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PhD3 in ALLDESIGN project, Multiscale simulation:

Physical properties 
from Atomistic scale

Output to Continuum-
scalePhD 3:

Multiscale
simulation• Dislocation mobility,

• Dislocation density,
• Precipitation properties,
• etc.

• Final Texture,
• Stress-strain diagram, 
• Yield surface ,
• etc.

Virtual Lab.

PhD 1&2 PhD 4&5

Initial Texture
EBSD

http://www.dierk-raabe.com/
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Virtual	laboratory	for	probing	yield	surfaces
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Post Processing

DAMASK[2]
Change of P, F, Euler angles and 𝑳!

No
𝑛𝑜𝑛𝑙𝑖𝑛𝑒𝑎𝑟 𝑠𝑜𝑙𝑣𝑒𝑟

Yes
Yield point is found!

Cauchy stress 𝝈 and plastic velocity gradient 𝑳! , in the reference coordinate system and the plastic work 𝑊! are 
calculated.

Material parameters
𝛾̇, 𝜏", 𝜏#, 𝐶##, 𝐶#$, 𝐶%%,
𝑎, 𝑚, 𝑞, …

Solver
Simulation defines the loading case.

Dream3D[1]
Initial geometry and Euler 

angles

input input

[2] "DAMASK–The Düsseldorf Advanced 
Material Simulation Kit for modeling multi-
physics crystal plasticity, thermal, and damage 
phenomena from the single crystal up to the 
component scale.

[1] http://dream3d.bluequartz.net/
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High resolution crystal plasticity modelling

256!=16,777,216128! = 2,097,152

64!=26214432!=32768
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DAMASK on 
supercomputers?!
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What	is	a	yield	surface?
A yield surface is a generalized form of the yield strength, at which materials start to undergo inelastic 
deformation (also, more correctly, referred to as elastic-plastic deformation). 

Applications - Part 1: Yield surface 
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Present virtual lab.

Zhang, H., Diehl, M., Roters, F. and Raabe, D., 2016. A 
virtual laboratory using high resolution crystal plasticity 
simulations to determine the initial yield surface for sheet 
metal forming operations. International Journal of Plasticity, 
80, pp.111-138.
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Applications - Part 1: Yield surface 

Cold rolled 3103H18 alloyLiterature Present virtual lab.
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Part 2: Loading- unloading – elastoplastic transition.
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Pre-deformation in tensile dir. Pre-deformation in shear dir.
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Part 2: Loading- unloading - Subsequent yield surface.
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Part 3: Aluminum matrix with hard particles.
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Stress distribution(Pa) Strain distribution
Blue: aluminium
Red: Particle
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Part 3: Aluminium matrix with hard particles.
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Red: particle
Gray & blue: Aluminium grains
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• Part 1: A crystal plasticity virtual laboratory - high resolution spectral solver with uniformly distributed stress 
directions.

• Part 2: The evolution of subsequent yield surfaces with plastic deformation along proportional and non-
proportional loading paths using spectral solved based virtual laboratory.

• Part 3: Hard particles inside polycrystals and how they influence the strength and anisotropy of the aluminium 
alloys.

Summary & publications:
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