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Roughness of surface and other conditions may lead to normal oscillating motion of a punch sliding over the 
coating surface. We investigated the associated transient quasi-static thermoelastic contact problem and de-
termined conditions when oscillating wear rate can be observed and, moreover, when the wear can be acceler-
ated due to interaction between eigenvibrations of the system and induced oscillations of the punch.  
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1. Introduction 

Sliding contact is subjected to frictional heating that 
may lead to undesirable effects such as thermoelastic 
instability (TEI) [1]. Wear decreases contact stresses, 
thus stabilizing the thermoelastic contact [1–3]. Mathe-
matical models of wear are being developed that ac-
count for frictional heating [2–4]. It was found that 
interaction of frictional heating and wear may lead to 
oscillating wear rate [2, 3]. Here we investigate conse-
quences of normal oscillation of the punch during the 
sliding contact with wear. 

2. Methods and results 

We consider a coupled thermoelastic contact problem on 
a rigid punch sliding with constant velocity V over the 
surface of a coating of thickness h, taking into account 
frictional heating and wear of the coating, like in [3], 
but when the punch is oscillating with some frequency. 

Our approach to solve such problems [3] is based on 
the Laplace integral transform. The stresses, tempera-
ture, and wear of the coating are obtained in the form of 
contour integrals. The denominator of integrands, R(z), 
delivers the characteristic equation R(z) = 0, roots 

k
  

,2,1,0k  of which are the poles of the integrands, 
ordered by their real part in descending order. They 
depend on the dimensionless sliding velocity V̂ , dimen-
sionless wear coefficient 

w
k , thermoelastic coupling 

parameter T̂ , and Biot value of coating-substrate inter-
face Bi . It was found that 0)Re( 
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 ,4,3,2k  for 

any possible values of these parameters. The first two 
poles 0  and 1  can be located in complex plane in the 
following ways: (I)   0Re 
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, i = 0,1. In cases III, IV the 

thermoelastic instability occurs. It was found earlier [3] 
that (i) at V̂ = 0, all roots have Re < 0, and the contact is 
thermoelastically stable, and (ii) at high values of 

w
k , 

all roots have Re < 0 for any possible combination of 
other problem parameter values. Thus, for small 

w
k  and 

fixed T̂  and Bi  there always will be a critical dimen-
sionless velocity *̂V  at which the transition from ther-
moelastically stable to unstable contact occurs. At 

*̂
ˆ VV  , poles 0  and 1  have non-zero imaginary part 
   10 ,Im , leading to undamped oscillations of the 

solution. Fig. 1 shows plot of *̂V  versus 
w

k  for different 
Bi . If  i0 ,  i1  then the undamped oscilla-
tions frequency is given by  t2/r . For h = 1 mm, 
κ = 10−6 m2/s, 1/2  ht  s, frequency of eigenvi-
brations will be up to 3 Hz, which is low compared to 
frequency of elastic waves in the coating. 

     
Figure 1: TEI critical velocity *̂V  versus wk  at T̂ 0 

and Bi = 0.1 (1), 0.5 (2), 1.0 (3), 2.0 (4), ∞ (5). 

Numerical results (not presented in this abstract) 
show that even small amplitude of forced punch oscilla-
tions at the frequency r  leads to increase of contact 
stresses and coating wear rate. 

3. Discussion 

We identified a mechanism that can accelerate wear of a 
coating when external vibration frequency match eigen-
frequency arising from the coupling between frictional 
heating and wear. In case of successful experimental 
verification, these results can be applied to advance 
operation time of friction pairs. 
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