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Abstract

Selective Laser Melting (SLM) is an additive manufacturing process, that uses a fine metallic powder
to produce complex parts. Unfortunately, the range of SLM processed materials is limited by available
materials in powder form and for many materials process parameters have not been defined. Currently,
about four aluminum alloys has been successfully processed. The aim of this paper was description the
influence of the process parameters to the material processability of high strength aluminum alloy EW
AW 7075 by SLM. Wide range of process parameters (100-400 W laser power and 300-1400 mm/s
scanning speed) were examined to find the optimum processing parameters producing homogeneous
material. In this study, maximum relative density of 96.2 % was achieved. However, typical hot cracks,
which appears during welding process of aluminum alloy EN AW 7075, was observed in all parts.
Cracks were reduced but were not eliminated.
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INTRODUCTION

Selective Laser Melting (SLM) is one of the additive manufacturing technologies, which uses fine metal
powder to produce high quality parts with complex shape. SLM is most commonly used in medicine,
aerospace or automotive for manufacturing of components with complicated geometry which cannot be
produced by conventional methods (Olakanmi, Cochrane, & Dalgarno, 2015). Parts are manufactured
directly from 3D data, layer by layer. In each layer a laser beam is used to melt the powder into solid
metal only in areas corresponding to cross section of the part.
SLM fabrication process and the also quality of the final product is controlled by many process param-
eters, which can be sorted as laser related, scanning related, powder related and temperature related.
In many current studies on the optimization of material homogeneity e.g. (Thijs, Verhaeghe, Craeghs,
Humbeeck, & Kruth, 2010) (Prashanth, Scudino, Maity, Das, & Eckert, 2017) the authors used energy
density E [J/mm3], defined in equation (1), to better compare the influence of dependent parameters on
the porosity and final quality of the manufactured parts. It consider the main influence parameters such
as laser power P, (W), scanning speed vs (mm/s), hatch distance hy (mm), layer thickness I (mm). These
process parameters mainly affect the formation of porosity in the manufactured components
(Aboulkhair, Everitt, Ashcroft, & Tuck, 2014).
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The most used aluminum alloys for the production by SLM technology are Al-Si alloys. These alloys
are used due to their good weldability. Aluminum alloys AlSi10Mg and AlSil12 were extensively stud-
ied, and the influence of process parameters to its behavior and mechanical properties were thoroughly
described (Wei, et al., 2017), (Li, et al., 2016), (Zaretsky, Stern, & Frage, 2017), (Tang & Pistorius,
2017), (Siddique, Imran, Wycisk, Emmelmann, & Walther, 2015), (Vora, Mumtaz, Todd, & Hopkinson,
2015). These alloys in casted state have relatively poor mechanical properties compared to the 7-series
(7xxx) high strength aluminum alloys. Aluminum alloy EN AW 7075 (AlZn5.5MgCu) is one of the
aluminum alloys which achieves the best mechanical properties. In wrought state it has a high tensile
strength of over 500 MPa and hardness of up to 160 HB. The main potential of this alloy is the high
strength-weight ratio in combination with good corrosion resistance (Reschetnik, et al., 2016) (Michna

330



W 58t ICMD 2017
@é 6 - 8 September 2017, Prague, Czech Republic

& Lukac, 2005), however, up to now only several authors dealt with the processing of this alloy
(Kaufmann, et al., 2016), (Montero Sistiaga, et al., 2016). Therefore the aim of this paper is to describe
the influence of the process parameters to the material processability.

MATERIALS AND METHODS
Fabrication of samples

For this research was used SLM 280 HL (SLM Solutions, Germany) machine equipped with 400 W
ytterbium fiber laser. All samples were manufactured with layer thickness 50 um, hatch distance 0.10
mm, meander 79° as a scan strategy. Meander 79 ° means that each layer is scanned in both directions
with a (n + 1) layer rotation of 79 °. The building chamber was filled up with argon and overpressured
of 10-12 mbar with maximum oxygen level of 0.2 %. The range of laser power was 100-400 W, and
range of scanning speed was 50-1500 mm/s. To optimize process parameters and to achieve the highest
relative density, were used cube samples of dimensions (10 x 10 x 10 mm) fitted with a truncated pyra-
mid on the underside and were built directly on the building platform. The truncated pyramid reduces
the contact area of the cube sample with the building platform and thus reduces the cooling rate. The
relative density was measured in the cube part of the sample.

Powder characterization

The metal powder EN AW 7075, produced by gas atomization, was supplied by LPW Technology.
Tab. 1 shows the chemical composition provided by supplier LPW Technology. Particle size distribu-
tion was measured using Horiba LA-950 particle size analyzer. Results show (Fig. 1) that powder has
Gaussian distribution while particle size below 26 um represents 10 % and particles size below 64 pm
represents 90 % of the total amount of particles. Particle median size is 41.5 um, mean size is 43.9 pm
and therefore layer thickness of 50 um was used in all experiments.

Tab. 1 Chemical composition limits of standard material and powder material
Weight % Al Zn Mg Cu Fe Cr Si Mn  Ti  Other

DIN EN 573-3 Bal 5161 2129 12-2 <05 0,18-0,28 <04 <03 <0,2 <0,15

SLM powder Bal 5,9 2,4 15 0,07 0,27 04 0,26 0,01
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Fig. 1 Particle distribution of alloy EN AW 7075
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Porosity analysis

To analyze the porosity, samples were grinded and polished, parallel to building direction, using meta-
lografic grinder Leco GPX300 (LECO Instrumente, USA). To observe microstructure of material, sam-
ples were etched by FUSS etchant. Relative density was measured by image analysis in freeware soft-
ware Image J, from images of samples taken on the OLYMPUS SZX7 microscope. The main investi-
gated parameter was relative density, which includes both, pores and cracks. The selected region for the
relative density analysis contained only the inner region of the sample (ho contour).

RESULTS AND DISCUSSION

Cube samples were fabricated to describe the behavior of the material over a wide range of process
parameter combinations and the influence of these process parameters on relative density.

The experiment was performed with hatch spacing 100 um. Building platform was preheated to 200 °C.
Fig. 2 shows polished sample images sorted by the combination of used laser power and scanning speed.
Each samples image contains a relative density value and energy density value. If the energy density is
less than 60 JJmm3, the samples contain a lot of keyhole pores (see dotted area in Fig. 2). Large metal-
lurgical pores are visible on samples manufactured with laser power 300 W and 400 W and energy
density higher than 100 J/mm3 (see dashed area in Fig. 2), but large metallurgical pores did not appear
in samples with a laser output of 200 W. Cracks were visible throughout the range of process parameters.
Lowering scanning speed reduces pores and cracks in samples with a laser power of 200 W, but cracks
did not disappear completely. The best results of relative density 93.6 % was achieved using laser power
of 300 W and a scanning speed 800 mm/s. However, results of relative density did not match with
relative density values reported by (Kaufmann, et al., 2016). Fig. 3 shows, that (Kaufmann, et al., 2016)
used only grinded samples in their research. This was verified on the sample with the same process
parameters (laser power 400 W and scanning speed 1200 mm/s). Similar relative density was found in
the grinded sample, but polishing revealed defects that were not seen after grinding. The difference in
measured relative density was approximately 15 % (Fig. 3). This implies, that the cracks are most prob-
ably present in Kaufmann's study as well, however due to inapropriate technique it were not detected.
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Fig. 2 Images of polished samples, relative density [%] (top right of images), energy density [J/mm?]
(bottom left of images)
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Fig. 3 Comparison of grinded sample and polished sample, relative density (top left of image)

Comparison of the relative density depending on the scanning speed for four values of laser power is
shown in Fig. 4. In the case of the 300 W and 400 W laser power, the relative density increase with
increasing scanning speed. If the scanning speed is higher than 800 mm/s, the relative density is stabi-
lized around 90 %. Dependence of relative density and scanning speed for laser power 200 W shows
that the relative density is not decreasing for scanning speeds below 600 mm/s as in case of 300W and
400 W Lp. Figure 4 also shows that use of 100 W laser power is inappropriate to reach higher relative
density of material.
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Fig. 4 Influence of scanning speed on relative density

Dependence of relative density and energy density in figure 6 show that between 50-80 J/J/mma3 energy
density, the process for 200, 300 and 400 W laser power is stabilized with relative density about 90 %.
Figures 3 and 5 shows that the cracks form a substantial part of the defective area, which is included to
calculation of porosity. Thus the minimization of crack occurrence in future would improve the relative
density values as well.

Pores = Cracks

Weld tracks

Fig. 5 Etched sample of SLM processed EN AW 7075 alloy showing microstructure with cracks
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Microstructure in figure 5 show that cracks are preferentially oriented in scanning direction. During
production of the next layer, cracks from both layers are interconnected and create a "net of cracks"
(Fig. 3). This behavior is most probably due to high cooling rate of the SLM processing, because the
semi-solid state of weld is present very short time and thus the high tension in material is induced as
described by (Hu & Richardson, 2006).
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Fig. 6 Influence of energy density on relative density of samples

CONCLUSIONS

In this paper was found that the EN AW 7075 alloy is very difficult to process using SLM technology.
Cracks were detected throughout the entire range of process parameters. A range of process parameters
were found where the samples contained keyhole pores (low energy density) and the range of process
parameters where the samples contained large metallurgical pores (too much energy density). Micro-
structural analysis showed that cracks are oriented in the direction of scanning. For reduction of hot
cracking behavior, the lowering scanning speed and thus lowering temperature gradient during solidifi-
cation seems to be perspective. Because, as the results show that the amount of cracks is slightly lower
for the lower scanning speeds.
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