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Abstract: The mechanical properties of multi-phase material (e.g. Dual-phase steel) mostly 
derive from its microstructure, such as volume fraction, size, distribution and morphology 
of each constituent phase. Nowadays, micromechanical approaches are frequently used to predict 
plasticity of dual-phase steel under varying mechanical loading conditions. Representative volume 
elements (RVEs) are constructed based on real microstructures, which are acquired using 
experimental techniques, to investigate deformation and strain patterns at the micro level. However, 
highly heterogeneous materials are formed during industrial forming processes (e.g. welding, 
forging or heat treatment). They have special localized microstructures, which are difficult to obtain 
experimentally. It is comparatively easier to use a computed artificial microstructure based on local 
phase proportions and chemical compositions, which can be obtained from metal processing 
simulations. This method particularly requires the development of artificial multi-phase 
microstructure with similar statistical properties to replace the real one. 

In this work, an artificial microstructure generator with enhanced novel phase assignment 
algorithm inspired by material topology optimization is proposed. With this algorithm, phase 
assignment is performed on a modified Voronoï tessellation to achieve the targeted RVE with 
a good convergence. The plastic flow behaviors of each single phase in DP steel are calculated 
using a dislocation based theory. After numerical simulation, the flow curve on macro scale 
can be obtained using an asymptotic expansion homogenization (AEH) scheme. Studies of 
grain morphology, distribution, size and two proposed controlling parameters are discussed to 
determine an optimal artificial microstructure. This work also uses proper orthogonal 
decomposition (POD) reduction of artificial microstructures’ flow curves (snapshots) to 
parameterize them in order to evaluate their effective mechanical properties. Finally, the 
predictions are validated with the comparisons between flow behaviors and plastic 
deformation distributions in ferritic and martensitic elements from the real microstructure and 
those from the artificial one. 
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