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ALM 2010 Acronyms and Abbreviations

pm micrometer (micron)

1D one dimensional

2D two dimensional

3D three dimensional

A

ABS acrylonitrile-butadiene-styrene

ACC Automotive Composites Consortium
ACC-PD American Chemistry Council-Plastics Division
ACTS Advanced Concepts Test Stand

AET Applied Engineering Technologies, Inc.
AHSS advanced high-strength steel

Al aluminum

AMD Automotive Metals Division

AMI Autodesk Moldflow Insight

ARL U.S. Army Research Laboratory
ARD-RSC anisotropic rotary diffusion—reduced strain closure
AJSP Auto/Steel Partnership

ASTM American Society for Testing and Materials
B

bce body centered cubic

BIW body-in-white

BN boron nitride

C

C carbon

CA cellular automaton

CAD computer aided design

CAE computer aided engineering

CALPHAD CALculated PHAse Diagrams

CAVS Center for Advanced Vehicular Systems
CcC continuous cast
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CCD charge-coupled device

CeCC cerium based conversion coating
CF carbon fiber

CFSL carbon fiber semi-production line
CFTC Carbon Fiber Technology Center
CLSM confocal laser scanning microscope
CMH-17 Composite Materials Handbook 17
CNW cellulose nanowhisker

CMS computational materials science
Cco2 carbon dioxide

CPI Composite Products, Inc.

CRO Community Reuse Organization
CSuv car-based SUV

CT computed tomography

Cuv crossover utility vehicle

CY calendar year

D

DCT dual clutch transmission

DFT discrete Fourier transform

DI direct injection

DIC digital image correlation

DLFT direct injected LFT

DMG (coupled) elasto-viscoplastic-damage
DOE U.S. Department of Energy

DOHC dual overhead camshaft

DOHV dual overhead valves

DP dual phase

DRIFT Direct Reinforcement Fabrication Technology
DSC differential scanning calorimetry
E

EBSD electron backscatter diffraction

e-coat/coating  electrocoat/electrocoating
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EC

eutectic constituent

ED extruded direction

EDS energy dispersive spectroscopy

EHF electrohydraulic forming

ELV end-of-life vehicle

EMTA Eshelby-Mori-Tanka

EMP electromagnetic pump

EPA US Environmental Protection Agency
EPFL Ecole Polytechnique Fédérale de Lausanne
EPMA electron probe microanalysis

ESEM environmental scanning electron microscope
ESPEI extensible, self-optimizing magnesium phase equilibrium infrastructure
ETD extruded transverse direction

ETW equivalent test weight

F

FARS Fatality Analysis Reporting System

fcc face centered cubic

Fe iron

FE finite element

FEA finite element analysis

FEM finite element modeling

FFI full frontal impact

FGPC Future Generation Passenger Compartment
FISIPE Fibras Sinteticas de Portugal S.A.

FLCA front lower control arm

FLD forming limit diagram

FM flexural modulus

FPI fluorescent penetrant inspection

fps frames per second

FRPMC fiber-reinforced polymer-matrix composite
FS flexural structure

FSSW friction stir spot weld/welding

FSW friction stir welding
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FTIR

Fourier transform infrared spectroscopy

FY fiscal year

G

GBCE grain boundary cohesion energy
GCWR gross combined weight rating

Gen generation

GHG greenhouse gas

GM General Motors

GMAW gas-metal arc welding

GSF generalized stacking fault

GVWR gross vehicle weight rating

H

H&E hematoxylin and eosin

HAZ heat-affected zone

hcp hexagonal close packed

HDG hot-dip-galvanized

HP high pressure

HSS high-strength steel

|

14 inline (architecture), four cylinders
IACS International Annealed Copper Standard
ICAF intergranular corrosion area fraction
ICME Integrated Computational Materials Engineering
1Sl International Iron and Steel Institute
I'M inspection and maintenance

IR infrared

ISF intrinsic stacking fault

ISV internal state variable
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K-PhD kindergarten through doctoral level

KR kriging

L

LB lattice Boltzmann

LBNL Lawrence Berkeley National Laboratory

LCA life-cycle analysis

LDH limiting dome height

LCCF low cost carbon fiber

LENS laser engineered net shaping

LFT long fiber thermoplastic

LGK Lipton-Glickson-Kurz

LM Lightweight Materials

LP low pressure

LPPM low pressure permanent mold (casting process)
LSEM large strain extrusion machining

LSTC Livermore Software Technology Corporation
M

MCTS Materials Compatibility Test Stand

MD molecular dynamics

MEAM modified embedded atom method

MEARS Mass Efficient Architecture for Roof Strength
MFED Magnesium Front End Design and Development
MFERD Magnesium Front End Research and Development
MIG metal inert gas

Mg magnesium

MgO magnesium oxide

Missouri S&T  Missouri University of Science and Technology
MMV multi-material vehicle

Mn manganese

MSF multistage fatigue

MSST Mississippi State University
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MTR1

Multiple Tow Reactor 1

MY model year

N

NA naturally aspirated

NASS GES National Automotive Sampling System General Estimates System
NCMS National Center for Manufacturing Science
NDE nondestructive evaluation

NHTSA National Highway Traffic Safety Administration
NIST National Institute of Standards and Technology
NLA nonlinear analysis

NPSS nanosize precipitate strengthened steel

NSF National Science Foundation

NSP nonlinear strain path

NTRC National Transportation Research Center

NVH noise, vibration, and harshness

O

OEM original equipment manufacturer

OFlI offset frontal impact

OHV overhead valve

oM optical microscopy

ORNL Oak Ridge National Laboratory

ou Oakland University

OVT Office of Vehicle Technologies (DOE)

p

PAN polyacrylonitrile

PB paint-baked

PCB polychlorinated biphenyl

PCBN polycrystalline cubic boron nitride

PE polyethylene

PEL precursor evaluation line

PEO polyethylene oxide
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PET polyethylene terephthalate

PFI port fuel injection

phr parts per hundred parts resin

Pl principal investigator

PFSL precursor fiber semi-production line
PM powder metallurgy

PMC polymer-matrix composite

PNNL Pacific Northwest National Laboratory
POD probability of detection

PP polypropylene

PPF pulse pressure forming

PS polystyrene

PSC Project Steering Committee
PSHPB polymeric split Hopkinson pressure bar
PTC project technical committee

R

R&D research and development

RBF radial basis function

RD rolling direction

RI resonant inspection

RSW resistance spot welding

RT radiographic testing

RTM resin transfer molding

RUC representative unit cell

S

S Sulfer

SABIC-IP SABIC Innovative Plastics

SBSS short beam shear strength

SCC stress corrosion cracking

SCRLID Southern Regional Center for Lightweight Innovative Designs
SDS state data system

SEA specific energy absorption

A-7



SEM

scanning electron microscopy

SFE stacking fault energy

SGL SGL Group

Sl side impact

Si3N4 silicon nitride

SIMS secondary ion mass spectrometry

SMC sheet molding compound

SO2 sulfur dioxide

SOC substances of concern

SOHC single overhead camshaft

SOM solid oxygen-ion conducting membrane
SOwW statement of work

SPF superplastic forming

SRIM structural reaction injection molding

SUV sport utility vehicle

SVvDC super vacuum die casting

SVR support vector regression

SWE spot weld element

T

TC turbocharged

TCLP toxicity characteristic leaching procedure
TD transverse direction

TEM transmission electron microscopy

Ti titanium

TMAC testing machine for automotive composites
™ tensile modulus

TMS The Minerals, Metals & Materials Society
TOF- SIMS time-of-flight secondary ion mass spectrometry
TRC textile reinforced composite

TRIP transformation-induced plasticity

TS tensile strength

TTMP thixomolded thermomechanical processing
TWIP twining induced plasticity
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UHV untrahigh vacuum

USAMP U.S. Automotive Materials Partnership
USCAR United States Council for Automotive Research
USF unstable stacking fault

usw ultrasonic welding

UTsS ultimate tensile strength

uv ultraviolet

\

V6 V-architecture, six cylinders

VA vinyl acetate

VE vinyl ester

VGCNF vapor grown carbon nanofiber
VIC video image correlation

VIN vehicle identification number
VTP \ehicle Technologies Program
W

WPS Welding Procedure Specification
WSU Wayne State University

X

XPS x-ray photoelectron spectroscopy
XRD x-ray diffraction

Y

YSZ yttria-stabilized zirconia

Z

Zn zinc
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Introduction

As a component of the U.S. Department of Energy’s (DOE’s) Vehicle Technologies Program (VTP), the Lightweight
Materials activity (LM) focuses on the development and validation of advanced materials and manufacturing technologies to
significantly reduce light and heavy duty vehicle weight without compromising other attributes such as safety, performance,
recyclability, and cost. Because it takes less energy to accelerate a lighter object, replacing cast iron and traditional steel
components with lightweight materials such as high-strength steel (HSS), magnesium (Mg), aluminum (Al), and polymer
composites can directly reduce a vehicle’s fuel consumption. For example, a 10% reduction in vehicle weight can result in

a 6%—8% fuel economy improvement. Reducing vehicle weight has other benefits such as allowing cars to carry advanced
emissions control equipment, safety devices, and integrated electronic systems without becoming heavier. Lightweight
materials are especially important for improving the efficiency and range of hybrid electric, plug-in hybrid electric, and
electric vehicles as lightweight materials offset the weight of power system components such as batteries and electric motors.

LM focuses on the research and development (R&D) required to achieve reduced vehicle fuel consumption. The primary
LM goal is to realize a 50% reduction in total vehicle weight by 2015 in ways that are cost-effective and maintain safety,
performance, and reliability when compared to a 2002 baseline vehicle.

In the short term, vehicle weight reduction can be achieved by replacing heavy steel components with materials such as HSS,
Al, or glass fiber reinforced polymer composites. The properties and manufacturing of these materials are well established,
but better and more cost effective technologies and processes are needed for joining, modeling, and recycling the materials.
In the longer term, even greater weight savings are possible (50%-75% weight reduction for some components) through use
of advanced materials such as Mg and carbon fiber reinforced composites. However, more extensive R&D is needed to better
understand the properties of these materials and reduce their costs.

R&D work conducted within LM is broken down into three categories: Properties and Manufacturing, Modeling and
Computational Materials Science (CMS), and Multi-material Enabling. Properties and Manufacturing activities aim to
improve properties (such as strength, stiffness, or ductility) and manufacturability (such as material cost, production rate,
or yield) of a variety of metal and polymer composite materials. The focus of the Modeling and CMS and Multi-material
Enabling work is to provide the supporting technologies necessary for full system implementation such as joining methods,
corrosion prevention techniques, predictive models, and other computational tools. This introduction summarizes the
highlights of the program in all of these areas during the 2010 fiscal year. The remainder of the report discusses the specific
technical accomplishments in LM, broken down into five areas: Automotive Metals, Polymer Composites, United States
Automotive Materials Partnership (USAMP) Cooperative Research, Recycling, and Crosscutting.

Carbon Fiber Reinforced Polymer Composites

The focus for this area continued to be lowering the cost of carbon fiber through different low cost starting materials,
including textile grade polyacrylonitrile, lignin, and polyolefins, and advanced processing techniques such as stabilization,
oxidation, and carbonization/graphitization that promise to improve the rate and cost of conversion to carbon fiber. The
process improvements are enabling validation of successfully converting larger volumes (tows) of precursor to carbon. This
section includes detailed reports on the progress made under each aspect of cost reduction toward realization of the goal of
carbon fiber at $5 per pound.

In the area of lowering the cost of processing, predictive modeling has enabled development of tools for prediction of fiber
length and orientation of long fiber injection molded thermoplastic composites. From this information, mechanical properties
can be predicted. The focus has shifted from model development to validation of prediction of stiffness and strength in
progressively complex shaped parts. The detailed report for predictive engineering documents the advances made in
developing and understanding this aspect so that industry may use this robust capability to accelerate product development
of injection molded composites and lower the technical risk by optimizing tool design and injection molding conditions to
optimized properties.

Magnesium Alloys

Magnesium (Mg) alloys, with the lowest density of all structural metals, have the potential to reduce component weight by
more than 60%. However, significant technical barriers limit the use of Mg to about 1% of the average vehicle by weight.
These barriers include high raw material cost and price volatility, relatively low specific stiffness, difficulty in forming sheet
at low temperatures, low ductility of finished components (Figure 1), and a limited alloy set. In addition, using Mg in multi-
material systems introduces joining, corrosion, repair, and recycling issues that must be addressed.
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As described in Sections 2 and 4 of this report, Mg R&D
conducted through LM has addressed metallurgical,
manufacturing, and design challenges in both cast and
wrought Mg. Research conducted at Pacific Northwest
National Laboratory (PNNL) and Oak Ridge National
Laboratory (ORNL) has improved our understanding of
Mg; this includes characterizing Mg behavior at high strain
rates and exploring novel methods of manufacturing highly
formable sheet. Development and design work conducted
in collaboration with the U.S. Automotive Materials
Partnership (USAMP) has demonstrated high rate warm
forming of Mg sheet and yielded a preliminary design for a
Mg intensive vehicle front end that reduces weight by more
than 44% compared to a steel baseline.

Aluminum Alloys ) ) - o
Figure 1. Mg extrusion exhibiting low ductility failure.

Aluminum alloys represent a middle ground in the

structural light metals spectrum. Years of development

within the aerospace, construction, and automotive industries have led to a well-developed and reasonably well understood
alloy and processing set. Applications of Al in automotive design include hoods and panels, powertrain components,

and even entire vehicle body-in-white structures. There are several barriers to the increased use of Al in vehicle weight
reduction applications such as material cost, room temperature formability, and limitations within the existing manufacturing
infrastructure. As with Mg, the addition of significant amounts of Al to the automotive manufacturing stream presents added
multi-material challenges in joining, corrosion, paint and coatings, repair, and recycling.

LM supported work in Al includes exploration of increased formability processing techniques, improved post-form properties
of superplastically formed panels, and demonstration of high strength cast Al components.

Advanced High-Strength Steel

Conventional iron and steel alloys are prominent in existing vehicle architectures, making up more than 70% of the weight
of a vehicle. Despite the relatively high density of iron based materials, the exceptional strength and ductility of advanced
high-strength steel (AHSS) offers the potential for efficient structural designs and reduced weight. Application of a new
generation of AHSSs has the potential to reduce component weight by up to 25%, particularly in strength limited designs.
Steel components are also generally compatible with existing manufacturing processes and vehicle materials, making them
a likely candidate for near-term weight reduction. Steel development and research in LM are focused on introducing the so-
called “third generation AHSSs.” As shown in Figure 2, third generation AHSSs are targeted to properties in between first
and second generation AHSSs, with high strength, improved ductility, and low cost.
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Figure 2. Yield strength versus uniform elongation for a variety of steel types.
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Steel development in LM is occurring at all levels of the technology spectrum, from fundamental university research to
industry collaboration. PNNL and ORNL have also played a significant role in increasing understanding and improving the
properties and manufacturability of advanced steels.

Multi-Material Enabling

Improving the properties and manufacturability of lightweight materials such as carbon fiber reinforced polymer composites,
Mg, and Al will allow increasing use in automotive applications. The increased use of mixed materials in vehicle systems is
accompanied by technological hurdles in areas such as joining, corrosion, nondestructive evaluation, and recycling.

In the area of joining, significant work has been dedicated to evaluating new solid-state joining techniques such as friction stir
welding and ultrasonic welding. Fusion welding of joints between materials with significant melting temperature differences
can lead to a variety of metallurgical challenges. Solid state joining methods circumvent these issues by relying on different
joining mechanisms.

Corrosion issues in multi-material systems can limit durability and add cost during vehicle construction. Several research
groups are investigating corrosion mechanisms and prevention techniques as part of LM. Developing a better understanding
of how lightweight materials corrode in hostile automotive environments will enable better predictions and designs for
durability.

Modeling and Computational Materials Science

Developing new, lightweight vehicle structures will require advances in areas such as structural design, processing, and alloy
chemistry. Classical approaches to these advancements such as experimental, analytical, or Edisonian techniques can often
yield the desired results but with limited efficiency. Computational approaches to materials engineering offer the potential

to short-circuit the development cycle through predictive engineering and simulated experimentation. Advanced modeling
techniques can also be used to optimize designs in well-established materials, further reducing component weights such as

in Figure 3. By reducing the time and resources necessary to advance lightweight materials toward vehicle applications, it

is possible to introduce relatively immature materials such as Mg without the decades (or centuries) of development applied
toward conventional steel and Al.

Projects conducted within LM focus on several different aspects of modeling and CMS. Some work, such as “High Strain-
Rate Characterization of Mg Alloys” and “Diffusion Databases for ICME” (Chapter 2) provides valuable data and models
necessary for accurately predicting material behavior. Other research, such as “MFERD Phase 1” (Chapter 4), has made
extensive use of modeling and simulation for design and optimization. Substantial development in the core materials science
and modeling methods for lightweight materials implementation is demonstrated in “Modeling and CMS—Mississippi State
University” in Chapter 2. Beyond the major focus projects, most research conducted in LM contains at least a small element
of modeling or CMS.

Figure 3. Example of using CMS to optimize a lightweight design.
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Looking Forward

The following reports provide a detailed description of LM activities and technical accomplishments during the 2010 fiscal
year. The work shown here has produced technologies that make today’s vehicles more efficient, safe, and affordable.

In collaboration with industry, universities, and national laboratories, VTP continues to develop the next generation of
lightweight components. These efforts are building the foundation of technologies—and technology manufacturers—that
tomorrow’s vehicles need to achieve ultrahigh efficiency and resulting reductions in petroleum use and greenhouse gas
emissions.
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2. Automotive Metals

A. Processing and Manufacturability - Oak Ridge National Laboratory

Field Technical Monitor: C. D. Warren

Oak Ridge National Laboratory

1 Bethel Valley Road, Oak Ridge, TN 37831
(865) 574-9693; e-mail: warrencd@ornl.gov

Technology Area Development Manager: William Joost
U.S. Department of Energy

1000 Independence Ave., S.W., Washington, DC 20585
(202) 287-6020; e-mail: william.joost@ee.doe.gov

Contractor: Oak Ridge National Laboratory (ORNL)
Contract No.: DE-AC05-000R22725

This project consists of two separate tasks. The first is an effort to characterize the high strain rate response of automotive
grade magnesium (Mg) alloys. The second is focused toward developing a fundamental understanding of the austenite-ferrite
transformation in steels, which will be necessary to develop the next generation of advanced high-strength steels (AHSSSs)
that will overcome difficulties in use associated with the second generation AHSSs.

Objective

High Strain Rate Characterization of Mg Alloys

e Characterize the mechanical material properties of Mg alloys for automotive applications.

e Determine the material model parameters for various constitutive models available in crash codes.

e Experimentally determine the evolution of material properties for various loading situations and strain rates.
e Formulate experimental findings into constitutive models based on continuum damage mechanics.

e Establish test and property database for automotive Mg alloys.

R&D Fundamental Study of the Relationship of Austenite-Ferrite Transformation Details to Austenite Retention in Carbon
(C) Steels

e Support the development of third generation (Gen III) AHSSs through fundamental studies of the ferrite austenite phase
transformation during steel finishing operations and its relationship to stabilizing and retaining austenite in finished
microstructures.

e Use unique facilities like the Advanced Photon Source, available through the DOE Office of Science, to characterize in
situ the austenite-ferrite phase transformation behavior of C steels under the rapid heating/cooling conditions that typify
modern sheet steel production.
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e Determine the extent to which retained austenite can be increased in commercial and experimental low C (< 0.2 wt %)
steels.

e Formulate experimental alloys and analyze them for the possibility of increasing retained austenite over commercial steel
grades, which generally contain around 10%.

Accomplishments

»  Designed a fixture for interrupted strain rate tests in tension of Mg alloys.
e Performed strain rate tests in tension for Mg AM60 and AZ31 alloys up to 1,000/s strain rate.
*  Developed World Wide Web database for test data analysis for Mg alloys.

*  Developed measurement system based on digital image correlation at high strain rate and applied that measurement
system to Mg alloys.

e Demonstrated the ability to continuously measure phase fractions and lattice parameters by synchrotron diffraction
during simulated steel heating/cooling process cycles for steels.

Future Direction

*  Measure strain rate properties of Mg alloys in tension and shear.
e Develop and optimize methods for interrupted strain rate tests for Mg alloys.

e Make improvements to the experimentation used for diffraction experiments such as developing a procedure to minimize
decarburization in steels.

e Make improvements to streamline data reduction and analysis techniques.
*  Analyze data from additional experiments on DP780 steel for transformation behavior and retained austenite.

e Identify alloy compositions that promote higher amounts of retained austenite for preparation of laboratory scale
heats and incorporate into future diffraction experiments.

Introduction

The low density of Mg alloys makes them good candidates for lightweight construction of components in the automotive
industry. However, they exhibit much more complex mechanical behavior than more commonly used automotive materials.
Preliminary tests indicate there is significant strain rate sensitivity among certain Mg alloys, but the lack of strain rate
sensitivity information coupled with the lack of understanding of loading-induced property degradation for Mg alloys adds to
the reservations for using them as structural materials.

Metals compose about 80% of all the materials used for light-duty vehicle construction, and by a wide margin, the largest
fraction of the metals is steels. The traditional sheet steels used for chassis and body constructions are the so-called

“mild” steels; however, high strength, low alloy steels are increasingly being used. The combined interests of improving
crashworthiness and reducing vehicle weights were at least partially responsible for the development of the first generation
(Gen I) of AHSSs. What is now desired is Gen III AHSSs that borrow from previous alloy development efforts to achieve
intermediate strengths and ductilities but at costs that would make acceptance for automotive construction feasible. One task
in this project is aimed at laying the fundamental groundwork for developing this new generation of high-strength steels.

2-2



Activity and Developments

High Strain Rate Characterization of Magnesium Alloys

Principal Investigator: Srdjan Simunovic, ORNL
(865) 241-3863; e-mail: simunovics@ornl.gov

Principal Investigator: J. Michael Starbuck, ORNL
(865) 576-3633; e-mail: starbuckjm@ornl.gov

Principal Investigator: Don Erdman, ORNL
(865) 576-4069; e-mail: erdmandl @ornl.gov

Introduction

The low density of Mg alloys makes them good candidates for lighter weight constructions of components in the automotive
industry. Mg alloys, however, exhibit much more complex mechanical behavior than more commonly used automotive
materials. The mechanical response of Mg alloys involves notabl e anisotropy, nonisotropic hardening, yield asymmetry,
lower ductility, and significant degradation of effective properties due to the formation and evolution of microdefects. The
intense fracturing that occurs during crash is notably different from the progressive folding in conventional automotive steel
structures and requires in-depth material and structural understanding for effective automotive structural design. Accordingly,
the necessary characterization procedures and constitutive models are more complex than commonly used uniaxial tests and
isotropic plasticity material models for steel. Another issue of concern for automotive designers is the strain rate sensitivity of
various properties of Mg alloys. Preliminary tests indicate there is significant strain rate sensitivity in Mg alloys, but the lack
of experimental data coupled with the lack of understanding of loading-induced property degradation for Mg alloys adds to
the reservations for using this new material for automotive applications.

Approach

In support of the U.S. Automotive Materials Partnership project AMD 604, Mg Front End Research and Development, we are
investigating rate dependent properties of automotive Mg alloys. The experiments are conducted under various strain rates
ranging from quasi-static up to 1,000/s. This range of strain rates is important to automotive design because it corresponds to
strain rates experienced during high speed forming and vehicle crash.

Measurement of mechanical properties in the strain rate range between 1/s and 1,000/s (intermediate strain rate regime) is
inherently difficult because of the wave reflections and difficulty in establishing dynamic equilibrium in the sample and the
sensors. Test methods in this range have not been standardized and are subjects of intensive research and development. In
addition, the deformation of Mg alloys is accompanied by significant internal damage (void nucleation, growth, coalescence)
as a result of the complex deformation behavior inherent in its crystal structure (hexagonal close packed). It is, therefore,
important to investigate how these mechanisms change under different rates of loading.

The main scientific and technical goals of this research project are (1) development of detailed information about Mg alloy
mechanical properties in the intermediate strain rate regime, (2) characterization of corresponding property degradation

by the control of imparted strain during the tests, (3) development of tightly controlled strain rate test procedures, and (4)
correlation of manufactured and ideal material properties.

Results and Discussion

Data from the tests conducted so far on the project are available on the World Wide Web as described in the previous reports
(http://thyme.ornl.gov/Mg_Main/description/home.cgi). The web interface allows for quick dissemination of experimental
data and interaction with project participants.
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Tensile High Strain Rate Tests on Hydraulic Equipment

We have developed techniques to generate reliable stress strain curves within the intermediate strain rate regime for the
sheet form of Mg alloys. The stresses are calculated from the elastic strain of the specimen measured in the tab region.
The displacements and strains of the tensile specimens were successfully resolved with a video image correlation (VIC)
three-dimensional (3D) high speed imaging system.

This technique has major advantages over conventional

indirect measurements which significantly improve the

quality of the experimental data and test control. The new

method will be described in a journal article that is under

preparation. Figure 1 shows schematics for tensile sheet

tests.

For most tests, machine transducers include a dc strain

gage load cell and a charge amplified piezoelectric

load cell. Actuator displacement is measured with a

Temposonics acoustic transducer because the high

velocities would be outside the range of standard

displacement measurements. The strains in the specimen

are measured using VIC on one face on the specimen

and high elongation strain gages (SG1&2) on another.

The system is equipped with two high speed digital

cameras which provide 7,500 frames per second (fps) at a

resolution of 1,024 by 1,024 pixels and reduced resolution  Figyre 1. Tensile specimen Figure 2. Measured strain
operation to 1,000,000 fps. These two cameras are staged  configuration. distribution using VIC.
so that the area of interest on the test sampleisvisibleto

both cameras.

With the VIC system, a 3D full field deformation map

is generated within the area of interest using the speckle
pattern on the specimen. At low loading rates the stress can
be evaluated from the load washer or calculated from the
elastic strain on the tab. However at higher speeds, thereis
significant noise and ringing in the load washer. Figure 2
depicts the strain analysis for