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Abstract The determination of the elasto-plastic critical point is very important for the study of the rough surface contact
problem. In order to solve the shortcomings of the existing M-B model elasto-plastic critical point determination method, the
characterization value is unmeasurable and difficult to apply. Based on the basic model of fractal theory, the distribution function
and probability distribution density of asperity truncated area were obtained by means of mathematical statistics. Combined with
the ideal elastic and plastic contact models of Hertzian contact, the normal force model in the process of plane-plane contact with
fractal characteristics was obtained. Based on the difference between the actual contact area and the cut-off area during plastic
deformation, a correction factor was proposed, and a method for determining the elasto-plastic critical point with the critical
normal force as the characterization quantity was finally obtained. The new method takes the normal force as the characterization
quantity and needs to be obtained through calibration experiments, which is more operational and credible.
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Fig. 1 Yield curve of metal materials
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Tab.1 Values of some physical quantities of example materials
I HEEL Sy TG RURE RE i SRR e 5 AT 1E R
Fractal Fractal roughness Hard ‘%H/P' Equivalent to elasticity Critical truncation
dimension D G/m ardness a modulus E ¥ /Pa area S(/mz
2.46 2.00 x 107° 2.62 x 10° 2.34 x 10" 4.46 x 1076
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Fig.2 Relation between the friction coefficient and the

maximum truncation area
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Fig.3  Fractal surface model
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Tab.2 Simulation result of the friction coefficient with different normal forces and fractal dimensions
2R L R DA (L% B (A
Boted Simulation results Rate of change in coefficient of friction/% Relative error from theoretical values/%
Normal load F, /N
D=2.3 D=2.4 D=2.5 D=2.3 D=2.4 D=2.5 D=2.3 D=2.4 D=2.5
1 0.562 0. 620 0.722 — — — -0.76 0.54 6. 96
10 0. 555 0.619 0.715 -1.19 -0.12 -0.93 -1.94 0.42 5.97
20 0.551 0.616 0.709 -0.84 -0.56 -0.93 -2.77 -0.14 4.98
30 0. 549 0. 548 0. 569 -0.36 -10.98 -19.76 -3.12 -11.10 -15.76
60 0.502 0. 490 0.502 -8.55 -10. 58 -11.77 0.01 =7.17 -10. 28
90 0. 460 0. 469 0. 460 -8.29 -4.41 -8.29 -0.01 -3.89 -9.79
120 0.432 0. 459 0. 455 -6.20 -1.97 -1.03 -1.45 0. 00 -5.14
150 0.429 0.437 0. 449 -0.57 -4.98 -1.38 1.14 -1.50 -2.38
180 0.418 0.434 0. 448 -2.54 -0.61 -0.20 1.30 0.62 -0. 65
210 0. 406 0. 425 0. 446 -2.89 -1.97 -0.47 0.36 0.72 1. 06
240 0.399 0.412 0. 439 -1.63 -3.21 -1.48 -0.01 -0.90 1.28
270 0.397 0. 408 0.437 -0.74 -0.97 -0. 67 0. 64 -0.72 2.04
300 0.391 0. 404 0. 430 -1.47 -0. 81 -1.56 0. 00 -0.56 1.78
360 0. 387 0. 400 0. 427 -0.88 -0.97 -0.57 0.85 0.56 3.01
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Fig. 4 Simulation result of the friction coefficient with different

normal forces and fractal dimensions
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