538 o B o X @ K F F R Vol.53 No.5
2019 4E 5 H JOURNAL OF XI” AN JIAOTONG UNIVERSITY May 2019

DOI. 10.7652/xjtuxb201905023

FELAE K 2 3R THI R 47 T2 42 i ) S A BY

R, skAIAE, FREE
(1. PG22 30 TR 2 UM 545 3588 TR 2% B% . 710048, PG4¢; 2. P46 Tolk K2EHLH 2B, 710072, 7§40

WE. ATHERARAGLERO I FHE. RS EBIH ORI S, KA Weierstrass-Man-
delbrot B AR T ZEHMBEEAB AT EZTHRREAODSE —RIB-FEEMG ST HFER,
HFEARABEARR EIAMERBEABROERABOREEIF IR EFTALEERERE
BEMBTOBAAZIX R TEBRFTLOEREASA ., T HAEREN BOIKRGIREIRHK
R AEY ARG A BOERA TR S R AR ERK n. 5T I 0. R
Noin T W AR R B E BEEAN BRI R ZARETEHBER. SR DREIRL 105 6 R 2
PSR AR B e 8 iy e B MR IR G R @ R BN ik AR o 2 ILAE MM R Y R R 2R
HEmERF T I L HEARAHET . S THRLAGTEZ. ERENEMEE TR ERHKRE
W BT BERBREBNAR . ERENDEEBERPCAIRR . OEMR RS T @R,
ERABETHBNREMEDEENEMEIREMY D5 H.

KB AR A 5T AR A il SR AR 2

RESES: THIL7 X#ERED: A XEHS: 0253-987X(2019)05-0176-11

Mechanical Model of Contact Between a Sphere-Based
Fractal Rough Surface and a Rigid Flat Surface

YUAN Yuan', ZHANG Lihua', XU Yingqgiang®

(1. College of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China;

2. School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: To investigate mechanical properties of point contact between rough surfaces and
improve the bearing capacity of contact component, the Weierstrass-Mandelbrot function is used
to simulate a three-dimensional sphere-based fractal rough surface, and then a mechanical model
of contact between a sphere-based fractal rough surface and a rigid plane is developed. The
truncated size distributions for asperities with different frequency indexes in different contact
zones are derived. The relation between real contact area and total contact load is obtained, and
the contact pressure distribution on the contact half width is obtained. The results show that the
mechanical properties of sphere-based fractal rough surface are mainly affected by the range of
frequency index. When the relation between the minimum frequency index n,;,, and the elastic
critical frequency index n.. is 7, T 5<<n., the sphere-based fractal rough surface exhibits elastic
property in a complete contact process. When the relation between the n,;, and the elasto-plastic

critical frequency index 7., 1S 7y >, » the sphere-based fractal rough surface exhibits inelastic
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property during the entire contact process. The value of contact half width of the sphere-based

fractal rough surface mainly depends on the radius of base circle. With the same ratio of

interference, the peak contact pressure is proportional to the value of the minimum frequency

index. In elastic and elasto-plastic deformation process, the contact pressure reaches the

maximum at the center of contact zone, and decreases from center to edge of the contact zone. In

plastic deformation process, the contact pressure exhibits approximately uniform distribution in

whole contact zone.

Keywords: sphere-based rough surface; fractal; asperity; contact; frequency index
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