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ABSTRACT: A coupledisotropicdamageandanisotropicplasticity modelis formulated
for finite deformations.A multiplicative decompositiorof the deformationgradientand
volumetric/deiatoric split of the elasticstretchingtensorseparatesomeof the different
deformationmechanismshata polycrystallinemetalunderhigh strainrateswould experi-
ence. Standardhermodynami@argumentsresultin constitutve equationsand constraints
on the evolution of the internal statevariables. Texture effects on plasticflow arerepre-
sentedn theinner productspaceof effective stressandstructuretensors.Associatedand
nonassociateahelasticflow rulesareformulatedand compared.Dislocationdrag effects
onflow stressareincluded.A semi-implicitnumericalintegrationof themodel's systenof
ordinarydifferentialequationg ODES)is carriedout for implementationin explicit finite
elemenitandfinite differencecodes.

INTRODUCTION: Polycrystallinemetalsthatundego high strainrates—possiblyear
ing the shockregime (10* 1/s)—experiencea complex combinationof deformationmech-
anisms,suchasthermally-actvateddislocationmotion, dislocationdrag, texture effects,
void nucleation,growth, and coalescencesmall deviatoric elasticstretching,potentially
large volumetricelasticstretching andlarge rotations.For simplicity, no highergradients
of deformationleadingto a systemof partial differential equations(PDESs)for the con-
stitutive modelareincluded. The damageand plasticity modeldescribedn this paperis
a phenomenologicadescriptionof the physicaldeformationmechanism®bsened at the
void anddislocationlengthscales.More complex constitutve modelsare presentlybeing
developedthatincludespatialgradientsof internalstatevariablesandfree surfacecreation
dueto crack propagationamongother deformationmechanism&nd materialprocesses
experiencedy polycrystallinemetalswithin high strainrateenvironments.Ultimately, the
intentis to implementtheseconstitutve modelswithin finite elementandfinite difference
codesto help engineerdetterdesignand understandlevices that would be subjectedo
extremeervironments.

PROCEDURE, RESULTS, AND DISCUSSIONS: Theformulationof themodelbegins
with a descriptionof the kinematics followed by thermodynamiconsiderationso place
constraintson the constitutve equationsand endswith constitutve assumptiongor the
Helmholtzfreeenegy andevolutionequationgor damageplasticityvariablesandinternal
statevariables.

Kinematics: The multiplicative decompositiorof the deformationgradientis shavn in



Fig M andwritten hereas[Davisonet al. 1977]
F = F°F'F*, F; = FSFLF? (1)
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Figurel. Multiplicative decompositiorof the deformationgradientF = @¢F°FYF?. Notethat
B andB areincompatibleconfigurationsThis will bediscussedn anothempaper

wheree standsfor elastic,d for damageand p for plastic. One of two possiblepolar
decomposition®f the elasticpart of the deformationgradientF is F¢ = V°R*, where
V¢ is anelasticstretchingtensorand R is anelasticproperorthogonatensorfBammann
andJohnsorl987]. Theelasticstretchingensomaybesplitinto volumetricanddeviatoric
partsas[Simo et al. 1985]

Ve=ev, e =y, vV = gve )
This decompositioryields det®® = J¢ anddetV" = 1. Sincedeviatoric elasticstrains
in metalsare small, the isochoricelasticstretchingtensorV* is linearized,whereasthe
volumetricelasticstretchingtensor®“ remainsfinite. This volumetric/deiatoric split is
appropriatefor modelingmetalsthat experiencestrain rateswithin the shockregime (>

10* 1/s), where pressureand volumetric elasticdeformationcan be large for an initially
undamagednetal(¢ ~ 0). Themultiplicative decompositiorthenbecomes
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whereF" = V°R®. Assuminga statisticallyrandom(i.e., isotropic)distribution of spher

ical voids,Davisonet al. (1977)chosethe damagepartof the deformationgradientto be
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whereg is thevoid ratio. Thevelocity gradientin the currentconfigurationtakestheform

F¢ =
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Theevolution equationfor plasticdeformationF” thenbecomes:

c’L =D +w (6)
where D" andW" aredefinedconstitutively, andC” = F*"F". Defining S asthe sec-
ond Piola-Kirchhof stressn the B intermediateconfiguration|t is mappedo the current

configurationby thefollowing equation
(7)

whereo is the Cauchystress.It becomesapparenthat 5 is the properintermediatecon-
figurationin which to formulatethe thermodynamicanddefinethe constitutve model.

Thermodynamics. As a result of standardthermodynamicarguments[Colemanand
Gurtin 1967], the Clausius-Duheninequality constitutive equationsand definitionsfor
the strain-like internal statevariablesarewritten in 3. Whatremainsis to make constitu-
tive assumption®n the Helmholtz free enegy w and evolution equationdor the plastic
variablesD"” andW", damages, andstrain-like internal-statevariables:,, and3.

Constitutive Model: Sincedeviatoric elasticstrainsareassumedo be smallandvolumet-
ric elasticstrainscould be large, a quadraticform of the Helmholtzfree enegy is chosen
for thedeviatoricvariables.Theevolutionequationgor D" andW” accounfor thermally-
activateddislocationmotion, dislocationdragat high strainrates,andtexture effects. The
evolution equationfor ¢ accountdor void growth. The evolution equationdor ¢, and,@
accountfor thegeneratiorandannihilationof dislocations.

CONCLUSIONS: A finite deformationcoupledisotropicdamageandanisotropiglastic-
ity modelwasbriefly described Furthermodeldetails,its numericalimplementationand
numericalexampleswill bediscussedn thefull lengthpaper
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