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Abstract — The friction surfaces of mechanical parts are heat-treated or coated with hard materials to minimize
wear. Increasing the hardness is a very useful way to reduce abrasive wear. The general Brinell hardness test,
which is widely used for metallic materials, is not suitable because it hardly shows any change in hardness when
coated with thin films. In this study, we propose a basis for the application of the new Brinell hardness test
method to the coated friction surface. An indentation analysis of the rigid sphere and elastic-perfectly plastic
materials is performed using a commercial finite element analysis software. The results indicate that their load-
to-diameter ratio is the same; the Brinell hardness test method can be applied even when the indenter diameter
is on the micrometer scale. In the case of hard coating, it is difficult to calculate Brinell hardness using the diam-
eter of the indentation, but the study revealed, for the first time, that it can be calculated using the depth of the
indentation regardless of coating. The change in hardness owing to thin film coating over a wide load range
implies that the hardness evaluation method is appropriate. Additional studies on various properties related to the
substrate and coating material are required to apply the proposed method.
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Fig. 1. Schematic of spherical indentation on an elastic
half space: (a) loading, (b) full unloading.
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Fig. 2. Finite element grid for indentation analysis.

Table 1. Mechanical properties [10]

Material Coating Substrate
Young’s modulus E(GPa) 400 208
Poisson’s ratio v 0.25 0.296
Yield stress (GPa) 6.0 0.95
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Fig. 4. von Mises stress distribution for force-diameter
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