated 5
with referenceok ol gipenal pPrgRsYedddt ofXRSTEERSFS - thlt%fe?\?&ﬂoébl e

space E betweese e éhlamﬁér1,thfehanc5fé10kr1§cous sard tgﬁ‘hﬁe&&’l nghs$ealst®ms
transmts |laterall ngnI y a fractjon

ressurg t
experi ent®s, tHfFRELiRFE thaBelgﬁﬁassﬁ'al?ke?y? hgg ”fleauesl sggusr%salqg)%)r ease
(this stems 1Qunlfkenvihe Wadtht kiteygrizase loleykaw hanflawheofhydwssitedy.c
unl i ke 0|Is ‘a)obey Pascal's | aw and the hydrostatic | aw) .

A relatively hi 1oad can therefore be tolerated,
A relatively high load can therefore be tolerated,

that is to say an improvement in the bearing capacity

15 effect, and a relatively large amount of play, that is to
say an increase in the reserve of lubricant, before the
onset of extrusion of the seal 3 and the appearance of
lubricant leakage.

In the configuration of the invention, the seal 3

20 does not exist. This has an advantageous consequence,
associated with the fact that the sliding of the runner
on the track takes place without it being necessary for
the friction of the seal on this same track to be
overcome, thereby contributing to the creation of a low

25 coefficient of friction.

There may alsc be another consequence, this being
disadvantageous, in which the grease, which is no longer
contained, naturally tends to escape via the edges of the
runner. This may occur more easily and rapidly the

30 better the lubricant wets the surfaces, that is to say
the smaller the contact angle between the grease and the
materials of which said surfaces are made.

The foregoing may be directly transposed from a
runner/slideway device to another device of the

35 shaft/bearing type, as explained in the above examples:



that‘is to say an inprovenent in the bearing capacity 15 effect, and a

relatively large amount of play, that is to say an increase in the
reserve of |ubricant, before the onset of extrusion of the seal 3 and
t he -appear ance of | ubri cant | eakage. In the configuration
of the invention, the seal 3 20 does no& exi st. This has an

advant ageous consequence, associ ated @i th the fact that the sliding of
t he runner on the track takes place without it being necessary for

the friction of the seal on this sanme track to be overcone, thereby

contributing to the creation of a |ow 25 ﬁgefficient of friction.

There may al s&"Hd aRot?RlY WoiieqhepEendt Rushel pgrtact d‘i@&&va‘?ﬁ%@e&&?, in
whi ch the greag@ashiLhsd°s, nenkongericant toONE@EtEhedataintald y Haends tho
escape via the edges of ,the, runner . Thi s y ur sily
and rapidly %hgggﬁze 5@??&P9tﬁ%”#hb??%%&ﬁcﬁe?gg ﬁe“gﬁg%dggg?ég?ﬁgg is to
say t he m3fal.l er the contact angle between the grease and the

mat er i al S% of which saidsurd a&o%ce%.r\/%bq%detiha& another pH¥dn¥REOINGURY be
directly tTransposed Trom a runner/ sl i deway evice to  another

device =~ of tiwe 85dershaft¢kiebrimgthppaarkeslyxptepeiePy nPehavasbye of

exanP'?S: the oscillating bearing K with a st8el shaftW bhda a
pol yi m de bearing bush (contact angle wWith the rease = GOEgrr] t he

| ubricant is COERITERE bePEaFIRBanPHFRh compagefy orfdd heattdy bBSh 6%%htact

angle with the;&¥ 856 thg bea33her r¥lth5 a steel SkhhEti sat@ncei waldreze hat
anotherufheno non, occur in order to explain the markedly superior
behavi out® of PeaT¥}E 1lating bearing with a steel shaft and a
pol yi m de beari ng busltlecomgr eds Wwwbh tskah afodvies the oseaséatisndaidad ng

wth a steel Scpgf talal’ll’]éjd airlljrgﬂéecégtacpegég?gnb%ﬁgh a. po imideAIk;é:‘aq}'i as
was seen above; rtlthe grease 1S bett er cont ai ned II?tlﬁfe contact redion
with a polyi miblesbbe&hiong with a bronze bearing bush, nonetheless the
fact remains that there is consumption of Ilubricant in
15 both cases.

Now, in the presence of two metal surfaces to be
wetted, it 1is energetically more favourable for the
lubricant to come into contact with that one which has
the smallest wetting angle with the grease, in this case

20 the steel shaft rather than the polyimide bearing bush.

The hypothesis may therefore be advanced that each
time the surface of the steel shaft goes past a cavity of
the polyimide bearing bush said surface attracts a little
of the grease contained in said cavity. The rotation of

25 the shaft therefore constantly replenishes the lubricant
on its surface, which in turn helps to stabilize the
lubrication regime and therefore improves the bearing
capacity effect and the lifetime of the bearing.

In the case of the bronze bearing bush (contact

30 angle of the same order as that of the steel), this
phenomenon does not occur.

Example 5 (comparative)

Example 1 is repeated, except that, in the case of
the material of which the bearing bush 1is made, the

35 polyimide is replaced with annealed carbon steel of the



bush t han Wi th a bronze bearing bush, nonethel ess the fact remains

that there is consunption of lubricant in 15 bot h cases. Now,
in the presence of two netal surfaces to be wetted, it is
energetically nore favourable for the | ubricant to come into contact

wi th that one which has the smallest_wetting angle with the grease, in
this case 20 the steel shaft rather thah’the pol yi m de bearing bush.

The hypot hesis may therefore be advanced that each time the surface of
the steel shaft goes past a cavity of t he pol yi m de bearing bush said
surface attracts a little of the grease contained in said cavity. The

rotation of 2XC et yaiafcoatinst eforid scdNBICARHONG Lr SIEERCEN#E thnd O #BY Pfant

on its surface, Wighid 4l shebRgseboont aRi hbge fiNGed epdxybirieeahi.on
regime and therefore _ inproves the hearin acit ffect an

. c t.
lifetime of the bearih§g.bearing bush 3§ {FRoQLe %F)att hégbg8nf8yb§é$’lsr%%bush
(contact 30 w@wWliaveaitidrhe sane order as that of the steel), this
phenonengon does not _Qcc Exanpl conpa i
Exanple Pis repeat eTg{e gg:eﬁ? EhEEL it Y?\lg;?lc%sgg%%aég) égﬁ%%‘?’ raPdttal® of
whi ch t he beamigupiesh urgleradée ched3bionpob§i Fkasple *eplacelf -with

anneal ed carbon ste of,.th ) 19
XC 38 type coated o%%l—lsl—téu%gﬁ%}}ﬁm%%rs‘face with 10 [err] m of an
organi ¢ varni sh based aorerageMsSpéfirietnk| ed &pariyiersih: 09/ The

bearing bush is smoat i, hhat JS L 198%cQbhsl $Rfore al RRPiAVaMdreAsed in
The XC 38 steel + varnish/grease contact an asured under_the

A SN , Z?Ie 0 .. e h
condi ti o of ThangpefficientygplrfFiction: 45,00Q4pEenge PRETt &5t £he

- average coefdigignterpf dadegtion: 0. 09; - nunmber of o
O oot ons before & Land J 192256:10 19 enel BSEeLShpTent of friction:

Example 5 is repeated, except that the bearing bush
is pierced by 40 holes (cavities), each 4 mm in diameter,
15 arranged in a regular manner with d (shortest distance

separating the facing edges of two juxtaposed cavities) =

4 mm.
The results of the tests:
- average coefficient of friction: 0.0075;
20 - number of oscillations before a rapid increase in

the coefficient of friction: > 250,000 (test stopped
before its conclusion).

Example 7 {comparative)

Example 5 is repeated, except that the bearing bush
25 is made of uncoated annealed carbon steel of the XC 38
type.
The bearing bush remains smooth, that is to say
outside the invention.
The XC 38 steel/grease contact angle 8, measured
30 under the conditions of Example 1, is 25°.

Results of the tests:

- average coefficient of friction: unstable;
- number of oscillations before a rapid increase in

the coefficient of friction: a few tens before seizing.



end of the test). Exanple 6 (according to the invention)

Exanple 5 is repeated, except that the bearing bush is pierced by 40
hol es (cavities), each 4 mqmmin dianmeter, 15 arranged in a regul ar manner
with d (shortest distance separating the facing edges of two

j uxt aposed cavities) 4 mm 20 The results of the tests:

- average coefficient of friction: 0.00757 20 - nunber of
oscillations before a rapid increase in the coefficient of friction:
> 250,000 (test stopped before its concl usion). Exanple 7

(conparative) Exanple 5is regeated except that the bearing

bush 25 is made & rbon steel of the XC 38

type. Thecdigard ng bush reyeitial smeatkptt hahat s the s@ierced

out side the invention. e 8 steel/ t n 0,
ng h% Sclbnjtﬁ {93 de 04] Lg%(coa?liedsf%%eaQEEi?%% %%?1 %%%eﬁ Q)Ife

measured 30 ns o

Results of thechesti®:38 type. - average coefficient of friction:

unst abl e: . he RUMOYY 0Fc0PFLIL AL ORBADELE! G IAPDY IrRBIcRARR I 1
the coefficient of frlctlon efore SeIZ

20 undesx aptpd eC(&lC(Jc@rrmﬁ a?zﬁ Viample 1, 3‘3%an1§Pét6 ifs toe5@4t ed,
except that the,pi&i€athe ran fo‘ RGOUSFehs 1gﬁd§oﬁf tHACHa: Leednmeed ed
carbon steel of the XC ype 5 The XC 38 steel/grease
contact angle [err] Remudgaf the tgsls: the conditions of Exanple 1, is
25[err], that is to sawerage @degirdeithe pangeiotidhe 0 nvention for t he
pi erced part. Results of,.th

coefficitht of fricti de‘ki?r1§ft fbgcnlaeclons %&r’?ﬁ%? & T8EiY | g‘tcr%%s%%befnore a

rapi d i ncreasechdél coefficient of friction: a few hundred before
seizing.

Comments on Examples 5 to 8

The same comments as on Examples 1 to 4 may be
15 made, except that the tests result in more marked
degradation, of the intense-wear type, or even seizing,
as a result of steel/steel contact when the reserve of
grease has been consumed and/or when the varnish coating
has been worn away.
20 Examples 9 to 14

Example 6 is repeated, with pierced bearing bushes

made of varnish-coated steel, by varying the number of
holes (with a constant diameter) in order to vary the
area occupied by the cavities. This area is measured on
25 the development of the rubbing surface and is expressed

as a percentage of the total area of said development.

The area occupied by the cavities as a percentage
of the total area is denoted by "S".

The number of oscillations is denoted by "N".

30 The results are given in Table I.



t he

degr-adati on,
st eel / st eel

'coeffipient
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to 4 may be 15

of

made,

friction: a

except
of the intense-wear type,
contact when the reserve of

few hundred before

sei zi ng.

The sanme conmments as on Exanples 1

t he
or

t hat

tests result
even sei zi ng,

nore rmarked
as a result of

in

grease has been consuned

and/ or when the varni sh coating has Heen worn away. 20

Exanples 9 to 14 Exanple 6 is repeated, with pierced bearing
bushes made of varnish-coated steel, by varying the nunber of

holes (with a constant dianmeter) in order to _vary the area occupi ed by

the cavities. This area is neasured o elthe devel opnent of the

rubgigg srrface and i s expressed as a percentage of the total area of
sai evel oprfent- iy r hE 5

per cent age P $f _the total n?ni ? Oggggplﬁd yéﬁ Cagétleb s ?gb Adnber
of oscillatiqgns i denotegs mod' N'. 880000 | > 2§I'd1,e)(roe>u:13msome giavefew n
Table 1. P1 hundred,
Tabl e | S% 5 10 20—t+0—40 56 66

N 35, 000 80, 000 > 250, 000 20,000 a few

hundr ed When the area occupi ed by the

nt 5
cavity is less thanconm‘nq§096of the total area of the devel opnment of the
bearing, 5 t he |WHeat i thee ohredeckaupéedr Byi dihe dexvidasessS Aegehithign
that of the b%ﬁﬁingffﬁﬁéego@ﬁihageéng@tthe@%N@goBHéﬁt of the bearifRpve

40% the decrease 1s even nore rapid and, on

the lifetime of the latter rapidly decreases, reaching

that of the bearing fitted with a smooth bearing bush.

Above 40%, the decrease is even more rapid and, on

10 dismantling the bearing at the end of the tests, it is
observed that the surface of the bearing bush is highly
degraded, with many scratches and descaling of the
varnish.

Examples 15 to 17 (according to the invention)

15 Example 2 1is repeated, that is to say with a
pierced polyimide bearing bush, but by varying the nature
of the material of which the shaft is made.

The grease/shaft contact angle is denoted by 6.
The coefficient of friction is denoted by C;.
20 The number of oscillations is denoted by "N".

The results are given in Table II.

Table II

Example 15 16 17
Nature of the | Hard chromium Quenched Nitro-carbo-
shaft case-hardened | sulphided 42
16 NC 6 steel CD 4 steel

0 35° 30° 25°

Cy 0.01 0.01 0.01

N 150,000 > 250,000 100,000




10 dismantling the bearing at the end of the tests, it is

observed that the surface of the bearing bush is highly degr aded,

wi th many scratches and descaling of the var ni sh.

Exanples 15 to 17 (according to the invention) 15 Exanple 2 is
repeated, that is to say wth a > pierced polyimde bearing bush,
but by varying the nature of the ma%erial of which the shaft is nade.
The grease/shaft contact angle is denoted by O. The coefficient
of friction is denoted by Clerr]. 20 The nunber of oscillations is
?ggfgeﬁlby N qggnﬁﬂq§fg¥%éa%%u%%§ r&%tQB%egrEngg%gé%abhe but f?e

Nat ure of the 1iartdinedy onireprese@uedched the Nntimbecardd- oscillationshaft
case- hardened _ sul phi ded- . : : . 16 NC 6
Steel - o' stid) PIdERanc1y, anipe still gepaiping sccd. Ao

25[ err] EYamylle 18 (comparaQige) 0.01 0.01

N 150, 000 Qy 0Q4, i
5 J Example” 22 eated, 108, varying the nature of
22 The coepffici ents of friction %?g corlrfpargable but the

lifetimes, repfSaRBdYy 0 iMghber of oscillations, vary
significantly, whilersdikkteeemdmi RPegasshring bush i&xaopkedl8on its

(conparative) , Exanple. 6 is repeated, but by varyi theppﬁ,tﬁure

of the' pofSfetoRat | ng@urface WH% st eol %t e bSAT i ng bush is

coated on its (polytdtummiiliwnalethylesenf.ace with 10 [err]m of

PTFE 10 (p0|ytetrfﬁélg¥é§§éygé%@%%g bush contact angle 0 is 85°, that
is to say outside the invention.

The coefficient of friction is of the order of

0.008.

The number of oscillations is 90,000.

15 Examples 19 and 20

These examples relate to a bearing configuration in

continuous rotation (guiding of a shaft rotating in the
bore of a casing).

Examples 19 and 20 illustrate, with reference to

20 figures 15 and 16, the cases of two rubbing parts (a
single functional surface) and three rubbing parts (two
functional surfaces), respectively.

The experimental conditions are as follows:

- material of the smooth part: 100Cé6-type bearing

25 steel;

- material of the pierced part: nitrided XC 38-type
carbon steel coated with 12 um of an organic varnish made
of perfluorocalkoxy;

- nature of the grease: same as that in Example 1;

30 - diameter of the shaft: 30 mm;

- width of the bearing bush: 25 mm;

- calculated pressure on the projected area: 5 bar.

The tests were conducted at various values of the
rotation speed of the shaft.

35 In all cases, the motion can continue for hundreds



10 ~The grease/ bearing bush contact angle [err] is 85[err], that

is to say outside the invention. The coefficient of friction is
of the order of 0. 008. The nunber of oscillations is

90, 000. 15 Exanpl es 19 and 20 These exanples relate to
a bearing configuration in continuoysg rotation (guiding of a shaft
rotating in the bore of a casing). Exanpl es 19 and 20
illustrate, with reference to 20 figures 15 and 16, the cases of two
rubbing parts (a singl e functi onal surface) and three rubbing parts
(two func |onal surf?Fes) respectivel % 4 qi equkﬁpenta
condi tions ar hshPEFPoRE:thout’ ‘any Operafind . pRPMELY BE% D

100C6-t ype beahmmgr251st1ﬁ§eebxque, correspondaageﬁkalamfekheepeéycédwpart
et o e edPBiciens GPIPAD BLEEL RalEhAM 1018, bBBE] ML obiRaL10 AN ©

varni sh made f?uor oal Kox t he grease:
same as that ifrExanpt elr_ﬂ. a 3ery 900d hydrdidanamnae bﬂbrh@aEh@ﬂtre%U“@nn

- width of the beari BUSH: § 2% 188 bet th tCAC Yiated Jf asHH PN
t he proj ect ed area: Tgﬂ?b * * © W'Fﬁél tes?t ssevver gcconduct ed at vargf)ous

val ues of the parts ﬁ@tiattlf@ﬁ e Bhrene rybRing Fprts appears, af| tdisses,

the notion can gontdAueedd NHMNdiedS range of the variation of the
23 of hours w thout_ any operating anonmaly and with a very | ow

resi sting torquRtaeRn ing to an extrenely | ow coefficient of the
order of 0.005 to 0.0 Zogu cad :cn‘oo rpm,f rdret isgrstiem avivér ytwgoadibbing

e S L e
appears at theresultsg wdl@k)t"/r esmescars)t,heapamppasfed heovdrtiadt | matgf tthr@e
rotation 5peedrubbing parts (Example 20: 90% success).
Above 10,000 to 12,000 rpm, the reverse 1is the
case.

15 Those skilled in the art will understand that
although the invention has been described and illustrated
in the case of particular embodiments, numerous variants
are conceivable whilst still remaining within the scope

of the invention as defined in the appended claims.



Bel ow 2000 to 3000 rpom the systemw th two rubbing 10 parts (Exanple

19) gives better reproducibility of the results (100% success), as
opposed-to that with three rubbi ng parts (Exanple 20: 90% success).
Above 10,000 to 12,000 rpm the reverse is the case. 15 Those
skilled in the art wll wunderstand hat al t hough the invention
has been described and illustrated iA"the case of particul ar

enbodi ments, nunerous variants are concei vable whilst still remaining
wi thin the scope of the invention as defined in the appended cl ai ns.
24 CLALMS 1. &uiding device for
mechani cal nenbers, which consi st s<58Mo parts intended to interact
by sliding fri CI[J' omulmelg)f déhecémoqumr trechealibed themisemst h wherth 5

(11), having a functiaon t.hat s, .t rd.ct
surface and t he° rb?h%tfs pé?ﬂft Y Ilpgé%tghelrbt—ieer%dceéid to Olntsear)élce:8)byh élcld 9{%
| east one funciromaiont hatei oft cclsmytwo pafrtisgt ICtﬁileSiJrfﬂa%eS(anPthRﬁft

| ol udes. eer gent) SaAVLLEs, o LRofit eMlat 0 AacoTIIAL € 18 GRSl the

| ubri cating- e conprising a soap-type constltuent .an ojl -
type consti tu@mct%@m %Mrf@% r@lﬁ@ bhesstiher ®adrei ¢elled thenRig&H&d zed

in that the copiact (angl gaPiRst )ﬁ@emeggtdone fuh@a@bh@mal tBeEf age tof @@: d
snoot h part and sai d gr ease er at

re a u
the nmeasurenef¥1a5Ion¢ o FYELACET e 7)me FICP‘S 1fB‘f]éerre]s nF‘%F?fEiEbeqao‘wattlhes
tenperature at(9) invbh€ddtbe easemmobiasepar @trneaaeb@tfwe;ere s]am;hsnaaqart
constituent and sai d oi I-té(/cgw consti tuent ocgu ISistit and 40

degrees ahd i PIREE HES SO @ So8h G YE er R part s c osen T
such a way thatyphie 20nstdontact angl e, aneaswtedrat prasdumeas r&hentve.,

tenperature, Qgég\?hge 397 L}%%t ' &9@' couebace aQ'IglteheO Pirgk Gednpaldifnd

sai d grease IS ween Devi ce accordi ng to
Claima1l, charaﬁm@¢tszhlnsurLace of sald smooth part and said grease,

measured at a temperature <called the measurement

15 temperature, which is 15° + 5°C below the temperature at
which the onset of separation between said soap-type
constituent and said oil-type constituent occurs, is
between 20 and 40 degrees and in that the material of
said pierced part is chosen in such a way that the

20 contact angle, measured at said measurement temperature,
between said functional surface of the pierced part and
said grease is between 45 and 75 degrees.

2. Device according to Claim 1, characterized in
that the material of which the smooth part is made is

25 chosen from among steels, chromium and nickel.

3. Device according to Claim 2, characterized in
that the steel is chosen from among case-hardened,
quench-hardened and ground steels, ground HF quench-
hardened steels, steels that are hardened and then coated

30 with hard chromium, nitrided steels, ceramic-coated
steels and carbonitrided steels.

4. Device according to any one of Claims 1 to 3,
characterized in that the material of which the pierced
part is made is a bulk material.

35 5. Device according to any one of Claims 1 to 3,

R 0 IEEI ”



that the material of which the smooth part is made is 25 chosen from

anmong steels, chrom um and nickel . 3. Device according to Caim
2, characterized in that the steel is chosen from anong case-hardened,
guench- har dened and ground steels, ground HF quench- har dened steel s,
steels that are hardened and then coated gg with hard chrom um
nitrided steels, ceramc-coated | s and carbonitrided steels.

4. Device according to any one of C ai m; 1to 3 characterized in that
the material of which the pierced part is rrade is a bulk mterial. 35
5. Device according to any one of Clains 1 to

25 c edreder Céreirzlé'@dy i hbpat héhﬁfat“@rtleéllaéf i Wh Thet BRePdEF ced

part is made Ipsﬂcthoasgnméaemlamg:sw YIRSm N@h&id abslpmelr matesopbby med
mat eri al s. . Devi ce according to Claimb5, characterized in 5
that the mat erqoﬁojd‘fm%l"meFﬁé Pi‘erced part is nade is chosen from

among pol yi mi des, fid.l edepdlopi maes;diggpxyo ClaimeS:‘t,nschafhtt@nize@pdﬁy
resins, pol y, cetta heres%ré%ial of g@{]ycﬁ]h ﬁgnsie%g :?ta]qitedlé)rmade is

unsubstltSUt ed Fltlor 08&r ons, ene terep
pol yet her sul prrdrceserpotfyam EOTID pOéMdmpd€§'et rférlételﬁierR@inélaeSf epoxy 7.

Devi ce accordl A any oy & d 1 tQH, Jrekani zeddgird)at
the materi al |ch t he giercedéaécm;y part |nsS rradeﬁélhs chasen from am)ng

bul k substrat e@lxaﬁhvlene, roinsed et STannaiisdt

coating. 15 polyetilerdeeVi &e@aR1ditRg t;sbl@ieam@r‘é,ulcplm@m@ct qm@eﬂmdes
that the materlal of _"whi ch the ?{oatlng is made is a material chosen

from anthg Oy mGLY SRS copol yner naterial s.
9. Device according 10 @eaurﬁe&acfdtacrcﬁﬁtgertuzeainynoﬁé oft Haltainkee bmteriSal of

whi ch the Coat%élf' S JPAed SiENPREE ne oJiUPATONGE PRAYLH dRS: Jiddsh

pol yi m des,
part is made is chosen from among bulk substrates, thin

rolled sheets and substrates covered with a coating.

15 8. Device according to Claim 7, characterized in
that the material of which the coating is made 1is a
material chosen from among polymer materials and
copolymer materials.

9. Device according to Claim 8, characterized in

20 that the material of which the coating is made is chosen
from among polyimides, filled polyimides, epoxy resins,
filled epoxy resins, polyacetal resins, polyethylene,

substituted or unsubstituted fluorocarbons, polyethyelene

terephthalate, polyethersulphone, polyamides and
25 polyetheretherketone.
10. Device according to either of Claims 6 and 9,
characterized in that the fluorocarbon is PFA
(perfluoroalkoxy) .

11. Device according to Claim 8, characterized in

30 that the material of which the pierced part is made 1is
chosen from among prenitrided steels.

12. Device according to Claim 11, characterized in

that the steel has been subjected before hand to a

surface hardening treatment causing nitrogen to diffuse

HEE!HE! HIBH i HIEIE IH I

C R M s #*

35 into said steel.




filled epoxy resins, polyacetal resins, polyethylene, substituted or
unsubsti t ut ed quorocarbons pol yet hyel ene t er epht hal at e,

pol yet her sul phone, polyanldes and 25 pol yet her et her ket one.

10. Device according to either of Clains 6 and 9, characterized in

t hat the fluorocarbon s PFA (perfluoroal koxy) .

11. Device according to Claim8, characterized in 30 that the material of
which the pierced part is nade is chosen from anong prenitrided

steel s. 12. Device according to Caim1l, characterized in

that the steel has been subjected be an ur f.a leni n
treat ment causing nittogétf JcFedl‘EI‘cfciPsr q‘ g}lc?lglall&’ tCha}raCteCr%Z%%f A5 N9
Zﬁ | thatl3. sBedi Cehackoridiong ttzoeﬂrmrm 12jschar actlegimeathdmical
that sai har denl treat nen i C al ri
(reatment in 2 hof tEBatt o s F’l? n & afngﬁgg B alkil o

cyanates and carbonates. 5
14. Devi ce accypamiingstand @mquitaﬂ”rar acterized in that the nolten

bath furtger more conial o Mo iRl o c1diGASts Ol UMl ARECPS.

15. Device according to any one Cl ai ms to characterized in
that the cavitileat afle dm@ﬁ@bul%‘élh oﬁ/lé?t}l@fmo% aﬁ,‘-‘tr}tc"’ai‘iq%/ Fhémy €57 ace

of the piercedPa&t . one sulphur sfecil®yvice according to O aim 15,
characterized in that at |east three cavities c%& 1bute t.o suplp4ort| ng
a | oad appl i ed ]c% t HEWS Frdding to any \51 e dordl g t o

C ai m 15, char@esestzediied 15n thaat dHe asest desupired diptiridbucadi tawse on

t he deve| opnent functl onal rfac C art
repr eseni@ r%%‘fh%%i}lﬁép‘b O HetS Y uf?}uand gpgﬁngxP?e?E?& gg of the
total area of said dewel dpreite according td&labevile athﬁﬁétﬁqﬁjflt%ﬁdanw one

?L Gaims 1 todf, 20 18047 agiAld 288 {0idbatohbei Gave t 8S AR IRLRLNa | €ss

load applied to the two parts.
17. Device according to Claim 15, characterized in
15 that the area occupied by the cavities on the development
of the functional surface of the pierced part represents
between approximately 20 and approximately 40% of the

total area of said development.

18. Device according to any one of Claims 1 to 17,

20 characterized in that the cavities are more or less the
same as each other.

19. Device according to any one of Claims 1 to 17,
characterized in that the cavities are distributed more
or less regularly over the entire surface of the pierced

25 part.

20. Device according to any one of Claims 1 to 17,
characterized in that the cavities are not more or less
the same as each other.

21. Device according to any one of Claims 1 to 17

30 and 20, characterized in that the cavities are
distributed more or less irregularly over the entire
surface of the pierced part.

22. Device according to either of Claims 20 and
21, characterized in that the shortest distance between

35 the edges of two Jjuxtaposed cavities 1is greater than

g
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same as each ot her. 19. Device according to any one of Clains 1

to 17, " characterized in that the cavities are distributed nore or
| ess regularly over the entire surface of the pierced 25 part.

20. ‘Device according to any one of Clains 1 to 17, characterized in
that the cavities are not nore or |ess 57 the same as each other.

21. Device according to any one of O ains 1 to 17 30 and 20,
characterized in that the cavities are distributed nore or |ess
irregularly over the entire surface of the pierced part.

22. Device accordkgg to either of Cdains 20 and 21, characterized in
that the shor t&3RT %ﬁ%ﬁéi? FetWeen 35 the edges of two | uxtaposed

cavities 1is greater23tharvice according to any one of Claims 1 to 22,

appr oxi mat el y c2ha cterizdad} nir% ht%}fat Q%Vé Gt ertdié’]u%fta%ea@f %%E:h()fcagi%iy”s 1

to 22, characterize the emergent surface of each cavity
has an areahasf apetwesma afpr okeheeehy apprAfidrafelyand3smm’  and

approxi mat ely £ Siddely 40 mm?. 24. Device according to one of O ains
20 and 21, 4i9pcig§ract erized in that the shortest distance between the

edges of two juxtapdded OV Ha erCtABR °f Claiioxt rafBRy %2 'mm
and the emergemissibdface,Qf eachnhi@ theaviliyrthas adietgacof bbeweean the

approximately 10 mierr] and . _.approxj mately 30 errl., 25.

Devi ce accor di§P%0 afy of&Cof Jd’ﬁia%g)sfdto °2’3‘4‘f%/tles ngw%r a%trg?lt%d ¥ hat

the cavities eq@sghtignanelyhe 2 mm fudct cheal eserdente ofutfrmcei _e:rfcedaa}mt do

not commui cale, oy HELN Sach Lhelr Oheldfer?] dBpEBRIALBERD S tkUngGld Ona
sai aap er ced 17 n

surface © Ier part. - cé according to any one of
Clains 1 to 253pproximdtalact3 imméd in that the cavities energing on the

functional surface ofgthedj;elCed R nd0 ROLNGOTENIFA B aims 1 to 24,
characterized in that the cavities emerging on the
functional surface of the pierced part do not communicate

15 with each other on the side containing said functional
surface of said pierced part.

26. Device according to any one of Claims 1 to 25,
characterized in that the cavities emerging on the
functional surface of the pierced part do not communicate

20 with each other on the side containing a non-functional
surface of said pierced part.

27. Device according to any one of Claims 1 to 25,
characterized in that the cavities emerging on the
functional surface of the pierced part communicate with

25 each other on the side containing a non-functional
surface of said pierced part via a system of channels.

28. Device according to Claim 27, characterized in
that a cover (12) covers the cavities.

29. Device according to any one of Claims 1 to 28,

30 characterized in that the cavities are cylindrical.

30. Shaft/bearing device according to any one of
Claims 1 to 29, characterized in that the shaft is the
smooth part and the bearing is the pierced part.

31. Slideway/runner device according to any one of

35 Claims 1 to 29, characterized in that the slideway is the
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20 with each other on the side containing a non-functional surface
of said pierced part. 27. Device according to any one of C ains
1 to 25,- characterized in that the cavities energing on the

functional surface of the pierced part conmunicate with 25 each ot her

on the side containing a non-functiopal surface of said pierced
part via a system of channels. 8. Device according to Caim 27,
characterized in that a cover (12) covers the cavities.

29. Device according to any one of Clainms 1 to 28, 30 characterized in
that the cavities are cylindrical. . 30, Shaft/bearing device
accordi ng to @WPYHe ALt and ghg mynpegoisgthehRi@EEeFiR2Ein that the

shaf t :sdt he/ sr@g.thmqt/s@r&qtg&hed@eﬁééngadcs;@elgpi eb(aeﬁlnjaardne of

31. Slideway/runner device_according to. any ane 35 ai 1 to,29,
characteri zed $R 1t ltﬁéjs??de\ﬁéﬁriagt[aﬁéze 1% chat ™ the “BHIT 1s' Yhe

28 snmgtdbarga@nriche Heuraekelts ishehpi pt eedepapart . 32.
Bal | / socket device cording to an ne of ai t : -
characterized in th %Thgjebvg‘ﬂe i rgimg tSmSotHh pé?’?f’ ;crkllé&taﬁzgesréézl?gt s the
pi erced part. that the b&&inddsscewactfondtngned Shafard®, characterized in
that the bearing has two functional surfaces.
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