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Abstract

The selection of a proper material for the particular engineering application is a complex problem, as different materials offer unique
properties and it is not possible to gather all useful characteristics in a single one. Hence, employment of different surface treatment processes
is a widely used alternative solution. In many industrial applications, coating failure may be conducive to catastrophic consequences. Thus, to
prevent the component damage it is essential to establish the coating endurance and indicate the safe running time of coated system. To this
study PVD TiC, TiN and TiCN hard coatings have been selected and tested against polycrystalline alumina smooth ball. The series of fretting
tests with reciprocating sliding at the frequency 5Hz have been carried out under 50-150 N normal loads and under wide rage of constant
as well as variable displacement amplitudes fronnB50to 200um at a constant value of relative humidity of 50% at 296 K temperature. To
quantify the loss of material a dissipated energy approach has been applied where the wear depth evolution is referred to the cumulative density
of friction work dissipated during the test. Different dominant damage mechanisms have been indicated for the investigated hard coatings,
which is debris formation and ejection in case of TiC coating and progressive wear accelerated by cracking phenomena in case of TiN and
TiCN coatings. Energy—\dhler wear chart has been introduced, in which the critical dissipated energy density corresponds to the moment
when the substrate is reached after a given number of fretting cycles. Two different methods to determine the critical dissipated energy density
are introduced and compared. The EnergpHWr approach has been employed not only to compare the global endurance of the investigated
systems but also to compare the intrinsic wear properties of the coatings. It has been shown that the fretting wear process is accelerated by
the stress-controlled spalling phenomenon below a critical residual thickness and a severe decohesion mechanism is activated. Finally the
applicability of the investigated method to other coated systems subjected to wear under sliding conditions is discussed and analyzed. The
perspectives of this new approach are elucidated.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction interdisciplinary one in which different mechanical, physi-
cal, and chemical phenomena are involved. Fretting as a spe-
Degradation of surface layers in kinematic or static pairs cific type of wear is defined as a small displacement ampli-
due to wear is one of the principal industrial problems result- tude oscillatory motion between two nominally motionless
ing in necessity of repairing or replacing mechanical com- solid bodies in contact under normal lofd. Depending
ponents. Wear is a complex process and is considered as aon the fretting conditions (displacement amplitude, normal
load) surface fatigue and/or surface wear induced by debris
formation are progressing]. In a great part of mechanical

* Corresponding author. Tel.: +33 4 72 18 65 62; fax: +33 4 78 43 33 83. applications the vibrations are being induced and the sys-
E-mail addresssiegfried.fouvry@ec-lyon.fr (S. Fouvry). tems work under variable loading conditions. This in turn

0043-1648/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.wear.2005.02.071



836 T. Liskiewicz et al. / Wear 259 (2005) 835-841

provokes degradation under oscillating sliding which leads 400 1

to the failure of the elements. The devastation by fretting

has been identified in rolling bearings, keys, riveted or screw O = )

joints, steel ropes, electric connectors, medical implants and = ‘ Oy A= ‘

is potentially dangerous for all kinds of transport vehicles. £ 300f fatigue test
Protection against fretting has to be taken into account “Té

at design stage of the nominally motionless junction. By ©

designing an appropriate contact geometry of the junction, §

the concentration of stresses and consequently fatigue crack- § 200t _JP inax= (1)

ing can be avoided. Proper designing can also contribute to B : R~

decrease of reciprocal displacement amplit{@le Never- g P : :

theless, destruction under oscillating sliding cannot be com- % - fretting fatigue test

pletely excluded as this kind of damage was reported even £ ¥

for displacement amplitudes less thaprh [4]. One of the ehdirsREa it disEER

effective methods of protecting against fretting wear is ap- resulting from fretting

plication of the appropriate surface engineering techniques. 0 . . . )

These can increase the tribological properties of the compo- 10 10° 10° 107 10°

nents by: inducing a residual compressive stress, decreasing number of cycles : N

the coefficient of friction, increasing the surface hardness and

finally by controlling the surface chemistfy—8]. Fig. 1. Wohler's curves for fatigue and fretting fatigue tefg].

Among different surface engineering techniques, the
physical vapour deposition (PVD) and chemical vapour de-
position (CVD) ones are the most widely used to mitigate
the fretting wear rather than to improve the fretting fa-
tigue strength. To enhance the resistance to fretting fatigue
the treatments which are conducive to compressive resid-
ual stresses in the outer layer of the component are recom- ) )
mended[8], e.g. shot-peening, ion implantation, carburiz- 2 EXperimental details
ing, nitriding or ion beam enhanced deposition. Neverthe- ) ) ) ]
less some preliminary resulf8] show that hard PVD and Fretting tests were carried out using an electrodynamic

CVD coatings can also improve the fretting fatigue strength Shaker activating a specific fretting rigrig. 2) manufac-
of steels. tured by Deltal ab. Tests were carried out in a closed chamber

In numerous industrial applications, coating failure may Where both the temperature and the relative humidity (RH)

be conducive to catastrophic consequences. Thus, to preven{/ere controlled and kept constant: 50% RH at 296 K.

the component damage, it is essential to establish the coating Al the frettingwear experiments have been carried outun-
endurance and indicate the safe running time of the compo-Jder reciprocating sliding at the frequendy Hz. Tests have
nent. In fatigue investigations the lifetime of the specimen been realised for the number of cyc!es starting fro_m 1000 and
under uniaxial tension stress is often described in terms of Usually less than 20,000 ones. A wide range of displacement
useful and widely applied bhler's fatigue charts, which re-  @mplitudes (50-20@m) and normal loads (50-150N) has

late the number of cycledNj to failure with maximal ampli-

unigue parameter that takes into account the crucial loading
variables, which are the pressure, sliding distance and friction
coefficient.

tude of cyclic stresses. The relevantiler's graphs allow optical

to establish the endurance limit of a material, i.e. the max-  chamber with normal displacement

imal tension value at which the specimen failure will not ~ 2mbient control force (F) measurement (3)

occur even after great number of cycles (i.e. from the range ’

of 10B—1 cycles or greater). The approach has been applied ¢ :

with success to study the fretting fatigue by adding the lateral -~ E = h

loading pads to the classical fatigue f@-12]. This action .

takes immediate effect on the position of théhler’s curve "'?"_md‘j

and the influence of fretting fatigue can be expressed by the i e : +m

decrease of the endurance linfig. 1). i e H 3 | l/

Application of Wbhler’s curves to compare different sur- ' | i 0 I ! r/

face treatments under fretting wear regime was proposedby — 1 T S— R

electrodynamic ! counterbody measured

Langlade et al[13]. However, the authors consider the en- ahalear rigentl
durance of a coating as a function of maximum pressure. The Coated specimen force (Q)
energy Wohler-like concept introduced in this work appears

more “universal” as the energy dissipated due to friction is a Fig. 2. Schematic of the fretting rig.
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