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A Normal Contact Stiffness Model of Joint Surfaces Considering

Interaction of Deformations of Substrate and Asperity

ZHANG Wei, ZHANG Xueliang, WEN Shuhua, WANG Yanhui, YIN Donghua, CHEN Yonghui

(College of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: A normal contact stiffness model of joint surface considering interaction of
deformations of substrate deformation and asperity is proposed to solve the problem that the
normal contact stiffness calculation model based on classical Greenwood-Willamson (GW)
statistical model ignores the deformation and interaction of the micro-convex substrate and results
an increase of the calculated value of the joint surface stiffness. The model bases on the method of
calculating the stiffness of the GW statistical model. According to the classic Hertzian contact
theory and elasticity theory, a deformation function of the base body and a deformation function
of the surrounding area when a single micro convex body is subjected to a normal load are

introduced into the total deformation of the micro convex body. Expressions of the normal contact
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load and stiffness of the combined surface are derived by using the fixed point iterative method
when the deformation or interaction of the microconvex substrate is separately considered.
Finally, the two deformation functions are superimposed to give the expressions of the normal
load and stiffness of the joint surface containing interaction of deformations of substrate
deformation and asperity, and furthermore, the normal contact stiffness model of the joint surface
is established. A comparison with the GW statistical model is performed. Simulation results
show that the normal contact stiffness of the joint surfaces considering interaction of deformations
of substrate deformation and asperity is smaller than that of the GW statistical model. When the
standard deviation of the height of the micro-convex is 0. 05 microns, considering the average
separation distance of the minimum joint surface, the normal contact stiffness of the joint surface
is reduced by 9. 8% after considering the deformation of the substrate, and the normal contact
stiffness of the joint surface is reduced by 23.2% after considering the microprojection
interaction. With the increase of the standard deviation of the height of the micro-convex body,

the influence of these two factors on the normal contact stiffness of the joint surface shows an

1 554 &

opposite trend.
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