A major purpose ot the Iecnni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and lccal governments.

Although a small portion of this
repoit is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



vonr— o wald™~ T/

LA-UR--89-3018
DE90 000535 . oy

entrec! W.7805-ENG-36
s operated by the University of Cakforme for e Unhed States Department of Enerpy unde: €
Lot Alsmos Nahongl Laborelory

TWINNING, TEXTURE AND CONSTITUTIVE RELATIONS FOR

|1 E- . sogugs
B EXPLOSIVELY FORMED JJETS
AUTHOR(S) SHETLA K. SCHIEFERL
s T E JONFERENCE. HIOCK COMPRESSTON
NRY APS TOPICAL CONFERENGE ON St . .
SURMITED O (ll:'a()'()Nl)!-'N!ilil) MATTER, l4=-17 AUGUST 1989, ALRUQUFRQUE, NM

DISCLAIMER

This repurt was prepared as an avomnt of wirk sponsned by an agency of the 1 ianed Siaies
Cawernmen(  Nenher the imited States (owvernnent nur any agency Lhereol, nor any of nerr
emplovees, makes any warraniy. express or aimplied o avsumes any legal habiliy 1espuonmn
bilihy e 1he accuracy, complecenes, ot uselulness ol any ntormatn, appataius, praducd, w
prosess dialoned. on tepresenis 1hal 11y use woukl not miunge puvately wwned nighis Relet
ence herem 1o any specilin sominen at Mroduct, primess, or service by Hrsde nante, irsdemerk,
nanulaciurer. o wiberwine dues nl necewaily csmgiule w miphy s eidorsenient. 1ecm
memdslion, it favoring by the Uinied Sigles fanernment wr any sgency theresd The siems
and uprawons o suithors expreased heren dhe ne arvessatth alale ot refledd thise ol the
1 'niled Slales (pwernmen, o any agency thereol

K sh 9t t8PIBgute
Sy accopiance of this art cis. 1he Bublisher tacognizes ¥ ot e U § Qeverament re1sine & Aoraaciviive royalty-11o8 hoanss 10 publ

' M pupasas

N pubahed form of (hig contridulion, o0 9 dlow ‘ARG 0 @0 00, [ ] us Gevernme

k| ¥ Alamps Nalions! Laberslery requetts Mt o pubkaher “m g aricie 80 worh m“. undor the Avepicoe ol the U . “..m.ﬂl .‘ l. [}
M L gy

MASTER
0S AlaMIOS ihmeNsammiszig



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


TWINNING. TEXTURE AND CONSTITUTIVE RELATIONS FOR EXPLOSIVELY FORMED JETS

Sheila K. Schiferl

Los Alamos National Laboratory. Los Alamos, NM 87545

We have used crystallographic-texture calculations to simulate the evolution of preferred grain orientations. and the
corresponding changes in anisotropic plasticity, during explosively-driven liner collapse in metallic shaped-charge jets. For
hcp merals, twinning tends 10 be an important deformation mechanism, and twinning is known to be strongly influenced by
shocks, We consider cases of enhanced anc inhibited twinning for titanium and titanium-alloys: the consequences of these
reatments for the evolution of plasticity in early jet formation are discussed.

| INTRODUCTION

There have been a number of studics investigating
anisotropic plasticity under shock and high-strain-rate
conditions. Much of this work hus focussed on properties
of composites. We consider a different kind of anisotropy
here: the directionai properties of single-phase materials re-
sulting from cryswallographic texture. We also consider the
changes in anisotropy as these materials deform. This ap-
proach has been used previously to investigate the mode of
sction of initial extuse on the subsequer:t behavior of
shaped-charge jets.!

Crystallographic texture refe.= to preferred orientation
of the single-crysial gruirs in a polycrystalline solid. If the
orientations are not random. the material will tend to be
anisotropic, since single crystals are typically anisotropic.
The bulk anisotropies due to texture can be quite large: in
zirconium.? tor example, the ratio of yield strengths in dif-
ferent directions can be > 2:1. Plastic strain anisotropie::
can be even larger. For metal sheet, the Lankford coeffi-
cient R, ix defined as the ratio of (plastic) width strain to
tlnckness itrein in a tensile test. For isotropic matenals,

R = 1. For titamum®. typical R values range from 3-7. and
indicate vig.nficant revistance to thinmng  In contrast, cop-
persheet' gives R« 6. 9.

A stong preferved onentation 1s typically the rexult of
large deformation (>80%: ). random matenals can bevorme
textured. and tentured matenals can evolve new preferred
onentattons It 1« important to note that the patteias of de
formation textures depernd! on hoth the crystal st ture aml
the deformation path.

The two basic mechanisui. mvnlved in deformiatinn

texturing are crystallographic slip and twinning.4 Both
mechanisms involve shear in a crystal along certain planes
and in centain directions. and both mechanisms rotate the
crystal lattice. In twinning. only part of the crystal shears,
In addition, the twinning shear is unidirectional and accom-
panied by a slight shuffle in atom positons. The twinned
material is cffectively rotated relative W the untwinned ma-
wrix. Twinning in hcp (hexagonal-close-packed) materials is
particularly interesting as a source of texture change, since
this effective rotation can be very large (the “hard™ direction
rotates by ~85° for s common type of tensile twin). and a
significant volume of materia! can be twinned during very
small strains. Moreover, twinning is encouraged by shock
and high- struin- rate conditions. It is inhibited by small grain
size, ¢centain initial dislocation structures, impurities, and
some kinds of a'loying.3

Our system of interest is the early collapse (the first few
microseconds of deformation) of a hemi.pherical meial liner
in a shaped-charge jet. Collapse involves a shock com.
pression, followed by large deformation at high (~10%
sec' 1) strain-mie. Under these conditions, plastic flow can
be iurgely accommadated by slip and twinning.
Deforniation wexturing, rather than crysal growth or
recrystallization, would be the major sourve of any changes
in preferred onentation.

To calculate changes in texture, we sinuilate the mech
anisms of slip and twinning in a collection of grains for a
particular deformation path - We consider the acuvation of
any system 10 require a certain critical-resalved- shear stress
(C'RSS). the relative CRSSs depend on the niaterial and the
condiinny The numencal scheme used 1a sinmlale teximre



evolution has been described elsewhere:! we note that each
grair. rotation includes both the vrdinary continuum rotation
plus a second term depending on the texture.

In the present work we investigate specifically the ef-
fects of twinning during shaped-charge liner collapse. We
use properues typical of a-titanium (hcp) and some of its
alloys, and two different material models, one with en-
nanced twinning, and the other with inhibited twinning.
The initial texture has a strong preferred orientation and
strong anisotropy. The results of our calculations indicate
that twinning (or the lack of twinning) can play a very im-
portant role in the evolution of yield anisotropy in these
systems. Profuse twinning can effectively destroy a strong
texture in a very short time; inhibition of twinning can make
a strong texture even stronger.

2. PKOCEDURE

Our methad, to compare the effects of enhanced and
inhibited twinning on constitutive relations for a shaped-
charge liner, involves two connected simulations. The first
simulation uses a continuum code to produce a deformation
path. The sccond uses the defoimation path as input to a
texture code to calculate texture evolution and yield surfaces.
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Fig 1. Schematie of titanium shaped charge.

The jet desipgn is thown in Fig. 1. Liner collapse was
simnulated with TEWA, an explicit 2-D finite difference la-
grangian code incomorating high-explosive bum. The liner
equation-of- state was obtained from a fit to lugoniot data,
and the constitutive behavior was approximated by o high

stram rie asotropic model. & From the simulimion resubs,

we constructed a time series of deviatoric distortion tensors
for a liner element initially located a1 3° frorn the jet axis,
using successive positions of the comers of its correspond-
ing Lagrangian cell, plus the cell compression, at simulation
time intervals of 0.25 ps. Each tensor was further divided.
if necessary, so that the equivalent von Mises strain or any
deformation step was < 2.5%.

Texture evolution calculations were then performed for
a sample of 3000 grains, using the set of distortion tensors.
We employed two different material models: the first model
allowed considerable twinning; the second model allowed
no twinning. Our models used single-crystal properties of
pure titanium at moderately high temperatures (a few
100°C) and very kigh strain-rates (> 109 sec*!). The dori-
nant form at ordinary temperacures and pressures ;s o~tita:
nium, with an hcp crystal structure and c/a = 1.59. For the
purposes of this study, we assume there are no phase
transitions. 'The slip and twin systems characieristic of a-
Ti at various temperatures, plus CRSSs for these systems,
have been summarized by’ Conrad.®

We maodified the system activity for shock and high:
strain-rate conditions, according to Meyers and Murr.”
They report that the general effect of high strain-rates is to
shift the dominant systems from higher-temperature to
lower-temperature modes. Hence. we modeled our system
activity on low to moderate-teniperature sysiems,

TABLE L

Deformation Modes and Crisical-Resolved-Shear Stresses

Designation Planc | Direction] CRSS#*
Prism slip 0Ty <12 |1
Pyramida! stip QoTnH |<1120> |2
Basal ship 00l | <1130> |3
Tensile Twin (10T2) | <To1l> j2.5
Compressive Twin 1122) [<1123> 1375 |

Pyramidal <c+a> slip | (10T | <1123> |4

a Normalized to the CRSS for prism slip.

Our active systems, and the CRSS for each kind of
system, are given in Table I The first three systems listed
are generally agreed to be the ensy shp systems for a wade
range of condittons. None of the se systems acc omnxxdates

defarmations n the ¢ nxis cirection. The two principal



modes of c-axis deformation for low and inoderate tempera-

tures are the twinning svstems listed in the table. For our
twinning model, we use systems 1-5. For inhibited twin-
ning, we replace the twinaing systems by the sixth system.
This secondary slip system becomes impartant in c-axis de-
formation at high temperatures, where twinning becomes
more difficult 8

The initial liner lexure was modeled from the general
features of cross-rolled titanium sheet? We idealize the
compression texture by clustering the (0002) poles (c-axes)
around the normal direction of the sheet; the pole angles
from the sheet normal are assigned from a Gaussian distri-
bution with o= 18° This texture gives an R.value of 9,
and a yield strength ratio z/x = 2.25, where z is the com-
pressive yield normal to the sheet, and x is the average
compressive yield in the plane of the sheet. To make 2
textured hemispherical liner, for simplicity we map the
sheet texture separately onto each computational element of
the shell. A liner element whose center is at the angle 6
from the axis contains all of the grain orientations in the
sheet, but with each orientation rotated by .

3. RESULTS AND DISCUSSION

The changes in texture and the corresponding
anisotropies resulting from collapse of a hemispherical ti-
tanium shaped-charge liner are shown in Figs. 2-3, for
two different material models, one allowing considerable
twinning, the other no twinning. The deformation path
corresponds to that of a liner element initially located at
0 = 3” from the jet axis. For this section of liner, the
shock amives at =~ 13.75 us. The early deformation is a
compression approximately along the jet axis, followed by
tension along the axis,

Figure 2 shows the evolution of texture in this cell. All
three diagrams are ((XX)2) pole figures; the density con-
tours indicate the directions of the ¢ ("hard”) axes. The
center of each pole figure comresponds to ¢-axes pointing
out of the page, the top corresponds 10 ¢-axes pointing
vertically. ete. The second and thind pole figures indicate
the textures for the enhanced-twin and inhibited:twin
models, respectively. a. |8 us, after 7' compression
followed hy ~ S(+% tension (von Mises equivalent strainy)

b) lwinnirﬁ:: 18 pus
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C)no twins: 18 us

Fig. 2 (0002) pole figures for deforming liner element.
Intensities in multiples of a random distribution (m.rd.);
contoursare | . 2. .m.rd Stereographic projection:
projection plane is normal 1o the jet axis.

Figure 3 shows deviatoric yield rurfaces comespond.
ing to the extures in Fig. 2. There are two yicld surfaces
for the initial texture, since the yielding for the two models
is different. The unequal yields in the Sy and - §) direc-
tions in Fig. 3(a) are due to the unidirectional nature of
twinring: this effect is seen experimentally.

The different texture evolution. and the different plastic
anisotropies for enhanced and inhibited twinning are quite
clear. In the former case, profuse twinning (~B0%. of the
grain volume has twinned by 18 us) produces a drastic re
aricntation of the crystals. ‘e ¢-axes move from o strong
concentration in the axial direction to a clustering nronnd
the rihal direction (a weak extrusion 1ype texture) A



large fraction of the reoriented grains can now deform by
primary slip, which is generally easier than twinning. The
changes in yield anisotropy reflect the texture changes.
The axial direction starts out "hard” and the radial direction
*soft”. This relaton reverses, albeit weakly. The final
yield anisotropy is ~ 5%. For inhibited twinning, there is
1o reorientation. Instead, the stronyg preferred orientation

(and yield anisotropy) becomes stronger.
£.

a) twinning: inital texture

b) twinning: 18 us d) no twins: 18 js
Fig. 3. Deviatoric yield loci (solid lines) for deforming
liner clemenmt, The [ 1] direction is parallel to the jet axis.
Daiihed lines indicate loci for isotropic texture.
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The main discrepancies in these results are in the sim-
plified twinning model. and the neglect of temperature de-
pendence in the CRSS for the secondary slip system. In
the first case. the radial preferred oricntation should be
stronger. The weakness of the evolved twinming texture is
partly due io the initial compression, but also due to unre-
stricted higher-order twinning. This causes some of the
twin orientations to shuttle back and forth. In the second
case, the CRSS for the <c+a> slip is treated as a constant.
However. this slip mode is a major deformation mecha-
nism for c-axis deformation at high temperature, and be-
comes easier as the temperatire increases. This will re-
duce the yicld amsotrapy as the liner collapses. Neverihe-
less, the pattern of yield anisotropy will remin, since pn
mary shp will still be easier than <c+a> ship.

We have concentrated here on typical slip and twinning

systems for titanium and ics alloys. and on the effect of
conditions that promote or inhibit twinning. From our re-
sults, we can conclude that a strong compression texture,
and strong yield anisotropy. can be essentially destroyed by
deformation twinning in a short time. In the absence of
twinning. the anisotropy remains and can even be
strengthened. The matter of correct twinning systems for
jets and explosively-formed projectiles needs to be studied
further. We note, however, that liner materials can be
processed, not only to discourage twinning, but pre-
wwinned 0 under some conditions to encourage particular
twins under other conditions Texture studies, as a
prescription for constitutive models, can help provide
insights into material behavior in many of these cases.
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