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Abstract: To investigate the material removal mechanism of hard and brittle materials during
elastic grinding and polishing involving fixed and free abrasive grains, a diamond sandpaper grinding
and polishing tool integrated with silicone rubber matrix was developed. The elastic tool was paired
with varying concentrations of diamond polishing slurry. The contact stress and velocity distributions
between the elastic tool and workpiece, as well as the abrasive grain-workpiece contact mechanics
were analyzed to establish the material removal models for hard and brittle materials. Subsequently,
silicon carbide workpieces were used as test samples, with grinding and polishing pressure, tool
speed, and abrasive concentration as processing parameters in single-point experiments, which were
conducted to characterize the material removal profile on the machined surfaces. The experimental re-
sults reveal that the discrepancies between the established material removal models and the actual ma-
terial removal depth range from 4.68% to 8.22%. The removal depth is positively correlated with
grinding and polishing pressure, tool speed, and abrasive concentration. The established models may
accurately predict material removal behaviors in elastic grinding and polishing processes.

Key words: hard and brittle material; material removal mechanism; elastic grinding and polishing
tool; fixed abrasive grain; free abrasive grain
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Fig.1 Grinding and polishing with elastic tool
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Fig.2 Material removal modeling flow chart
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Fig.3 Elastic polishing tool
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Fig.4 Stress distribution in the contact area
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Fig.5 Abrasive grains with different contact modes
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Tab.1 Significance and numerical values of contact
calculation parameters between abrasive grain

and workpiece
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Fig.6 Contact model of the fixed abrasive grain
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