Modeling and Simulation £ 545 EK, 2025, 14(8), 133-146 Hans X
Published Online August 2025 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2025.148554

RGP ESERERSFE O

A &
FHRET R TR, Eifg

Weks . 202547130 FHER: 20254F8H5H: & A HM: 202548 14H

HE

ACEERHURHET EREARNS A, 1T —FETH R R IR, X456 T i AR
FREEEAT THEE. RE— R MR B R X R BT AR T HE AR, L 2 AABAQUSHAF, i
TR, ETHEMMTRESHER. 5RRY, dREESmeRAS5MRABRIER, FHER
PL B B AR R B3 AN T3 A0 . BB A RL B 1 77 B K/ FIRRRE VD [ Ao 3 s i, (B 2 A
BERRIEL, Y177 - V)AL £k R R BEE V) LR K3 T2 Brs s, BRE&BTF. YIRAEE
B AR AR PR A e RS AR H IO 38 hn . AR T BT BRI, ) 1R A7 K/ 5 T R AR PR SE Am AR 5%

XK ia
ZAm, ARTAY, EERE, 2

Frictional Behavior Analysis of Contact
Interfaces in Machine Tool Structures

Han Zhou

School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai

Received: Jul. 13™, 2025; accepted: Aug. 5, 2025; published: Aug. 14", 2025

Abstract

This study proposes a finite element-based friction analysis model to investigate the tribological
behavior of contact interfaces, which play a critical role in machine tool manufacturing. By applying
a series of well-defined assumptions, the surface topography was numerically simplified and sub-
sequently imported into ABAQUS for model construction and analysis. The results demonstrate
that, for purely elastic contact interfaces, the tangential force is proportional to the tangential dis-
placement, with the proportionality constant increasing as the coefficient of friction rises. In
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contrast, for plastic materials, the tangential force also increases with tangential displacement;
however, the relationship is no longer linear. The slope of the tangential force-displacement curve
gradually decreases with increasing displacement and ultimately approaches zero. Moreover, the
tangential force increases with both the yield strength and the coefficient of friction. In scenarios
involving significant plastic deformation, the magnitude of the tangential force becomes more
strongly correlated with the yield strength of the material.
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Figure 1. Interface surface topography scan
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Name: Int-1
Type: Surface-to-surface contact (Explicit)

Step:  Step-1 (Dynamic, Explicit)

f First surface: m_Surf-4 [y
¥ Second surface: s Surf-4 Ny M
Mechanical constraint formulation: :Kinematic contact me;thod7 o E
Sliding formulation: @ Finite sliding O Small sliding
Clearance

Note: Clearance can only be used with small sliding in the first analysis step.

Contact interaction property:  IntProp-1 V="

Weighting factor @ Use analysis default O Specify

Figure 2. Contact settings for interface simulation
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Figure 3. (a) Loading conditions; (b) loading step configuration
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Figure 4. Mesh generation
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3. BER5VHE

3.1. HEER

Table 1. The purely elastic deformation data were obtained at an indentation depth of 0.25 mm

=1 RN TREE, EANRE 0.25 mm

fBmm)  YIMAN)  ABmm) PRI 2 (mm) YA iy - Ar(mm)  YIEJI(N)
0.1 0.0990932 0.1 0.374317 0.1 0.190231 0.1 1.49195
0.3 1.19087 0.3 0.588846 0.3 5.07307 0.3 7.19695
0.4 1.63825 0.4 —0.632631 0.4 3.13409 0.4 5.84563
0.5 1.23368 0.5 —0.146674 0.5 6.62809 0.5 9.62272
0.6 1.12943 0.6 —0.643686 0.6 7.30214 0.6 9.92175
0.7 1.26703 0.7 —0.371441 0.7 8.74079 0.7 10.4491
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0.8 0.999673 0.8 —0.818716 0.8 8.42823 0.8 10.5779
0.9 0.993278 0.9 —0.191602 0.9 10.0938 0.9 14.6068
1 1.27424 1 —1.55052 1 11.5299 1 18.3475
1.1 597.147 1.1 613.59 1.1 685.968 1.1 705.451
1.3 1726.7 1.3 1807.55 1.3 2015.24 1.3 2066

1.4 1834.17 1.4 2383.52 1.4 2667.95 1.4 2743.54
1.5 1834.22 1.5 2938.01 1.5 3306.83 1.5 3408.33
1.6 1834.17 1.6 3456.32 1.6 3938.5 1.6 4073.35
1.7 1834.17 1.7 3659.3 1.7 455731 1.7 4737.88
1.8 1834.17 1.8 3659.63 1.8 5178.6 1.8 5390.84
1.9 1834.17 1.9 3659.29 1.9 5783.31 1.9 6044.02
2 1834.17 2 3659.32 2 6383.44 2 6682.07

Table 2. The purely elastic deformation data were obtained at an indentation depth of 0.5 mm

F 2. SEMTREIE, EANRE 0.5 mm
B (mm)  DIAAN)  fifg(mm)  DIFMAN)  AiBmm)  UIEAN)  fifmm)  DIEJIN)

0.1 2.62064 0.1 0.19265 0.1 1.27617 0.1 ~1.0293
0.3 0.554199 0.3 ~0.459147 0.3 9.0835 0.3 10.0312
0.4 ~0.281142 0.4 ~0.685041 0.4 9.39094 0.4 14.7936
0.5 ~1.99673 0.5 ~1.45569 0.5 10.2413 0.5 21.172
0.6 ~2.28773 0.6 ~0.844133 0.6 13.0753 0.6 25.3416
0.7 ~2.14659 0.7 0.118503 0.7 13.6118 0.7 26.377
0.8 0.301895 0.8 0.923786 0.8 13.5656 0.8 22.4385
0.9 ~3.34389 0.9 ~1.61808 0.9 13.7785 0.9 22.3383
1 ~4.52395 1 ~0.840369 1 14.3568 1 24.5442
1.1 651.309 1.1 683.571 1.1 770.866 1.1 792.46
1.3 1949.43 13 2037.4 13 2263.47 1.3 2317.94
1.4 2584.27 1.4 2702.39 1.4 2998.11 1.4 3079.77
1.5 3196.36 1.5 3363.17 1.5 3729.61 1.5 3834.16
1.6 3769.22 1.6 4013.24 1.6 4453.27 1.6 4584.13
1.7 3999.92 1.7 4653.29 1.7 5177.8 1.7 5332.81
1.8 3999.82 1.8 5284.58 1.8 5894.07 1.8 6081.14
1.9 3999.64 1.9 5902.35 1.9 6606.99 1.9 6822.12
2 3999.64 2 6506.31 2 7308.03 2 7558.09

Wi 1, 32 B AASCH SR EAE, SRS 75 2EAE step D BOWTHELI 1 ottt AT /e 30, BARKE
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Figure 5. Purely elastic deformation—indentation depth: 0.5 mm
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Figure 6. Purely elastic deformation—indentation depth: 0.25 mm
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Figure 7. Plastic deformation—indentation depth: 0.5 mm
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Figure 8. Plastic deformation—indentation depth: 0.25 mm
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Figure 9. Tangential/normal force ratio in the plastic regime (0.25 mm depth)
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Figure 10. Tangential/normal force ratio in the plastic regime (0.5 mm depth)
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Figure 11. Contact area-plastic deformation at 0.25 mm indentation depth
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Figure 12. Von mises stress contour plot-elastic deformation
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Figure 13. Von mises stress contour plot-plastic deformation (6max = 200 MPa, pine = 0.1, Uy, = 0.25 mm)
[ 13. BT mises N F17 Bl(0max = 200 MPa, giine = 0.1, Uy = 0.25 mm)
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Figure 14. Von mises stress contour plot-plastic deformation (omax = 200 MPa, win: = 15, Uy = 0.25 mm)
& 14. ZBMETTR mises B 12 Bl (0max = 200 MPa, pin = 15, Uy = 0.25 mm)
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Figure 15. Element displacement contour plot (omax = 200 MPa, pins = 0.1, Uy = 0.25 mm)
& 15. B TAIFE 2 Bl (0max = 200 MPa, g = 0.1, Uy = 0.25 mm)
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Figure 16. Element displacement contour plot (omax = 600 MPa, pins = 0.1, Uy = 0.25 mm)
& 16. B TTAIFE 2 El(0max = 600 MPa, g = 0.1, Uy = 0.25 mm)
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