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Microstructure based micromechanical modeling of microstructural scale deformation
in stainless steel 316L using crystal plasticity FEM
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ARTICLE INFORMATION ABSTRACT

Grains in polycrystalline texture have anisotropic deformation nature. This cause material to
show completely different behavior at meso and micro scale than they do at macro scale. To be
specific, deformation at these scales is heterogeneous and cannot be modeled using constitutive
equation in continuum plasticity. In this paper, in order to investigate deformation behavior of

Original Research Paper

Received 12 October 2014
Accepted 27 November 2014
Available Online 24 December 2014

316L stainless steel at micro scale a crystal plasticity finite element (CPFE) modeling system has
been developed. The crystal plasticity equations were implemented in the ABAQUS/Implicit FE
code through a user-defined material subroutine, UMAT. Verification was done through
comparing the CPFE result against those obtained through implementing crystal plasticity
formulation in MATLAB software. Comparison show good agreement between the analytical and
CFFE result. Afterward, three dimensional simulation of tensile test on Stainless Steel type 316L is
carried out using CPFE method and continuum macro mechanic FE. Deformation characteristic
and localization behavior of single grain specimen during tensile test has been captured and
predicted using CPFE method; on the other hand, macro mechanic finite element is unable of
predicting localization and evolution of lattice at micro and meso scale. At the last part, a set of
CPFE analysis are conducted on representative volume elements with 10 Grain and 5 set of
different grain orientations. Results show a scattering in plastic part of stress-strain response of
material with switching from one set of grain orientation to another set. It has been found that the
material behavior at these scales is highly direction dependent.

Keywords:

Crystal plasticity FE modeling, UMAT
micro-mechanics modeling

Voronoi tessellation

representative volume element(RVE)
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10- Scanning electron microscope
11- Voce

12- Element

13- Paul

14- Alumina

15- Voronoi

16- Austenite stainless steel
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Heterogeneous
Phenomenological plasticity
Crystal plasticity

Multi-scale material modeling
Superplasticity

fragility

Twining

Representative volume element
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12- Self-hardening
13- Latent hardening
14- Taylor cumulative shear strain
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Stent
- Crystal plasticity finite element method(CPFEM)
Necking

Macro-mechanic(continuum) finite element
Representative volume element
- Resolved shear stress

Taylor

Hill

Rice
10- Asaro
11- Visco-plasticity
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2- X-ray microtomography
3- Voronoi tessellation
4- Seed point
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5- Tessellation
6- Euler angles
7- Miller indices
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