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DP steels, design targets

2Calcagnotto et al. Acta Mater 2011 & Mater. Sc. Engin. A 527 (2010) 2738; Tasan et al. An. Reviews Mater. Res. 45 (2015) 391

Increase in strength (e.g. more 
martensite) reduces ductility

High UTS
Low yield strength
High stiffness
Sufficient ductility
Good formability 
No Lüdersstrain
Tunable properties
Low cost

DP steels for auto applications
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Strain rate 800/s: TWIP vs. DP800
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Collaboration with DFG SFB 761: F. Roters, M. Bambach, G. Hirt, RWTH Aachen / MPI Düsseldorf

Energy absorption depends on material & design
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ICME applied to DP steels
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ICME applied to DP steels
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SiO2 pattern

1µm

Strain map

Experiments 

Spectral solverDigital model Strain map &

stress map

Simulations

Deformation Imaging & DIC Sectioning

Indents

https://damask.mpie.de/



Constitutive parameters: FEM & indents
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approx. resol. 9Á

Cono-spherical nanoindenter& AFM or  Fischerscopemicroindenter& confocal
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Indentation

-F-controlled

-Fmax= 4mN

-sphero-conical tip

Simulation

-{110} &{112} slip

-Nelder-Mead opt. 

-Pile-up geom.

-F-d curves

Constitutive parameters: FEM & indents
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Indentation

-F-controlled

-Fmax= 4mN

-sphero-conical tip

Simulation

-{110} &{112} slip

-Nelder-Mead opt. 

-Pile-up geom.

-F-d curves

Local property probing for model parameter fitting: 
Partitioning & Gibbs segregation in multiphase alloys
Chemical size effect
Structural size effect

Constitutive parameters: FEM & indents



DAMASK: Free multiphysics CP & PF

12Roters et al. Acta Mater. 58 (2010) & Procedia IUTAM 3 (2012) 3; Raabe et al. Acta Mater. 50 (2002) 421; Diehl et al. JOM 69

http://damask.mpie.de/

damage

FE mesh / 
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ICME applied to DP steels

13Roters et al. Procedia IUTAM 3 (2012) 3; Diehl et al. Meccanica 51 (2016) 429

Microstructure 

input
Fourier 

grid

Strain distribution Stress distribution

Spectral solver, dual phase steel, 23% uni-axial deformation

Suquet, Moulineque, Khachaturian, Lebensohn, Eisenlohr, Roters, Shanthraj, Diehl,é
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FEM

FFT

FFT polycrystal plasticity solver: fast in RVE
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Experimental vs simulation
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SEĄ

IQ+ DIC strainĄ

IQ + CP strainĄ

Roters et al. Procedia IUTAM 3 (2012) 3; Diehl et al. Meccanica 51 (2016) 429; Diehl et al. JOM 69


