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Fig.3 Comparison between the predicted indentation profiles and experiment data’® in the case of single shot impact: (a) initial velocity of
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Fig.9 Stress distributions of micro-scale polycrystals of shot multi-direction impacts: (a) 30 shot impacts, (b) 60 shot impacts, and (c) 90 shot

impacts
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Fig.10 Grain orientation distributions of micro-scale polycrystals of shot multi-direction impacts: (a) 30 shot impacts, (b) 60 shot

impacts, and (c) 90 shot impacts
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Macro-micro Coupled Simulation of Surface Mechanical Attrition
Treatment of Copper

Wang Cheng®, Hu Xingyuan', Li Kaifa', Li Kun', Wang Long*, Wang Chuanli?
(1. School of Mechanical Engineering, Anhui University of Science and Technology, Huainan 232001, China)
(2. Anhui Key Laboratory of Mine Intelligent Equipment and Technology, Anhui University of Science and Technology,
Huainan 232001, China)

Abstract: A multi-scale study of the dynamic grain refinement behavior and residual stress state of copper induced by surface mechanical attrition
treatment (SMAT) was carried out by developing a macro-micro coupled simulation method. The three-dimensional macro-scale finite element
model of SMAT was developed firstly, and the refined grain size was calculated accordingly. According to the average grain size, the finite element
model of polycrystals was created, the dislocation slip resistance resulted from the macro-scale finite element computation of SMAT was imported
into the crystal plastic constitutive model, and the strain field outputted from the macro-scale finite element simulation was converted into the
displacement boundary condition and was imposed on the finite element model of copper polycrystals. The crystal plastic finite element
computation was then performed with respect to the present material hardening effect. The microstructure stress state and grain orientation
distribution within a material point of the macro-scale finite element model of SMAT were resultantly investigated by the micro-scale finite
element model of polycrystals. The obtained results show that, during the SMAT process, with the increasing of shot multi-directional impacts, the
refined grain size decreases and both the macroscale and microscale surface compressive residual stresses increase. However, the non-uniformity
of the grain orientation distribution increases at first and then decreases gradually.

Key words: surface mechanical attrition treatment; grain refinement; residual stress; dislocation density evolution; macro-micro coupled
simulation
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