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Abstract

An enhanced crystal plasticity elasto-viscoplastic FFT (Fast Fourier Transform) formulation
coupled with a mesoscale continuum dislocation mechanics theory (MFDM) is presented [1,2]. The
present numerical approach, named “MFDM-EVPFFT”, accounts for plastic flow and hardening
from densities of geometrically necessary dislocations (GNDs) in addition to statistically stored
dislocations (SSDs). The model also captures GND density evolution through a filtered numerical
spectral approach [3], which is here coupled with stress equilibrium through the elasto-viscoplastic
FFT method (EVPFFT) [4]. The discrete Fourier transform method together with finite difference
schemes is applied to solve both lattice incompatibility problem and Lippmann-Schwinger equation
(see [5] and [6] for numerical details). Numerical results are first shown for two-phase laminate
composites with plastic single crystal channels and elastic precipitates for both monotonous and
reversible shear loadings. A grain size effect is obtained due to the influence of GND densities on
the overall and local hardening behaviors [7]. In addition, the role of GND densities on the
Bauschinger effect is reported during reversible loadings, where the hardening mechanisms due to
piling-up/unpiling-up of GNDs is examined [8]. 3D face-centered cubic (FCC) polycrystals using
periodic Voronoi tessellations are considered using different RVEs with various average grain
sizes. In comparison with conventional crystal plasticity models, it is shown that GND density
accumulations at grain boundaries modify both intra-granular plastic fields and stress profiles,
which is at the origin of the grain size effect on the flow stress of polycrystals [9]. Lastly, the
MFDM-EVPFFT model is also applied to particle interspacing effects on the mechanical behavior
of a Fe-TiB2 metal matrix composite [10].
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