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Introduction
Design of products andmetal forming operations requires re-
liable predictions of the manufacturability and the (residual)
product properties after forming.
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Figure 1Sheetmetal formingmay lead towanted and unwanted duc-
tile damage.

Objective
To develop amicrostructural model, that will capture the rele-
vant microscale damage mechanisms present in ductile met-
als.

Ductile damage
Ductile fracture in metals has been observed to result from
the nucleation, growth, and coalescence of voids. The mi-
crostructural features influencing the damage evolution are:

➤ Geometrical and multi-phase aspects

Grain size and shape

Second phase particle distribution

Different iron-phases

➤ Constitutive material behaviour

Crystal anisotropy of iron matrix

Damage due to secondary void populations

➤ Boundary interface descriptions

Particle/matrix-interface decohesion

Grain boundary failure

Method
The modelling will consist of 3D representative volume ele-
ment (RVE) containing a relatively small number of grains.
RVEs are developed under the assumption of a periodic
microstructure and separation of scales. The relevant mi-
crostructural features influencing the damage process will be
modelled explicitly.
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Figure 2 Scheme of a simulation of themicrostructural response cor-
responding to an experimentally relevant strain path, resulting in a
local stress-strain curve and a microstructural evolution.

Results
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Figure 3 Micrograph (a) and FE mesh of idealized geometry (b)
of aluminum microstructure showing grains containing several
Aluminium-Oxide particles. Contour plot of eq. von Mises stress
in a crossection (c) and homogenized stress-strain response (d) for
uniaxial tension of the RVE.

Outlook
The modelling will consist of 3D representative volume ele-
ments (RVE) containing a relatively small number of grains.
The microstructural features influencing the damage process
will be modelled explicitly.
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