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 A B S T R A C T

Fretting induced damage including cracking and wear can decrease the life of components containing contacts. 
Fretting damage is often hidden prior to failure, and acoustic emission (AE) measurements are a possible avenue 
to detect it from a distance. The applicability of the method for a large fretting contact in a noisy environment 
was investigated in this study. Tests of a dry large-scale common-edge contact with on-line AE measurements 
were done in conditions including gross sliding and small-amplitude variable slip. The AE was linked to the 
fretting damage quantified by materials characterization (microscopy, SEM, cross sections, wear). AE counts 
and energy were connected to crack propagation, and their total amounts were correlated with crack depth in 
GS tests. AE amplitude and frequency were useful in distinguishing which damage mechanisms activated, and 
the former correlated with friction evolution. Based on the findings, AE is a useful tool in detecting fretting 
damage.
1. Introduction

Quenched and tempered (QT) steels are materials often used in 
mechanical assemblies in heavy industry because of their high strength 
and good resistance to plain fatigue. However, many ’static’ contacts in 
different machinery are susceptible to fretting (small amplitude sliding 
relative to the nominal contact size), which is caused by the cyclic 
operational loads. Fretting can damage contacts in two main ways: 
crack nucleation and growth near the fretting surface (fretting fatigue) 
and the production of wear particles (fretting wear), both of which can 
coexist in a contact [1]. Commonly, the former is more detrimental 
since it can significantly decrease component fatigue life. QT steels 
in self-mated dry flat-on-flat fretting conditions have been shown to 
experience evolving coefficient of friction (𝐶𝑂𝐹 ) with maximum values 
of up to 1.4 having been detected [2]. This friction evolution coincides 
with the formation of local adhesive junctions in the contact [2], 
the appearance of non-Coulomb friction caused by the local plastic 
deformation at the junctions [3], and fast growth of cracks on the 
junction edges [4].

Detection of fretting damage is often made difficult because the 
amplitude of motion is limited to some hundreds of micrometers at 
most and occurs in nominally closed contacts. In many industrial 
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applications the contact width itself is much larger than the sliding 
amplitude. This causes a lot of wear particles to be trapped within 
the fretting contact leading to complex wear debris bed interactions 
[5,6]. In laboratory tests different measures have been utilized to attain 
information about fretting conditions without opening the contacts. 
Measurements of 𝐶𝑂𝐹  and electrical contact resistance (ECR) are 
examples of methods to do this as 𝐶𝑂𝐹  is one of the main parame-
ters governing the severity of fretting damage [7] and the electrical 
response of a contact can additionally reveal things such as the fretting 
regime [8]. However, for monitoring fretting susceptible industrial-
scale contacts these types of on-line measurements of 𝐶𝑂𝐹  or ECR are 
often impractical to implement. Non-destructive testing (NDT) methods 
are often used to study the condition of machines and structures in 
operation. If NDT methods can be used to fretting damage, they would 
be much more convenient to use in these settings.

Acoustic emission is a passive NDT method that has been used 
for both condition monitoring and research purposes. The technique 
utilizes piezoelectric sensors to detect acoustic signals originating from 
a variety of sources, such as crack propagation or plastic deformation. 
Depending on the inspected phenomena, different features of AE signals 
have been deemed useful as damage indicators (see Table  1). Fig.  1 
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