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Extended Abstract

Metal additive manufacturing (MAM) has gained interest due to its capability to produce metallic components with
complex geometry by depositing consecutives layers of material that will shape said geometry through Direct Energy
Deposition (DED) [1-3]. DED processes employ a high energy source, commonly a laser, to melt and laid metals [4].
Different DED technologies are commercially available such as Laser cladding (LC), Direct metal deposition (DMD),
Laser engineer net shaping (LENS), Laser powder fusion (LPF), to name a few; these have been used to process various
titanium, steel, nickel and aluminium alloys, among others [5]. It has been identified that DED processes are mainly
influenced by the heat source power, scanning speed, feeding rate, and scanning strategy, and the exploration of these
parameters with numerical simulation reduces experimental efforts [5, 6]. Numerical modeling by using finite element
method (FEM) software has been used to explore the effect of the process parameters in the temperature distribution, either
heating, cooling or both, as well as residual stresses, residual deformation and grain formation; commercial and self-
developed code was reported in literature with good agreement to reference data [2, 6-12]. FEM cases are also employed
to validate new methods such as the modified inherent strain method and the invasion model in MAM [1, 13], as well as to
evaluate diverse heat source models applicable to laser heating [14]. Based on this, a thermal-transient model in ANSYS®
is proposed to reproduce a reference case [15]. The model considers a single-straight wall (12.6 x 38.1 mm x 3.0 mm) on a
rectangular substrate (6.35 mm x 76.2 mm x 38.1 mm). The geometry is meshed with 20-nodes hexahedral elements,
limited to a minimum element size of 0.75mm but forced to 62 divisions for the wall height. Sets of elements in each layer
were created independently to allow for element birth/death commands and each set would be deposited as the heat source
scans the geometry. A moving heating source is defined and travels at 8.47 mm/s, heating the top surface of the deposited
elements; the parameters of the heat source were fitted to a laser with power of 425 W, 1.5 mm beam radius and process
efficiency of 0.45. The initial temperature of the wall and substrate geometries and the surrounding temperature are defined
as 30.5°C. Free convection boundary condition is assumed on every surface of the model and set to 10 W/mm?/°C. Wall
and substrate are both assumed as Ti-6Al-4V with temperature dependent material properties [1-3, 15]. The proposed
model agrees qualitatively with the reference case for the temperature profile from the first deposited layer down to the
bottom of the substrate. Nonetheless, there are some significant differences quantitatively, while temperature at the surface
and almost 0.1 mm below are only 5% different that the reference case and at the substrate bottom around 10%, the
temperature in the midsection decreases rapidly and around 2.4 mm below the first layer the temperature difference is
almost 50%. These results indicate that the proposed model behaves as expected, but improvements are required on the
boundary condition and the heat source definition perhaps.
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