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ABSTRACT

The multiaxial yield ●nd flow bahavior of macal~ hae been of intataet for
many ycaru. Racsntly, the axparimantal work of Phillips ●nd Lee [1979],
Shiratory ●t ●l. [19?9] ●nd Ohashi [1982] hac bean quit- notabla in this field.
Thtme ●uthors have concantratmd their ●fforts in maaauring yiald loci ●ftar
small to modtrate praatrains (: 0.06). In thio papar wa diocuoo small ●train
yield loci we have maasurad ●ftar prantrains botwoon 0.03 ●nd 0.05 in torsion.
Thcsa ●xparimtintsof.1100 aluminum ●rt in general agr~amant with tha litora-
tura. Thy shol’● translation, dlatortion ●nd ●xpanaion of the yiald loci. A
roundad no-e form in tho direction of prastrain with the yiald locus flat-
tening oppornita the prastrain. Wo obsaned tt,at ths distortions changa to
m%?ch th~ ●train diraction aftar vaty mall rworoals in prastrain.

Tho eubsoquant yield locus has ●ls~6baan maasurad ●ftar ● largo torsional
prastrain of y = 0.5. UsInn a 5 x 10 offsst crit~rion for yielding, tha
●hap@, dlotortion ●nd translation of the yiald locus wat vary similar to that
found ●fter tho smaller prastrains. In ●ddition ● largs-ctrain yiald locus,
using ● back ●xtrapolation tachniquu~ wa- datormit,tdfor tho sam ●ample. ‘him

yiald locus ●xhibitod C1OSC to von MOOS isotropic ●xpanoion. Tho oboanod
dcviatinns, whila @light ●ra ●xtromaly important. They match thosa prgdictad
by ● solycrystal ●Ii? modol. Thus, tha mall-strain yiald locus, ●ftar ● larga



prastrain, ●ppears to be determined larg~ly frcm dislocation considorationo
only, where ●s the large-strain yield 10CUO iB dttaminod by the davoloping

‘W%MPIY D
●luminum oheet wam deformed by rollins to largmr prestrains

c = 0.50 1.0s 1.50 2.0 ●nd 2.5 ●nd oubsequantly tootgd in plane ●train
compraseion. Two types of compr-saion ●xptrimants wore dcnc, on~ buch that
thare was no defmmtion mode change from rolling, th~ othor rotating the
directionof ~ero ●train by 90” producing ● straeo path chan$e. The large
strain yield and flow behavior of thcso ●xper~nt~ wao ●gain predicted using
the relaxed constraint polycrystal modal of Kocks ●nd Canova [1981]. ?or thoso
Vtry large prestrains the ●xperiments ●nd taxtura theory differ.
Hlcrostructural obeetwations have shown the prestince of ●icro--hear band- which
rccultod from the rolling prastrain. We speculate that thase faatures tre
responsible for the deviation from crystal plasticity theory.

We believe that this work points t~6 ●everal operative mechaniama of
deformation. Small-strain yialding (5 x 10 ) ●ppaars to be controll~d ?uraly
by dislocation mechanisms ●nd Interaction ●ven after relatively largn pre-
strrins. Large-strain yi~~ding, on the othar hand, is controlled by taxturc
●ftar moderato prestrains (at least to y - 0.5). After larger prsetrain~,
obtained by rolling, the ●xparimentc daviate from texture baaed predictions.
This 10 possibly the result of microatructural deformation mechaniama, for
●xample micro-shear bands, playing ● rola in the defamation process.

INTRODUCTION

Investigation of the yield ●nd flow bahavior of meLale have been typi-
cally made over very mall ranges of pr~etrain by individual rasaarchera. Most
yield locus measuromenta aro from ●nnealed muteri.alor matarial which has baen
subj-ct to only small preatrain) tvpically : 0.10. Strass stat. ●ffectc on
flow behavior hava bean Invemtigatod by many authora from yield until ●ample
instability, ganarally at ●tralnc < 0.40, a:ldother ●ciantists have studied the
behavior of matarials to vary lar~e ●trains. Ganeraily, tn these caoao, the
initial yiald bahavior is not of conctrn. T’h intant of tnis papar was to

salsct one matarial~ 11OO ●luminum, ●nd ●ystcmatically study its behavior from
yield to large straina, > 1.0. The developn”nt of microstructure ●nd texture
●nd their ●ffocta on yield ●nd flow buhavior wcra of particular interast.

Researchers in tho field of ❑etal plasticity hav~ concentrated on tne
yield snd flow bshavior of metals for many ycara. Interostlngly, difficultiaa
in definition, for ●xample the definition of the yield point, which were
important in the paot, ara of current concarn ●a wail. Sore@ of the
●xparimental papera to deto hava defined yialding by a particular off-at from
proportional behavior ●nd hava concentrated on maanuring ‘Iury small offeat
yield loci ●.g., Williamo ●nd Svansoon [1970], Shiratori, Ikagamip Yoahida,
Kaneko, ●nd Koika [1976], Shiratori, Ikogami ●nd Yoshida [7.Q79] ?nd Oha#hi
[1982]. Phillips ●nd his coworkors have choean to use the “first deviation
from proportional bahavior” for their definition of yieldin~! Phillipo, Liu,
and Juatusaon [1972), Phillips ●nd Tang [19?2], Phillips, TanCp Ricciuti
[1974], ●nd Phillips and Lag [1979]. Thora la a closa relationship between the
r~aults from thoac mthodc ●m long ●g6 ● very Fmall offnat definition of

yieldin~ is umd, typically c x 20 x 10 . If ● lazstiroffmot strain la used
the variant- of ths rasults gm.ratad from thoso two tachniquan cm be
●bmtantial,



The ●ffectsof ● proportionalprmtrossin$ on the mubmquent yield 10CUS
baa been Invostisat.dquit. thoroughlyby t~~ ●uthors cit.dt fi~y have found
that ● mall-strain yiald locus (C < 20 A 10 ) trmmlatos in the direction of
th praOtraom,oftm to the sxtmt that tho origin no longm liac within the
~asurad locus. In ●ddition ta the translationthere is alao ●n ●xpmmion and
dlmtortion. A roundad aooe form in the direction of the prcstre-c while
oppoaitathe preotmm the locus flattena. The Canorally obsemed distort$.on
(change in ~hwa) of the vld 10CUS cannot be daacribed only by the convcn-
tiorml concopts of Iootropic●nd kinematic hardening.

Thtse Investigations have been conductadat pr~strosteowhich results in
strains generally less than 0.06. Rw might larger prostrains, one- which
davelop ● prafarrcd textura, ●ffact subsequent yield behavior? hnd, would
there be ● large difference botwem ● ~$eld locus ciafinodby ● small offset
from proportionalifg, (Oay c < 20 x 10 ) and that dofinadby ● larga offset
(say c ~ 2000 x 10 , Althoff ●nd Wincierz [1972] hava measurad the yield loci
of heavily textured ●luminum-end copper :#bem using a l-~ge offmat retrain
definition of ylald (500 x 10 , 1000 x 10 ●nd 2000 x 10 ), They compared
those meamrmenta to predictions made ●amtming ●n id-al texture using
crystallographic considerations of both Schmid, ●nd Bishop and Hill and found
good ●greamant. Theo ●xperiments were largely with ●nnealed samples, ones
which did not have a ctrongly developmd di~location substructure along with the
prafarred taxture. The ●ffects of dislocation aubstructura on the yield
behavior of tcxturod materials will be considered in the following.

Aftar very large amounts of plan. ●train defamation ●luminum develops
small, otianted shear bands wj.thin individual grains, in ●ddition to dislo-
cation substructures. Eatherly [1983], Halin ●nd Eathorly [1979], Lloyd,
Butryn, ●nd Ryvola [1982], Brown [1972] ●nd Rohr and Hackar [1981a] ●mong
othershava obsarwad thaae foaturos for ● variety of motal~ including ●luminum
●nd ●luminum ●lloyo. Tha most coumon manner of producing shear banda is to
roll shaet. Tlm sh~ar bands ara planar featuras which contain to tho axio of
zaro retrain●nd lie ●t ●n ●ngle of 25” to 35” to tha plane of the rolled ●h*et.
For a high htacking-fault FCC material tiuchas ●luminum the shedr bands begin
to appaar at ● von Micas ●quivalent strnin of approximately 0.6. Uhilo micro-
structural foaturas such ●s ●hoar bands have baen obsomad ●nd studied using
matallographic ●nd ●loctron microscopy tschniquas ●nd thmir origins conaiderad
thaorotically in a ractnt collection of papars by Hutchineon [1984], little ham
bosn done to qumntify thair possible effects on yield ●nd flow bahavior of
material-. This will ba the finalpoint wa will consider.

EXPERIMENTAL PROCEDURES

~s cxparimantal material uoed in thim Investigation was 1100 (cmorcial
purity) ●lumimum which had betn ●nnealsd at 343°C for 1 hr. Yiald 10cua

●valuation was dons using tubing precision drawn to 13.41 m O.D., 10.85 un
I.D.. A raducad ●action, 6.35 m long was 8round into the tubing givins it ●

final O.D. in tha test section of 12.11 = ●nd ● wall thickna-s of 1.27 =.
Tha tubec ware tasted in combinations of tension and torcion uoing ● ~S
s~~o-controll~d hydraulic ●achina dascribod previoualy~ (Stouts Hockor, ●nd
Bourcior [1983]), To prwmt bucklinu in tormion ● ❑olybdenum diaulfide
lubricated mandral was insortod in tha tubing. Tha mandral wao undtrcut in the



rogicm of the mducad section laaviug thim region frae of constraint. Two
lovols of toroional prsotrain war~ used y = 0.02 ●nd -g -0.50. We ●loctod to
uoe ● emall von ?lioae●quivalent ●train (5 x 10 ) offoat definition of
yieldingto ●valuatetha yield locus of the startingmaterial●nd tho material
●ftm cmall prestraino. With thio d~finitionit was possible to um ● sin~lo
.empla for our 10CU-g determination. In any ●ingle probe we did not ●xcaoA m
Off@et of 20 x 10 . In thg cace of the large prestrainv. found it •ca~~
Pomaibleto usc a single●smplg. First ● yi~ld locus dafin~d by the 5 x 10
offsat was ●oaourcd ●id than on~ was dctcminad by s back ●xtrapolation
technique. To obtain rnufficiantlin~arity in tha strass-ctrainbehavior

-s”back ●xtrapolatcit was necesaa~ to raach offoot strains of about 5 x 10 .
This yitld Iocue is ●ssontially ● large offset str in locus consistentwith tha

-t●nginaoring definition of yialding (c = 2000 x 10 ).

B. Flow Behavior Aft@r Large Plan@-Strain Prcetrains

Semplaa of 1100 ●luminum shaatwere ●nnaalod ●t 343s for 1 hr. ●nd ●ubse-
quantly rollad to von Hi@es ●quivalent strain- of 0.5, 1.0, 1.5, ●nd 2.0.
Followingrollinuthey ware tostod in plane--train compression using the knife
●dge technique of Watt- ●nd ?ord [1955]. The knifa ●dge compassion was
conducted two way.: the first such that the strain state remainadth~ same ●s
during rolling, (transverse)and tha ●acond with tha direction of zero strain
rotatad 90”(longitudinal). The latter produces ● path change ●xperiment
●n810goua to cross rolling. A molybdenum disulfide lubricant was used for
these ●xperimanta which employed ● standard screw driven Inatron testing
machine, compression load call ●nd utilized ● strain gage ●xtonsomoter batveen
tha knife ●dges to measura straine.

EXPERIMENTAL RESULTS

A. Yield Loci After Small Prastraino

The initial yield loci ●nd those we havu measura; after small tensi ● and
torsionalprestrains●re shown in Figuro 1. Thece ●re based on ● 5 x 10-i

#3T I(MM

Fig. (1) - Haasured yield locii A. Initial yield locus.
n. Yie?.d locus●fter ● tensllaprastrainof c - 0.02.
c. Yield locusafter torcionprestrainof y = 0.02.



von MIsom ●quivalentoffsot criterion●nd •r~ conaiotmt with previouc●xPari-
wntal remlte. After ● proatraintho subsaquantyl,ld locus distorts,treno-
lotos ●nd cxpando. A roundod nom forma in the diraction of the proctress
ubile in tho opposite dirsction the 10CUB flattmc. Tha locuo tran~lato~In
the directionof the preotress●nd for 1100 ●luminum after torsion doob not
oncoapassthe origin. Finally,there i- c gancral●xpansion. It can be saen
that naither claooic kinamaticor iootropichardsning●dquately describe our
obacrvations.

Figure 2 shows two yiald loci which vera obtainod●fter ● torsion ●nd
rcverao torsion praloading. Locuc B follovo ● completo load reversal. It 10,
to within ●xperimmtal ●rror, ●quivalent to the locus following a ●imple
torsional prestlain.

-(”’0)
l----kW’Ill flt

ac o
-u

Fig. (2) - lleasurodyield loci showingthe affoctoof torsion+
ravcrsatorsion. A. yield 10CU8 ●fter a torsion pra-
●train of Y - 0.02. B. yield locus after a zomplete
tormion load rovaroal.

Figure 2 is for ● complct~ load ravarsal. In ●ddition w. have don. ● partial
torsional load rcvarsd, one which producad only ● alight plastic retrain
rovarcal ●fter tho initial torsional preload. For the atraas path ●nd result-
ing strain path ●hovn in Figure 3 ●n ●lm)st ●lliptical yield locus rasults.
What is ●spatially Intarasting is how ql~icklytho yield locus changes ●hapa
with vary littleplasticstrain. Altar ●n initial pz~otrain of Y = 0.031 a
rsvar-o plastic @train of only Y = 0.005 barncomplatoly ●liminatod tha roundod
nom producad hy th~ fir-t pr@st:@ssls~ ●nd is baginnlngLO “round out” tha
locus in tha diractionof currantstrosoing.

T811obsorvationrnof Rohr ●nd Wckcr [1981b]●nd !1984]from 1100 ●luminum
●nnaalod ●t 343°C for 1 hr. ●nd ●trainedin ~onmionto c = 0.05 ohow rcgiono
havins ● voll dcvslopadcall structura. In ●ddition,thoca ●rc ●roaa which ●ra
practicallydislocationfraa. In ●ll casas vhsro dialocationo●xiot ttiry•r~
●rran8tdin CQ1lS,tha c611walls ●rt diffuma ●ntiindividualdielocationacan
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Fig. (3)-A comparison of the yield 10CUO after a toroional
preetrass A. With that r~sulting from ● slight reverse
torsion preatress B.

often be resolved. Figure 4a ●nd 4b ●rc typical micrographe of the C!OW1OP1U8

cell structure (4a) ●nd dislocation free zones (4b). We feel that these
micrographu ●ccurately ropras~nt tha structural which produce the small
prtstrain yield loci diacuaa~d ●bov~.

(a) (b)

,l~-m,

Fig. (4)- TEM micrographs of 1100 aluminum ●nngalod at 343°C for 1
hr. ●nd ●ubs~quently strain~d to c - 0.05; (a) bright
fisld of davaloping ctll otructuro (b) bright fiald of ●

●tructuro froa roaion.



B. Yield Loci After tmrse Preotrelm

Both the ●all offset●nd back ●xtrapolc.cdyield 10cI,●fter ● torsional
preetmin of y - 0.50, ●re ●knm in Figure 5. Also drawn IS the

&T (MW

TORSION PRE@AD

-120 -00 -40 40&o

vw MIS2S
YKLD fUNCTION—

0

-120 +

Fig. (5) - The small offset and back extrapolatedyield loci after
a torsionalpraatrainto y - 0.5. The von MLses yield
function is drawn for comparison.

von Bliscs yield locus to reference the back extrapolatedyield points. We
observe ● continued expansion and translation of the small offset yield locus

/37 (MPO)
120 BACK EXTRAPOLATED

TOR910N PREWD

LL
m<“

24S

\

VON MISES \

I
-120+

Fig. (6) - A compassionof the yield locus,based on crystallography,
●fter ● torsionalstrain of y ~ 0.5 compared to the
von Mises yield function. The squarealocate●xperimental
mesurments.



●nd the diotortlon is of the same type ● . that ●fter very small strains. A@n
● round-dnose fotme An the direction of the pramrem while in the opposite
dlrectlon the eurface flattms. The back ●xtrapolated Iacurn (larSe offa~t
strains) is quite different ●nd approximatesthe von Hlses yield function.
Eowever lt too is ●lightly distorted. A ●lisht Bauochinger●ffsct lt obaervcd,
but more importantlythe yield pointsh-e ●xpandedoutward in the directionof
●xial stressspast that predictedby von Mlses.

Figure 6 shows the theorwtlcal polycrystal slip yield 10CUS for ●

Corsionalprestrain of y - 0.5. The calculationsassume a random Initial
texture●nd use a sampling of S00 Sraina. The grains ● :e permittedto deform
in the relaxed constraints manner of Kocks and Cmova [1981] producing ●

slightlypreferredorientation. The subsequentyield locus is determinedfrom
this calculated texture. It can be seen that the back ●xtrapolation
experimentalpoints closelymatch the predictionsof the texturemodel.

At larger prestrains the microstructure has continued to develop. The
cell walls hsve sharpened ●nd a slight mlsorientation of % 2° ,}xists between
individualcells. Although dynamic recovery processes have begun the cells
have not yet become subsrains in the classic sense aa there is stzll
appreciablethickness to the cell walls. A typical microstructure,aftar a
uniaxial tensile strain of 0.31 is ehown in Figure 7. On the basis of von
14iseseffectivestrain this correspondscloselyto y = 0.5.

Fig. (7) - Dislocationsubstructureafter a unlaxialtensilestrain
of 0.31.

c. Flow Behaviorof RolledSheet

Figure 8 ~ontsinsthe resultsof the plane-straincompressionon rollad
sheet. The data was reduced in terms of Taylor factors calculated from the
relaxedconstraintscrystallographic●nalysis for tensions rollins, and rollin6
followed by cross-rolling. Wa asmmed a ~uniqu~ ●icroscopic hardening law
ind~pendant ~f stress state,representedby T and r~ which can be averagedovor
all grains.T ●nd ~ definedby the followingrelationships:



and

uhore: The bar denotes●s averageover ●ll graino,~ 18 the Taylor factor for
a particulargrain, g, F! is the ●verage Taylor fa&or, # is the critical
recolvedshear●trees for slip and y= 10 the ●ccelated dfear ctrain on each
●ctivated slip system. The axial streoa ●nd ●train ●re related to the
●icroscopiclaw throughthe ●verage Tayior factor for uniaxialtension:

●nd

dE .

Similarly,

~ac

for plane-straincompreeaion(psc)

%
-n T

pac

combining the equationsin terms of ;- and ~ we can write the following ex-
pressions for crysfqllographic (cry) stress and strain:

cry -
a (Wiipsc)?=

decry - (tipec/fi)dtpsc.

AS seen in Figure 8 a wide spread txiete betweenthe data from the knife ●dge
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Fig. (8)-
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Knife●dgo compreaeionon rollod 11OO●luminumsheet.
Data ia normalizedto uniaxialtensionusing Taylor
factorscalculatedby relaxadconstraints.



coqmesoion ●xperimentswith the ●ame strain state as the rolling premtrain
(transverse)●nd thoce vith s path change le. croao-rolling (longitudinal).
This differenceincremes with initialrollingprestrain.Interestin@ywhen the
daia i~ compared using the von Xioem yield function ●a m ●ffect:ve
mtress-straincriterlon~Figure 9S ●greement is =uch better. Th16 18 ●xactly
the oppositeof what we found●fter ● m=:lcr prestrainIn torsionof y - 0.5.

At von Mists ●quivalentstrainsabove 0.5 aluminumshowsmany interesting
microstructuralfeaturesafter rolllng. On a microscopicscale grains become
●longatedmd flattened. When a longitudinalsection {thenormal to this plane
is aligned with the rolls) Is viewed the grains develop “waves” around in-
clusions. Figure 10a an optical micrograph of sheet rolled ta a von Blises
strainof 1.5 illustrate this. Upon examinationnear these wave~ by TEM one
observes shear bands running across the individualgraina, Figure 10b. me
●violenceof shear bands initiallytake~ the form of subgrainsInclinedto the

IIOOAI ROUING+ PLANE WMIN COM~SION
300 ‘

- *~PlJML~N(NO_cM9E) ‘7

i

200

...

100

I I
0 050 19 Is en 25 S.o

VoNm22s2TRAIN

Fig. (9)- Knife ●dge compression on rolled 1100 aluminum sheet.
Data is reduced using the von Mises yield function as an
effactive stress-strain criterion.

‘\..

rolling direction. They do not extend %eyond ‘uingle grains, and do not become
catastrophic;this was also obsemed by Rohr ant’.=Hecker[1981a].

DISCUSS1ON OF RESULTS i
\

A. Effect of Presrressing Diraction
..

The effact of the stress probe directionon the smell offsetyield locus
la profound. There is a flattening of the “back” of the 10CUS and the
formationof a rourdednose in the directionof the prestressing. In eddition
the entirelocus translatesin tunedirectionof the prestressing. The observed
dislocation cell structure is consistentwith theee ●ffects. Due to tha
diffuse ●tructura of the ●ll boundary the material hae a knowladge of the
diraction its past history. Centinued deformation in ● fomard direction y
forcaa dislocations into the cell walls, while in the raverse direction



diolocatlorm move ●asly into tho open ●rea-. Thu8 pla~ticdeformationin the
rovorse direction is quite ●asy. Thit reoults in tha yi Ld 10CUO distortion
●nd t-malstion. km the reverse torcion ●xparimento we found that the
diototcion of the yield 10CUO changoa very quickly with mall mounts of
roverm plastic ctrsin. The cell structure in this case must be very quickly
●ltarsd to match the sign of dofornation. It ●ppear- that the shape ●nd
pooition of the mall offset ●train yield locus 18 ● function principally of
dislocation eubotructure.

Prestrcssing direction hau klmo
yield 10CUC. Large-offset yielding shc

_w-=2+.. — ,

(a) (b;

Fig. (10)- (a) optical and (b) T~ micrographs of 1100 aluminum #h*et
rolled to ● von 14iaaostrain of 1.0, Figure 10b illustrates
the presence of microscopic shear bands.

for ●ll practical purposas tha yield locus does not ●xhibit any translation.
Rather, thio 10CUO simply ●xpands with prestreo~ing ●nd distorts from von MISQS
behavior in ●ccordance with the developing texture. The ●ffect of prcstraseing
direction is thus only in teme the prafarred orientation of grains which it
develops, ie. differant atatca of preatressing produce differant taxturea.

B. Effactof the Magnitude of Prastrain

While tha dire~tion of prestreseing had a vary large ●ffect on the ●all
offoet yield locus the magnituda of the praotrain had littl~ ●ffact.
Qualitatively the eietortion ●nd translation of tileyield 10CUS wera the same
for both prestrains, y _ 0.02 ●d y - 0.50. There war simply a scaling
difference. In other words, the ●ntire picture ●nlargad with greater
ptestrain. This yield behavior correlate. to our microstructural ob-onationa.
At tha larga torsional prestrmin, y _ 0.5, dynamic racovary has not progress~d

to the point that the CO1lS have completely bccom~ subgreins. Thare 18 ●:111 ●

finito thickness to tha cell bounderieo which ●nablao tho oubstructura to
recognise the direction of dafomation. Although ●n incrmamad miaoricntation



of % 2° ●xists between the cello/subSxaMs this ha6 not changed the yield
bahavior.

We have found that the back ●xtrapolated yield behavior 10 ●tron@y
influencedby the amountof prestrain. i“nisic the direct ●ffect of textur~.
As th.! magnitudeof prectrainincreaaesthe 8aterial develop~ ● continuously
sharpeningtexturewhich remits in deviationsof the large offset yield locus
from purely ioctropicbehavior. The influenceof texture is ●lways present.
However, it does not tell the entire story. After von Miaes ●quivalent pre-
●trains ●t ●nd ●bove 0.5t in rollins,we found a discrepancybetween experimen-
tal plane-straincompressiondata ●nd polycryetalslip theory. If the theory
were ●ccurate the longitudinal●nd tranovtroeplane-straincompressionwould
have fallenon singlecume. Wa attributethis diocrapcncyto the formationof

micro shear-bandsin rolling, speculatingthat the shear banda account for a
substantialamount of plastic strain. The shear bands form with ● specific
orientationfavorableto continuedplane-strai~ideformationin the same mode ●s
the rolling prestrain. They ●re totally inactivefor ● “cross-rolling”plane
strain making deformationdifficult and producinga higher yield @tress than
predictedcrystallographically.We believe tha: the success of the von Hises
model to describethe data is fortuitous. The ●ffects of taxture ●nd micro-
structure (shear bands), neither or which 16 accounted for, ●ppear to cancel
one another evenly.

sulmARY .

We have found that there are several regimes of yield and flow behavior
for 1100 aluminum. At strain levels below thosew ich form shear bands, small-
scal~ yiald bahavior,

-k
as reflectedby a 5 x 10 offset yield criterion, 16

governed by the developing dlslocacion cell substructure. The yiald locus is
distorted and translated in tha direct~on of the applied streou. This ie
because the call structure “knows”the directionalhistory cf deformation. If a
?arge Offeet yield criterion is used to evaluece behavior the yield 10CUS IS

quite different. It is distorted very little ●nd ●aaentiallyd~ea not trane-
late. What distortions occur match thoee predicted by a ta>”ture based
polycrystal plasticity theory. In short, large scale yieldlng .’a only a
function of texturenot microstructure.

After grain scale shear banda form, (at a von Uiees effective strain of
% 0.5 for aluminum in rolling)g texture ●lone no longer controls large ~ffaet
retrainyieldj.ng. These ehear bande, which poeeibly form due to the developing
texture ●nd relaxedconstraintson deformation,have ● specific orientation,
whirh producee●nieotropiesin plaeticflow Independe:-tof texture.
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