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Contact of Lubricated Surfaces
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Abstract — Mating surfaces with nanocoatings work under
lubrication. At the same time the effects of surface deviations
from the ideal one have not been sufficiently studied . The paper
examines the contact of endface friction pairs considering their
surface roughness. The problem is solved by using Reynolds
equation for liquids assuming the liquid film thickness to be a
random variable. In the general case the liquid film thickness is
described as a random field of two variables x,y.
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. INTRODUCTION

The calculation procedure of carrying ability of two flat
lubricated surfaces contacting at normal loading has been
carried out. Within the procedure roughness is presented as the
3D object. This approach makes it possible to solve contacting
problem in conditions closer to practical. The given decision is
pretty new in the field of mechanical engineering and
appliance design. The received result has important value at
estimation of contact rigidity on bench adaptations, in
measuring devices and contact units of mechanical
engineering. In the framework of the paper roughness of
contacting surfaces is considered as 3D object and this aspect
determines the topicality of the given theme, with reference to
wear calculation of flat lubricated surfaces. The discussion
concentrates on an idea of the 3D representation of rough
surface. Within the idea basic concepts of casual fields are
considered and the system of the initial parameters of
roughness of surface is formulated. The roughness of surface
in micro topographical understanding should be characterized
by three coordinates in Cartesian system as the following
points of surface: altitude h, abscise x, and ordinate y . As the
study of irregular roughness methods of the theory of
stochastic functions appeared to be effective, therefore, micro
topography analogously to profile section can be presented by
stochastic function as two dimensional (2D) one, i.e. casual
field h(x, y) of two variables x and y. As for stochastic
processes in order to determine normal casual field, it is
necessary to know mathematic expectation and correlation
function of field p(t,;, 7, ). Relation of parameters of
correlation function is defined by the parameter of anisotropy
c:

c=a,/a, =Sm,;/Sm, @)

where Sm; , Sm,— step-by-step parameters of asperities of
roughness on directions x and y, accordingly. It is proven that
the initial parameters of the 3D rough surface are the

following: surface roughness altitude parameter Ra or ¢ , two
step-by-step (spacing) parameters between asperities Sm, ,
Sm,(Sm;>Sm,).

1. ANALYTICAL RESEARCH
A. Discussion of model analysis

A case of contacting of an ideal plane and the rough surface
is considered at presence of liquid lubrication layer (Fig. 1)
when normal loading operates and small lateral (non-regular)

r

Fig.1 Contact of two surfaces

sliding is possible. Under the influence of normal loading
pressing out of liquid environment and deformation of
microirregularities of the rough surface take place until there
is a balance. Thus, general force loading the surface of detail
at balance is:

Py=P,+Py, )

where P, force of resistance to pressing out of liquid
environment at approaching of surfaces,
P;— force of resistance to deformation of

microirregularities of the rough surface.

Having divided both sides of equation (2) by the size of the
nominal area 4, , it follows:

45=q»+qq, (3)

where g5, g, qq4— pressure components appropriate to forces
of equation (3).
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At first let’s consider the first component of equation (3),
i.e. pressure of resistance to pressing out liquid environment at
approaching of surfaces q, . For bring out of analytical
dependences of estimation of value q,.

Let’s take advantage of equation of movement of liquid
flow (equation Navue -Stocks). Considering the movement of
liquid flow between closely located solids some assumptions
leading to essential simplification of these equations without
any loss of common value are made.

The following ones regard the number of such assumptions:

1. Thickness of lubricant film between solids (on axis Z ) is
much less than the sizes of the film in two other directions ( x,
y).

2. Lateral sliding of details can not cause sliding on the
border of flow and firm surface.

3. Liquid is considered newtonian to be incompressible.

Using these assumptions the equation of movement of the
liquid flow can be written down as Reinolds common
equation.

ﬁ(hwﬁg4“ioﬁe&)zjzpv+6awwu+a@wm+

dx uox ady uoy. ox ady

9q
+12 " 4)
where h — thickness of film,

p — density of liquid,

u — dynamic viscosity of liquid,

q — pressure of liquid,

t — time of contacting process,

U,W,V — speeds of liquid flows in direction of axes
X, Y, , accordingly (Fig.1).

According to conditions of the task (at approaching of solid
details in direction of axis Z) U=W=0 the Reinolds equation
becomes as

2 (8220) 4 2 (1220 -
dx (h uox +0y (h udy 12v (5)

Solving the obtained equation it should be taken into
account that thickness of liquid film h is casual field of two
variables x and y consisting of two sizes :

h =hy(x,y) + hy(x, y) (6)
where h, — constant of thickness of liquid film (clearance)

hg — stochastic function of thickness of film due to
roughness.

This equation cannot be solved by simple analytical
approach due to the parameter of viscosity p, which also is the
function of two variables X, y. Alteration of viscosity p on the
surface of contact is small enough to assume it to be constant.
Getting focused on expression for estimation of value g, a
model of contact assuming the above mentioned proximity is
considered. The value of parameter q,, can be described as the
sum of two components:

66

Qv =qo+4qq )

where  g,— constant pressure of resistance to pressing out
lubricant layer due to nominal area of contact
surfaces,

q4— stochastic component of lubricant pressure due

to roughness of surface.
B. Form of contacting surfaces

Let’s consider the first component g, of equation (7). As
the value of g,characterizes constant component of pressure
g, it can be found from equation (5) taking into account
independence of parameters x and h of coordinates x, vy .

8%q | 8%°q _ _ n
— + ﬁ =-12V e (8)

d0x2

For convenience of calculation lets solve equation (8) by
assumption that contacting surfaces through normal plane
have the form of ellipse whose canonical equation is the
following:
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where a,, by — halfaxis of elipse.

Thus, by reference to the above mentioned the following
equation of constant pressure of resistance to pressing out
lubricant layer due to nominal area of contact can be obtained:

3uay?by? 1 1
Q0 = ZuagZrbe?) (h:f - W)
where h, - average value of altitude of heights of regularities
of surface,
h - constant value of thickness of film between
The average plane of the rough surface and the ideal
plane of contact (Fig.2).

(10)

h

ho

hz

Fig.2. Contact of plane of rough surface and ideal plane
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The following equation:

_ 3pag? (1 1
Q=5 \i7 "

is true for the case of approaching of round surfaces a,_b,

11)

C. Elliptic paraboloid asperity

The second component qg of equation of pressure (8) was
determined through investigation of contact of single asperity
of the surface and ideal plane. Let’s assume the surface is
described by normal homogeneous casual field of two
variables x and y.

According to Beinerts [4] for that kind of field the form of
asperity has close proximity to elliptic paraboloid at high
levels (y>1,5). The form is illustrated in Fig.2. In this case
thickness of lubricant film around the asperity is function of
two variables :

XZ 2
hy(oy) = i + by (5 +55) (12)
where h,— thickness of film above height of asperity,
h,— altitude of asperity,
a., b.— short and long halfaxis of base of elliptical
asperity on the middle plane.

By substitution of expression (12) in equation (5) and
going through transformations Reinolds equation takes the
following form:

9? a2 6xh,d 6yh,0
T R A e O P A
ac h1+hz(m+? ox bc“|hi1+hy ?4’? ay
12uv

] (13)
hy+hy( Z5+25

1+ gzt 2

111. CONCLUSION

Definition of carrying ability of the contact of two
lubricated surfaces is interpreted in terms of the largest
possible normal loading provided by elastic contact of
asperities keeping layer of lubricant unbroken between the
surfaces. Analysis shows that the following aspects have a
substantial influence on the wear of sliding friction and
particularly on the carrying ability of the contact of two flat
lubricated surfaces working at normal loading:

1) characteristics of contacting surfaces :

- geometry of an area

- parameters of roughness R, , S,,1, C, h, ,

2) parameters of process of contacting :

- value of enclosed pressure g5 upon surface ,

- size of clearance h, between the surfaces,

- time t of contacting process,

3) dynamic viscosity p of liquid lubricant

Thereby, the influence of key parameters on common
carrying ability of the contact of surfaces is discussed in the
paper. The largest influence is caused by slopes of asperities
of roughness (A=R,/S,,), average arithmetic deviation of
roughness R, , dynamic viscosity p of liquid lubricant and
geometry of contacting surfaces a,, b, . Increase of each
parameter by 10% results in alteration of the carrying ability
of surfaces by 15%(A), -8%(R,), +7%(w), +6%(ay , by ),
accordingly .
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Oskars Linins, Armands Leitans, Guntis Springis, Jevgenijs Semjonovs. Ellotu virsmu kontakts

Sis aprekina metodikas mérkis ir izpétit divu plakanu virsmu nestspgju, kuru kontakta ir ellojoSais materials un abas detalas atrodas kontakta normalas slodzes
apstaklos. Sis metodes ietvaros virsmas raupjums tiek uzskatits, ka 3D objekts. Sada tipa pieeja dod iesp&ju atrisinat kontakta eso$o detalu problému, pietuvinot
to praktiski sastopamai divu plakanu virsmu kontakta. Sads risinajums uzskatams par diezgan jaunu masinbiives joma AHD projekte$ana. Gadijuma lauka
pamatjédzieni tiek apskatiti ka virsmas raupjuma raksturotaji un formul&ami virsmas mikrotopografiska izpratng, ko raksturo ar trim koordinatam dekarta
koordinatu sistéma. Divu kontakta eso$u ellotu virsmu nestsp&jas noteik$ana interpret€jama no viedokla, ka pie maksimali iesp&jama normala spiediena virsmu
kontakta virsmas izcilnu elastiba nodrosina ellas slana noturigumu uz virsmam. legiitais rezultats sniedz svarigu lielumu, novértgjot kontakta virsmas cietibu
piestrades procesa, dazadu masinbiives iekartu kontakta virsmas. Analize parada, ka dazadi virsmu raksturojosie lielumi butiski ietekme nodilumu un slides berzi,
pasi ellotas kontakta virsmas nestsp&ju normalas slodzes gadijumos.

Ockapc JIuannbi, Apmanjc Jleiitance, lyntuc Cnpunruc, EBrennii CeménoB. KoHTaKT cMa3aHHBIX OBepXHOCTel

OmnpezeneHa METOMKa pacyeTa Hecymieil ClioCOOHOCTH ABYX IUIOCKHX ITOBEPXHOCTEH, KOHTAKTHPYIOIIMX B CMa304HOM MaTepHhaje IPH HOPMAIbHOH Harpyske,
KoTOpas npezacrasieHa kak 3D o0bekT. Takoil moaxo/ AaeT BO3MOXKHOCTh PELIUTh IPOOJIEMBbI JeTaleld B yCIOBUAX KOHTAKTUPOBAHUS, OJIMKE K MPAKTUYECKUM.
JlaHHOE pemIeHHe SIBISETCS JOBOJIBHO HOBBIM B O0JACTH MalIMHOCTPOEHHS M NpoekTupoBaHHss B obmactw AHD. IlomyueHHBIH pe3yiabTaT UMEeT BaKHOE
3Ha4YeHHE IPH OLeHKE JKECTKOCTH KOHTAKTa Ha NPHPa0OTKe MpoIiecca, B U3MEPHUTENBHBIX IPHOOpax M KOHTAKTHBIX eHHHUIAX MAIIHHOCTPOCHHSI.

O6cyxnenne OTKpbIBaeT mpeacrasieHue o 3D miepoxoBaToil moBepxHocTH. OCHOBHBIC TOHSTHS CIy4allHOTO MOJIS PACCMATPUBAIOTCS U CHCTEMOH HCXOHBIX
[1apaMeTpoB IIEPOXOBATOCTH HMOBEPXHOCTH, (OPMYIUPYIOTCS B MHKPOTOHNOTPAa(pUUECKUX MOHATHSIX, M JODKHBI XapaKTEePU30BaTHCS TPeMs KOOPAWHATAMH B
JleKapToBOi cucTeMe. OnpereneHne Hecymel COCOOHOCTH KOHTAaKTa ABYX CMa3aHHBIX ITOBEPXHOCTEH HHTEPIPETHPYETCS ¢ TOYKH 3PEHHS MaKCHMAIbHO
BO3MOXKHOWH HOpMaibHOI Harpysku. IlpenocraBiieH ynpyruii KOHTaKT, HEPOBHOCTU NPH HEHPEPHIBHOM IOIEPKAHUHU CIIOSI CMA3KH, MEXIY MOBEPXHOCTSIMH.
AHaIM3 MOKa3bIBaeT, YTO CIEAYIOIIHE acHeKThl OKa3bIBAaIOT CYIIECTBEHHOE BIMSHUE Ha M3HOC U TPEHHE CKOJIBXKEHHUs, OCOOCHHO Ha HECYIIYIO CIIOCOOHOCTH
KOHTAKTa: KOT/Ia JIB€ IUIOCKHX IIOBEPXHOCTH IIPH cMa3Ke paboTaioT ¢ HOpMAILHON Harpy3Koil.
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