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STRENGTH ACCOUNTING FOR SLIP-TWIN INTERA CTIONS

K. Kowalczyk-Gajewska
Instituteof FundamentalTechnological Research, Warsaw, Poland

1. Intr oduction

The aimof the studyis developmentand apreliminaryvalidationof micromechanicalmodel
of largeplasticdeformationsof polycrystallinematerialscharacterizedby high specificstrengthand
low ductility (eg. Mg alloysor intermetallics).Dueto latticesymmetrythenumberof slip systemsin
thesematerialsis limited. Disadvantageouseffect of this facton ductility maybepartially balanced
by the initiation of othermechanismof plasticdeformation- twinning. In modellingof twinning,
as comparedto modelling of crystallographicslip, one shouldaccountfor its polarizedcharacter
(uni-directionality)andappearanceof new twin relatedorientationwithin the grain [1]. Nowadays
growing interestin hcp metalssuchasmagnesiumor titanium alloys andintermetallicsresultedin
developmentof modelsof crystalplasticityaccountingfor twinning,e.g.[2–4]. In thepaperthesingle
grainmodelproposedby Gambin(cf. [5]) reformulatedto incorporatetwinning is used.In orderto
accountfor appearanceof twin relatedorientationsa new reorientationscheme,calledProbabilistic
Twin Volume Consistent(PTVC) scheme,is developed. Experimentsindicatecouplingsbetween
evolutionof activity of slipandtwin mechanisms. Thehardeningruledescribingslip-twin interactions
is proposed.Modelpredictionswill beanalyzedfor hcpmaterialsandintermetallics.

2. Model description

Twinning,similarly to slip, is realizedby simpleshear, however, in thiscaseonly some volume
fractionof amatrixgrainis shearedonthespecified twin planein thespecified twindirectionwith the
specifiedamountof shearγT . As aresultthetwinnedsub-grainis formed.Contrarytoslip mechanism
twin is unidirectional.Thetwinnedparthasdifferent,but specifiedlatticeorientationwith respectto
thematrix grain,thoughthelatticeorientationin thematrixgrainis alsounaltered,cf. [1]. In orderto
accountfor twinning in theproposedmodelwe follow thestandardprocedure,eg. [2; 4]. Twinning
is describedas uni-directionalslip mode. The rate of pseudo-slipγ̇r is connectedto the rate of
volumefraction ḟ r of twinnedpartcreatedby thetwin systemr accordingto theformula γ̇r = γT ḟ r.
Modellingof twinning in thecontext of textureevolution requirestakinginto accounttheappearance
of new twin-related orientation.A new method,thePTVC scheme,which originatesin VanHoutte
reorientationconditionis developed.It takesinto accountthehistoryof thedeformationprocessand
maintains thevolumefraction of reorientedgrainsat a level that is consistentwith shearactivity of
twinscontributing tothedeformation.Ontheotherhand,contraryto PredominantTwin Reorientation
scheme,cf. [3], thePTVCschemedoesnotrequiretheanalysisof thewholepolycrystallineaggregate
andtheidentificationof any additionalconstantsor parameters[6].

Crystalplasticity with single yieldsurfacemodifiedin order to incorporatetwinning is used,
cf. [5],[7]. Theevolution of slip andtwin activity is capturedby thehardeningrule. Following the
reasoning presentedin [3] thehardeningrule is proposedin theform (M , N - numberof slip andtwin
systems,respectively)
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rq
accountfor themutualinteractionsof thedefor-

mationmechanismsof theslip-slip,slip-twin, twin-slip andtwin-twin types.Thesematriceshave the
form whichdistinguishesbetweenthehardeningdueto slip or twinningoncoplanarandnon-coplanar
systems.The functionsHr

(αβ)
describethehardeningof r-th slip systemor r-th twin systemdueto

activity of otherslip or othertwin systems.For hardeningof theslip systemr dueto activity of slip
systemstheVoce-typelaw with saturationis prescribedin theform usedin [4]. This law accountsfor
the athermalstatisticalstorageof moving dislocationsand dynamicrecovery. For the hardeningof
slip systemr dueto twin activity thefollowing rule is used
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that accountsfor geometricaleffects of twin boundariesin reducingmain free path distanceand
hst

0
andf st

sat
≤ 1 arethe materialparameters.The hardeningof twin systemdueto slip activity is

neglectedor governedby thesimplifiedlinearlaw while thehardeningof twin systemdueto activity
of twinning is assumedsimilarly as in (3). The correspondingparameterf tt

sat
< 1 enablesoneto

describethe saturationof the volumefraction of twins below one. In the model twinning andslip
in reorientedgrainsis moredifficult thanbeforereorientationor even impossible.Moreover, slip in
reorientedgrainsis severely restrictedto theplanesthatarecoplanarwith thematrix-twin boundary.

3. Results

The presentedmodelwill be appliedto studythe materialresponseandtexture evolution for
hcpmaterialsandγ-TiAl intermetallicsof equiaxed andlamellarmicrostructure.Theperformanceof
thedevelopedreorientationschemewill becomparedto theexisting approachesand availableexper-
imentalresults.It shouldbenotedthatboth,PTVC scheme anddescriptionof slip-twin interactions
with use of thehardeningrule (1-2), maybeappliedfor differentaveragingschemesfor polycrystal
as well asothermodelsof crystalplasticity, for exampletherate-dependentmodel.
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