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Integrated computational materials engineering (ICME)
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* Materials innovations are the core of (all!) technological advances ©

e Technological advances are dependent on materials innovations &
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ICME:

Problem: Product design rate >>> materials development rate
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ICME Strategy

* 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

integration between tools, system
— components, groups
provide insights into capabilities

of selected materials\ .
develop component "
manufacturing process

design, determine analysis,
testing, and modeling scope
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ICME Example: Virtual Aluminum Castings

Initial Geometry Filling Thermal Analysis
*CAD Geometry *Accurate filling Profile *Boundary Conditions (OPTCAST)
and Mesh

eFraction solid Curves (ThermoCALC)

Yield Strength

Microstructure (Al,Cu)
* LocalYS

* Micromodel (MicroMod, PanDat)
» Solution treatment (Dictra)
* Aging Model (NanoPPT, PanDat)

* |ntegration & validation (very) challenging!
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Integrated in-situ experiments & full-field crystal plasticity simulations
to analyze stress —strain partitioning in multi-phase alloys

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

(ii):micro-mechanics based alloy design (guidelines)

no aging 1h, 600°C
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Needed

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

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany ' In-situ characterization of martensite plasticity / Tasan et al.



| Need | Got | OK? | Challenges | _Soluions

Microstructure

Strain

Stress
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In-situ SEM — Imaging modes
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| Need | Got | OKT | Challengss | _Soluions _

e SEI e Surface
Microstructure e ECCI * Strain level
* EBSD * Pattern-free
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| Need | Got | O Challengss | _Soluions _

Strain
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Introduction
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Challenge

Microstructure-based pattern
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Artificial pattern
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| Need | Got | OK? | Challenges | _Soluions

* Selective imaging
Strain * u-DIC e Strain level
* Resolution

Max-Planck-Institut fiir Eisenforschung, Diisseldorf, Germany



| Need | Got | 02| Challengss | Soluions

Stress
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| Need | Got | OGP | Challenges | Soluions

* Microstructure
Stress *CP * Phase properties
e Efficiency
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| Need | Got | OK| Challenges | Soluions

* SEI e Surface
Microstructure e ECCI * Strain level
* EBSD e Pattern-free

* Selective imaging
Strain * u-DIC e Strain level
* Resolution

* Microstructure
Stress CP * Phase properties
e Efficiency
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Methodology — Example of DP Steel

HR-EBSD inlens SE
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Si0, Pattern
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| Need | Got | OKI | Challenges | Soluions

* SEI e Surface
Microstructure e ECCI e Strain level
* EBSD * Pattern-free —3 *SiO0,

* Selective imaging
Strain * u-DIC e Strain level
* Resolution

* Microstructure
Stress * CP? * Phase properties
e Efficiency
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Inlens Imaging (i)

SE detect Inlens SE detector
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Inlens Imaging (ii)
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| Need | Got | OKP | Challenges | Soluions

* SEI e Surface
Microstructure e ECCI e Strain level
* EBSD * Pattern-free * SiO,

* Selective imaging =—>Inless detector
Strain * u-DIC * Strain level —3Si0,
* Resolution —3p SiO,

* Microstructure
Stress * CP? * Phase properties
e Efficiency
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Serial sectioning
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| Need | Got | OK? | Challenges | Soluions

* SEI e Surface —23D sectioning
Microstructure  * ECCI e Strain level * No solution
* EBSD * Pattern-free * SiO,
* Selective imaging * Inless detector
Strain * u-DIC e Strain level * SiO,
* Resolution * SiO,

* Microstructure
Stress * CP? * Phase properties
e Efficiency
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Methodology — Example of DP Steel

HR-EBSD inlens SE
In-situ apping imaging Serlal sectlomng( \
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Methodology — Crystal plasticity simulations
-Phenomenological bcc model (Peirce et al., 1982) implemented in DAMASK (Roters et al.,2010)

' Spectral
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[Eisenlohr et al.,lJP, 2013]
[Zambaldi et al.,JMR, 2013]
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| Need | Got | OGP | Challenges | Soluions

* SEI * Surface * 3D sectioning
Microstructure  * ECCI e Strain level * No solution
* EBSD * Pattern-free * SiO,
* Selective imaging * Inless detector
Strain * u-DIC e Strain level * SiO,
* Resolution * SiO,

e Microstructure =2+ EBSD to model
Stress * CP? * Phase properties —>° Indentation & CP
* Efficiency —3* Spectral
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Typical results
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Results — resolution & strain level
SEf §°
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Results — Experiments vs simulation results (i)

SE->
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Results — Experiments vs simulation results (ii)

(a)
Ferrite
" Martensite

[ martensite yield
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Results — Damage sites
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Damage-resistant microstructural constituents
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Approach 1: Accummulative roll bonding

« Accummulative roll bonding

50 vol.% martensite 20 vol.% martensite

AT T

-

Springer, Tasan et al., JMR, 2014
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Approach 2 — Non-axial forging

500

Stress [MPa]

+69 [10.6 | +0.2

£15 [7.4] 105

Strain [%]
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nclusions

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

* SEI * Surface * 3D sectioning
Microstructure * ECCI e Strain level * No solution
* EBSD * Pattern-free * SiO,
* Selective imaging * Inless detector
Strain * u-DIC * Strain level * SiO,
* Resolution * SiO,
Microstructure * EBSD to model
Stress * CP? * Phase properties * Indentation & CP
e Efficiency  Spectral
[Tasan et al.,ActaMat, 2014] [Eisenlohr et al.,l1JP, 2013]
[Tasan et al.,lJP, 2014] [Zambaldi et al.,JMR, 2013]
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Understanding Martensitic Steels
and Design of TRIP-Maraging Steels

C.C. Tasan, M. Wang, L. Morsdorf, D.Ponge, D. Raabe

@ Max-Planck-Institut
@ fur Eisenforschung GmbH

Wang, Tasan, et al.,, Acta Materialia, 2014
Wang, Tasan, et al. Acta Materialia, 2015

Morsdorf, Tasan, et al. Acta Materialia, 2015



Why martensite?

total elongation to fracture [%]

ferritic

TRIP and
complex

Rmmle et al Soipta

advanced steels with displacive
\transformations (TWIP, TRIP)
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|
phase

Advanced maraging-TRIP steels

martensitic Nanoparticle hardengd steels
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BSSM 2013
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Why challenging?

Laths of 2 variants
with small misorientation

Block boundary

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

T I T
300 250 200 150 100 50

D. Yan MPIE BSSM 2013
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Why challenging? (ii)

p~1.46x10%*m?

p~1.62x10%*m
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Results (ii

Shea UL WY )
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In-situ bending — coarse laths

SE low kV — tensile area

Thindaths

D. Yan MPIE BSSM 2013 48/17



In-situ bending — coarse laths

SE low kV — tensile area

= Earlyslip in coarse laths (,,soft” spots in p- structure)

Major effect: strain highly localized at coarse lath boundary Iocallzed at coarse Iath boundar ﬁ

e T -
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Ductile boundaries?

Maresca et al.,
Mod. Simul. Mater. Sci. Eng. 22 (2014)
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S ; | Strain \1aresca et al.,
P : J. Mech. Phys. Solids 73 (2014)
= Retained thin film austenite = Thin austenite as greasy film

0.5lm

Morito et al., ISIJ Int., 51 (2011)
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Coarse lath effect?

Coarse lath

D. Yan MPIE
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Methodology (B) — Microstructure design

« v reversion is calculated by Dictra s 016 M ]
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Design of ductile martensitic steels
e Chemical composition: Fe9Mn3Ni1.4Al10.01C (wt.%)

e Castin vacuum, hot rolled (1100°C) & homogenized (1100°C, 1h)

e Aging (for austenite reversion and maraging)

Saqt As-quenched S,,: 600°C 1h Sg: 600°C 8h
(a) SE (by) (c)
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Mechanical properties
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Gum metal

special mechanical properties dislocation-free bulk shear mechanism
1200
1000 f\ Cold-Work
g 800 || Ti-23Nb-0.7Ta-22r-1.20 (at%)
g 600 \
2 40 1‘ Oxygen-free
200
0 . .
0 5 10 15 20 25 30 35 40 [Saito et al., Science, 2003]

Eng. strain [%]

conflicting results in literature
Bulk Shear [Withey et al., ActaMat, 2010]
| k B Bos3om |

RPP AT
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Real deformation mechanism

.'._. ¥y ‘. 25

T undefprmed 50 nm Soom ¢ deformed
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Triple point effect

Phase diagram Ti-Nb

600

Temperature (K)

300

0 10 20 30 40 50
Mole percent Nb
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New gum metals? Phase diagram calculations from ab initio

Ti host
+ <
. . h
transition
elements

_JNAEEEY

x (al %} x {at %} x (IL% x {at %} x {at % x (at % x {at %} x (at %

Huang, Grabowski, Tasan, et al., submitted (2015)
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Optimization of w and texture

D. Yan MPIE

Scatter plot of the mechanical properties
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Conclusions

 |CME new field, strongly needed for innovation.

* |ntegrated 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

D. Yan MPIE BSSM 2013
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