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Development of elastic-plastic decoupling multi-scale simulation method using SPH
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The purpose of this study is to develop a decoupling multi-scale method using Smoothed Particle
Hydrodynamics (SPH) for analysis of elastic-plastic deformation which can also deal with Severe Plastic
Deformation (SPD). It is well known that Finite Element Method (FEM) has weakness in simulating SPD
such as Equal Channel Angular Pressing. If FEM is used to handle elastic-plastic materials, which are
highly dependent on deformation history, the meshes of material get tangled and it leads to stopping
computation. To overcome this problem, the mesh of material should be re-meshed and historical data
must be mapped for several times. However, repeated enforcing of such operation results in accumulation
of computational error. On the other hand, SPH is a meshless method, and it preserves historical
deformation data for every individual particle. In this paper, a decoupling multiscale method will be
introduced, which is composed of macro-scale simulated by SPH, micro-scale simulated by FEM.
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Fig.1 Flow of decoupling multi-scale method
(one way)

Fig.2 Virtual macro-scale model to input deformation gradient
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F: Deformation gradient, I: Coordinates from initial
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Fig.3 ECAP model for SPH simulation

Fig.4 Poly-crystalline model(30 grains)
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Fig.5 Macro-scale simulated using CSPH
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Fig.6 Approximate position of selected particles
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Fig.7 Historical data(Equivalent strain) of selected particles
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Fig. 8 Microstructures of selected particles of each step
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Fig9. Figure to explain theoretical modeled function of
ECAP
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n: Number of passes, &: Equivalent strain
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Fig.10 Behavior of particle A’s microstructure
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Fig.11 Equivalent strain contour before shear deformation
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