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A B S T R A C T

Fretting degradation of self-mated quenched and tempered steel was studied by varying loading conditions via 
imposed tangential displacement amplitude in oil-lubricated flat-on-flat contact. Detailed microscopic charac
terization showed the effects of tangential loading and the presence of oil at the interface on (sub)surface 
damage. A thin, cracked carbonaceous layer, arising from oil decomposition, was detected at adhesion spots in 
the mixed slip-stick regime. Furthermore, surface oxidation was noticed at the highest imposed displacement 
amplitude of 45 µm in gross slip, despite the presence of oil. Based on the crack analysis, a substantial increase in 
crack size was observed by transitioning from mixed slip-stick to gross slip.

1. Introduction

Fretting is stated as tangentially reciprocating slip with small 
amplitude at the micrometer level between normally loaded surfaces 
[1]. This slip can originate from vibration or cyclic loads in industrial 
components, such as machine elements, leading to a decline in the 
operating life due to wear and cracking [2,3]. The high localized stress at 
the most severely damaged areas at the contact interface induced cracks 
at 20 % of the fatigue strength in engine assemblies with large contact 
areas [4].

Material selection, environmental modification, changes in the 
loading conditions (e.g., fretting amplitude), and friction reduction are 
the key strategies to decrease fretting-induced damage in engineering 
applications [5]. In practice, the fretting contacts may inevitably be 
exposed to oil lubricants, and therefore, further research is needed to be 
assigned to this aspect. The ability of oil to penetrate contact, replenish 
squeezed-out oil, form boundary lubrication film, and reduce oxygen 
diffusion can affect fretting behavior [1,6]. Liu et al. reported that low 
sliding velocity in fretting can prevent the formation of full-fluid film 
lubrication [7].

Sato et al. [8] and Imai et al. [9] showed that surface roughening at 
the worn areas and grooving enhanced the lubricating effect and 
decreased fretting wear because of more efficient boundary lubrication 
and penetration into the contact. However, Zabihi et al. [10] revealed an 

increase in fretting wear of grooved surfaces in dry contact due to easier 
wear debris ejection and an earlier change of adhesive to 
oxidative-abrasive wear. McColl et al. [5] asserted that the higher values 
of normal force and oil viscosity assisted in the breakdown of boundary 
lubrication and fretting wear under oxygen-deprived conditions. Wright 
[6] stated that the viscosity of oil was inversely proportional to the 
oxygen replenishment rate, and therefore, high-viscosity oil can effec
tively inhibit oxygenation. It was underlined that oil lubricant can 
change fretting behavior by altering the contact stress distribution and 
redistributing or removing wear debris from fretting contact, besides 
limiting the formation of oxidized debris and screen, and forming a 
degree of boundary lubrication [11].

The penetration and replenishment processes of oil are challenging 
in fretting due to the small motion, and this issue is further aggravated in 
more-conforming flat-on-flat contacts compared with less-conforming 
cylinder- or ball-on-flat contacts. Qin et al. [12] affirmed that the effi
cacy of oil in lubricating the contact can be governed by the contact 
conformity, so that fretting wear and coefficient of friction were lower in 
the less-conforming contacts, calculating based on the solid-solid con
tact force and the volume fraction of oil at the interface.

The microscopic characterization of the fretting degradation under 
oil lubrication is still limited in the literature, such that the majority of 
the research has been associated with the oil influence on the coefficient 
of friction, fretting regimes, and wear rate. Consequently, the fretting 
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