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Statistical Model and Experimental Validation of Normal Contact Stiffness
for Hard-Coated Rough Surfaces Considering Substrate Deformation
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Abstract: To more accurately predict the contact stiffness of hard-coated rough surfaces, a statistical
model for normal contact stiffness considering substrate deformation is established and experimentally
validated. First, elastic and elastoplastic normal contact stiffness models for a single hard-coated
asperity are derived and developed. Based on these, normal contact stiffness model for a hard-
coated asperity accounting for substrate deformation effects is established, leading to a statistical
model for normal contact stiffness of hard-coated rough surfaces incorporating substrate deformation.
Next, simulation analyses are performed on the established models to investigate the effects of
coating thickness ratio, material properties of the coating and substrate, and substrate surface
plasticity index on the normal contact stiffness and contact load of hard-coated rough surfaces.
Finally, experimental validation is conducted. The results show that when substrate deformation

is considered, rough surfaces with thicker and harder coatings exhibit greater normal contact
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stiffness and higher contact loads. Under constant contact load, as the substrate surface plasticity

index increases, the normal contact stiffness of hard-coated rough surfaces also increases. Experimental

normal contact stiffness data are obtained for coated rough surfaces with a 45 steel substrate and

TiN coating material. The simulation results of the model are in good agreement with the

experimental data, with an average relative error of less than 7%, demonstrating the validity of

the established model.
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Fig. 1 Contact model for coated rough surfaces
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Fig. 2 Contact model of coated sphere and rigid plane
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Fig. 3 Contact model of coated asperity-substrate system
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Fig. 4 Effects of substrate deformation on dimensionless contact load and dimensionless contact stiffness of hard-coated rough

surfaces contact under different ¢/R values
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Fig. 5 Effects of substrate deformation on dimensionless contact load and dimensionless contact stiffness of hard-coated rough

surfaces contact under different E., /E., values
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Fig. 6 Effects of E.,/E,, and /R on dimensionless contact stiffness of hard-coated rough surfaces contact
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