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Motivation 

Chevrolet 2009 Malibu Chevrolet 1959 Bel Air 

*Insurance Institute for Highway Safety, http://youtu.be/joMK1WZjP7g 



Integrated computational materials engineering (ICME)  

• Materials innovations are the core of (all!) technological advances   
• Technological advances are dependent on materials innovations      

 



ICME: 

• Problem: Product design rate >>> materials development rate 
• Solution:  integrated optimization of design-manufacturing-materials 
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ICME Strategy 

• Problem: Product design rate >>> materials development rate 
• Solution:  integrated optimization of design-manufacturing-materials 

 

provide insights into capabilities 
of selected materials 

develop component 
manufacturing process 

design, determine analysis, 
testing, and modeling scope 

integration between tools, system 
components, groups 



ICME Example: Virtual Aluminum Castings 

• Integration & validation (very) challenging! 



C. Tasan, D. Yan, M. Diehl, C. Zambaldi, P. Shanthraj, P. Eisenlohr, F. Roters, D. Raabe 

Integrated in-situ experiments & full-field crystal plasticity simulations  
to analyze stress –strain partitioning in multi-phase alloys  

 

Tasan, Yan, Diehl, et al.,  Acta Materialia,  2014 
 
Tasan, Hoefnagels, et al.,  Int. J. of Plasticity,  2014 
 
Yan, Tasan, Raabe,   Acta Materialia,  2015 
 



Goal & challenges 

 Goal (i): direct link between microstructure-properties 
 Goal (ii):micro-mechanics based alloy design (guidelines)  

 
 
 
 
 
 
 
 

no aging 1h, 600°C 8h, 600°C 



In-situ characterization of martensite plasticity    /    Tasan et al. 

phase A 

phase B 

strain  

damage 

Needed 

 Needed: evolution of (i) micro-structure (ii) micro-strain (iii) micro-stress 



Overview 

 
Need Got OK? Challenges Solutions 

Microstructure  
• SEI  
• ECCI 
• EBSD 

• Surface 
• Strain limit 
• Pattern 

• 3D sectioning 
• No solution 
• Colloidal Si 

Strain  • μ-DIC 
• Selective imaging 
• Strain limits 
• Resolution 

• Inless detector 
• Colloidal Si 
• Colloidal Si 

Stress  • CP? 

  
• Microstructure 
• Phase properties 
• Efficiency 
 

• EBSD to model 
• Indentation & CP 
• Spectral slver 



In-situ SEM – Imaging modes 

 TRACE ANALYSIS (SEI) 

DAMAGE ANALYSIS (SEI) 

PHASE FRACTIONS (EBSD) 

DEFECT DENSITY (EBSD) 

DEFECT DENSITY (ECCI) 

DEFECT DENSITY (ECCI) 
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Introduction 

 

Deformation vector field Strain field 

t+dt 

t 

[Tasan et al. 2010] 

20 µm 0.2 

0 [Shade et al., 2012] 
[Marteau et al., 2013] 

[Joo et al., 2013] 

Microstructure 

FIB  holes 

Grid 

Annealed Ag 



Challenge 

 Microstructure-based pattern 

ε 
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EBSD DIC EBSD 
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Methodology – Example of DP Steel 
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Inlens Imaging (i) 
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Inlens Imaging (ii) 
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Serial sectioning  
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Methodology – Example of DP Steel 

 



Indentation 
-F-controlled 
-Fmax= 4mN 
-spheroconical tip 
-90° cone angel 
Simulation 
- {110} & {112} slip 
- Nelder-Mead opt.  

Methodology – Crystal plasticity simulations 

[Zambaldi et al.,JMR, 2013] 

Realistic  
Microstructures 

Computational  
efficiency 

[Eisenlohr et al.,IJP, 2013] 

-Phenomenological bcc model (Peirce et al., 1982) implemented in DAMASK (Roters et al.,2010) 
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Typical results 

 

33 

Micro- and nano-scale access to the evolution of: 
strain, stress, texture, phase morphology, phase stability,  
defect density, damage, surface topography, etc! 

Crystal Plasticity 



-0.05 0.4 εx 

Results – resolution & strain level 

 αˊ 

α 

iq + ipf 

2µm 

Inlens SE 

BSE 

DIC + EBSDiq 

SE EBSD 

0.2µm SE Inlens SE DIC + EBSDiq 



Results – Experiments vs simulation results (i) 

 

SE 

DIC 

CP 



Results – Experiments vs simulation results (ii) 

 

SE 

DIC 

CP 



2µm 

0.2µm 

Results – Damage sites 

 DIC + EBSDiq EBSD 

Inlens SE Inlens SE 

DIC 



Damage-resistant microstructural constituents 

 M 
α 



Approach 1: Accummulative roll bonding 

•  Accummulative roll bonding 
 
 
 
 
 
 

 
•Processing of different martensite ferrite configurations underway 

Springer, Tasan et al., JMR, 2014 



Approach 2 – Non-axial forging 

 



Summary & Conclusions 

• New method to investigate bulk nanostructured alloys 
• Provides microstructural design guidelines for damage-resistance 

Need Got Challenges Solutions 

Microstructure  
• SEI  
• ECCI 
• EBSD 

• Surface 
• Strain level 
• Pattern-free 

• 3D sectioning 
• No solution 
• SiO2 

Strain  • μ-DIC 
• Selective imaging 
• Strain level 
• Resolution 

• Inless detector 
• SiO2 
• SiO2 

Stress  • CP? 
  Microstructure 
• Phase properties 
• Efficiency 

• EBSD to model 
• Indentation & CP 
• Spectral lver 

[Zambaldi et al.,JMR, 2013] 
[Eisenlohr et al.,IJP, 2013] [Tasan et al.,ActaMat, 2014] 

[Tasan et al.,IJP, 2014] 



 
Understanding Martensitic Steels  

and Design of TRIP-Maraging Steels 
C.C. Tasan, M. Wang, L. Morsdorf, D.Ponge, D. Raabe 

 

Wang, Tasan, et al.,  Acta Materialia,  2014 
 
Wang, Tasan, et al.   Acta Materialia,  2015 
 
Morsdorf, Tasan, et al. Acta Materialia,  2015 
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Why martensite? 
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Why challenging? 

44 

EBSD TEM 

Morito et al., Acta Mat. 51 (2003) 

ECCI: defect structure 
APT: C map 

La
th

s 

100 nm 

20 nm 
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Why challenging? (ii) 

ρ~1.62x1014m-2 ρ~1.46x1014m-2 



46 Lutz Morsdorf Max-Planck-Institut für Eisenforschung GmbH 

Results 

TMS 2015, Orlando (FL) 

GSγ ~ 25 µm 

Fe-0.15%C-5%Ni (wt%)  
5min @ 900°C + WQ 
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Results (ii) 

EBSD EBSD + strain map 
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SE low kV – tensile area 

Thin laths 

In-situ bending – coarse laths 
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In-situ bending – coarse laths 

 Major effect: strain highly localized at coarse lath boundary 

+ + 

+ 
_ 

+ 

_ 

SE low kV – tensile area 

 Early slip in coarse laths („soft“ spots in µ-structure)  
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Ductile boundaries? 

 Thin austenite as greasy film 

Crystal plasticity sim. 

α' 

γ 

Morito et al., ISIJ Int., 51 (2011)  

TEM: DF 

 Retained thin film austenite 

TEM: BF 

Own data  

ASTAR γ 
SE - etched 

γ 

Maresca et al.,  
Mod. Simul. Mater. Sci. Eng. 22 (2014) 

Maresca et al., 
J. Mech. Phys. Solids 73 (2014) 
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Coarse lath effect? 

• Lutz Morsdorf 

Interface  
density ↓ 

Strain partitioning 

Coarse lath Thin laths 

Strain  
localization 

Interface dens. ↑ 
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Methodology (B) – Microstructure design 
• γ reversion is calculated by Dictra  
-Composition:Fe9Mn3Ni1.4Al (wt. %) 
-Start microstructure: Martensite 
• γ reversion is confirmed by EBSD & EDX 
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• Chemical composition: Fe9Mn3Ni1.4Al0.01C (wt.%) 
 

• Cast in vacuum, hot rolled (1100°C) & homogenized (1100°C, 1h) 
 

• Aging (for austenite reversion and maraging) 
 

Design of ductile martensitic steels 

Saq: As-quenched S1h: 600°C 1h 

γ%: 10% 

S8h: 600°C 8h 

γ%:37% 



Mechanical properties 

Wang, Tasan et al., Acta Mat (2014) 
Wang, Tasan et al., Acta Mat (2015) 
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[Saito et al., Science, 2003] 

dislocation-free bulk shear mechanism 

conflicting results in literature 

special mechanical properties 

Ti-23Nb-0.7Ta-2Zr-1.2O (at%) 

Gum metal 
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 20 µm 

undeformed deformed 

Real deformation mechanism 



Triple point effect 

Ms experiment 

omega 

alpha 

beta 

Phase diagram Ti-Nb 

gum composition 

Ti 23Nb … 



New gum metals? Phase diagram calculations from ab initio 

bcc 
hcp 

ω 

Huang, Grabowski, Tasan, et al., submitted (2015) 

Ti host 
    + 
transition 
elements 
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Optimization of w and texture 



D. Yan MPIE BSSM 2013 60/17 

Conclusions 

• ICME new field, strongly needed for innovation. 
 

• Integrated use of computational and experimental 
techniques is crucial, but brings in many challenges 
 

• In MPIE, we couple 
– crystal plasticity & in-situ deformation experiments 
– diffusion simulations & alloy design 
– atomistic simulations & alloy design 
– ... 
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