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Modeling of Tangential Stiffness of Mechanical Joint Surface Using
Improved Fractal Theory and Continuous Deformation Theory
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Abstract: A method for modeling tangential stiffness based on fractal theory and the continuous
deformation theory is presented to solve the problem that the existing fractal contact theory does
not consider the continuity of asperity deformation, and the problem that the static friction force
leads to an increase of real contact area of the binding surface before the tangential slip occurs
when establishing the tangential stiffness model. The method bases on the continuous
deformation theory of asperity, uses an improved fractal theory to analyze the relationship
between static friction force and real contact area Hertz contact theory is used to derive the

normal contact load of joint. According to the generating mechanism of tangential stiffness, the
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tangential contact load with the elastoplastic transition stage is also derived. Then a tangential
stiffness model of joint is established by combining the derived normal and tangential contact
loads. In order to verify the rationality of the method, a finite element model of bolt joint is
built. In the finite model, the profile data of the contact surfaces of the joint are obtained by a
ultra-depth three-dimensional microscope system VHX-5000, and then the fractal parameters of
joint are obtained by the power spectrum density method. The first three order natural
frequencies and vibration shapes of bolt joint are computed under different torques by inputting
the stiffnesses of joint resulting from virtual material method and a comparison method into the
finite element model for simulation of bolt joint. A experimental device including bolt joint is
built, and then the first three order natural frequencies and vibration shapes of the device are also
obtained under different torques by hammering experiments. Comparisons between experimental
natural frequencies and computing natural frequencies under the same torques show that the
maximum relative error of the simulation results is about 3. 84% relative to experiment results,

and it is 54.45% lower than Tian Hongliang method. These results show that the proposed
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method can more accurately predict the dynamic performance of joint.

Keywords: continuous deformation theory; improved fractal theory; joint surface;

tangential stiffness
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