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Abstract—Initially, a contact between a rigid rough surface
and a homogeneous elastic half-space without taking into
account the mutual influence of microasperities is considered.
To determine the dependence of the density of gaps in the joint
on dimensionless the force elastic geometrical parameter, the
discrete roughness model presented by microasperities in the
form of equal spherical segments with the height distribution
corresponding to the bearing profile curve of the real surface
is used. To determine the volume of intercontact space, the
volumes of gaps attributable to the single contacting or
noncontacting asperities are determined. In this case the
equations describing the sections of surfaces of contacting or
noncontacting asperities and the half-space under load are
used. Then we consider a contact between a rigid rough
surface and a layered half-space consisted of the coating with
thickness 61 and the substrate. By using the stiffness model of
a layered half-space, the elastic characteristic are determined
for every contacting asperity. The system of transcendental
equations which allow to determine the dependence of the
density of gaps in case of contact through coating layer on the
roughness parameters, material properties, coating thickness
and applied load is given. The characteristic curves showing
the dependence of the density of gaps in the joint for different
coating thickness are given.

Keywords- rough surface, spherical asperity, elastic contact
of asperities, volume of gaps, density of joint, thin-layer coatings,
layered elastic half-space.

L INTRODUCTION

A promising way to increase seals and friction
joints® operational factors is the surfacing polymeric
covering on their work surfaces anti-frictional films.
Operation experiment has shown that the sealing ability anti-
friction properties are determined not only by the properties,
but also the thickness of the coating material [1]. Long
experience of the authors in improving the methods of
calculation of tightness of joints show that the density of
gaps and in the seal junction and the relative contact area are
the critical characteristics. The influence of coating
thickness on the relative area for different types of contact is
considered in [2, 3]. At the same time, there are no data of
the influence of coating thickness on the density of gaps in
the joint. It has defined the purpose of the present paper.

II. CONTACT BETWEEN A ROUGH SURFACE AND A

HOMOGENEOUS ELASTIC HALF-SPACE

We use the discrete model of a rough surface, in which
microasperities are presented by identical spherical segments
with the distribution of segments’ peaks on height
corresponds to the bearing profile curve of the real surface
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[4]. To describe the distribution of the reference curve is
used incomplete beta function:
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Where Bs((x,B) and B(oc,B) are incomplete and

complete beta functions;
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are height roughness parameters

Where R, Ry, Ry

according to ISO 4281/1-1997.
In this case, the density of the asperities distribution on
height function is
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Where ¢ is determined from the condition ¢, (as): 1,
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oR, .« 1s the height of a spherical segment, o =1-¢; .

The radius of the spherical segment is
“)

Where a, is the radius of the base of the spherical

segment.

The problem of the density of gaps upon contact between
a rigid rough surface and a half-space was considered in [5].
As it follows from [5], to find the volume of intercontact
space it is necessary to determine the volume of gaps
attributable to the single contacting or noncontacting
asperities as

Vi =2n .[C[ZIO (P)_ 239 (P)]Pdp,
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Where z,, and z,, are the equations describing the
surfaces of noncontacting asperities and a half-space; z;,
and z,, are the equations describing the surfaces of

contacting asperities and a half-space.
Then the total volume of intercontact space in the joint
can be written as

And the corresponding density of gaps can be written as

Alg)=—Ye -
ACRmax
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Given that Vl’i = ACi RmaXAri and VOi = ACi Rmax AOi .

Eq. (6) can also be written as

min(s,ss)
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Let us define the equations describing the surface
asperities and a half-space included in Eq. (7).

Fig. 1 shows the schematic illustration of a contact of a
single asperity. The index 1 refers to an asperity, the index 2
refers to a half-space.

Initially the equation of i-th asperity’s section can be
written as

2 2
B p° oR_..p
Z,p=UR, +E_URmax +—Z§" s (8)

The equation of a half-space is Z,;, =0, it is held also for
a noncontacting asperity.

If the displacement of an asperity is equal € <U, then
contact between it and a half-space does not occur. Then, for
a noncontacting asperity we can write
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If the displacement of an asperity is equal €> U, then
contact between it and a half-space occurs. Then, for a
contacting asperity we can write
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Where x=p/a, .
The pressure distribution over the contact area is
Hertzian, that is

2 3 2
p(p)=po(1—§—3] =5pm(1—2—3J (A

Where p, and p,, are the maximum pressure and the
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average contact area.
According to [12], the displacement of a half-space
depending on the load of the form (11) is
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Where ,F,(a,b;c;z) is the Gaussian hypergeometric
function.
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Figure 1. Schematic illustration of single spherical asperity’s contact: a)

the original location; b) the displacement of an asperity equal to ®Rax.

Given that a? / ac2 =1, we have
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From Hertzian formulae with taking into account Eq. (4),
we obtain

hzgn?’s,meax. (14)
E° 3n  a
Then we have
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From [2] for elastic contact, we have
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i =mieu)=——. (16)
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Integrating Eq. (5) with taking into account sections of
contacting and noncontacting asperities and a half-space, we
have
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Substituting the above Egs. (17) and (18) into Eq. (7), we
can determine the density of gaps in the joint: Ale
depending on the relative magnitude €.

For given model of roughness, the mean contact pressure
applied to the joint [4] is

min(e,g;)
Ale)= Jdaleon(udu. (19
0
Given that = q;1;, we have
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III. THE ELASTIC CHARACTERISTIC OF A LAYERED HALF-

SPACE

Let us consider a layered elastic half-space consisting of
coating with thickness 9, the elastic characteristics v; and E;
and the substrate with the elastic characteristics vy and E,.
Using the stiffness model of a layered half-space, the authors
[3, 7] determined its reduced elastic characteristic depending
on the coating thickness and elastic constants of the
substrate and the coating. For the reduced modulus of
elasticity, it is obtained that

Eo =E/-F. (21)
(,0-K B, (kl5) ET
F =K, (0 Loy K (5)-02h =L (22)
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z(1-zarccot(z)).

K;(z)=arccot(z)+ —
1-v

To determine Km(gl) it is need to know v, . Since the
values of the function K; (Z) for v=0.25 ... 0.5 vary slightly,
then for the first iteration we should take v, = 0.5(v0+v1).

For subsequent iterations with an error of less than 1% can
be taken

1-F"

Vo1:"1+(‘/0_"1)—l E*/E* .
—E/E

(23)

The number of iterations depends on the assumed
accuracy. In the case of contact between a smooth rigid
sphere and a layered half-space convergence of bodies, the
contact radius and the maximum pressure are defined by
equations

_2 1 2
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IV.  MODELING OF CONTACT OF A RIGID ROUGH SURFACE
THROUGH AN ELASTIC COATING LAYER

In case of contact between a rough surface with an
elastic layered half-space, 9,; can be defined by equation
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Where y =8, /a, is the relative thickness of the coating;

n; =a’ / af is the relative contact area for a single
asperity; a. is the radius of the area attributable by one

asperity.
Thus, for every contacting asperity according to the
Eq. (21), we have

Eor (71 = ErFy(v.m;) - (26)
Where F,(y,n;)is defined by the Eq. (22) with taking

into account Eq. (23).

In case of contact between a rigid rough surface with a
layered elastic half-space it should be taking into account
that according to the Egs. (24) and (26) we have

2
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Then, as in the Egs. (18) and (20) we obtain
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The equation for V;(y,€) will be similar to the Eq. (17).

The density of gaps in case of contact between a rigid rough
surface and a layered elastic half-space is defined by
equation

min
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Figure 2. The relations Ac(Fq) for different values of the relative
thickness of the coating, for Ec=200 GPa, v(=0.3; E,=20 GPa, v(=0.3

The relations A (Fql ) for different values of the relative

thickness of the coating computed using the Eqgs. (17), (29) -
(31) are shown in Fig. 2.

V.

1. Using the discrete roughness model, the equations for
determining the density of gaps in the joint are obtained with
taking into account the displacements of a half-space by
every contacting single asperity.

2. The method for determining the density of gaps by
contacting between a rigid rough surface and a
homogeneous material was applied to the contact with a
layered elastic half-space is given. In this case we used the
stiffness model of layered body to determine the reduced
modulus of elasticity for any asperities.

3. The influence of the relative coating thickness on the
density of gaps in the joint is shown.

CONCLUSIONS
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