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Abstract. To study dynamics of a coating wear, this paper deals with an
uncoupled thermoelastic contact problem on sliding of a rigid punch over
the surface of a thermoelastic coating bonded to an electroelastic interlayer,
which itself is bonded to an undeformable substrate. Friction, frictional
heating and coating wear on the contact is taken into account. The problem
solution was constructed by the Laplace integral transform method and was
obtained in the form of the Laplace convolutions. Based on the obtained
expressions it is possible to develop technique for monitoring of a coating
wear on a sliding contact through values of electric current arising in the
piezoelectric interlayer.

1 Introduction

Coating of frictional pairs working surfaces are widely used to achieve different goals:
reduce friction coefficient, corrosion resistance, thermal insulation and others. Frictional
heating facilitate decrease of a coating lifetime and their breakdown. Coating wear
modeling was previously performed in the framework of quasi-static thermoelasticity [1, 2].
But interaction of thermoelastic extension and elastic dynamics during wear is usually not
taken into account. Though, it was shown in [3, 4] and others that elastic dynamics has
strong effect on thermoelastic contact parameters and stability conditions.

In [5], a methodology was proposed on indirect monitoring of sliding contact
parameters by measuring electric current arising in a buried piezoceramic layer. The
methodology is based on solution of a transient thermoelastodynamic contact problem. The
purpose of the present paper is to obtain the solution of the similar contact problem
incorporating wear of a coating.

2 Problem statement

Consider a transient dynamic contact problem of thermoelasticity and electroelasticity
about sliding with a constant velocity of a rigid half-plane I over the surface of an elastic
coating 4 coupled along the lower face with an electroelastic non-thermal conducting

* Corresponding author: bmitrin@dstu.edu.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 226, 03031 (2018) https://doi.org/10.105 1/matecconf/201822603031
DTS-2018

layer B whose polarization vector is orthogonal to it faces. On the lower boundary, the
interlayer is adhered to a non-deformable substrate in the form of a half-plane II (see [5]).
The elastic coating 4 is exposed to abrasive wear by half-plane I indenting into its surface,
while sliding parallel to the surface of the coating. The Coulomb friction and frictional heat
generation at the coating interface is taken into account. The heat flux due to friction at the
contact is directed into the elastic coating 4. The edges of the electroelastic interlayer B are
covered with electrodes with an applied potential difference. At the initial moment, the
displacements and their velocities in the coating and in the electroelastic interlayer are
equal to zero, just like the initial temperature in the coating.

According to the formulation of the problem of deformation of a two-layer coating, all
the basic physical parameters (temperature, stress, displacement, electric induction, electric
field strength) do not depend on the choice of the horizontal coordinate and are functions
only of the vertical coordinate and time. In this case, the behavior of the thermoelastic
coating A is described by a system of differential equations of thermoelasticity in
conjunction with the heat equation [6]
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where u(z,t), w(z,t) are vertical and horizontal displacements, 7'(z,#) is the temperature
distribution in the coating, A, pu are Lamé parameters, p, k, a, a, b are density, thermal
diffusivity, linear thermal expansion coefficient, longitudinal and transverse elastic waves
speed, of the coating material, correspondingly.

Duhamel — Neumann formulas [6] relate stresses, displacements and temperature
between each other

G, = (7\,+2M)Z—u—(37\,+2}l)aT , O, = ua_w (4)
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where ©.,(z,t), o,,(z,t) are normal and tangential stresses in the coating.

Behavior of the electroelastic interlayer B is described by a system of differential
equations of electroelasticity for a piezoelectric material polarized in direction of z-axis [7]
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where u,(z,t), w;(z,t) are elastic displacements in piezoelectric interlayer, w(z,7) is

electrostatic potential, p; is density of the interlayer material, cé s cﬁ are elastic moduli
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measured at constant current, es; is piezoelectric modulus, &3; is electric permittivity

measured at constant deformation, a;, b, are velocities of longitudinal and transverse elastic
waves in the piezoelectric interlayer B. Stresses in the piezoelectric interlayer [7] are
described by equations
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where c.,(z,¢), 6\ (z,¢) are normal and tangential stresses in the interlayer, are elastic

moduli measured at constant current. Electric field intensity E., electric induction D. and
electric current / through the piezoelectric interlayer are determined from

0
E =--%, DZ:g§3EZ+eS3% -H<z<0,1t>0 )
Z

I=-§

612 (10)

where S is cross-sectional area.
Mechanical, thermal and electrical boundary conditions of the formulated dynamic
sliding contact problem are written as follows:

z=h u(h,ty==AO)+uy (), o.(ht)=—fo_(ht) (11)
KOoT(h,t)/ 0z =—fVo_, (h,t) (12)
z=0 u(0,1) =u,(0,1), w(0,7) = w;(0,7) (13)
6.(0,0=cL(0,),  ©.(0,0)=0(0,0) (14)
T(0,1)=0, w(0,1) =V, (1) (15)
z=-H  u(-H,t)=0 w (=H,t)=0 (16)
W(=H,1) ==V, (1) (17)

where u,, (¢) is the half-plane / displacement due to coating wear, f is coefficient of
friction, V' is sliding velocity, K is thermal conductivity of the coating 4, A(¢) is law of

the half-plane / penetration into the elastic coating, /% is the coating 4 thickness, H is the
thickness of the piezoceramic interlayer B, 2V, (¢#) is the electric potential difference
between the interlayer electrodes. Here the abrasive wear model is used:

uw(z)z—fVK*j;%(h,r)dr, >0, (18)

The problem statement is completed by zero initial conditions on displacements
u, w, u, w,their velocities, temperature 7', potential y and penetration law A :

u(z,0) =u,(z,0) = w(z,0) =w,;(z,0) =0
ou(z,0)  oui(z,0)  ow(z,0) 0ow(z,0)
o0 a0 o o
T(z,0)= y(z,00= A0)=0

0 (19)
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In case of the formulated problem, vertical displacements in the coating u(z,7) are
independent from horizontal displacements w(z,¢). Horizontal displacements w(z,f) can
be determined from vertical displacements u(z,f) after calculation of the latter. It is the

reason why w(z,¢) are not considered in this paper.

3 Exact solution of the problem

By using the Laplace integral transform the solution of the formulated dynamic contact
initial boundary value problem on sliding contact (1)—(19) can be written in form of the
Laplace convolutions, which are Volterra integral equations of the considered problem:
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Index a is to be replaced with one of the following symbols: T,u,c,u;,c,,y,I.
Components of integrands in (20)—(28) have the following form:
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where
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[ ={C:—ico+dt,,io+dr_} is the contour of integration, where d is defined in a way to

keep all of isolated singularities of integrands of (28) (derived by (32)) to the left of the
contour I, v=24/ (2(7» + u)) is the Poisson’s ratio of the coating 4.

Investigation of integrands of (28) shows that they are all meromorphic in the complex
plane of the integration variable {=§&+in and have only poles as their isolated

singularities. To effectively calculate the contour integrals, the investigation of poles of
their integrands should be carried out, similar to [2, 4, 5].

4 Conclusion

The obtained formulas allow to calculate wear of an elastic coating and also electic current
arising in the piezoelectric interlayer during the engagement, along with other contact
characteristics, using the approach of [3] for calculating the integrals (20)—(27). This
extends the methodology of contact parameters monitoring proposed in [5] to the case when
abrasive wear of the coating takes place.
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