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Numerical and Experimental Analysis of Tangential Contact

Model on Rough Surface
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Abstract: To predict the tangential motion characteristics of the joint interface a tangential
contact model for rough surfaces following KE normal contact theory and Iwan model is
proposed. Comparing the constitutive equation of the tangential rough surfaces and considering
the elastoplastic deformation of the asperities with the slipped Iwan model, a probability
distribution function of the critical slip force of the Jenkins elements based on measurable physical
parameters is derived. A fretting experiment device is designed, and a three-way force load cell
and coaxial laser simultaneously measure the force and displacement of the connection interface in
real time. Pressure washer also synchronously monitors the change of bolt pre-tightening force
during fretting, so as to obtain an effective interface micro-motion hysteresis loop. The analysis
of the obtained hysteresis loop shows that after several cycles, the measured hysteresis ring shape
tends to be stable; the pre-tightening force exerts a greater influence on the change of the joint

stiffness; after the connection interface reaches a large slip, the maximum tangential force of the
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Q235 friction pairs remains almost unchanged, while the maximum tangential force of the

aluminum alloy friction pairs decreases slightly. Considering the Masing law further, the

constitutive equations of the loading and unloading process are derived based on the probability

distribution function of the critical slip force.

The numerical results are compared with the

experimental results to verify the validity of the model. This approach can provide references for

predicting and analyzing the operational reliability of mechanical components in actual engineering.

Keywords: rough surface; Iwan model; tangential contact; fretting experiment; hysteresis loop
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Fig. 1 Contact between two rough surfaces
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Fig. 3 Structure of experimental platform
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Table 1 Friction pair materials and geometric parameters

MR SRPERCR JAA BRI R

M /pm /GPa 5@ /MPa  /GPa
A4 6061 1. 26 69 0.33 145 0.435
Q235 2.47 210 0.3 235 0. 705
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Fig. 5 Surface morphology of friction pair
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Table 2 Error analysis of force-displacement hysteresis loop

fEy AR ERIERE | MEIE AR JRER R
Ji 39 /% J& 9 /%

1 6 0.23

2 42. 34 7 0.29

3 11. 40 8 0.37

4 3.17 9 0.41

5 0.71 10 0.45
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