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Fig. 1 Simulation methods at different temporal and spatial scales to investigate

material deformation and failure mechanisms'®
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Fig. 2 Flowchart of dislocation dynamics method!"”
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Fig. 3 Different discretization of three-dimensional dislocation lines:
(a) lattice based description, (b) continuum description
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Fig. 4 Schematic of superposition method (a) and the variable transfer process in discrete continuous method (b)"**!
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Advances and Application of Dislocation Dynamics in the
Mechanics of Extreme Environment

CUI Yinan', LIU Zhanli', HU Jiangiao®, LIU Fengxian', ZHUANG Zhuo'

(1. Applied Mechanics Laboratory, Department of Engineering Mechanics, School of Aerospace,
Tsinghua University, Beijing, 100086, China;
2. State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics,
Chinese Academy of Sciences, Beijing, 100190, China)

Abstract: Discrete dislocation dynamics (DDD) simulation method, as an ideal tool for bridging the gap in
space and time scales between atomistic and continuum models, has made great progress in the past few
decades. One prominent example is the coupling between DDD and finite element method (FEM), which
leads to the capability of DDD to investigate the problems with complicated boundary conditions and multi-
physics coupling effect. This work firstly reviewed the development of DDD method, and the coupling
algorithm between DDD and FEM. Then, the advances and application of these methods in disclosing the
microscopic mechanisms and developing the continuum models are reviewed under the extreme environment
of high strain rate, high temperature, and irradiation.

Keywords: discrete dislocation dynamics; high strain rate; high temperature; high pressure; irradiation
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