LA-UR--91-2058

LA-UR -91-2058
DE91 014600

Los Alamos Nal.onsl Laborstory is operated Dy the Univereity of California 101 the United Siates Depariment ol Energy under coniract W-7405-ENG-36

TITLE A NEW MODEL OF RATE DEPENDENT ELASTIC-PLASTIC FLOW

AUTHOR(S) James E. Hammerberg, Dean L. Preston and Duane C. Wallace

SUBMITTED 10 .
APS 1991 TODICGT Conference on Shock Compression of Condensed
Matter, Williamsburg, VA, USA

DISCLAIMER

port was prepared as an acount of work spunsored by an agency of the Uned Ntates

ment  Neither the United States Government nor #ny agency thereol. not any of their Lo ) Yl )‘
ser. makes uny warranty, eapress or imphed, or assumes any legal habiity or responsi-

 the accuracy. compieteness, or usefuiness ol any information, apparatus, product, or

dincloned, ot represents that ity use would not infringe privately nwned nights  Refer.

fen to any specific commercial prodduct, prcess, of service by trade nume. trademark,

clurer, of otherwine does not necessanly constirute or unply ty endorsement, recom-

wn, or [avoning hy the United States Government or any agency thereol The views

wmons of authurs expressed herein du not necessanly viate or reflect thuer ol the

Stetes CGiovernment or any agency thereof

By acc'plance of thig aricia 1he publisher recognizes that the U 8 Government relains o nonenciusive royaity-fres hcenss 10 Publish ot teproduce
the pubiished form of 1his COnfribution. or 10 Sifow others 10 @0 8o for US Governmeni purposes

The Los Alsmos Nationa! Laboratory fequenis that the publisher igeniify thig articie 88 wora pertarmed under Ihg aushices ot 1he U S Depariment of Energ,

H
LI

LOS AJZMNOS Loshiamos Natonaltzboratory

e me wann ARPIACNT IS ||N“M”[’

hoiTR


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


A NEW MODEL OF RATE DEPENDENT ELASTIC-PLASTIC FLOW

James E. HAMMERBERG, Dean L. PRESTON and Duane C. WALLACE

Applied Theoretical Physics Division

Los Alamos National Laboratory, Los Alamos, New Mexico

We present the results of 2D lagrangian hydrodynamic simulations of cylinder impact experiments using a
recently developed model for rate-dependent elastic-plastic flow. This model, which takes advantage of ¢m-
pirical scaling relations in terms of melting temperature and shear modulus is consistent with the very
high strain-rate behavior deduced from overdriven shock data and is in good agreement with the tempera-
ture and density dependence of the flow stress where known. Calculations for uranium and copper are dis-

cussed.

1. INTRODUCTION

The flow properties of real solids depend in a
complicated way on the thermodynamic and de-
fective state of the material. The evolution of the
material ground state under conditions of large
strains and high rates, however, is a formidable
and unsolved problem of condensed matter phys-
ics. Models for the flow stress of solida which are
based on single mechanisms for defect dynamics
tend therefore to be of limited use outside a re-
stricted range of pressure, temperature, strain
and strain rate. The modcl which is discussed in
this paper attempts to avoid some of these diffi-
culties by using in an essential way the proper-
ties of materials in the strong-shock limit and
the relevant lower-rate experimental data where
available. It therefore makes possible reasonable
interpclations between large strain, low rate be-
havior and high rate, low strain shock data. A
sccond property of this model is that it takes into
account the actual temperature and density de-
pendence of the flow stress by using a scaled
varinble formulation, taking into account the
most accurate calculational data available for
shear moduli and melting temperatures. The fol-
lowing sections give a brief description of the
model and comparisons with cylinder impact
data which accenn the large-strain intermodinte-
rate conntitutive behavior of copper and urani-
um.

2. ASCALED MATERIALS MODEL

The model we consider here is a complete model
for the thermoplastic flow of solids. It represents
the constitutive behavior of a .aterial as a func-
tion of the mass density p, temperature T, plastic
strain y, and plastic strain rate y. The flow
stress t is taken to be a function of these vari-
ables T = 1(p, 1;y.¥) . It is convenient to express
stresses and temperatures in terms of scaled (di-
mensionless) quantities with stresses scaled by
the isotropic shear modulus G (p, T) and temper-
atures scaled by the melting temperature T, (p) .
The rate dependent quantities may also be scaled
by a natural measure of frequency for shear mo-
tion, {, defined by
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which is Lpproximately the inverse of the time for
a shear wave to traverse a unit cell. Here M is the
atomic mass. When scaled in this way the consti-
tutive properties of materials exhibit striking reg-
ularities.!
The scaled variables are defined as tw= /¢,
W my/8, and in terma of these quantitios the
particular form of our model is o modified Voce
form,

- ?‘ (*.\w'*’.)('ll)l |NWI"| (2)

The exponential term takes into necount work
hardening. The scaled quantitios ¥, and 1, are



rate dependent saturation and yield stresses de-
fined in the followiny way:

ty = maxl(y,, 2,1, (3)

% = max(Y,%,,). 4)

Y, and Y, are the yield stress and the low strain
rate saturation flow stress scaled by the shear
modulus. t, isthe scaled flow stress at very high
strain rates (2 107 sec’l). We have determined
this quantity by an analysis of overdriven shocks
by Wallace® and from pressure shear data.4® The
very high strain rate limiting behavior is very well
represented by a power law

T, = ay’ (5)

The saturation flow stress is temperature depen-
dent and a good representation of the data is given
by

AY,= (a+bD” (6)

A is a constant which takes crystal structure into
account and ¢ and b are constants as are a and p
above. T is the scaled temperature defined above.

3. APPLICATION OF THE MODEL TO TAYLOR
IMPACT EXPERIMENTS FOR COPPER AND
URANIUM.

We have implemented the above model in a two-
dimensional lagrangian continuum hydrodynain-
ics code which is finite difference and uses a force
gradient algorithm for calculating the time evolu-
tion of the field quantities. Typical mesh sizes
were (20 x 60) in the r and z coordinates where the
cylinder is symmetric about the : axis. The anvil
cylinder interaction was simuluted with a reflec-
tive boundary condition. Several zoning studies
were performed and at this degree of resolution
the simulations were essentinlly converged.

The parameters for 280 were determined from
Instron testing machine data,® Hopkinson bar
data, 7 and the results of an analysin of overdriven
shock data® The parameters for OFHC copper are
taken from the analysis of Preston, et al.! The val-
ues are given in Table 1 The very high strain rate
data correspond to valuen of  of the order 109 -
1012 for both copper and vranium. The experimen-
tal data for nranium impucts are taken from the

experiments of Gust.? The OFHC experiments we
refer to are frora Johnson ard Cook!®, The ther-
modynamic properties of the materials are taken
from the LANL SESAME tables of thermodynamic
properties.!! The shear moduli and melting tem-
peratures used in the scaled materials model are
also taken from the new auxiliary SESAME ta-
bles!? The results of these simulations and com-
parison with experiment are given in Table II.

Table I: Model Parameters for Uranium and

Copper
Parameter Uranium Copper
Y, (.0020 0.00021
A 1.0 1.0
N 7.8 6.0
P 1.17 0.8
Y 0.56 0.20
o 64.0 141.0
B 0.305 0.202
a 64.0 141.0
b 220.0 387.0

Table I1. Comparison With Experiment

Uranium:
. L L
TCK)  Vy(m/s) L (calc) L (expt.)
) 0
295 169 0.796 0.830
138 0.829 0.866
106 0.879 0.899
180 0.766
720 105 0.833 0.810
726 169 0706 0.662
138 0.766 0.727

Copper:

Vo(m/s) ’l. (cale) II‘ (expt.) ::

(eale) K (expt.)
" 0 ) K

t Lt]

130 0. 787 0.770 1.38 1.30
146 0.764 0.736 1.60 1.40
190 0.658 0.638 1.91 1.777
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FIGURE 1

Flow stress vs. plastic strain rate.
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Flow stress vs. plastic strain,
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4. DISCUSSION

Figures 1 - 3 give an indication of the rate, plas-
tic strain, and temperature dependence of the flow
stress for uranium at 725°K. In the cylinder im-
pact experiments the high-rate behavior occurs
withir the first 10 psec, typically, and is fairly lo-
calized near the anvil-cylinder interface where
temperature rises of a few hundred °C occur. Plas-
tic strains of order unity are typical. Therefcre in
the Taylor impact experiment the initial deforma-
tion tests the higher rate properties of a given
model and late time evolution is determined by
large strain and temperature dependence of the
flow stress, This is an intermediate regime for the
present model for most of the evolution of the im-
pact experiment. We find that the agreement with
experiment is within a few percent for the final
rod shape for the cases studied. We have not made
an attempt to use the impact data to “improve” the
parameters of the model since the microstructure
of the materials is not well enough known. We
have also not attempted to modify the anvil cylin-
der interaction by changing to a stick-slip interac-
tion which is also not well enough characterized.
We consider the level of agreement t) be good con-
sidering that we have fit the rate-dependent data
at very high strain rates and are in an interpola-
tive regime as far as our model is concerned. We
expect that in higher strain-rate regimes our mod-
el will become more accurete in predicting materi-
al flow, The overall agrcement with the impact
data is as good or better tnan that obtained with
other standard models and indicates that we are
treating the density and temperature dependence
and work hardening well. Since our model is
scaled with the most accurate values for shear
moduli and melting temperatures presently avail-
able, we also have confidence that the tempera-
ture and dennity dependence of the flow stress will
be limited to # Inrge extent by our abilities to cal-
culate these quantities. This, we helieve, is n ma-
jor strength of a sealed materials model for
predicting material flow behavior in regimes of
temperature, dennity and flow rate where experi-
mental datn may be very difficalt to obtain.
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