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A Three-Dimensional Topography Model of Rough Surfaces

with High Computational Convergence

QIAO Zelong, HAN Ju, DONG Wei

(School of Mechanical Engineering., North China University of Science and Technology, Tangshan, Hebei 063210, China)

Abstract: A 3D topography model of surfaces with better calculation convergence is proposed to
solve the problems that the existing three-dimensional surface model of machined surface cannot
effectively reflect macro and micro comprehensive characteristics of surface, and the calculation
convergence is poor in contact and lubrication analysis. Based on the theory of differential
geometry, vector functions are used to characterize the macroscopic features such as contour size
and curvature of the surface. Based on the fractal theory, the W-M function is used to
characterize the microfeatures such as the height and distribution of asperity and the texture
direction. Then the vector function and the W-M function are superimposed to construct a three-
dimensional surface topography model. In order to solve the problem of calculation convergence,

the rough surface is smoothed by filtering, and the continuous and differentiable rough surface is
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obtained on the premise of retaining the original surface topography. Through comparison of the
elastohydrodynamic lubrication analysis, it is found that the calculation convergence of the
filtered model is significantly improved. Matlab is used to simulate the constructed three-
dimensional rough surface, and the result verifies the effective characterization ability of the
model for rough surface morphology. In order to test the applicability of the model, the cycloidal
gear, a key part of the RV reducer, is taken as an example to construct the tooth surface model of
the cycloidal gear. The model can completely reflect the macroscopic profile and microscopic
appearance of the cycloidal gear teeth. The obtained cycloid gear tooth profile model is applied to
the mixed lubrication analysis, and the obtained analysis results are consistent with those
obtained by using the rough surfaces collected by experiment. The errors of the key parameters
are less than 3%, but the calculation time is greatly shortened. The calculation efficiency in the
example is improved by 55.7%. By adjusting the parameters of the rough surface model,
different rough surfaces can be quickly obtained to participate in the relevant analysis and
comparison, which can provide a basis for the optimization design of the macroscopic profile and
surface topography of the mechanical joint surfaces.

Keywords: fractal theory; differential geometry; W-M function; vector function; 3D surface
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Fig. 1 Comparison of fractal roughness curves of random
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Fig. 4 Isotropic fractal rough surface
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Fig. 6 Isotropic rough surface after Gaussian filtering
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Fig. 20 Comparison of analysis results between actual rough

surface and model rough surface
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