
LA-U+98=4896
Approved forpublic release;
distribution is unlimited.

Title:

Submitted to:

Effect of Turbulence Closure
Chemistry in Mexico City

James R. Stalker
Laurie A. McNair

Schemes on

American Meteorological Society
Dallax, TX
January 10-15,1999

Los Alamos
NATIONAL LABORATORY

Los Alamos National Laboratory an affirmative action/equal opportunity employer, is operated by the University of California for the U.S.
Department of Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S.Government
retains a nonexclusive, royalty-free license to publish or reproduce the published fbrm of this contribti”on, or to allow others to do so, for U.S.
Government purposes. Los AMOS National Laboratory requests that the publisher identify this article as work performed under the
auspices of the U.S. Department of Energy.Los Alamos National Laboratory strongly supports academic fraedom and a researcher’s right to
publish; as an institution, however, the Laboratory does not endorse tha viewpoint of a publication or guarantee its tachnical correctness.

Form 836 (10/96)

.“7 ..- -F
.

.

—---- . . . . . . . . . . .



DISCLAIMER

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, make 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 privateiy 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.

..,-. ,?.------....., -.. ------ ------



DISCLAIMER

Portions of this document may be illegible
in electronic image
produced from the
document.

products. Images are
best available original



,

CONSTITUTE BEHAVIOR OF MODEL FCC, BCC, AND HCP
METALS: EXPERIMENTS,MODELINGAND VALIDATION

Shuh Rong Chen, Paul J. Maudlint, and George T. (Rusty) Gray III

Materials Science and Technology Division, t Theoretical Divisioq
Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

ABSTRACT - The stress-strain responses of a half-hardened copper and an
annealed tantalum as a function of temperature and strain-rate were investigated.
The rate-dependent yield stress and work-hardening behavior were described
satisfmtorily by the Mechanical Threshold Strength (NITS) model which is based
on thermally-activated plasticity and evolution. Excellent agreement was obtained
comparing experiments and calculations of Taylor cylinder impact tests.

INTRODUCTION: The mechanical properties of materials under high-strain-rate
deformation are essential to many defense-related and industrial applications. The
stress/strain behaviors of several metals encompassing three common crystal
structures, namely fee, bee, and hcp, have been investigated as a fhnction of
temperature and strain rate. The dominant deformation mechanisms can be
dislocation slip, mechanical twinning, or both operating in series or parallel. The
development of a more physically-based constitutive strength model capable of
describing the very complex mechanical responses of these metals is important.

Taylor cylinder impact tests (Taylor [1948], Maudlin et al. [1998]) are relatively
easy and inexpensive to pefiorm. Depending on the initial impact velocity and the
material strength, a very wide range of strain rates, temperatures (due to adiabatic
heating), and strains can be achieved from a single test. The Taylor test provides a
straight forward set of experimental data from which to validate the
implementation the accuracy and predictability of a constitutive model in a large
finite element code.

PROCEDURES, RESULTS AND DISCUSSION: The mechanical responses of
several metals were measured in compression using solid-cylindrical samples 5
mm in diameter by 5 mm in length lubricated with molybdenum disulfide grease.
The deformation behavior and constitutive modeling fit for a half-hardened copper
rod (hhCu), provided by J. House at Eglin Air Force Base, and an annealed
tantalum (Ta) plate are presented in this paper and are shown in Fig. 1 and Fig. 2
respectively. Comparing the yield stress at 25°C and 0.1/s shown in Fig. 1 to a
previous study (Chen and Kocks [1991]) on the same material in an annealed
conditioq it was estimated that about 50-60% plastic work had been retained
from the original processing. This pre-strained structure leads to a low work-
hardening rate upon fi,u-therdeformation as observed in Fig. 1. The current material
“structure” was characterized by reloading the material at various temperatures
and strain rates. The mechanical threshold, defined as the flow stress at OK, and
the rate sensitivity of this “structure” were then determined by plotting the
measured yield stresses as a function of strain rate and temperature. The remaining
parameters used in the MTS model were held to the same values as those
previously published for an annealed Cu (Folkmsbee and Kocks [1988]). This
model is capable of capturing the effects of deformation-path change as
demonstrated by the excellent agreement between the experiments and model fits
shown in Fig. 1.
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The yield stress and work hardening as a function of strain rate and temperature of
Ta are plotted in Fig. 2. It is seen that the yield and flow stresses exhibit very high
strain-rate sensitivities
which is typical in bcc 600 I i I I I
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Taylor cylinder impact
testing has been shown to be an effective constitutive model validation test due to
the gradients of stress, stra~ strain rate, and temperature (as a result of adiabatic
heating under high-rate deformation) which this integrated test provides. Recently
we have designed and constructed a facility to conduct this type of test. A gas
breech filled with He was used to accelerate the sample through a 30-caliber barrel.
High-pressure He propulsion has the advantage of quick turn-around time,
minimal environmental impac~ and more precise velocity control over the
traditional powder-driven systems. The nominal dimension of the sample is 51.8
mm in length by 7.62 mm
in diameter. The hhCu 700
sample was tested at Los :DoD Ta’
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simulations are shown in Figs. 3 and 4. As a result of the processing history, the
extruded hhCu rod with an initial axial-symmetric fiber texture exhibited almost
perfectly round footprint (not shown in Fig. 3). The Ta sample was machined
from a rolled and recrystallized plate in the in-plane direction. The retaining rolling
texture with -4 times greater intensity than random caused the material to exhibit
anisotropic deformation as evidenced by the elliptical footprint of the deformed
cylinder (Fig. 4(a)). Finite-element simulations of the Taylor tests were calculated
using explicit
Lagrangian ‘fite element
code, utilizing a complete
description of the MTS
constitutive modeling to
capture the flow stress,
and a Hill ~c~io~950])
quadratic to
represent the anisotropic
yield surface of the
material. The calculated
side profile cut along the
middle plane of the hhCu
is shown in Fig. 3(b). The
final leng@ the axial
distribution of plastic
strain, and the size of the
footprint agree very well
with the experiment result
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deformed one via a complex straining path. By characterizing the current
“structure” that serves as input to the model, the strain-rate and temperature
sensitivities of fhrther structure evolution under new deformation paths can be
predicted based on the parameters derived for the annealed Cu.

The calculated elliptical footprint of Ta shown in Fig. 4(b) has an eccentricity
(ratio of major to minor diameters) of about 1.20. This compares well with the
experimental footprints from Fig. 4(a). The side profile compared in Figs. 4(c)-(d)
indicates that the final length agrees well with the post-test sample length and the
axial distribution of plastic strains also track very well with the experimental
profile. The axial distribution of plastic strains in a Taylor test is essentially
controlled by the flow stress model. The good agreement between the experiment
and simulation implies that the MTS flow stress characterization accurately
captures the size of the yield surface in absolute stress space.
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Fig. 4 Comparison of experimental and simulation results for a Taylor cylinder test. (a)-(b)
footprint view, and (c)-(d) side profile. The simulation results shown in (b) and (d)
capture the overall shape after impact and the eccentricity as a result of material
anisotropy.

CONCLUSIONS: Mechanical properties of metals can be well characterized
using compression testing under carefully selected deformation conditions which
yield the temperature and strain-rate sensitivities. Constitutive behavior is then
fitted to a physically-based model to capture the essential mechanical responses
observed in the experiment with confidence in extrapolating the model to
conditions which are not directly measurable. The Taylor test provides validation
on the accuracy of the constitutive model prediction.
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