LaUR. OF-06777

Approved for public release;
distribution is unlimited.

Title: | Plasticity Microstructure Characteristics using 3D Voronoi
Structures

Author(s): | Ben Hansen-T-3
Curt Bronkhorst-T-3

Intended for: | Materials Science & Technology Meeting
Pittsburg, PA USA
October 25-29, 2009

» Los Alamos
NATIONAL LABORATORY
EST.1943

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security, LLC
for the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By acceptance
of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty-free license 1o publish or reproduce the
published form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests
that the publisher identify this article as work performed under the auspices of the U.S. Depariment of Energy. Los Alamos National
Laboratory strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not
endorse the viewpoint of a publication or guarantee its technical correctness.

Form 836 (7/06)



Plasticity Microstructure Characteristics using 3D Voronoi Structures
BL Hansen, CA Bronkhorst
Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM

First a comparison is made between direct single crystal simulations run on 3D Voronoi
single crystal structures analyzing the need to run simulations with 3D microstructures.
The simulations are preformed to large deformations at high strain rates using traditional
plasticity models with the finite element method. Voronoi tessellations are used due to
the ability to apply finite element meshes to such structures. The concerns of meshing
these structures and successful techniques will be discussed. Laminate models of
dislocation structures are considered to include size effects of the crystals for future
simulations.
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Motivation

Boundary levels: 15°
100.0 um = 100 steps |IPF [010]

Tantalum Plate Impact Compression
OIM: B. Henrie, MST-8, LANL

Microstructure properties effect continuum material
response.

Material damage (e.g. intergranular corrosion cracking,
void nucleation) and high deformation mechanisms (eg.
shear banding) are local.

Localizations occur because of inhomogeneities in the
material.

The innate inhomogeneities of metallic materials are
caused by the underlying polycrystalline microstructure.

Goal is to simulate statistically equivalent polycrystalline
microstructures. Validate to experimental measurements.
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\/Ooronol

Voronoi cells used as
approximation of grain; structure.

Voronoi cells are based off an
idealized grain growth model -
provide a good approximation.

Convex cells.
Fewer complications in meshing.

Currently using PyXL software
from Cornel Fracture Group

Length scale appropriate
simulation invelves
» Individual distinguished grains

. (l\j/lafterial model alccccl)unt?] focq
eformation (including hardening :
and texture characteristics of W Gilobal ;
grain). 7, deformation
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Asaro & Rice (1977) , Acharya & Beaudoin (2000),
Kothari & Anand (1998), Busso et al. (2000), Kocks (1976)
Kalidindi et al. (1992), Bronkhorst et al. (1992). Anand (1998)

Stress Flow Rule

Hardening

Simmons & Wang

Texture
Adiabatic Heating




Material Parameter Evaluation

Parameters:

Ta - 24 BCC systems
{110}<111>, {112}<111>

Cu - 12 FCC systems
{111}<110>

Material Parameter Evaluation
512 Elements/Grains




Initial Texture

- 1. 25°C, 1300/s
2. 200°C, 2800/s
4, 400°C, 2600/s
6. 600°C, 2200/s

3. 297°C, (L i/s
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.25°C, 1300/s
Compare to ). 200°C, 2800/s
LA400°C, 2600/
Data of Chen and Gray,

6. 600°C, 2200/s

1996 3. 25°C. 0.1/s
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Initial Texture: Random
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Tetgen Meshes

Looking for Delaunay mesh
generation for convex
shapes.

Generates tetrahedral
meshes in 3D with internal
faces respected.

Not all slivers always
removed.

Quality of meshes is
sufficient to run simulations.

Meshing is a difficult
prospect due to the
constraint placed on
meshing by the intersection
of grain faces.




Viewport: 1 0DB: C:Documents and Settings...ube meshhestédcube.3.0db Viewport: 2 0ODB: C:Documents and Settings...ube meshbest64cube.3.odb




Individual Grains

rarmed Var,




MeSh SenSItIVIty 64 grains
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11175 Tet. Elements




23544 Tet. Elements Texture 2:

64 grains

3 sets of 64 random
crystal orientations
Texture 3:




Crystallographic Response

Texture 1 Texture 2 Texture 3

Von Mises Stress of elements.




Macroscopic Response

Mesh
refinement |-~

Crystallographic
variation

true stress, MPa
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experimental stress

—— 512 grain stress
~ ~ true stress meshitex1 — — true stress mesh2tex1
— — true stress mesh2tex1 — —frue strens menhZiand

— — true stress mesh3tex1 — — true stress mesh2tex3

0.2 0.3 N i . 0.2 0.3
true strain true strain

Macroscopic stress response decreases with a finer mesh size.

Crystallographic texture has a minor effect on the macroscopic stress
response.




Morphologic Response

Voronoi 1
23544 Tet. Elements

true stress, MPa

ldentical 64
crystal
orientations

-___.V.O_ro.no.i.tes.se.llati‘cn ............................... __

true stress Voronoi 2
— = true stress Voronol 1 |
experimental stress
512 grain stress

true strain

Voronoi 2
23351 Tet. Elements

2500 [
Shift in peaks
of stress
distribution




Subgrain Dislocation Structures
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Plastic deformation in metals

‘0%
gpically involves motion of ﬂl&.
|

slocations within the atomic
lattice.

Dislocation walls form by _
dissimilar dislocations interacting.

Seen at higher strain states
through TEM analysis.

Material separates into distinct
areas.

Act as boundaries to further
dislocation motion (plastic
deformation).

m [hese are “geometrically
necessary” boundaries, as
opposed to statistical or
incidental dislocation
boundaries.

£gd
Fig. 7. (a) Copper single crystal fatigued with tensike axis [001], showing labyrinth wall sinxcture on [100]
and [001]-planes Jin and Winter (1984a), (b) (010)<ross axction of a copper single crystal specimen showing
labyrinth distocation struciune Ackermann et al. (1984). Reprinked by permission of Publisher




Subgrain Laminate Microstructures

able mathematically as energy minimize

Characterized by:
a = polarization vector o. = slip system
N = wall normal - coplanar
A = volume fraction

L® = length scale

Rank 1 connected deformations: n




Mean Free Path Shortening

When dislocation walls form the mean free path of dislocations is
shortened.

The actual length depends on the angle between the slip plane and
the dislocation wall;

Coplanar slip is a special case and must be accommodated within a
single laminate.

By Orowan'’s relation, shortening the mean free path, h, increases
the critically resolved shear stress:




Laminate Microstructures: Non-
local Energy.

The non-local energy is the combination of the energy
gained from the dislocation walls and the mismatch at
the boundary.

The laminate thickness is determined by the
minimization of the non-local energy.

e equation 3.24 if (equation 8.24)< 1L,
i n_1Li ,otherwise




Laminate Length Evolution

To obtain correct time evolution of hardening it is
essential to update the widths within the
microstructure:

*Note both traditional mechanisms of hardening are reproduced by the
laminate size evolution: self hardening and multislip hardening.
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Size Dependency.

102_size_variation_data

—thick = 3Imm

thick=0.5mm

Relationship is Hall-Petch as predicted.
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Variation in L for the 102 orientation simulations.




Summary

Conclusions
Mesh generation is successful
Reguired mesh resolution could result in lengthy calculations

Crystallographic texture appears to have minor influence on macroscopic
response.,

Morphological texture has a significant impact on stress response.

Future work
Include size effects in materials model
Further refine meshing technigue
Analyze traction at grain boundaries
Against orientation
Against misorientation angle
Against grain size
Refine grain model — improved Voronoi or other models
Further comparison to experiments

Tri-modal distribution
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