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Recently, a unique bimodal microstructure design, called “harmonic structure”, to achieve an
improved set of strength and ductility which is consisted of coarse-grained (CG) areas (or “cores”)
enclosed in a three-dimensional continuously connected network of ultra-fine grained (UFG) structure
(or “shell™). In this research, a deformation behavior comparative research for harmonic structure and
other bi-model heterogeneous structure models such as random structure, inverse harmonic structure and
3D fabric structure based on multi-scale finite element analysis application has been raised. The method
of building periodic boundary condition in ABAQUS has been discussed in detail in this thesis, because
there is extremely lack of literature about periodic boundary condition in soft field but almost in maths
field.

From the FEM results, it can be demonstrates that owing to the uniform thickness of high strength
UFG network, the harmonic structure materials avoids the stress and strain localization, while the other
bi-model structure models show some stress and strain localization regions.

In this research, effects of UFG volume fraction and CG/UFG material characteristics in harmonic
structure material have also been discussed. For the effect of UFG volume fraction transition, In the
middle of the volume fraction as the UFG volume fraction and CG volume fraction are nearly equal to
each other, the preponderance of harmonic structure is extremely obvious. In the edge of the volume
fraction as the UFG volume fraction is just 20%, harmonic structure model still shows better mechanical
performance than random structure.

In this research, the digital image correlation (DIC) technology has also been applied as the
experimental strain distribution results to compare with the strain distribution results of FEM. It can be
demonstrates that the FEM results matched with the experimental results well. It proved the

reasonableness of the FEM model.



