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The Next Generation of Advanced High Strength Steels—
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What is ICME?
Integrated °© anemerging discipline aimed at
Computational
Materials - linking materials models across multiple
Engineering length scales to tailor materials for
ch?plTi:ngm':ﬁ application-dependent performance

Competitiveness and requirements*

S " National Security
R - capturing, curating, and archiving the

critical information needed to facilitate
ICME in materials databases *

What is Required?

» high level of technical maturity for the
computational tools,

« education of science and engineering practitioners
in ICME capalbilities,

» customers and regulatory
entity confidence in the outcomes of ICME
implementations.

*Panchal, et al. Key Computational Modeling Issues in Integrated Computational
Materials Engineering,” Computer-Aided Design 45 (2013) 4-25.
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Advantages for Steels?

* Provide: new predictive modeling approaches aimed at linking microstructure to product
performance,

* Accelerate: usage of steel as the “material of choice” in numerous industries,

* Increase: emphasis on ferrous metallurgy in U.S. universities,

* Foster: greater U.S. funding agency emphasis of steels as “cutting edge” materials,

* Refocus: professional materials societies on steels (e.g. ferrous metallurgy committee in TMS)

Steel ICME Projects in the U.S.?
e upto March 12, 2013, no steel ICME program in the U.S.,
« much emphasis on non-ferrous alloys (aluminum and magnesium),

* many in the computational materials science community consider steels a formidable challenge,

» steels are looked upon as “mature,” “not-in-vogue,” “not nano” — just plain “not cool” compared
to other materials,

« only 8 accredited university metallurgy programs in U.S. (currently)
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Think of the possibilities if we could...
(a) ...use computers (with minimal experimental (b) ...generate constitutive models that accurately account
inputs) to “design” multi-phase steel for the multi-scale physical phenomena in an advanced steel
microstructures that achieve desired strength under an arbitrary strain path.
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(c) ...pass models onto metal forming and CAE engineers
for formability and performance predictions in commercial FE codes.
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FINANCIAL ASSISTANCE
FUNDING OPPORTUNITY ANNOUNCEMENT

U. S. Department of Energy

Issuing Office
National Energy Technology Laboratory

Funding Opportunity Number: DE-FOA-0000648

“Predictive Modeling for Automotive Lightweighting Applications and
Advanced Alloy Development for Automotive and Heavy-Duty
Engines”

Announcement Type: Inmitial

CFDA Number: 81.086 Conservation Research and Development

Issue Date: 03/22/2012
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Area of Interest 2: Integrated Computational Matenals Engineenng (ICME)
Development of Advanced Steel for Lightweight Vehicles
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Award to USAMP through Sec. Chu’s Office (DOE): February 1, 2013
* http://energy.gov/articles/energy-department-investments-develop-lighter-stronger-
materials-greater-vehicle-fuel

DOE Funding: $6,000,000 with 30% in-kind match

Duration: Four Years, starting 1Q 2013 (kick-off March 12, 2013)

Recipients, Sub-recipients, and Key Contractors
«  USAMP — Chrysler, Ford, General Motors
« A/SP - SMDI (AAC Steel Companies): AK Steel, ArcelorMittal, Nucor Steel, Severstal North
America, ThyssenKrupp USA, U. S. Steel

* Universities: Brown University, Clemson University, Colorado School of Mines.

Michigan State University, University of lllinois e |
- National Lab: PNNL ol
« Engineering Companies: EDAG, LSTC 190
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* The goal of this project is to develop
computational tools that will enable improved
steels for lighter weight, safe and more fuel
efficient vehicles.

For this purpose, we will:

« Bring together...the best minds
in U.S. academia, industry, and national
labs.

« Integrate...state-of-the-art,
multi-scale computational and experimental
tools to produce a single ICME model to \
facilitate design of lightweight automotive )%
components.

- Highest strength (minimize intrusion in crash)

- High strength & ductility (crash energy absorption)
« Validate...ICME model on actual vehicle
components.
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ST 2.3 Computational :
Atomistics for
Defects/Strengthening/
Hardening (years 1-4)

ST 2.4 Computational:
Crystal Plasticity

1-4)

[

ST 2.1 Experimental:
Nanometric to Grain
Scale Mechanical
Tests/Texture (EBSD)
(years 1-4)

A

LP
Start with

QP980

ST 2.8 Computational:
Microstructural Design
and Analysis of

ST 2.5 Evolutionary
Yield Function

For Mechanical > (years 1-4) —
Properties of Phases in
Microstructure (years
ST 2.2 Experimental: -
Coupon-Level Tests for ST 2.6 Computational:
Flow Behavior, Microstructure-Based
Formability, Failure \ Finite Element
Fracture (years 1-4) Approach for Bulk
Sheet YS, UTS, TE, UE
and Formability (years
_1-4)
ST 2.7 Computational:
Failure/Fracture A 4
Models ST 2.10 Computational:
(years 3-4) > Development and

Validation of Macroscopic

Constitutive Models for

3GAHSS
(years 1-2)

}

Deformation and Fracture
-PamStamp,\LS-DYNA,
ABAQUS (years2-4)

ST 2.9 Experimental
Design and
Manufacture of

P 3GAHSS (years 1-4)

Phase Il Integration,
design, cost analysis,
and model and
property database with
3GAHSS
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Task 4. State-
of-Art Joining

‘ Technology
from Prior Data

Task 3. Forming and Fracture
and Validation

Major strain (%)

Plane Strain Ecqui-biaxal
Tension Stretching

1%
Strain (%)

Bulk Properties from ICME

Task 6. Task 5.
Integration Design
Optimization
Task 7.
Technical Cost
Modeling
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This material is based upon work supported by the Department of Energy National
Energy Technology Laboratory under Award Number No. DE-EE0005976.

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency
thereof. Such support does not constitute an endorsement by the Department of
Energy of the work or the views expressed herein.
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