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Fig. 1. Three dimensional physical model for single crystal aluminum and twin aluminum substrates constructed by atomic simula-

tion method.
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Fig. 2. Plastic deformation are compared between single crystal Al and twin Al during nano-indentation.
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Fig. 3. Shear stain difference between single crystal Al and twin Al during nano-indentation.
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Fig. 4. Evolution characteristics of movable dislocation are compared by single crystal Al and twin Al during nano-indentation.
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Fig. 6. (a) Load wvs. displacement during nano-indentation; (b) dislocation density wvs. displacement; (c) phase transition of structure
number vs. displacement, (d) hardness vs. twin boundary height, (e) adhesive number vs. twin boundary height.
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Fig. 7. Qualitative and quantitative evaluation of the dependence of strengthening effect on single or multilayer layers for twin Al:

(a)—(d) Multi-layer twinning plastic deformation process; (e) schematic diagram described according to twin height d and inter-lay-

er distance n; (f) load wvs. displacement; (g) average hardness and calculated between tip displacement at initial phase as the con-

tact force is zero and its displacement at last stage.
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Investigation into movable dislocation evolution
feature and strengthening effect for metal
twin Al from atomic perspective”
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Abstract

It is an universal phenomenon that the dislocations are produced in metal plastic deformation, which will
has a potential value in fundamental research field for metal strengthening and toughening if its evolution
characteristics and laws are investigated. Therefore, this behavior of movable dislocation for metal Al is studied
by atomic simulation, and the microscopic mechanism of metal strengthening and toughening are also revealed
through studying the interaction between movable dislocation induced by nano-indentation and twin boundary.
Furthermore, the movable dislocation features, and dislocation density, and hardness, and adhesive effect are
analyzed, and the comparison between the single boundary height and the multilayer twin boundary height is
conducted. It is found that the plastic deformation of aluminum mental can be dominant by coordinating the
amorphous generation and hexagonal close-packed structure under high speed deformation. In the nano-
indentation process, the twin boundary has two obvious effects on movable dislocation of moving changes: one
is to hinder the dislocation from migrating, the other is to induce dislocation to produce a cell, which result in
the dislocation entanglement and generation of cross slip, it is also the main reason why the metal has excellent
mechanical properties of strengthening and toughening features. These results demonstrate that the local non-
contact region on the surface of Al substrate can induce atomic mismatch spots to appear during loading, and
when the distance between the twin boundary and the upper surface of the substrate decreases, the effects of
dislocation winding and dislocation slip become more obvious, and the anti-adhesion effect also decreases. In
addition, the twin boundary is treated as the propagation of plastic ring source in the dislocation emission
process when substrate is continuously loaded. These results provide an important theoretical source for

improving metal strengthening and toughening effect.

Keywords: nano-indentation, movable dislocation, molecular dynamics, strengthening and toughening, twin

boundary, adhesive effect
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