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3 Laboratoire de Miroméanique et d�Intégrité des Strutures(MIST),IRSN-CNRS-Montpellier 2 University, Frane.Key words: Digital Image Correlation (DIC), Polyrystalline materials, Intergranularraking, Numerial validating.Abstrat. The aim of this paper is to validate a novel DIC method whih allows toapture kinemati �elds of potentially raked polyrystalline aggregates. A key featureof the method introdued is that intergranular and intragranular e�ets an be onsideredexpliitly in the data proessing. In this paper, we mainly fous on the validation proe-dure, whih was performed on numerial examples assoiated to raked polyrystallineaggregates.1 IntrodutionSurfae displaement �eld measurements of materials subjeted to various loadings(e.g. mehanial loading or thermal loading) are an important task for experimentalistsonduting researh in the �eld of solid mehanis. Aside from the widely used straingauge tehnique, various full-�eld non-ontat optial monitoring methods [1℄, inludingboth interferometri tehniques and non-interferometri tehniques, have been developedand applied for this purpose.In reent years, we have witnessed an inreasing number of spetaular developmentsin optial full-�eld measurement tehniques [2℄. The interferometri tehniques involvedeliate proedures whih are not always suited for experiments in onventional testinglaboratories. Conversely, the Digital Image Correlation (DIC) method widely onsideredas a representative non-interferometri optial tehnique, has been widely aepted andommonly used as a powerful and �exible tool for the surfai strain measurement in the�eld of experimental solid mehanis [3, 4, 5℄.1



L. Li, F. Latourte, J.-M. Muraiole, L. Waltz, L. Sabatier and B. WattrisseCrystal plastiity is usually used as the onstitutive model to desribe the responseof rystal grains. The objetive of single rystal plastiity is to introdue knowledgeof disloation theory into plastiity of a ontinuum of solids [6℄. In material siene,rystal plastiity is now lassially used to desribe the single rystal mehanial responseinvolving its slip system ativity. One major interest of miromehanis of heterogeneouspolyrystalline materials is to aess loal mehanial �elds in a given mirostrutureassoiated to surfai strain �elds that an be measured [7, 8, 9℄, in order to ontributeto a better understanding of the mirostruture dependene of yield behaviour during themehanial loading at granular sales, and to assess loal stress �elds in view of developingphysially based damage models.In this paper, a new method is proposed to perform the loal strain �eld measurementsrelying on DIC algorithms, with a spei� treatment of intergranular and intragranulardisontinuities. The objetive of this paper is to present and to validate this novel pro-essing method, whih allows us heneforth to evaluate the material behaviour at both amiro and maro sales.2 Numerial Validation2.1 Numerial example generationIn order to validate the proposed methodology on heterogeneous strain �elds, it washosen to use omputer-generated spekle raked images assoiated to a ompletelyknown strain �eld.The strain �eld was obtained by diret rystal plastiity Finite Element (FE) analysisfor a given rystal plastiity law [10℄ and for a given set of boundary onditions and grainorientations. For this numerial study, a realisti aggregates of 50 grains was generatedby using a lassial Voronoï tessellation, the hosen material behaviour obeys to theMéri-Cailletaud model, desribed in [10℄. The simulation of experimental tensile testwas performed using the �nite element pakage Aster with a mesh of 11300 quadratitriangular elements in a bi-dimensional framework under a plane strain assumption [11℄.The aim of this FE omputation is to provide realisti kinemati �elds assoiatedto equilibrated stress �elds. Afterwords, the simulated displaement �eld was then in-trodued in the virtual image generation proedure, as desribed in [4℄, to mimi theaquisition of the series of spekle images by a digital visible amera. It was hosen notto introdue any image distortion in the syntheti images.2.2 Spatial disretization of the syntheti imageIn order to determine preisely the loal strain �eld, partiular are should be givenon the meshing. With a known mirostruture (Figure 1a), where the rak is indiatedusing a yan olor line, the spatial disretization is performed using an unstrutured meshin order to represent the grain boundaries of the material (Figure 1b).In this unstrutured mesh (Figure 1b), the smallest mesh unit is alled "element",2
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1100 (b) Unstrutured meshFigure 1: Mirostruture with unstrutured mesh. Initial rak is indiated using a yanline.whih is the equivalent of the Correlation Zone (CZ) for lassial DIC tehnique. Eahelement is onstituted by a set of pixels within a polygon. The elements' boundaries aredetermined aurately and retained in order to apply spei� adjaeny ondition withother elements. Knowing the grain boundaries for the material, with this mirostruturaldisretization method, no element belongs to more than one grain. Therefore, this is asuitable omputational mesh for dealing with disrete struture problem (polyrystallinemetalli materials, et.).3 Numerial ResultsOne the omputational mesh is obtained, we introdue the di�erent kinemati onti-nuity onstraints in order to desribe the mehanial features of material at the di�erentphysial sale.The �rst solution is to impose no ontinuity onstraints at all between elements (seeFigure 2b, where the displaement �eld is ontinuous only inside element). The seondpossibility is to impose normal and tangential ontinuity on the boundaries of all elementsbelonging to a given grain. The displaement �eld is thus ontinuous within eah grain butpossibly disontinuous between two adjaent grains (see Figure 2). The third possibilityproposed here is to enfore the normal and tangential ontinuity of the displaement �eldat the boundaries of all elements, exept the ones orresponding to the rak (see Figure2d).Figure 2 shows the equivalent strain �eld maps in the Von Mises sense for the rakedpolyrystalline aggregates.The Finite-Element referene omputations whih are performed with the raked ag-gregate up to 2% marosopi strain is represented in Figure 2a. And Figure 2b, 2, and3
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(b) Intra-element ontinuity
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(d) Inter-granular ontinuityFigure 2: Equivalent Von Mises strain �elds for the raked polyrystal aggregates
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L. Li, F. Latourte, J.-M. Muraiole, L. Waltz, L. Sabatier and B. Wattrisse2d show equivalent Von Mises strain �elds obtained with the method introdued with thethree di�erent ontinuity levels. In the DIC omputation, the kinemati shape funtionis bi-linear. The mesh is made of 1513 elements distributed in the 50 grains.The less onstrained situation orresponds to no ontinuity ondition exept inside eahelement (Figure 2b), whih orresponds to lassial loal DIC approahes [4, 12℄, and thedisplaement �elds are desribed by 1513×4×2 = 12104 Degrees Of Freedom (DOFs). Inthis irumstane, the omputation is suitable for desribing the intragranular behaviourof the polyrystalline aggregates, but it is very sensible to the noise (the noise sensitivityis not disussed in the present paper).The most onstrained situation is assoiated with the intergranular ontinuity, whih isvery similar to the global DIC approahes proposed in [5, 13℄, exept that the ontinuityof the displaement �eld is enfored in the real spae and not in the isoparametri spaeof the referene element. This leads to muh onstrained displaement �elds ompared tothe above mentioned global approahes. For our study, the kinemati �elds are desribedusing only 170 DOFs. Figure 2d shows that this set is too small to represent auratelythe displaement �elds. In this ase, the ontinuity onditions should be restrained inorder to improve the auray of the measurements.The intermediate situation onsists of intragranular ontinuity (Figure 2) whih orre-sponds to 1372 DOFs. It is thus more robust with respet to image noise. This situationis partiularly suited to desribe intragranular strain heterogeneities and intergranulardisontinuities (suh as grain boundary slip).4 Conluding CommentsThe omparison of strain �elds alulated by DIC and obtained by FE simulationis onlusive to validate our methodology. Furthermore, this method will be validatednumerially on the noisy images before applying to experimental visible images olletedduring a tensile test on a polyrystalline aluminum sample, whih ould proess the full-�eld kinemati data grain per grain in order to establish the relationship between loalstrain �elds and mirostruture at grain sale.REFERENCES[1℄ PramodK. Rastogi. Priniples of holographi interferometry and spekle metrol-ogy. In PramodK. Rastogi, editor, Photomehanis, volume 77 of Topis in AppliedPhysis, pages 103�151. Springer Berlin Heidelberg, 2000.[2℄ MihaelA. Sutton, StephenR. MNeill, Je�reyD. Helm, and YuhJ. Chao. Advanesin two-dimensional and three-dimensional omputer vision. In PramodK. Rastogi,editor, Photomehanis, volume 77 of Topis in Applied Physis, pages 323�372.Springer Berlin Heidelberg, 2000.
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