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Abstract: For more than one hundred years, researchers have been investigating the tribological behavior of certain materials. Their
studies concentrated mostly on adding lubricants or modifying the material surface. Unfortunately, these methods do not always
guarantee effectiveness in special conditions, such as under abrasive wear. The application of surface texturing on rubbing pairs has
been demonstrated to improve the abrasive wear property of certain materials. Titanium and its related alloys are one such type of
materials that exhibit excellent properties and are widely used in important fields such as weapon equipment, civilian products, and
the chemical industry. However, applications of titanium and its related alloys are limited by its easy adhesion and poor wear
resistance under abrasive wear conditions. Therefore, it is of great significance to study the friction reduction and wear resistance
performance of surface-textured titanium under abrasive conditions. Many scholars have conducted extensive research on the friction
and wear properties of textured surfaces. However, the quantitative relationship between the texture edge and wear resistance property
has not been further investigated. The purpose of this study is to investigate the effect of the texture edge on abrasive wear

performance. The substrate selected is a commercial pure titanium grade 2 (TA2), which has poor tribological behavior under abrasive
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wear. To prepare the diamond-like carbon (DLC) composite textured surface, an indirect laser processing method (i.e., laser
processing before DLC film deposition) is chosen to prevent the DLC film from being damaged by laser exposure. Dimple textures
are prepared on the surface of TA2 using laser processing technology. The dimple texture parameters are designed by using orthogonal
analysis to equalize sampling so that the results do not depend on subjective factors. Afterward, DLC film is deposited on the dimple
textured surface using magnetron sputtering. The DLC composite textured surfaces are obtained through the above processing
methods. First, the friction and wear performances of DLC composite textured surfaces are analyzed based on simulation and
experimental methods. The stress distribution of the dimple textured surface under dry friction is studied using finite element analysis.
In addition, the friction and wear properties of DLC composite textured surfaces under lunar soil conditions are studied using an
MS-T3000 friction and wear tester, and the effect of dimple edges on tribological performance is studied. Second, various testing
methods are used to analyze the micro properties of the worn surface. Surface analysis technologies, such as scanning electron
microscopy, energy dispersive spectrometry, and Raman analysis, are used to study the microstructure, chemical characteristics, and
molecular structures of the DLC surfaces before and after the tribotest. Finally, important conclusions are drawn by analyzing the
mechanism of friction and wear. The analysis results show that the maximum stress appears at the edge of the texture. Moreover, a
mathematical model is established to obtain the formula for the edge density of the texture on a unit area. Under the same friction
conditions, the average friction factor of the DLC composite micro-textured surface is lower than that of the untreated surface. The
wear rates of samples with different texture parameters are listed in order. Meanwhile, the micro morphology and tribochemical
properties of the worn surface are studied. The results reveal that the DLC composite textured surface can effectively play an
important role in reducing friction and wear. The dimple density exhibits a noticeable influence on the friction coefficient of the
surface while the dimple texture edge density greatly influences on the wear rate. The research results can provide a theoretical and
design basis for the application of titanium under abrasive wear conditions. Furthermore, it also has importance for the development
of certain materials.

Keywords: abrasive wear; titanium; texture; diamond-like carbon film; wear mechanism
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Table 1 Designed parameters of dimple texture

Sample Diameter / um Density / % Depth / um
1 100 10 10
2 100 20 20
3 100 30 30
4 200 10 20
5 200 20 30
6 200 30 10
7 300 10 30
8 300 20 10
9 300 30 20

KH FIL-560a %4 fidda 5 B8 1 o A A Ik S i
BRI AR R I HEAT DLC R B8 1l A 4
VRS A&, ik 40 mL/ min, PSRN
1.2 Pa, JESFIEN 20, KA InHGEIE A 100 C,
PEANRI% T ESHULE 2,

k2 DLCHIEIZSH

Table 2 Preparation parameters of DLC

Parameter Gas flow/ Gas pressure /  Duration/  Temperature /
(mL / min) Pa h C
Index 40 1.2 2 100
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Fig. 1 Schematic diagram of friction pair model
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Table 3 EDS analysis of textured surface after
DLC deposition (wt.%0)

Element Region 1 Region 2
C 65.54 71.02
O 25.93 15.35
Ti 8.53 13.63
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Table 4 Elements on the wear track (wt.%b)

Element content on Element content on

Element the deposits the wear tracks
c 7.45 3.84
0 52.06 45.88
Na 1.88 -
Mg 2.02 -
Al 4.84 154
Si 13.73 3.59
Ca 2.66 -
Ti 3.36 45.16
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