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Crystal Mechanics FENM(General)

Crystal Plasticity FEM (CPFEM) - Family
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Crystal Plasticity: EEM (Includermorepnysics)

Multiplicative Decomposition of F* . elastic and rotation deformation gradient

the Deformation Gradient F : total deformation gradient
Fp : plastic deformation gradient

e,

flow law Lp : plastic velocity gradient

Le : elastic velocity gradient

constitutive reduction of DOF:
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physics-based constitutive:laws

1l 1
. . . T T
dyadic flow law based on dislocation rate theory
ilﬁtZ?:maJ Taylor, Kocks, Mecking, Estrin,.... K g\
variables
OOOOQO
@ plastic gradients, 0l0/0.0/ele)
size scale and orientation gradients (implicit) O OO
Q0O
2. set ) OO 08
internal Nye, Ashby1, Kroner,....
variables

@ grain boundaries

3. set activation concept: “y-
internal energy of formation upon slip penetration: conervation law L
variables R
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Bicrystals

grain boundary
mechanics
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D. Raabe
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experiments phenomenological physics_based
by GOM model(local) model(nonlocal)




Experiment
(DIC, EBSD)
v Mises strain

von-Mises strain Simulation
(CP-FEM)
v Mises strain
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10 billion; grains




Using spherical functionsin: EEN

.
.
.

.
.
-
-
[
L]
L]
[
[]
[]
L]
L]
L
L]
L]
L]
L4
L4
&
4

“y .
....IIIII““

Prof: bierk -Raabe



Crystal Plasticity: EEM _
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Applications

Biomedical parts, implant devices
Small mechanical and electronic parts
Automotive

Structural aerospace and turbines
Numerical laboratories
Homoegenization theory

Micromechanics and damage
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3D electron orientation mICoSCoPY,

SEM objective lens

> :in-Ies SED

sample in cutting
position (36° tilt)

= EBSD

sample in EBSD position camera

(70° tilt)




Measurements:
Joachim Konrad

300 nm spacing




3D electron orientation microsScopy;

5° misorientation steps from shell to shell

Measurements:
Joachim Konrad

lattice rotations around Laves phase
in Fe Al

3D : EBSD, EDX, SEM, FIB




Measurements:
Alice Bastos
Dr Stefan Zaefferer
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3D electron orientation mICIoSCoPY,

Measurements:
Dr Hasso Weiland
Dr Stefan Zaefferer

50 nm step size in x,Y,z
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Nanomdentatlon 3D

absolute values of orientation change




Multiphase Materials
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Methods and systematics

1) structure, texture
TEM, SEM, EBSD, EDX, FIB, X-ray (lab-scale), Synchrotron

2) properties
Indentation, compression tests; tensile tests; photogrammetry

3) Specimens
mineralizead chitin-pretein: tissue

mineral content




Structure Hierarchy (Homarusiamencanus)

C it o : Twisted plywood or Bouligand structure
OMpPOSAe a@s Jina. stage in a formed by a stack of rotating (mineralized)
higher order structure ' chitin-protein planes
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Chitin-protein fibers

Chitin molecules arranged anti-parallel Nano-fibrils g
9 P (and biominerals)

forming a-chitin containing 18 — 25 chitin chains
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Cuticle hardened
by mineralization
with C_aCO3
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SEM: Lobster endocuticle, untreated
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(a) Untreated cuticle, (b) decalcified cuticle (EDTA, 0.15M), (c) deproteined cuticle
(NaQH. . 1M) and (d) decalcified and deproteined cuticle (EDTA, 0.15M + NaOH, 1M).
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TEM, lobster

chitin fibril

branching




Phases and crystallography. inl crustaceans

Calcite CaCO,; CC (calcite)
ACC
Vaterite
Aragonite

(Mg!)

*Density: 1,41 gm/cm3
-Lin. absorbtion coef : 3700 um' (@14 KeV(~ 1 A))

«Orthorhombic a= 4.74 A, b=18.86 A, c= 10.32 A
(Takaiet al, 1992)

*Space group: P222 (# 16 @ITC)
*Point group: 222

*Density: 2,71 gm/cm3
-Lin. Absorbtion Coef. : 200 ym'(@14 KeV(~ 1 A))

*Hexagonal , a=b=4,989 A, c=17.062 A ( Maslen et
al. 1993)

*Space group: R -3 2/c (#167 @ITC)
*Point group: -3 2/m




X-ray wide angle diffraction, lolaster

very strong chitin textures

Co-target




Synchrotron x-ray, wide angle; lelster

= ' very strong chitin textures

clusters of calcite ?

5), A=0.196 A.




Smart design, local coordinate:system







Tensile testing, Indentation
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400 Mio. years nanocomposites
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Horseshoe crab, FIB+EBSD Ca ne Klkuchl
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