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Outline

ÅMotivation
ÅDAMASK- material simulation kit
ÅThe Spectral Solver
ÅBasic scheme
ÅSome applications
ÅDemo: a very simple (1D) implementation using petsc4py

ÅSmeared damage mechanics
ÅInterface decohesion in Polycrystals.

ÅFuture Work



Motivation

Åstrain localization
Ådamage initiation
Årecrystallization nucleation
ÅȀ

Åtool design
Åcrashworthiness
Åcomponent properties
ÅȀ



Motivation

5

http://www.virtualexplorer.com.au/special/meansvolume/contribs/jessell/labs/02a.m
ov

Crystal Plasticity is always
a multi-scale problem !



Motivation
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simulation requirements

Åarbitrary mechanical 

boundary value 

problems

Åcontinuum mechanics

Åaccounting for crystal 

plasticity

Crystal Plasticity

Finite Elemente Method

(CPFEM)

Or

Crystal Plasticity

Spectral Method

(CPFFT)



CPFEM/CPFFT strategy
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The spectral solver
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ü Use spectral method instead of FEM

ü Solution based on FFT

ü Much faster than FEM

ü Small strain framework

ü Elastic material law

ü Extended to viscoplastic materials

ü Large strain formulation

ü Coupled with DAMASK

A little history



Spectral method
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ÄÉÖⱭ π
Static equilibrium:

Split strain:
Ⱡ Ⱡ Ⱡ

Ⱡ Ⱡ ◔ Ɑz FFT

Material law:
Ɑ ╒Ⱡ

Introduce reference medium:
Stiffness ╒

Ⱡ Ⱡ ꞈ ◔ȡⱭ

with ɜ ὯὯὔ and  ὔ ὯὯ Ӷὅ



Comparion FEM vs FFT
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P. Eisenlohr., M. Diehl, R. A. Lebensohn, F. Roters: International Journal of Plasticity (2013), 37 - 53



Experimental-Numerical
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Example: Basal slip in Magnesium

F. Wang, S. Sandloebes, M. Diehl, L. Sharma, F. Roters, D. Raabe:Acta Materialia 80 (2014) 77-93



Mesoscale mechanics
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ÅHigh Resolution Crystal plasticity enabled through robust 
spectral solvers

Shanthraj et al. [IJP, 2015]



Demo (1D elasticity + spectral method using petsc4py)
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Interface decohesion (formability limiter)
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Void 
Initiation

Role of the Interfaces
Surrounding Microstructure

?
Void 
Growth/Propagation

Computational tool to model
Interface decohesion


