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1. Intr oduction

The aimof the studyis developmentand apreliminary validationof micromechanicaimodel
of large plasticdeformationsof polycrystallinematerialscharacterizedby high specificstrengthand
low ductility (eg. Mg alloysor intermetallics).Dueto lattice symmetrythe numberof slip systemsn
thesematerialsis limited. Disadwantageougffect of this facton ductility may be partially balanced
by the initiation of other mechanisnof plastic deformation- twinning. In modelling of twinning,
as comparedto modelling of crystallographicslip, one shouldaccountfor its polarizedcharacter
(uni-directionality)and appearancef new twin relatedorientationwithin the grain[1]. Nowadays
growing interestin hcp metalssuchas magnesiunor titanium alloys andintermetallicsresultedin
developmenbf modelsof crystalplasticityaccountingor twinning, e.g.[2—4]. In thepaperthesingle
grain modelproposedby Gambin(cf. [5]) reformulatedo incorporatetwinning is used.In orderto
accountfor appearancef twin relatedorientationsa nev reorientationschemegalled Probabilistic
Twin Volume Consisten{PTVC) scheme,s developed. Experimentsindicate couplingsbetween
evolutionof actiity of slipandtwin mechanisms. Thieardeningule describingslip-twin interactions
is proposedModel predictionswill beanalyzedor hcpmaterialsandintermetallics.

2. Model description

Twinning, similarly to slip, is realizedby simplesheayhowever, in this caseonly some volume
fractionof amatrix grainis sheare@nthespecified twin plan@ thespecified twirdirectionwith the
specifiecamountof sheary”. As aresultthetwinnedsub-grains formed.Contraryto slip mechanism
twin is unidirectional. The twinnedparthasdifferent,but specifiedattice orientationwith respecto
thematrix grain,thoughthelattice orientationin thematrix grainis alsounalteredcf. [1]. In orderto
accountfor twinning in the proposednodelwe follow the standardproceduregg. [2; 4]. Twinning
is describedas uni-directionalslip mode. The rate of pseudo-slipy” is connectedo the rate of
volumefraction /" of twinnedpartcreatecby thetwin systemr accordingto theformulas” = 47 f7.
Modelling of twinningin the context of texture evolution requirestakinginto accounthe appearance
of new twin-related orientationA nenw method,the PTVC schemewhich originatesin Van Houtte
reorientationconditionis developed.It takesinto accountthe history of the deformationprocessaand
maintains thevolumefraction of reorientedgrainsat a level thatis consistentith shearactiity of
twins contrikuting tothedeformation.Ontheotherhand,contraryto PredominanTwin Reorientation
schemecf. [3], thePTVCschemaloesnotrequiretheanalysisof thewholepolycrystallineaggrejate
andtheidentificationof ary additionalconstantor parameter$s].

Crystal plasticity with single yieldsurfacemodifiedin orderto incorporatetwinning is used,
cf. [5],[7]. Theevolution of slip andtwin actvity is capturedoy the hardeningrule. Following the
reasoning presented [3] thehardeninguleis proposedn theform (A, N - numberof slip andtwin
systemsrespectiely)
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andy? = 49 4 4a+M, Hardeningsub—matricesh,ﬁgm accountfor the mutualinteractionsof the defor

mationmechanismsf theslip-slip, slip-twin, twin-slip andtwin-twin types.Thesematriceshave the

form whichdistinguishebetweerthehardeninglueto slip or twinning on coplanaandnon-coplanar
systems.The functions H,, 5, describethe hardeningof r-th slip systemor r-th twin systemdueto

actvity of otherslip or othertwin systemsFor hardeningof the slip systemr dueto actiity of slip

systemgheVoce-typdaw with saturations prescribedn theform usedin [4]. This law accountgor

the athermalstatisticalstorageof moving dislocationsand dynamiaecovery. For the hardeningof

slip systemr dueto twin actiity thefollowing ruleis used

(3) Higy=hi \ 7" (f7\ (fit — 11))

that accountsfor geometricaleffects of twin boundariesn reducingmain free path distanceand
hit and fit, < 1 arethe materialparameters.The hardeningof twin systemdueto slip actiity is

neglectedor governedby the simplifiedlinearlaw while the hardeningof twin systemdueto activity

of twinning is assumedsimilarly asin (3). The correspondingparameterf!, < 1 enablesoneto

describethe saturationof the volume fraction of twins below one. In the modeltwinning andslip

in reorientedgrainsis moredifficult thanbeforereorientationor evenimpossible.Moreover, slip in

reorientedgrainsis severely restrictedo the planesthatarecoplanamwith the matrix-twin boundary

3. Results

The presentednodelwill be appliedto studythe materialresponseandtexture evolution for
hcpmaterialsand~-TiAl intermetallicsof equiaxed andamellarmicrostructure The performancef
thedevelopedreorientatiorschemewill be comparedo the existing approacheand aailableexper
imentalresults.It shouldbe notedthatboth, PTVC scheme andescriptionof slip-twin interactions
with use of thehardeningrule (1-2), may be appliedfor differentaveragingschemesgor polycrystal
as well asothermodelsof crystalplasticity, for exampletherate-dependemhodel.
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