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Abstract
Based on fractal theory, a loading-unloading contact model considering the interaction of asperi-
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ties and the change of hardness is established. The relationship between contact area, contact load,
surface separation and deformation of a single asperity during loading and unloading is derived.
According to the distribution density function of the contact area, the actual contact characteris-
tics of rough surfaces are derived, and the influence of relevant parameters on the contact charac-
teristics is analyzed through numerical calculation. The results show that the unloading process is
consistent with the loading process when a single asperity undergoes elastic deformation; when
elastic-plastic deformation occurs, with the increase of deformation at the end of loading, the con-
tact area at unloading is larger under the same contact load, and cannot be fully recovered; when
complete plastic deformation occurs, the asperities do not recover during unloading. With the in-
crease of fractal dimension D and fractal roughness G, the smoother the rough surface is, the larg-
er the contact area is, and the smaller the surface separation is under the same contact load.
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Figure 1. Schematic of the contact interface
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Figure 2. Loading and unloading diagram of a single asperity
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Figure 3. Relationship between dimensionless contact area and load of a single asperity
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Figure 4. The relationship under the change of fractal dimension D
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Figure 5. The relationship under the change of fractal characteristic length scale parameter G
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