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Abstract

This research deals with the study of additively manufactured AlSil0OMg alloy samples by X-ray diffraction.
The effect of sample orientation during 3D printing by Selective Laser Melting on the values of macroscopic
residual stresses and microstructural parameters and their possible inhomogeneities of the cylindrical sample
was investigated. Phase analysis identified the intermetallic phase Mg»Si in addition to the major phases (solid
solutions of Al and Si). Tensile residual stresses were detected in the surface layer for all samples.
Inhomogeneities of the investigated parameters of all samples were observed along the circumference of the
shank. These effects may be related to the direction of the layers relative to the axis of the sample. These
inhomogeneities form so-called microstructural notches or weak spots that are prone to the formation of fatigue
cracks, which have a major influence on the fatigue life.

Keywords: additive manufacturing, X-ray diffraction, residual stresses, AISi10Mg alloy.

INTRODUCTION

Additive Manufacturing (AM), more
specifically Selective Laser Melting (SLM)
technology, is a promising method of metal
powder consolidation and offers excellent
part production possibilities. It is based on
selectively melting parts of a thin flat
powder bed in layers using a scanning
energy source to produce 3D parts [1].

AM enables the creation of functional
and complex parts, the production of which
would be very difficult, if not impossible,
using standard processes. Parts made of
metal powders using AM can be further
modified by conventional methods such as
machining, grinding, polishing, welding,
and/or heat treatment. However, for
complex structures, post-processing is not
always possible, so it is essential to
investigate the effect of the as-built surface
on the mechanical properties of the part,
e.g., fatigue. The initiation and propagation

of fatigue cracks play an important role in
fatigue properties with a strong dependence
on roughness, sub/surface microstructure
parameters (dislocation density, crystallite
size, microcracks), and residual stresses
(RS) [2, 3]. Microstructural parameters can
non-destructively be investigated only by
diffraction methods, either X-ray (surface
analysis) or neutron (bulk analysis).
Therefore, it is possible to optimize 3D
printing based on the results of diffraction
methods.

METHODS AND RESULTS

For the fabrication of five AlSil0Mg
tubular samples (marked 0-40°: slope
related to the Z axis) with 12.5 mm outer
diameter and 10 mm inner diameter from a
recycled powder, Renishaw AM400 was
used with the printing parameters: laser
power 350 W, spot size 80 um, layer
thickness 30 um, laser speed 1150 mm/s,
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and Meander printing strategy. No heat
treatment was performed on the printed
samples to maintain a fine-grained
microstructure using SLM technology.

Residual stresses were determined by X-
ray diffraction using the sin’y method when
the {3171} diffraction line of the aluminum
phase was measured using chromium
radiation in the direction parallel to the
rotation axis of the sample.
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Fig. 1. Circuit surface distribution of residual
stresses of aluminum phase depending on the
printing slope (related to Z axis).
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Fig. 2. Depth distribution of phase content,
residual stresses, and crystallite size of

aluminum phase.
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CONCLUSION

Using X-ray diffraction, the major
phases (solid solutions of Al and Si) and the
intermetallic phase Mg2Si were identified in
the irradiated volume. In the case of the
selected samples, inhomogeneities of the
RS of the Al phase were observed around

crystallite size, nm

the outer circumference of the tubular; see
Fig. 1. These effects may be related to the
direction of the layers relative to the axis of
the sample.

In Fig. 2, the depth distributions of the
selected microstructure parameters of Al
phase up to approx. 300 um show the
increasing values of tensile residual
stresses. Moreover, the clear
inhomogeneities of the phase content and
the crystallite size were observed.

These inhomogeneities and tensile RS
form the so-called microstructure notches
prone to fatigue crack formation, which has
a major influence on fatigue life.
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