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Table 1 Average hardness of different MGs during single
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Study on Hardening Effect of Metallic Glass under Cyclic Loading

Zhenghong Zhu Jun Hua Xiaoru Xing Dong Zhao

(Department o f Mechanics, School of Science, Xi’an University of Architecture and Technology ., Xi’an, 710055)

Abstract This study investigates the mechanical behavior of binary Cu-Zr metallic glass under cyclic
loading using the molecular dynamics simulation method. Firstly, simulations of single indentation are per-
formed on metallic glasses with four different alloy ratios (Cuso Zrso» Cusy Zrys, CugoZry s and Cugy Zrss ) »
and their corresponding force-depth curves are obtained. The evolution of their microstructures is analyzed
using Voronoi indices. To further reveal the hardening mechanism of the metallic glasses under cyclic load-
ing with different alloy ratios and loading rates, the hardness, average atomic volume, residual indentation
depth, local shear strain, and large-strain atoms involved in indentation are analyzed. The results indicate
that the yield capacity of metallic glass increases with the Cu content under different alloy ratios, primarily
due to a higher Cu content resulting in more short-range-ordered structures, thus enhancing the yield ca-
pacity. Simulation results also show that after cyclic loading, the average hardness at large-depth indenta-
tion of metallic glass with the four different alloy ratios increases by 1. 86% to 3.17% compared to that of
single indentation. The generation and accumulation of shear bands during the cyclic process, as well as
the decrease in the average atomic volume in the region beneath the indenter, lead to a denser structure,
effectively resisting further deformation and serving as the main factors contributing to the hardening
effect. After cyclic indentation of Cus,Zr;, metallic glass at different loading speeds (80 m/s, 100 m/s, and
150 m/s), it is found that the higher the loading rate, the more micro-plastic deformation, residual inden-
tation depth, and large-strain atoms in the matrix. This leads to a higher average hardness and a more pro-
nounced hardening effect in the metallic glass. This work not only contributes to a better understanding of
the plastic deformation mechanism of binary Cu-Zr metallic glass under cyclic loading., but also provides
reference data for potential applications and the design of new nanostructured materials.

Key words metallic glass, cyclic loading, hardening effect, shear band, molecular dynamics simula-

tion





