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ABSTRACT

The design of metal products and forming operations is continuously chatdny demands for costs
reduction, environmental regulations, new design trends etc. This, cethbiith the increased utiliza-
tion of advanced materials, e.g. high-strength steels and aluminium alloyga®celiable predictions
of the manufacturability and (residual) product properties after formitgp in material separation
processes, such as cutting and blanking, the trajectory of proces®thdracks determines the quality
of the final product, and therefore need to better understood.

This work aims at further development of the physical understandingaifld damage and the capa-
bility to translate this understanding in predictive constitutive models. For thispstiactural mod-
elling cells of polycrystalline material are developed to capture the relewsmade mechanisms. The
damage evolution in the microstructure under a far field deformation is stugliethking use of ho-
mogenization techniques. Although the metal is a stochastic heterogeneouslntfzé in general is
not periodic, it can be modelled using a large enough statistically reprégentacrostructural cell.
This is true for general non-linear material behaviour including small miapsis. However, as soon as
the damage start percolating and the length of the linked up microvoids besamé#ant compared
to the dimensions of the microstructural cell, representativety of the micotstal cell is lost. The
requirement of the separation of scales is violated and the discontinuitiekl dfecome apparent at
the macroscale. Therefore, it is necessary to derive enhancedrscei¢ion relations, that do not only
involve the coarse scale deformation, but also the information about tHezédima or discontinuities.

Computational homogenization techniques based on microstructural eatadge volume elements
have contributed a lot in understanding the microstructural evolution afesdgeneous materials dur-
ing deformation. The classical homogenization techniques make use offgitiseribed displacement,
traction or both to obtain upper and lower bounds for the coarse scatétatime response of the het-
erogeneous material. In the strain driven framework the prescribethckspent boundary conditions
are most commonly used on the entire boundary of the microstructural caltd®dthe assumption



on full separation of scales, the classical homogenization techniquest diaflnence intrinsic length
relating the characteristic microstructural dimensions to coarse scale dimgnsiging the obtained
constitutive response for engineering scale calculations leads to mestivigrand for the case of
damaging materials to extreme localization into zero volume bands on the macroscale

In the last decade several techniques have been proposed that a@guliarize these issues by gradi-
ent and non-local techniques [1]. These techniques are basedroper pncorporation of additional
deformation measures into the kinematical macro-micro scale transition andlitrexydef a corre-
sponding stress measure. In spite of this enrichment these methods dévadhe problem of the loss
of representatively after percolation, because they still rely on the sepbgration.

Because the microstructural cell represents a finite material volume, ialsgedlenge arises when the
microcrack approaches or intersects the cell boundary. This prol@eonies especially apparent after
percolation. To circumbent this problem Belytschko [2] proposed to lo@dtbrnate the prescribed
displacement to tractions equal to the average traction on the remainingdrguHitis can be regarded
as a variation of a self-consistent approach, which should be solvathitdy.

To stay within a fully displacement prescribed boundary value problemikés chosen to relieve the
strong requirement of a zero averaged fluctuation field on the cell laoyrgtpically used in classical
computational homogenization. This makes it possible for microstructurdizatan bands to ap-
proach and intersect the cell boundary. The additional degreeanfdra of the average fluctuation field
on the microstructural cell boundary is related to on the macroscopic ergiais of the macrostruc-
tural first order continuum, to allow for localization development and in the limstahtinuities at the
macroscale.

The developed set of boundary conditions is applied to 3D unit cells totigaés the influence of the
position of second phase particles relative to a grain boundary on thegdamtation and develop-
ment. Different orientations of the grain boundary have been testedn@ted matrix is modelled with
local crystal plasticity and different grains are defined by differeystallographic orientations.
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