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Direct observations of a micropit in an elastohydrodynamic contact
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Abstract

A hard steel roller from a disc tester which had an isolated micropit and associated cracks on its surface was pressed against a glass
plate and subjected to a range of lubricated, rolling—sliding conditions, with the objective of obscrving the effect on the distribution of film

thickness in an EHL contact.

The results show a remarkable interaction between the micropit, the direction of sliding and the thickness of the clastohydrodynamic
film. Fluid expulsion into the cavitated region can be observed as the micropit emerges from the contact.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Rolling contact fatigue is a failure mode of contacting
metallic surfaces which has been studied experimentally for
many years. It is characterised by progressive cracking from
an origin which is often situated on the extreme surface
and may lead to the detachment of fragments of the af-
fected component. It is usual to distinguish between pitting
(or “macro-pitting” or spalling) in which the affected zone
extends to roughly the depth of the dimensions of the area
of contact and micropitting in which the affected depth is
much less. Micropitting is particularly prevalent in ground
steel surfaces and is usually attributed to the stress field as-
sociated with the roughness of the contacting surfaces.

For many years, it has been a matter of contoversy as to
whether or not the propagation of cracks in rolling contact
fatigue is influenced by, or even dependent upon, the pres-
ence of a fluid, such as a liquid lubricant. In Way’s 1935
experiment [ 1], rolling fatigue only occurred when a liquid
was present, perhaps because the liquid entered the crack and
created an opening displacement, despite the predominantly
compressive field of stresses. On the other hand, rolling fa-
tigue cracks are common in railway tracks where liquid is
often only present intermittently, in the form of rainwater
[2].

Theoretical studies [3--5] have suggested that the fluid
may act in one of two ways: either the fluid pressure acts
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directly on the crack mouth (fluid pressurisation) as a result
of the high elastic pressure in the region of contact or, alter-
natively, fluid becomes entrapped in the crack and a region
near the tip is pressurised by the motion of the area of contact
across the surface (fluid entrapment). In recent years, it has
become clear that the fluid entrapment mechanism provides
an explanation of onc significant featurc of rolling fatigue.

In the early stages of growth, the cracks which give rise to
pitting or micropitting are usually shallowly inclined to the
surface as shown in Fig. 1. The direction of this inclination
is determined only by the direction of the applied traction
and 1s not affected by that of the motion of the contact itself.
However, propagation of these initial cracks has been found
to require that the area of contact moves across the cracked
surface from the mouth of the crack toward its tip, a situation
encountered on the “follower” of discs in tractive rolling -
or in the dedendum of gears. Nakajima [6] confirmed this by
actually reversing rolling and sliding directions after cracks
had been initiated.

This situation, in which the motion of the contact across
the surface strongly affects the rate of crack propagation and
the development of subsequent damage, is easily explained
by the fluid entrapment hypothesis: the motion of the contact
toward the tip is required in order to raise the pressure near
the tip and create a significant crack opening; motion in the
opposite sense merely empties the crack of fluid. Analysis
of this situation was carried out by Bower [3], by Murakami
et al. [4] and by Matsuda et al. [5].

Experiments by Godet and co-workers [7] and subse-
quently by Xiaogang et al. [8], in which cracks extending
to the side of a disc were observed during rolling contact,


























