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ABSTRACT

Unlubricated contact of metallic surfaces is widely found in everyday applications. In these contacts a part of the wear debris is
trapped between the wearing surfaces, creating a wear debris bed. Many researchers have reported that such a bed provides a degree of
protection against further wear with wear decreasing with increased debris entrapment and vice versa (1-5). This raises the question of
what governs debris entrapment. Zmitrowicz (6) explains entrapment through the disparity of length-scales between the contact
(dimensions of order of mm) and debris particles (dimensions order of pm). Given this, it is intuitively expected that entrapment is
correlated with the ratio of contact size to average particle size (7). In annular contacts the ‘length’ in the direction of sliding is infinite.
Therefore, it can be hypothesized that the contact width to average particle diameter is likely to govern debris entrapment. Noting the
widely accepted notion that ‘more entrapment = less wear’ it was further hypothesized that wider annuli would wear less, due to
improved entrapment, all other parameters being held constant.

To test this hypothesis, 60mm diameter annuli of EN1A steel with width 1-4mm were placed in contact and subjected to oscillating
rotation with equal displacement amplitude, frequency, contact pressure and total distance slid. This systematically tested the
influence of annulus width on wear. The results showed that the wear mass per unit area of contact was constant to within +/- 20% and
showed no trend with annular width.

To explain this observation, the form of the radial velocity profile in the debris flow was estimated by considering mass
conservation and the average time from particle generation to ejection from the contact was calculated. This average entrapment time
was found to have no direct dependence on contact width. It is concluded that debris entrapment is not dependent on the geometry of
the annular contact and correspondingly that mass loss per unit area is independent of geometry, consistent with our observations.

This explains the negative experimental result, but also opens a potential opportunity. If debris ejection does not depend on the
contact width to particle size ratio, annular contacts are ‘wear-similar’ in the sense that the wear per unit area is approximately equal
as long as local contact conditions (contact pressure, slip amplitude, and speed) are equal. An annular contact could thus be simulated
in a laboratory by a contact of different dimensions, simply by appropriately scaling other parameters.
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