Crystal mechanics and anisotropy

problem formulation



Motivation: Basics ofi crystalimechanics

Reason #1: basics: connection between (simple) kinematics and
(complex) dislocation mechanics; crystal mechanics beyond the
single crystal; boundary condition treatment in larger crystal
aggregates, homogenization at small scales

Reason #2: small-scale experiments cannot be interpreted
without quantitative theoretical mechanics treatment




Motivation: Engineering; Crystal Mechanics

Reason #3: understand macromechanics in terms of micromechanics
(2 essential examples given)




Reason #4: micromechanics as product property:

surface, direct grain anisotropy, damage,...
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Overview

connection between crystal orientation
and lattice defect mechanics (here:
dislocations)
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Motivation: Fundamentalsiofi cry/stal mechanics

parallel loops

reactions

u
L
%
L
N

one dislocation

mesoscopic boundary conditions
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spin (orientation change)
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Motivation: Fundamentals off crystal imechanics

kinematics: _ kinematics:
strain (symmetric part rotation / texture (antisymmetric part
of plasticity) of plasticity)
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‘sinqle crystal level

Plastically
stretched

crystal.

Adapted from Fig.
7.9, Callister 6e.

& (Fig. 7.9 is from
C.F. Elam, The
Distortion of
Metal Crystals,
Oxford University
Press, London,
1935.)
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strain is the symmetric part P
of the displacement gradient /—ﬁ\® ]
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= rotation (texture) is the
external - antisymmetric part
boundary conditions of the displacement gradient




Crystal mechanics and anisotropy

single crystal level
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Versetzungsquelle

Anisotropy of plasticity



single crystal plasticity

GGleitebenen-
normale

sleitrichtung

Anisotropy of plasticity
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strain rates and displacement gradients in crystals
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strain rates and displacement gradients in crystals

DK = %(u + ) mes ’ mit ngj T = %(nl.bj + njbj )
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plastic spin from polar decomposition
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slip system s

single crystal

| {001}<100> Orientierung
[| {110}<111> Gleitung
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rotate crystal into sample

symmetric part m;;
yield surface
(active systems)

(non-active systems)
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{001}<100> Qrientierung
{110}<111> Gleitung

W {001}<100> Orientierung
L {110}<111> Gleitung /
1{112}<111> Gleitung K

krz, kfz,
Schnitt

krz, 48 Systeme,

Schnitt

033 /Ty

AN

{001} <100 Crientierung

{110}<111> Gleitung

{112}<111=> Gleitung

yield surface, bcc

krz, 24 Systeme,
Schnitt

single crystal, bcc, (001)[100]
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SHEAR STRESS- 7= a/M in 103 pei
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slip systems

nb

crystal (k1) |:>
My :nkbl

sample (i,))
My = a4 Ny ajlbl

yield surface:

on YS: elastic-plastic flow
below YS: elastic

above YS: does not exist

1 grain, 1 system:

1 grain, many systems (stress space)

scales

kinematics kinetics
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The Taylor Model

e texture

e kinematik hardness (orientation dependent
hardness)

e assumption of strain rate homogeneity
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Important anisotropy issues: gij _5 (ni bj +nj bi )Y
s=1

crystal interaction, mechanics at grain boundaries,
slip system selection

Q lpolvcrystal level \

Taylor-Model



Crystal mechanics and FEM

One-to-one mapping of orientations / texture



Crystal plasticity finite element method
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Crystal mechanics FEM, nanoindentation, Cu single crystal

experiment Measured
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Forces: 4, 6, 8, and 10 uN
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Bicrystals, Al low’angjle [ 112]|fg:l:

von Mises
experiment strain [1]
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Experiment
(DIC, EBSD)
v Mises strain

Simulation
(CP-FEM)
v Mises strain
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Crystal Mechanics EEM; grainiscalermechanicsi(éio)

simulation
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sl_l_e_et surface

position of slip directions

i f TR
[ i fif TN
i N IR _
__ Jl.rur...!.r{!.r:”.ﬂ L]
] TS =
RRAREREE | TN -
NRRRARANE TN
L TTTHHN: A
| i AL TN =
|_| il 1.,./...._”. _r|1.|L
__ iy J,../_..._..”
h ‘ h __ | L] .{,x_,,,_w
i T
T
i L
™~ 5
33
sk
dnd umplp Jo JybieH m m
B e
W-.
ot
-
b
)
= ’
&
i B
gt
DKL

[111]

g
[111]

{111)<112>



Crystal Plasticity EEM

1,05
1,04 -
1,03 -
1,02 -
1,01 -
1,00 +
0,99 +
0,98 -
0,97
0,96 +

0,95 — 1T v T ' T T T T 1
0 15 30 45 60 75

relative ear hight [1]

angle to rolling direction [°]




D. Raabe, Max-Planck-Institut firr Eisenforschung, Disseldorf, German:

Example: automotive moedeling

O
From Crystal Plasticity to Deep Drawing - m
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Beispiel einer Ziehsimulation

Frontklappe A6 (C5):
Halbsicht des gezogenen Teiles

Frontklappe A6 (grau) und
urspringliche Form der
Blechplatine (rotes
Gitternetz):

Durch die Simulation kann u.a.
der optimale Beschnitt der
Platine festgelegt werden.

anisotropie of plasticity



