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SRCLID - Vision and Mission

 Vision: Develop and experimentally validate physics-based
multiscale material models for design optimization of
components, systems, and lightweight materials for
applications critical to the southern automotive corridor of the
U.S.

« Mission: Provide a robust design methodology which
Incorporates uncertainty to create innovative solutions for
the automotive and materials industries. Integrate theory
development, experimental characterization, large-scale
computing, new material development, and math-based tools
to design next-generation vehicles under various crash and
high-speed impact environments.
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Task 1:

Task 2:
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Task 7:
Task 8:
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Task 12:

SRCLID Tasks

Multiscale Microstructure-Property Plasticity Considering
Uncertainty (Solanki)

CyberlInfrastructure (Haupt)

Fatigue Performance of Lightweight Materials (Jordon)
Multiscale Modeling of Corrosion (Groh/Martin)
High Strain Rate Impact Fracture Model (Gullett)
Materials Design of Lightweight Alloys (Kim)
Simulation-Based Design Optimization (Rais-Rohani)
A Modified LENS Process (Felicelli)

Structural Nanocomposite Design (Lacy, Tuskegee U)
Natural Fiber Composite (Shi)

Bio-Inspired Design (Williams)

K-12 Program (Cuicchi)

Red: Mi tasks; Green: Steel tasks; Blue: Composite tasks; Black: Education



Multiscale Material
and History Dependent Approach



Computational Manufacturing and Design

Mission: To optimize design and manufacturing processes, we integrate multidisciplinary
research of solid mechanics, materials, physics, and applied mathematics in three synergistic
areas: theoretical modeling, experimentation, and large scale parallel computational simulation.




Cyberlinfrastructure

I'T Technologies Conceptual Design Process Engineering Tools
(hidden from the engineer) (user-friendly interfaces) (CAD, CAE, etc.)




Magnesium Building Block
Development



Magnesium Overview

GOALS

U Deploy and adapt current capabilities developed at CAVS
in materials characterization and multiscale modeling
approaches to establish a Lightweight Materials Research
and Development Center.

U Drive the LMRDC’s advanced modeling and experimental
capabilities to reduce the manufacturing cost of Mg alloy
vehicle components, and enhance the use of Mg in the
automotive industry.

Q Impact the growth of the regional economy and draw
regional/national/international company participation into
education, services and research on Magnesium alloys.

SWOT ANALYSIS

Strengths: Multiscale modeling of metallic materials;
experimental capabilities for coupon testing, deformation
processing and structural performance analysis; well-established,
collaborative relationships with the automotive industry (Ford,
GM); participation in ICME-MFERD.

Weaknesses: Additional investment in TEM and lab-scale
modeling capabilities needed; limited access to material for
testing.

Opportunities: Develop robust predictive numerical tools for
thermo-mechanical processing of Mg alloys to improve their
manufacturability. Industry is relying on university research to
develop such predictive tools for the optimum design of
lightweight auto components.

Multiscale Modeling Approach for Mg Alloys

Molecular Dynamics Simulations

FE Modeling of Front End
Extruded, Sheet, and Joints

-

10 /sec
1/sec
0.1/sec

0.01 /sec
0.001 /sec

Discrete Dislocation Simulations

ISV Material Model

Threats: Lehigh University, GKSS (Europe).
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Roadmap: Simulation of Mg Processing

Thermo-Mechanical Analysis of Materials Processing for Lightweight Alloys
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Processing Modeling
(FE Codes — Lagrangian, Eulerian

In-Service Models
(FE Codes — Lagrangian;

Processing Modeling & In-Service Models
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Pan Forming: Prediction of Sheet Thickness Strains

path along which the thickness

strain data is computed
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Surface Profilometry-AZ61

|

 Salt Spray Environment

e |Immersion Environment ——

_ I

More pits present on the immersion
surface at t,

Pits grew larger on the salt spray
surface by t.

 Higher surface area
 Higher volume

Due to pit debris trapping chloride
lons, pits allowed to grow



Multistage Fatigue Model for Ductile Materials
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Mg Fatigue: Milestones & Accomplishments

Subtask 3.9 — Develop a higher order MultiStage Fatigue models for the AZ31, AM30 and AZ61 extruded Mg
alloys

Milestones:
v'Develop a MultiStage Fatigue model for AZ61 Ford rail.
v'Incorporate structure-property relationships into the MultiStage Fatigue model to predict the scatter in the fatigue life for the AZ61 Ford rail
v'Quantify damage under monotonic loading for AZ61 Ford rail for additional modeling capabilities
v'Conduct small crack fatigue tests for purpose of modeling development

Accomplishments:
v'Developed multistage fatigue model for AZ61 Ford rail
v'Incorporating structure-property relationships into the MultiStage Fatigue model to predict the scatter in the fatigue life for the AZ61 Ford
rail
v'Quantified damage under monotonic loading for AZ61 Ford rail for additional modeling capabilities
v'Conducted small crack fatigue tests for purpose of modeling development
v'Developed MultiStage Fatigue model for AM30 and AZ61 alloys
v'Incorporated structure-property relationships into the MultiStage Fatigue model to predict the scatter in the fatigue life
v'Generated fatigue life predictions based on specific microstructure information of Mg AM30 alloy
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Twinning Activated When Compressed Along Extrusion

EBSD IPF MAPS of ED

=0 g=-0.036 g=-0.088
\ )

Very high hardening rate

EBSD IPF maps of ED at strain (a) 0; (b) -0.036; (c) -0.088 showing extension twin development.
(The loading direction is out of paper. Inverse pole figure represents the ED direction.)
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True stress (MPa)

-60

|
i
o

Predicted Stress-Strain Curves of AM30
at High Temperature and Various Strain Rates

rates.

Table 1. VPSC best fitting parameters

o ED, measured |
AMS30 at 450°C o ER,measured
- —-80
i ED, predicted
strainrate=0.8/S | 5 o o 5 . ER, predicted
i — i 0.001/S prismatic <a> 7 2 78 -2
o S i E basal <a> 4 7 42 2
{1 2 2nd <c+a> 8 3 0 =2
- oo § 0.1/S prismatic <a> 17 4 421 -2
T 1 z basal <a> 11 11 131 -2
1 £ 2nd <c+a> 24 5 151 -2
-20 i _ _20 0.5/S prismatic <a> 22 1 77 -5
strain rate=0.001/S
B asaaaand ” 1 basal <a> 12 15 244 5
0O ]
i i 2nd <c+a> 40 0 111 -5
| | 9
% -0.1 -0.2 0 o
True plastic strain 0.8/S prismatic <a> 37 7 149  -15
Measured and VPSC predicted AM30 stress-strain basal <a> 14 8 64  -15
curves of ED and ER at 450°C and various strain ond <c4g> 20 3 0 15

*Tensile twinning CRSS was fixed at 55 MPa. h=1 and hs*’
=1.2 for €=0.001,0.1,0.5 and hss’=5 for €¢=0.8 due to latent
hardening by twinning on slip.

L ETD

AM30 initial texture by XRD



Mg Demo Project - USAMP

» Casting: shock tower
« Alloys (casting team: AM60 and AZ91)
« Suggestion from ICME team: Build the
demo with shock towers of both alloys
 Extrusion: rail
* Alloy: AM30
 Stamping: sheet
* Alloy: AZ31

Work with GM and Ford casting, sheet and extrusion teams
to implement the local property using zone methods

_ I



Demo Project Schedule




Demo Project Schedule (cont’d)




CyberlInfrastructure




Progress Report of CyberInfrastructure

new: Wiki improved: Improved: new: the repository just

Interface, security DMG of codes started

database =job submission

of experimental online . and monitoring
. . repository .
data model calibration of source codes service
and material tools =workflows

=Autonomous
computing

constants

Task 2.1, Task 2.2 Task 2.3, Task 2.4 Task 2.5,

Task 2.7

\ J

Analyze: Model
Model Parameters
Calibration
Search &
View
Upload
Experimental
Data Download
Constants for >
Simulations
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Knowledge Management
Community Portal: Wiki—http://ccg.hpc.msstate.edu

How to

Community
Knowledge

Repositories

Projects

_ I



Repository of Codes

Example: Internal State Variable Plasticity-Damage Model—Documentation




Repository of Materials Database

Two Views of the Same Database

by material by project/user

Consistency
the same
organization and
appearance for the
repository and
model calibration
tools
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Synthetic and Natural Composite
Program



Highlights of Natural Fiber Research

Chemical Fiber Retting and Inorganic Nanoparticle Impregnation

_ Chemical retting II‘ Adjust pH value to 7.0
Chemical With 5% NaOH And wash out chemical

Compositions At 160°C for 1h.
Na,CO,

Analysis \
N A
= . 8

MSU North
Farm \
—® Impregnate with

- )

Cut into 2” Length
Bast & Core Bast

Impregnate with |

100°C, 130°C, 160°C
NaZC03+ CaCIz NaZCOS:CaCI2=1:1,1:2) CaCO3
(mol:mol)

» Fiber mechanical properties

« Surface Roughness
- Surface Morphology & h“
Topography

- Composites properties _ Composite fabrications




Properties of LSMC Treated Kenaf Fiber
Unsaturated Polyester Composites in 2010

SMC Sample

PROPERTIES Kenaf/UPE*! | Commercial
Glass/UPE*2
Density, g/cm? 1.2-1.4 1.9
Flexural Modulus, GPa 8.0-10.0 10.0
Flexural Strength, MPa 80-100 167
Tensile Modulus, GPa 6.0-13.7 10
Tensile Strength, MPa 50-70 74
24 hr WA, % 1.5-6.0 0.7

*1Kenaf fiber + CaCO, content: 60 wt%
*2Glass fiber content: 25%; CaCO, content: 40 wt% EpicBlendSMC

(Magna Auto)
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Key Actions and Deliverables

* Received additional cost share support from industry: MSC, Alpha Star, SAC, POSCO,
Mitsubishi Motors, and USAMP.

» Organized a symposium at MsSt in June 2010 — Symposium of Predictive Science &
Technologies in Mechanics and Materials.

 Actively participate in MFERD Phase Il Demo program, due Sept. 2011.

 Established and validated process-structure-property (PSP) relationships, material
models (ISV) and uncertainty for aluminum and steel , and continued the development
of PSP and ISV as well as the validation for Mg alloys.

At the atomistic scale, a number of atomistic potentials (i.e., Fe, C, Si, Al, Mg)
established for alloy design purposes.

* Initiated design/optimization methods to include ISV and PSP with finite element
analyses.

* Natural fiber: SMC panel delivered to ACC for review — results encouraging.

» CyberlInfrastructure integrates our software and experimental information in Wiki and
has garnered high recognition from TMS.

_ I



Future Work

* Develop and validate material models and deploy them for
use—MFERD Phase Il demo project (Sept. 2011).

 Establish Mg alloy design methodology using lower-length
scale models.

« Composite, biomechanics and natural fiber research teams
will move forward to develop material-specific multiscale
models, validated by critical experiments, and produce
demo cases.

 Update the CyberInfrastructure and further establish a
national and an international user base.

I



Thank You !!

* Questions
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