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Abstract

Laser surface texturing (LST) to produce a uniform pattern of shallow dimples has been receiving considerable recent interest.  The present work has characterized the effects of LST on the near-surface microstructures of transformation-toughened zirconia and investigated how a pattern of dimples can affect reciprocating frictional behavior under several types of liquid and solid lubrication.  Microstructural characterization included the use of scanning electron microscopy (SEM), transmission electron microscopy (TEM), scanning acoustic microscopy (SAcM), and nanoindentation of LST surfaces and cross-sections. A network of micro-cracks was observed in both the rims and bottoms of dimple craters.  Most of the laser-affected zone is composed of very fine grains with diameters ranging from 125 to 150 nm, but a transition to a larger grain size inward from the rim edge was observed in the as-treated condition.  The distribution of residual stresses around the dimples, induced by LST, was revealed using SAcM. No significant difference of nanoindentation hardness and modulus was measured in the areas near and away from the dimples.  Counterface materials in the flat-on-flat reciprocating sliding tests included zirconia (self-mated) and a galling-resistant stainless steel. Liquid lubricants included water, mineral oil, and diesel oil.  Fine graphite powder was used as a solid lubricant.  With the exception of certain initial test results involving mineral oil lubrication, dimpling did not in general improve frictional behavior under the applied test conditions, although they were supposed to function as reservoirs for lubricants and trap wear debris particles.  These findings and their implications for the application of LST to ceramic bearing surfaces are discussed.
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