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ABSTRACT

Additive manufacturing enables to build nearly arbitrary parts in a layer-wise manner. Therefore,
metal powder is fused selectively by the energy of an electron beam. The latter is guided by
electromagnetic fields, which allows high scanning velocities and various scanning strategies. This
opens the doors to generate slender structures with tailor made mechanical properties [1].

In this contribution, the mechanical properties of a periodic rod structure, consisting of isosceles
triangles are of interest. The structure at hand, manufactured out of Inconel 718 (a face-centred-
cubic (fcc) nickel based alloy), is denominated as a macro-scale. To derive the mechanical properties
of the macro-scale, concepts from multiscale homogenisation are applied. Therefore, a meso-scale
(geometrically exact rods) and a micro-scale (the rod’s cross-section) are introduced. A reference
volume element (RVE) of the macro-scale is constructed and solved under periodic boundary con-
ditions. The meso-scale is modelled with the aid of geometrically exact rods whose kinematic
unknowns are the centerline’s displacement and the cross-section’s rotation [2]. The mechanical
properties of the rod results from integration over its cross-section. Especially, here, the grain
structure of the cross-section is fully resolved which also includes the core and the surface layer
with its roughness to be distinguished.

To set the stage, the theory of geometrically exact rods is recaptured. A framework to obtain the
rod’s stiffnesses for its fully resolved cross-section is presented. Later homogenisation methods are
applied to transfer the mechanical properties of the micro-scale to the macro-scale. The influence
of different micro-scale parameters on the mechanical properties of the RVE are examined and
comprehensively discussed.
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