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ABSTRACT

Direct Metal Deposition (DMD), an additive manufacturing variant, is a process that produces parts by
simultaneously melting and depositing metal wire or powder in a sequential manner using a robotic
arm. DMD is an umbrella term for processes such as Wire-Arc Additive Manufacturing (WAAM) and
Laser Metal Deposition (LMD). DMD is not anymore limited to prototype development but functional
parts such as ship propellers and aircraft structures can be produced in an economically effective way
compared to other conventional substractive manufacturing methods.

Unique features of DMD are high material deposition rate and freedom to choose deposition paths.
Deposition of material could be in any direction, plane or order. As the molten metal is deposited, it cools
down rapidly and sequential deposition creates thermal gradients inside a part. These thermal gradients
lead to generation of residual stresses and part distortion. Moreover, subsequent passes of heat source
around a point dictates the temperature history of the point which in turn controls the microstrucutre and
hence the mechanical properties. Various deposition paths, ranging from rudimentary raster patterns [1]
to algorithms like Adaptive Medial Axis Transformation [2] are used. The deposition paths can be non-
uniformly spaced depending on the dimensions of a design. To deposit material along non-uniformly
spaced deposition paths, material deposition rate and robot travel speed are adjusted. These adjustments
lead to non-homogeneous heat input along a deposition path. As a result, thermal history vary along and
also, transverse to the deposition paths. It results in non-uniform microstructure in a manufactured part.
To generate uniform microstructure along the deposition path, designs could be altered such that they
accomodate uniformly spaced deposition paths.

Topology optimization with maximum and minimum size constraints can be used in order to control the
feature size of a design. There are different methods present in the literature to impose these restrictions.
However, maximum size restrictions lead to designs with many intersecting features. These intersecting
features are again problematic to produce through DMD processes [3]. For instance, extra material is
typically deposited at the intersections which leads to non-uniform deposition heights in a design. This
leads to an increase in production time as extra deposited material has to be removed by machining after
a particular number of deposition steps.

This paper considers the minimization of the intersecting features combined with feature size constraints
in topology optimization. An intersection identification parameter is proposed utilizing the stress re-
sponse of the design to the loading and boundary conditions of the optimization. Multiaxiality of the
stress state at the intersection has been used to formulate the intersection identification parameter. The
intersection parameter is integrated over the design domain and is minimized over the design domain as
an extra objective function. Classical 2D compliance minimization load cases are presented as proof of
concept. Furthermore, extending this method to 3D cases will be discussed.
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