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Improvement of mechanical properties of parts
produced from AlISi1l0Mg powder with use
of SLS/SLM technology by densification

of the product surface layer

Poprawa wiasciwosci mechanicznych elementéw
wykonanych z proszku AlSi10Mg metodami SLS/SLM
przez zageszczenie warstwy wierzchniej spiekow
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The paper presents results of experiments including
application of finishing machining (turning and bur-
nishing) of samples produced with SLS/SLM, as well
as influence of the sample orientation against the
surface of base plate during building process (0°,
45°, 90°) on tensile strength of the produced sam-
ples. There are also presented results of microstruc-
ture examination and results of density
measurements. The paper also discusses the state
of samples surface layer depending on the applied
finishing method.
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Aluminum and silicon alloys (Al-Si) are widely used in
the manufacturing industry. The components of Al-Si
alloys are often produced in die casting and metal
forming methods. Due to the low density (about 2.7
g/cm?®), good thermal conductivity and relatively good
machinability (especially weldability), Al-Si alloys are
commonly used in the industry: tooling (mold inserts with
conformal cooling channels) [1, 2], electronic and
machine (radiators and heat exchangers), aircraft
(lightweight and durable openwork constructions) [3, 4].
Due to the increasing application field of Al-Si based
materials, these alloys are also more often used in
additive manufacturing (such as Selective Laser
Sintering/Melting - SLS/SLM). Among others, AlSi10Mg
and AISi12Mg powders are usually used for this purpose.

Together with the growing possible application of
additively manufactured components, there are observed
increasing requirements concerning their properties in
particular: improvement of accuracy, quality of surface
topography and increasing mechanical strength. Applied
technology of layer machining with usage of laser beam |
implies problems of obtaining high mechanical strength
[5-8] and good surface quality (at present Ra is 20+50
pMm). Results of the worldwide researches in the area of
SLS/SLM [9-13] show that by compacting the samples
and by modifying the sintering/melting process
parameters, the strength of the components can be signi-
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ficantly improved. Unfortunately the surface quality can
not be improved, what implies more demands for
finishing machining. Since surfaces obtained by laser
sintering are characterized by high roughness, cutting
processes are used as the first phase for finishing. In
order to improve the surface quality and mechanical
properties, among others burnishing might be applied.

Description of the research

Incremental manufacturing methods are commonly
used for production of lightweight, openwork
constructions. For this reason, during performed
experiments, samples prepared with SLS/SLM were
positioned at different angles (0+90°) with respect to the
surface of the base plate of the device.Test samples
were prepared applying the SLS/SLM technique, taking
into account their orientation in relation to the base plate:
parallel to the base plate (0°), perpendicular to the base
plate (90°) and 45° to the base plate [7, 8]. In addition,
some of the samples were subjected to turning and
burnishing to improve the quality of the outer surface and
eliminate the pores therein. Prepared samples were
tested for strength. For more complete analysis and full
characterization of the material, the microstructure,
density and surface topography (Ra, Rz) were examined.

The results will be the basis for the optimization of the
SLS/SLM process parameters so that in the future, the
lightweight components produced by this method are
robust and of good quality.

AlSi10Mg powder with a mean grain size of 50 um
was used. This material is characterized by high thermal
conductivity (about 200 W/m+K) and low specific weight
(2.67 g/cm?®). This is a typical casting alloy with good
strength and hardness, so it can be used to produce
even heavy duty mechanical components. Since the
elements made of this alloy are relatively light weight, it
might be effectively used for production of to make
elements of large dimensions, complex geometry and
thin walls - for example, aerial parts, radiators. The
chemical composition of the powder used is presented in
Table I. Microphotographs of the AISi1OMg powder are
presented in Fig. 1. It can be seen that the powder is
characterized by a large number of particles with a
diameter of 30+50 ym and irregular shape (although the
powder is intended for the SLS/SLM process), which
may adversely affect the structure of the samples,
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including contributing to the formation of an increased
number of pores (compared to samples made from
spherical powders).

Test samples were prepared with the SLS/SLM
technique using Renishaw AM250 equipped with a 400
watt fiber laser with a wavelength of 1060+1070 nm.
Technological parameters, presented in Table II, for
preparing samples were developed basing on previous
experiments [2, 11].

Test samples were prepared with different sintering
orientation (0°, 45°, 90°) relative to the working plate (fig.
2) to determine the tensile strength of the specimens.

TABLE I. Chemical composition of AISi1OMg powder

Al Si | Fe | Cu | Mn| Mg Ni [zn|Pb|[sn|Ti
87,1+89,35|9+11(0,55| 0,05 0,45 [0,2+0,45| 0,05 | 0,10 ( 0,05 | 0,05 | 0,15

TABLE Il. Sintering parameters of test samples made using
SLS/SLM technology

Laser power, W 400
Point distance, um 75
Exposure time, us 75
Hatch space, um 165
Layer thickness, um 50
Sintering strategy, meander
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Fig. 1. SEM microphotography of AlSilOMg powder in different
magnifications
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Fig. 2. Sample positioning at an angle 0°, 45° and 90° to the
base plate

In order to check the density of the sinter and to
examine their microstructure, 10 mm x 10 mm x 10 mm
cubic samples were prepared (fig. 3). Wrecks were
prepared using Keller's reagent. Prior to insertion into the
microscope, the samples were purified in an ultrasonic
cleaner.

The apparent density was measured by saturation in
vacuum, according to PN-EN 632-2.

Scanning electron microscopy (SEM) analysis was
performed using a JEOL JSM 6460LV microscope
equipped with an Oxford Instruments EDS XDS
spectrometer.

For the static tensile test, samples were prepared with
the dimensions presented in fig. 4. Samples were tested
according to PN-EN I1SO 6892-1 on the Instron 5982
universal testing machine (fig. 5) [14], whose traverse
speed was 1 mm/min.

The mechanical properties and microstructure of both
raw samples (removed from the SLM machine) and
samples after additional finishing machining were
investigated.
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Fig. 3. Cross section of the sample for density measurements
and microstructure investigations of sinter
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Fig. 4. Samples to perform a static tensile strength test

Fig. 5. Samples during tensile strength tests on the Instron
5982

Part of the samples were subjected to turning
machining (fig. 6) - with a cutting speed p = 70 m/min,
tool feedrate F = 0.14 mm/rev and cutting depth a, = 0.2
mm - and burnishing (fig. 7). These operations aimed at
both: reducing the surface roughness of the samples and
eliminating the pores in the surface layer structure. As a
pre-burnishing treatment, a hard turning method was
used. Small feed rates and small cutting depths resulted
in the removal of material and simultaneously pitting the
pores, which resulted in increased strength of the
sintered samples [15]. This phenomena results from the
fact that both, burnishing tool and cutting tool, in contact
with the workpiece, induces local elastic and plastic
deformations under the influence of the pressure. Of
course, in case of a turning lathe, where there is no tool
rotation, unlike in case of roller-burnishing tool, changes
in the top layer will be smaller (fig. 7). As a result of
deformation there is a change in the crystallographic

orientation of the grains and their original shape, leading
to a decrease in roughness and material density in the
surface layer. In addition, the grains are crushed, folded
and elongated towards the largest deformations, forming
crumb texture with anisotropy of mechanical properties.
The plastic deformation occurs to a certain depth from
the surface, which depends on the properties of the
material and the technological parameters of the
burnishing process (burn speed p = 40 m/min, feedrate F
= 0.3 mm, tool penetration to the burnishing surface a, =
0.3 mm).
Fig. 8 compares raw and finished samples.

lF cutting tool P

turning zone
surface layer

pores before turning pores after turning

Fig. 6. Scheme of the plastic deformation (reduction of
roughness, elimination of pores) in the surface of the sample
during turning machining

burnishing zone
surface layer

pores before burnishing pores after burnishing

Fig. 7. Scheme of the plastic deformation (reduction of
roughness, elimination of pores) in the surface of the sample
during burnishing
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Fig. 8. Samples after burnishing, turning and sintering (raw)
Analysis of the results of microstructure studies

Qualitative studies of selected samples revealed
internal defects/pores generated during SLS/SLM
production. Although AISi1l0Mg sintering experiments are
conducted in argon atmosphere with an oxygen content
of no more than 0.1%, the process of filling the chamber
with powdered material can lead to the formation of
oxides by contact of powder with atmospheric air. This
fact might lead to existence of unprocessed oxides in the
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sintered material, although high energy (400W) laser is
used for SLS process. This problem was also mentioned,
among others, by L. Thijs et al. [16] and E. Louvis et al.
[17]. 1t is worth to emphasize that the pores are

stochastic, and that the bond between the layers is
unnoticeable, which proofs the good melting of the
powder grains [2] and confirms the presence of oxides

(fig. 9).

oxides

Fig. 9. Photo of a sectional microstructure of a sample made of
AlSi10Mg material

Analysis of the microstructure of the samples confirms
that hard turning causes reduction of the surface
roughness and the number of pores in the surface layer
(fig. 10), including closure of open pores. Even less
porosity is observed in the surface layer finished with
rolling burnishing.

b)

Fig. 10. Photo of the microstructure of the sample cross section:
a) before turning, b) after turning

Fig. 11 shows the microstructure of the sample
surface after finishing (after turning - fig. 11a) and raw
samples (fig. 11c). Significant differences in the edges of
the sample after turning (fig. 11b) and the unprocessed
sample (fig. 11d) are noted in the pictures. It might be
observed that finishing machining not only removes the
outer layer of the not fully melted powder, but also
causes crushing of grains in the newly created surface
layer (especially visible as the regular edge on the
samples fractures For unprocessed samples, there are
large irregularities/bruises in the outer layer of the tested
piece.

Fig. 11. Side surface and morphology of the XY breakthrough
(90° sample): sample after turning (a, b) and raw sample (c, d)
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On the basis of the results of the density studies it was
found that the samples made according to the selected
parameters are characterized by a density of 2.47 g/cm?,
which is 92.5% of the density of cast materials (2.67
g/lcm?3).

Surface microstructure analysis showed a significant
reduction in the surface roughness of the sintered
sample. Immediately after sintering, the Ra value was
20+30 pym (fig. 12), after the turning process - 0.9+1.25
um, and after the burnishing process - 0.13+0.22 ym (fig.
13).

It can be clearly stated that hard turning processes
and rolling burnishing can significantly reduce the
surface roughness of AISilOMg material. The use of
additional machining is only possible with cylindrical
components (fig. 14), which seems to be a major
limitation.
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Fig. 12. Surface topography analysis of raw sample (after
sintering)
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The first sample series (nine samples - three of each
type: XY-R, 45-R, 90-R) was subjected to a static tensile
strength test without any additional treatment.

The second set of samples (nine samples - three of
each type: XY, 45, 90) was made with a 0.2 mm oversize
and then machined (turning) to the nominal dimensions
according to the dimensions necessary for standard
tensile strength test..

In addition, there were three samples designated XY-
N (oriented parallel to the plane of the base plate) and
made with a 0.3 mm oversized finish which was
subjected to a finishing machining- hard turning and
burnishing.

The results obtained for samples from the first and
second series (taking into account the sintering direction
with respect to the working plate) are presented in Table
1.

TABLE Illl. Tensile strength and deformation of SLS/SLM
samples, prior to turning and after turning, depending on
the direction of sintering

. . . Average . Average

. ' | deviation, ! deviatio
processing | Rm, MPa MPa e, % n. %
XY 260,25 1,16 3,38 0,46
45 271,47 1,27 2,37 0,27
90 292,12 0,58 1,50 0,03
XY-R 227,61 14,46 3,04 0,16
45-R 253,02 15,27 2,20 0,10
90-R 264,36 6,51 1,43 0,02
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Fig. 13. Analysis of surface topography after burnishing

after turning

¥

after SLS/SLM

after burnishing

Fig. 14. Sample of AISi10Mg material with specified areas after
sintering, turning and burnishing

Analysis of tensile strength test results

The SLS/SLM samples were cut off from the base
plate after the sintering process.

When analyzing the results (fig. 15 and fig. 16), it was
noted that the turning samples exhibited better tensile
strength than raw samples. Furthermore, they are
subjected to higher deformation (elongation) prior to
being torn apart.. It is worth to notice that also additional
finishing machining — burnishing after turning significantly
improves the samples tensile strength (fig. 16) by
approximately 40% compared to the sample after hard
turning.
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Fig. 15. Tensile strength and deformation of unfinished
SLS/SLM samples, depending on the sintering direction relative
to the working plate (0°, 45°, 90°)



Fig. 16. Tensile strength and deformation of SLS/SLM slabs
subjected to turning, depending on the sintering direction
relative to the working plate (0°, 45°, 90°). The yellow curve
represents the samples after burnishing

Conclusions

The presented microstructure and density studies of
AlSi10Mg alloys have confirmed that the increase in
density and the reduction of porosity in the surface layer
of SLS/SLM produced samples have significant effect on
their strength.

Application of hard turning and burnishing machining
allows to significantly reduce the porosity and kneading
of the pores, which directly affects ed the increase of the
mechanical strength of the samples tested.

Oxides produced as a results of contact of reactive
powders, i.e. AISi10Mg and Ti6Al4V, with oxygen require
a higher melting temperature than non-oxidized material.

The high content of oxides in Al-Si material results in
not fully melted areas with high porosity, which is reflects
in the lower tensile strength and worse quality of the
components produced. The high concentration of pores
in the small sinter area causes deterioration of the
mechanical strength of the element. Relatively high
concentration of pores associated with the presence of
unprocessed, oxidized powdered grains causes also
weakening of the surface layer. It might be especially
observed during finishing machining of the samples —
sand blasting, when in high porous surface layer areas
large cracks are created as a result of contact of material
with abrasive grains.
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