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Abstract

This study focuses on the wear of piston rings in a hydraulic radial piston
motor. The piston ring has to satisfy increasing demands for reliability and
longer service life. It has two contacting surfaces, the face and the flank, and
operates under a boundary lubrication state.

This first part of the project aimed to detect and characterise piston ring
wear. Measurement by weighing gives an overall value for wear defined as loss
of mass. Two-dimensional form and surface roughness measurements show
the distribution of wear on the piston ring face in contact with the cylinder bore
and the piston ring flank in contact with the piston groove. Three-dimensional
analyses, both quantitative and qualitative, allow the wear mechanisms to be
identified.

The wear of piston rings from an actual hydraulic motor was characterised.
As well, rig testing was performed in two different test rig set-ups, one
simulating the sliding movement of the piston ring and the other the tilting
movement at the end of the strokes. Wear during the running-in period was
investigated, and the findings indicate that the period when this takes place
is of short duration. In the long term, mild wear makes the surfaces smoother
than they were when new, resulting in a very low wear coefficient. Significant
levels of wear were measured on both contacting surfaces of the piston ring. In
cases in which the flank exhibits more wear than the face, the wear on the flank
can be reduced by proper design of the piston groove.

The second part of the project aimed to evaluate use of a textured surface
for the cylinder bore counter surface and a coated surface for the piston ring.
Three modelling experiments were performed to characterise the friction
and wear properties under lean boundary lubrication conditions. Under such
conditions, textured surfaces have the advantage of retaining more lubricant
and supplying it over a longer time. Stable friction was also a distinctive feature
of the textured surface. Use of a coating could also possibly reduce the amount
of wear. Though a smooth surface, like a polished one, is hard to beat for
a working texture, a coated surface is far ahead of a smooth uncoated one.
Different manufactured and commonly used cylinder bore surfaces, including
textured ones, were evaluated in the sliding movement test rig. That allowed
favourable wear properties, such as lowest wear coefficient, to be determined
with the use of a roller burnished surface.

A final part of the research involved simulating wear on the piston ring
face throughout the entire service life of a hydraulic motor. This allowed us to
determine the roles of surface roughness and coating in prolonging service life
and achieving acceptable and secure piston ring operation. The model is simple
and realistic, but still needs to be refined so as to correspond even better to
reality.
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