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Abstract

Metal additive manufacturing (AM) is a class of innovative production technologies that allows the
production of metal components layer by layer directly from a Computer Aided Design (CAD) model.
The AM process of aluminium and aluminium alloys gained much interest in past years especially thanks
to the high geometrical freedom, the peculiar microstructures and enhanced mechanical properties it is
possible to achieve. However, the quality of final metal components strongly depends on the stability
and the quality of each single scan track. Therefore, the understanding of the laser-powder interaction
and of the phenomena that arise in the melt pool is a key aspect for the development of these
technologies. In this work, AISi10Mg single scan tracks (SSTs), produced by laser powder bed fusion
(LPBF) and direct energy deposition (DED), were analysed and compared in order to select the most
suitable range of parameters for each building process.

Introduction

Among laser based metal additive manufacturing (AM) processes, direct energy deposition (DED) and
laser powder bed fusion (LPBF) are the most relevant ones [1].

LPBF is a powder bed AM process in which a focused laser beam locally melts a thin layer of metal
powder, according to the CAD data of the component [2]. The advantage of LPBF systems is mainly
related to the geometrical accuracy and the possibility to build high resolution features.

The DED process, on the contrary, belongs to the blown powder AM class and uses a high power laser
beam to create a melt pool; in the meantime powder is blown, by means of single or multiple nozzles,
through the laser beam and into the melt pool [3]. DED technologies allow the production of large volume
components and are characterised by high build up rates [4].

AlSi10Mg showed to be very suitable for AM processes thanks to its good fluidity in the molten state
and to its composition close to the eutectic one. In past years, many studies were carried out on the
microstructural and mechanical characterisation of LPBF AISi1l0Mg parts [5-8]. On the contrary, to the
best of our knowledge, only a few studies were carried out on the DED process of the Al-Si alloy [9,10].
In past years, some studies used single scan tracks (SSTs) analyses to have an insight of the most
suitable building parameters for the LPBF of a specific alloy [11-13]. The main results of these analyses
are the definition of process windows which highlight the most suitable power and scan speed for the
AM process of a specific material and therefore the most suitable energy density (ED) [12]. SSTs
experiments were carried out also for different purposes: Aboulkhair et al. for example used SSTs to
investigate the microstructure and the nano-mechanical properties of LPBF AISi10Mg [14]. Li et al.
performed SSTs to investigate the processability of new materials by means of LPBF [15]. Furthermore,
a few studies used this method to study the relevance and the effect of specific phenomena due to the
laser powder bed interaction, such as the keyhole melting, the denudation, the balling and the spattering
[16-18].
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However, so far, any study has been carried out on DED single scan tracks and on the possibility to use
these experiments as a preliminary analysis for the this process.

In the present work, AlSi1l0Mg SSTs, realized by LPBF and DED, were produced and compared in order
to investigate the possibility to use this method as a guideline for the selection of the most suitable
building parameters and for understanding the phenomena that arise during the laser scanning in blown
powder AM processes.

Materials and methods

For the LPBF process a gas atomised AlSi10Mg powder provided by EOS GmbH was used while for
the DED process the AlSi10Mg gas atomised powder was provided by LPW Technology Ltd.

From FESEM micrographs of these powders, shown in Fig. 1, it can be noticed that both have a roughly
spherical shape and contain some satellites. As expected, DED particles are characterised by larger
size than the LPBF ones.

. s e e “
Fig. 1 FESEM micrographs of AlSi10Mg patrticles used for a) and b) LPBF and ¢) and d) DED
processes.

The LPBF equipment used in this project is an EOS M270 Dual Mode system which uses a focused Yb
laser beam (A=1064 nm) and works in protective argon atmosphere (Fig. 2 a)). For this process the laser
power (P) and the scanning speed (v) were varied in the following ranges: P= 50 — 195 W and v = 50 —
3000 mm/s.
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Fig. 2 Images of a) the EOS LPBF and b) the DED systems.
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The DED system is constituted by an experimental cell with dimensions 4,7 x 5,9 x 3,6 m, equipped with
an ABB anthropomorphic robot arm (Fig. 2 b)). This system uses a 3 kW IPG fibre laser to melt metal
powders blown by means of GTV powder feeder though a lateral nozzle which anticipate the laser path.
An inert shielding gas protect the melt pool from oxidation. The main parameters varied in these
experiments were the focus position (from — 3 mm to + 3 mm), that indicates the focus location with
respect to the building platform, and the power amount (indicated as %). The scan speed and the powder
flow rate were kept constant and 60 mm/s and 0.67 g/s, respectively.

All SSTs were characterised on-top by means of a stereomicroscope Leica EZ4 and in cross-section by
means of an optical microscope (OM) Leica DMI 5000 M and by means of a Field Emission Scanning
Electron Microscope (FESEM) SEM-FEG Assing SUPRA 25, Zeiss. The Image J software was used for
the characterisation of the single scan geometry.

Results and discussion

For the LPBF process, the on-top analyses allowed the identification of five stability conditions, reported
in Fig. 3. With low energy density any SST was formed (Fig. 3 a)); when slightly higher energy densities
were used, “balling” arised because of the effect of the surface tension that breaks the scan in separated
balls (Fig. 3 b)). “Thin and stable” scans were formed when an intermediate ED value was used (Fig. 3
¢)), whereas higher energy densities caused the formation of “irregular” and “too thick lines” (Fig. 3 d)
and e)).

Thin and stable Irregular Too thick

>

Increasing Energy Density (ED)
Fig. 3 On-top optical micrographs of different LPBF SSTs morphologies.

Based on these stability conditions it is possible to define a process window that indicates the
morphology of the AISi10Mg SSTs obtained with each set of parameters (Fig. 4).
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Fig. 4 LPBF process window for AlSi1lOMg SSTs.

On-top optical micrographs of DED SSTs, shown in Fig. 5, revealed that, in this case, only two
morphologies were observed.
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Fig. 5 n—top micrgraphs of DED SSTs built with v =60 mm/s.

The comparison of on-top micrographs suggests that the focus position has a strong effect on the
stability of the melt pool. This might be related to size of the beam in the area in which the powder flow
crosses it. When the focus is inside the material (f = -3 mm) most of the powder melts in flight because
of the large laser beam in the intersection area. On the contrary, when SSTs are built with a focus
outside from the material, only some particles cross the laser beam and melt.
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Also in this case, as in the LPBF process, high energy density values caused irregularities on the melt
pool. However, in the DED process any stable “too thick lines” were observed. The lack of stable too
thick lines could be related to the shielding and the carrier gases, that caused the waviness scan track.
Furthermore, for the blown powder system, “balling” was not observed probably because the different
process allows to maintain the continuity of the melt pool.

From the comparison of the cross section micrographs it can be also noted that relatively low power
allowed the obtainment of dense and regular tracks (Fig. 6). In fact, when high power values were used,
deep and irregular scans were formed because of a keyhole melting phenomenon. SSTs in which a
keyhole melting arised were also characterised by the presence of some pores in the lower area (Fig.
6). Furthermore, it is possible to measure the melt pool dimensions through image analysis of cross
section micrographs to select the most suitable X and Z displacement for the obtainment of a suitable
overlapping and therefore dense samples. For instance, the scan built with the lower power and with
positive focus had a width and a total height of about 500 and 400 um, respectively.
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Fig. 6 Cross-section micrographs of some DED SSTs.
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Conclusions

In this study AISi10Mg SSTs made by two metal AM processes were characterised and compared. The
main results can be summarised as follows:
- LPBF SSTs can be easily classified by means of on-top micrographs and process windows that
indicate that five stability zones can be obtained varying the process parameters;
- Inthe DED process more factors participate to the scan consolidation and therefore a different
process window is observed,;
- SSTs studies seem to be a promising way for preliminary studies of new materials for both AM
technologies.
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