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Why steel ?
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Overview: intrinsically nanostructured steels

Dual Phase steels:

Microstructure optimization and damage initiation

Density-reduced steels:
Strain hardening and rapid alloy prototyping

Max-Planck-Institut fur Eisenforschung, Dusseldorf, Germany



Introduction - DP steels

High strength
High ductility &
Good formability
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Introduction — Mechanical properties
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Introduction — Mechanical properties
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Methodology — Example of DP Steel
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Methodology (ii) - Overview
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Microstructure: Mesoscopic imaging: SEM — Imaging modes
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Hierarchical microstructure analysis

Morsdorf, L., Tasan, C.C., Ponge, D., Raabe, D., 3D structural and atomic-scale analysis of lath martensite: Effect of the transformation

sequence, (2015) Acta Materialia, 95, pp. 366-377.
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Martensite: Hierarchical microstructure analysis

Morsdorf, L., Tasan, C.C., Ponge, D., Raabe, D., 3D structural and atomic-scale analysis of lath martensite: Effect of the transformation
sequence, (2015) Acta Materialia, 95, pp. 366-377.
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Jransition zone between martensite and ferrite at atomic scale
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Multi Level Voronoi + Fourier Spectral Solver

Tasan, C.C., Hoefnagels, J.P.M., Diehl, M., Yan, D., Roters, F., Raabe, D. Strain localization and damage in dual phase steels investigated by
coupled in-situ deformation experiments and crystal plasticity simulations (2014) International Journal of Plasticity, 63, pp. 198-210.

Crystal plasticity simulation of Dual Phase, 23% uni-axial deformation

microstructure Fourier
Input grid
Mises(Cauchy)
0.6- 16+009

' I)Sef&

0.4 '
i -Oe+8
0.2 -da+8

I2048
le+008

Strain distribution o
13 Stress distribution

Max-Planck-Institut flir Eisenforschung, Dusseldorf, Germany



Details: simulation results

Tasan, C.C., Hoefnagels, J.P.M., Diehl, M., Yan, D., Roters, F., Raabe, D. Strain localization and damage in dual phase steels investigated by
coupled in-situ deformation experiments and crystal plasticity simulations (2014) International Journal of Plasticity, 63, pp. 198-210.
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Experimental results vs simulation results
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Surface effects: serial sectioning to check surface effects (sim)

Kernel Average Misorientation (martensite
highlighted in black)

Image Quality
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Experimental results vs simulation results : partitioning
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Defect characteristics, trends, dual phase steels
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Mechanical properties, trends, dual phase steels
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Overview: intrinsically nanostructured bulk high Mn steels

Dual Phase steels:

Microstructure optimization and damage initiation

Density-reduced steels:
Strain hardening and rapid alloy prototyping
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Weight reduced steels: Fe-Mn-Al-C

Austenitic steels with up to 18% reduced mass density

Fe-Mn-Al-C system
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massive solid solution, strain hardening
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TEMimage of sample 24h/600°C: carbide morphology
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Deformation mechanisms of density-reduced steels
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Analyzing microstructure features using DDD
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Fe-Mn-Al-C: RAP — bulk combinatorial design: steel plant in a box
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Weight reduced steels: Fe-Mn-Al-C
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Cconclusions

Dual Phase steels:

Local ICME damage analysis; reduce ferrite grain size; fune
martensite strength; avoid narrow ferrite bridges; avoid
hydrostatic tensile components; avoid large martensite
clusters; avoid percolative structures and banding

Density-reduced steels:

Combined weight reduction and high crash resistance;
metallurgical combinatorics enables rapid alloy

propotyping
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