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Table 1  Slip systems in HCP structure

Structure Slip surfaces Slip
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Fig. 1 Lattice structure parameters and main slip systems of single crystalline zirconium: (a) {0001}; (b) {1010} ; (c) {1011}
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Fig. 2 Diagram of model systems: (a) Side view; (b) Front view
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Fig. 3 Diagrams of local atomic structures of substrates: (a) [0001]; (b) [IOTO] ;[ 150]
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Table 2 Dimension information of substrate models

Structure type Dimension/nm Atom
[0001] 30.0X10.0X10.0 133920
[1010] 30.0X10.0X10.0 131688
[1120] 30.0X10.0X10.0 133812

Diamond hemisphere R=3.6 18901
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Table 3 Specific parameter settings in simulations

Parameter Setting
Ensemble NVT
Time step/fs 1
Temperature/K 300
Boundary condition
(X12) PPF
Total sliding distance/A 150
Load/ nN 100
Sliding velocity/(A-ps ") 0.1,0.2,0.3,0.4

Tersoff (C-C), MEAM (Zt-Zr),

Potential
otentia Morse (C-Zr)
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Fig. 4 Friction curves of three crystal-oriented substrates at different sliding velocities: (a) 0.1 A/ps; (b) 0.2 A/ps; (c) 0.3
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Orientation effect on friction behaviors of
nano-single crystalline zirconium

ZHU Ke-hao', ZHANG Xiao-yu’, YUAN Xin-lu®, REN Ping-di’

(1. School of Materials Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China;
2. Tribology Research Institute, Traction Power State Key Laboratory,
Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The friction process of diamond structure hemisphere and single crystalline zirconium substrates with
three different orientations were simulated using Molecular Dynamics method under different sliding velocities.
The friction force and wear amount were detected and analyzed, the internal structure deformation mechanism was
also studied with the Dislocations Extract Algorithm(DXA). The main results are as follows: the friction forces of
different substrates are more distinct at lower sliding velocities due to the dominance of plouging effect while the
adhesion between atoms at the higher sliding velocities is the main reason for the significant increase in friction.
The wear amount continues to increase as the sliding proceeds, and the wear amount of [0001] oriented substrate is
significantly greater than the others. Through the DXA analysis, it is indicated that the change of the slip system in
different orientations is the main reason for the strong crystal orientation dependence of friction and wear behaviors
of the single crystal zirconium at the nanoscale. Moreover, the effects of tangential dislocation motion on the
friction force and wear amount of single crystal zirconium are more significant than those of normal stacking fault.
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