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ABSTRACT

Ductile damage plays a significant role in almost all metal forming processeh widuce reasonably
large strains. In some cases, like e.g. cutting, this phenomenon is usedemtorachieve a prod-
uct shape; but in most cases the goal is to avoid damage as much as pdisbildebeen reported
that the ductile failure process in polycrystalline metals generally involvessfigtinitiation, porosity
growth/coalescence and localized deformation in various combinationsndept upon material type
and boundary conditions. The focus of this research is to properly Intieelenacroscopic material
response under different loading conditions without explicitly modeling altoncechanisms.

Mediavilla et al. [1] proposed a nonlocal triaxiality-dependent ductile dgmaodel for finite strain

plasticity. In this model damage affects both the elastic stiffness and the yies shrough a scalar
damage variable. Two dimensional crack propagation was also implemeimgdhesabove mentioned
model in a way that damage grows and when it reaches a critical valuelaisrmserted; the crack
subsequently propagates according to the damage field in front of ttletigrd2].

Figure 1: Damage distribution in one eighth of a cylindrical sample.



The implementation presented in [1] is essentially two-dimensional. In the presetribution we
discuss steps taken to extend the implementation to three dimensions. Whergaaspegts of the
modelling and implementation can remain unchanged, this extension requires jovanewa develop-
ments.

The first is the development of reliable three-dimensional elements for ti@etbdamage-plasticity
model which do not show locking or instabilities. Figure 1 shows a resultradaising brick elements
which are akin to the quadrilateral elements used by Mediavilla [1]. Thedighows the predicted
damage distribution in a tensile bar of which only one eighth has been modeiteptiis appropriate
symmetry conditions. To allow the use of automatic (re-)meshing complex sheibese dimensions,
however, it is necessary to have a reliable tetrahedral element; in trenpoemtribution we develop
such an element.

A second necessary development is the extension of the crack growattittaig to complex, three-
dimensional evolving geometries. As a starting point an algorithm has bestoded for a small
deformation, three-dimensional damage-driven crack modelling (Figut&2 in the two-dimensional
framework, [2] the damage field in front of the crack is used to determinditbetion of crack growth.

Both aspects of the extension to three dimension will be illustrated by numexaalptes.
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Figure 2: Three dimensional damage-driven crack propagation.
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