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A B S T R A C T

Porosity and poor surface quality are critical defects in Laser Powder Bed Fusion (L-PBF) that significantly impact 
mechanical performance, particularly under cyclic loading. To enhance fatigue resistance without relying on 
time-consuming post-processing, process optimization is essential. This study investigates the influence of 
roughness and subsurface porosity on the fatigue behavior of net-shaped, vertically built AlSi10Mg samples by 
tailoring contour parameters. Three sample sets were intentionally produced: (i) with a rough surface, (ii) with a 
smooth surface, and (iii) with a smooth surface and subsurface keyhole pores. Each set was evaluated in different 
conditions: as-built, mirror-polished, and sandblasted. Results show that optimizing contour strategies improves 
fatigue life but remains insufficient on its own. Post-processing, particularly sandblasting, significantly enhances 
fatigue performance. Surprisingly, subsurface keyhole pores do not appear to be as detrimental as surface 
roughness in fatigue failure. However, lack-of-fusion defects, when present near the surface, are critical stress 
concentrators and can drastically reduce fatigue life. These findings emphasize the critical role of surface state in 
fatigue behavior and provide insights for L-PBF process optimization in high-performance applications.

1. Introduction

Originally conceived as a rapid prototyping technology, Laser Pow
der Bed Fusion (L-PBF) has become a technology capable of producing 
fully functional engineering components. Research and development 
into feedstock materials and process characteristics has led to its adop
tion in a wide range of industries, including transportation, aerospace, 
pharmaceutical, sports, energy, and construction [1,2]. Among the 
different materials used in L-PBF, aluminum-silicon (Al-Si) alloys stand 
out due to their improved melting characteristics, making them attrac
tive in lightweight structural applications [3,4]. The most widely used 
alloy in this family is AlSi10Mg, which has a hierarchical, multi-scale 
microstructure and static properties comparable (if not better than) 
those of cast aluminum alloys [5–7]. Despite its good static properties, 
one major mechanical limitation of AlSi10Mg lies in its fatigue proper
ties. Research shows that, compared to wrought Al6061, the fatigue 
endurance of AlSi10Mg was approximately one order of magnitude 
lower for the same stress level. This low fatigue resistance can be 

attributed mainly to porosity and high side surface roughness. These 
defects which arise during manufacturing have a first-order impact in 
fatigue resistance, as they become sites for stress concentration and 
crack nucleation [7,8].

In recent years, researchers have tried to understand the complex 
formation mechanisms and impact of porosity and roughness on the 
fatigue properties of AlSi10Mg. As a result, different contributing factors 
such as the process parameters (e.g. laser power, scanning speed) 
[9–11], build orientation [12,13], scanning strategy [14–16], track 
stability [17,18] have been identified as having a first-order impact in 
the generation of defects during the L-PBF process. To mitigate the 
detrimental effect of defects and improve fatigue performance, a tradi
tional research roadmap focuses on the use of mechanical and/or ther
mal post-processing. In this context, the effect of sandblasting [19,20], 
shot-peening [21,22], friction stir processing [23], hot isostatic press
ing [24], and combinations of machining and polishing with T5 and T6 
heat treatments [25–27] have been studied. These research studies show 
that treatments that are able to reduce surface roughness and irregular 
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porosity within the bulk have a positive impact on fatigue life. However, 
this improvement comes at the expense of incurring time-consuming 
treatments that negate the ready-to-use advantage of L-PBF.

An alternative approach consists in the optimization of the process 
parameters during L-PBF in order to prevent the emergence of defects. 
Studies have shown that porosity is linked to the energy input. While an 
insufficient amount of energy will lead to an improper melting and the 
emergence of irregular lack-of-fusion defects, an excessive amount of 
energy will lead to the local vaporization of material and entrapment of 
vapor bubbles in the melt pools, leading to round keyhole pores 
[28–30]. In a similar vein, the emergence of roughness has been linked 
to the energy input, track stability, and effect of the scanning strategy on 
the absorptivity of the powder bed. A process window that produces 
stable tracks, which have low viscosity and high wettability, will pro
duce the lowest surface roughness [14,15,31].

Recent investigations have shown that a contour-first strategy com
bined with a level of Track Energy Density (TED) at the onset of key
holing produces the best surface finish [16], establishing a promising 
starting point for future fatigue investigations.

To assess the fatigue performance achieved through contour 
parameter optimization, it is essential to compare it with the effects of 
various post-processes. Previous studies [19–23,25,26,32,33] have pri
marily focused on individual or combined post-processing strategies to 
enhance fatigue resistance. Recent advancements have highlighted three 
key approaches: 

• Microstructure refinement [34];
• Surface roughness reduction [35,36];
• Introduction of compressive residual stresses [37].

Studies on the fatigue behavior of AlSi10Mg indicate that the nature 
of the improvements depends on the dominant mechanism at play. 
Enhancing surface quality typically shifts the fatigue curve towards 
higher stress ranges [25,26,36]. Conversely, microstructural modifica
tions [25,26], elimination of large pores [23] or introduction of 
compressive residual stresses [22,26] primarily reduce the material’s 
sensitivity to stress, hence slope of the Wöhler curve.

The present paper proposes alternative L-PBF contour conditions, 
different from the core parameters, in order to intentionally produce 
three families of samples: rough, smooth, and smooth with subsurface 
pores. This careful selection of contour parameters aims to investigate 
the influence of roughness and subsurface porosity on the fatigue 
behavior of AlSi10Mg fabricated via L-PBF. Additionally, polishing and 
sandblasting were explored as surface post-processes, complementing a 
conventional stress-relief heat treatment. Comprehensive characteriza
tion of roughness and porosity was conducted, followed by static and 
cyclic mechanical testing to evaluate the impact of these factors on fa
tigue performance. The ultimate goal is the validation of the potential 
for improving fatigue life, by reducing roughness while creating sub
surface porosity.

2. Materials and experimental procedure

2.1. Sample manufacturing

All the samples in this work were produced by Laser Powder Bed 
Fusion in a ProX 200 equipment from 3DSystems with a maximal laser 
power of 273.6 W (spot diameter = 75 μm). The manufacturing of 
samples was carried out using AlSi10Mg recycled metallic powder 
produced by TLS Technik. The particle size distribution ranges from 15 
to 53 μm, and the particle morphology is spherical. The chemical 
composition was measured using inductively coupled plasma (ICP) and 
is provided in Table 1. In order to recycle the powder and remove large 
particles and conglomerates of particles, the powder was sieved using a 
63 μm-mesh screen.

Net-shaped dog-bone cylindrical samples were manufactured 

vertically by L-PBF with a layer thickness of 30 μm. Schematic repre
sentation and dimensions (according to ASTM E8/E8M-15a and ASTM 
E466-15 standards) of the tensile and fatigue samples are provided in 
Fig. 1(a and b). The total length of the samples was 60 mm. Fig. 1(c) 
depicts the contour-first scanning strategy applied at each layer. The 
circular contour (thick line) was lased first with specific pre-optimized 
laser power and speed (see Table 2). Subsequently, the bulk zone was 
lased with parallel laser tracks (thin arrows) going back and forth. The 
orientation of these laser tracks was shifted by 90◦ between each layer. 
The offset between contour and bulk tracks was 60 μm, while the 
hatching distance between two successive bulk tracks was 100 μm.

Three families of samples were printed with constant L-PBF bulk 
parameters and various contour parameters in order to obtain different 
roughness and subsurface porosity states, as detailed in Table 2. Note 
that the sample’s designation used throughout the present study corre
sponds to the relative power and speed of the contour parameters: 
85–1200, 100–600, and 100–300 for the rough, smooth and smooth 
with keyhole pores, respectively.

2.2. Heat treatment and post-processing

A stress-relief heat treatment (SRHT) was carried out on all the 
tensile and fatigue samples to achieve residual stress relaxation without 
significantly altering the microstructure and mechanical properties. In 
order to remain as close to the as-built state as possible, this SRHT was 
performed at 250 ◦C for 2 h [39]. The heat treatment was carried out 
under argon using a Heraeus VT 5050 EKP oven.

Fatigue samples were tested in three conditions: stress relieved 
(SRHT), stress relieved and polished (SRHT + P), and stress relieved and 
sandblasted (SRHT + SB). Polishing was carried out in successive steps. 
First, samples were held in a Myford lathe (rotation speed = 150 rpm) 
and grinded with SiC sandpapers, then polished with diamond paste 
down to 0.25 μm. To eliminate detrimental circumferential scratches, 
longitudinal polishing was then performed by hand to reach Ra ~0.1 μm. 
This procedure removes approximately 100 μm to the diameter. Sand
blasting was carried out for 1 min using a Laborex Type 1250 industrial 
cleaning and finishing machine. Samples were automatically rotated 
during sandblasting and the distance between the sand nozzle and the 
sample was kept at 10 cm. The sand was pink corundum LX 5200, made 
of 98 % of Al2O3, with d50 = 445 μm. The change in sample diameter is 
lower than 1 μm after sandblasting.

2.3. Characterizations

Roughness was characterized using the Keyence VHS 7000 series 3D 
digital microscope. 3D horizontal traveling serial recordings were per
formed over the surface of interest, parallel to the building direction (see 
dashed arrow in Fig. 1(c)), with a magnification of 150x. Following the 
guidelines of the EN ISO 4288 for surface roughness measurements, the 
low and high-pass filters (λs and λc, respectively), the assessment length 
(Ln) and the traveling length (Lt) used for the roughness measurements 
are provided in Table 3. The evaluated roughness parameters were the 
arithmetic average roughness (Ra), the maximum profile roughness (Rz), 
peak (Rp) and valley (Rv) roughnesses. The procedure was repeated six 
times for each sample, rotating the sample along its longitudinal axis 
between each measurement.

An in-depth characterization of the distribution and volume of 
porosity was carried out using X-Ray computed tomography (CT). An 
EasyTom XL CT scanner was used, with a voxel size of 2 μm. Processing 
of the tomography data was performed using Fiji software.

Table 1 
Chemical composition of AlSi10Mg powder.

Element Al Si Mg Fe

Mass Fraction (%) Balance 10.02 0.32 0.11
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Conventional metallographic study and characterisation have been 
performed on cross-sections by optical microscopy (Keyence VHS 7000 
series 3D digital microscope) and Scanning Electron Microscopy - SEM 
(Zeiss Ultra 55).

2.4. Mechanical testing

Uniaxial tensile tests were performed following ASTM E8/E8M-15a 
standard at room temperature. The tensile tests were carried out using a 
Zwick/Roell Instron® testing machine with a pre-loading of 5 N, a 
displacement rate of 1 mm/min, and gauge length of 20 mm. Two 
samples per condition were tested. Total fatigue life tests were per
formed following ASTM E466-15 standard at room temperature. Force 
controlled with constant amplitude uniaxial fatigue tests (tensile-tensile, 
R = 0.1) were carried out on an MTS Bionix 25 kN servo hydraulic 
testing machine until complete separation of the half-samples. 
Maximum stress levels between 140 MPa and 240 MPa were chosen 
based on the yield strength and at least twelve samples per condition 
were tested (distributed on five or six stress levels). The frequency was 
set at 30 Hz. If samples remained unbroken, fatigue tests were stopped at 
1 × 107 cycles and qualified as run-outs, according to DIN EN 6072. 
Fracture surfaces were characterized with SEM. Total life curves were 
fitted with the Kohout-Věchet model [38], see Equation (1), while 

excluding run-outs. 

Δσ = a ⋅
((

Nf + B
)
⋅C

Nf + C

)b

(1) 

In Equation (1), Δσ = σmax − σmin is the stress range [MPa], Nf is the 
number of cycles to failure [/] and a [MPa], b, B, and C [/] are fitting 
parameters determined by the least square method. This model allows 
the description of the fatigue curves over the whole fatigue range, from 
(very) low to (very) high cycle fatigue [38]. It was preferred to Basquin’s 
fit, i.e. the classical power law model Δσ = a ⋅

(
Nf

)b, which is only 
applicable in the range of 103 to 106 cycles (linear fit in log-log scale) 
[38].

3. Results

3.1. Surface roughness

The roughness measurements (Ra, Rz, Rv, and Rp) for the three 
families of samples in stress-relieved (SRHT) and stress-relieved +
sandblasted (SRHT + SB) conditions are presented in Table 4. Fig. 2
illustrates these values in two ways: the evolution of Ra as a function of 
the contour TED, as well as the comparison of the contributions of Rv 
and Rp, for both surface conditions.

For the SRHT condition and in the absence of surface treatment, 
increasing the contour TED allows to significantly decrease Ra and Rz, as 
mentioned in [16] and confirmed by Table 4. In the case of Ra, compared 
to a reference value of 9 μm, roughness values averaged 5 and 4.3 μm for 
the 100–600 and 100–300 samples, respectively. This represents a 
decrease in Ra of 44 % for the 100–600 and of 52 % for the 100–300 
samples. Rz shows a trend similar to Ra, with a decrease of 53 % and 58 
%, respectively. After sandblasting (SB), the roughness values of the 
85–1200 samples decrease slightly, whereas they increase slightly for 
100–600 and 100–300 samples, as shown in Fig. 2(a). This means that 
the low roughness levels achieved when optimizing the contour pa
rameters (e.g. 100–600 and 100–300) cannot be further improved by 
using sandblasting as a surface post-process.

In addition, the roughness topology was studied by comparing the 
contributions of valleys and peaks, see Fig. 2(b). In the 85–1200 SRHT 
samples (top-right black point in Fig. 2(b)), Rp constitutes by 52 % to the 
total Rz, while Rv accounts for 48 % of Rz. Increasing the TED (following 
the black line in Fig. 2(b)) reduces both Rp and Rv, causing the overall 
reduction in Rz described above. However, this reduction is not pro
portional between Rp and Rv. As a result, Rv becomes higher than Rp and 
thus the main contributor to Rz, accounting for 64 % and 60 % of the 
total Rz in the 100–600 and 100–300 SRHT samples, respectively. From 
a physical point of view, increasing the contour TED reduces the amount 
of sintered, unmelted particles on the sample surface while having a 

Fig. 1. (a) Dimensions of tensile samples in mm. (b) Dimensions of fatigue samples in mm. The dashed arrow represents the location of the roughness measurements 
(see Section 2.3). (c) Schematic representation (not to scale) of the L-PBF scanning strategy of a cross-section with the thick circle representing the contour track, 
lased first, and the thin lines representing bulk lasering with parallel back-and-forth tracks, lased after the contour. BD = building direction.

Table 2 
Process parameters of the three families of samples: rough, smooth and smooth 
with keyhole pores (KHP). TED = Track Energy Density.

Families of 
samples

Bulk Contour

Laser 
Power

Scanning 
Speed

TED Laser 
Power

Scanning 
Speed

TED

[W] [mm/s] [J/ 
m]

[W] [mm/s] [J/ 
m]

85–1200 
Rough

232.5 1200 194

232.5 1200 194

100–600 
Smooth

273.6 600 456

100–300 
Smooth 
with KHP

273.6 300 912

Table 3 
Profile roughness measurement parameters 
following EN ISO 4288.

λs [μm] 8.0
λc [mm] 2.5
Ln [mm] 12.5
Lt [mm] 15.0
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Table 4 
Arithmetic average roughness (Ra), maximum profile roughness (Rz), valleys (Rv) and peaks (Rp) for the three families of samples. Comparison between stress-relieved 
(SRHT) and stress-relieved + sandblasted (SRHT + SB) samples.

Contour TED [J/m] Post-processing Ra [μm] Rz [μm] Rv [μm] Rp [μm]

85–1200 Rough 194 SRHT 9.0 ± 0.4 58.7 ± 3.1 28.1 ± 1.6 30.6 ± 1.5
SRHT + SB 8.5 ± 1.6 49.9 ± 11.7 25.5 ± 4.4 24.4 ± 8.3

100–600 Smooth 456 SRHT 5.0 ± 0.7 27.5 ± 4.3 16.5 ± 2.4 11.0 ± 1.9
SRHT + SB 5.4 ± 0.6 31.0 ± 4.2 17.2 ± 2.4 13.8 ± 1.5

100–300 Smooth with KHP 912 SRHT 4.3 ± 0.3 24.4 ± 1.4 15.7 ± 0.6 8.7 ± 1.5
SRHT + SB 5.3 ± 0.3 30.2 ± 2.3 18.2 ± 1.3 12.0 ± 1.1

Fig. 2. (a) Evolution of the average roughness (Ra) with TED. (b) Comparison of valley (Rv) and peak (Rp) roughnesses. Contour scanning speeds are indicated for 
ease of understanding. Comparison between stress-relieved (SRHT) samples in black and stress-relieved + sandblasted (SRHT + SB) samples in blue. (For inter
pretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Fig. 3. (a–c) Optical micrographs of typical mesostructure of 85–1200 (low TED = 194 J/m), 100–600 (TED = 456 J/m), and 100–300 (high TED = 912 J/m) 
contoured samples in SRHT condition. (d–f) SEM micrographs of typical contour microstructure obtained with 85–1200, 100–600, and 100-300 L-PBF parameters 
after SRHT. Note that the bulk zones of the three categories of samples were manufactured with similar parameters (85–1200) and present microstructures similar to 
(d). The black arrows highlight some keyhole pores (KHP).
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lower effect on the grooves present on the sample surface (known as a 
staircase effect) [16]. This explains why Rp decreases faster than Rv 
when the TED increases. The Rv and Rp values of the 85–1200 samples 
decrease by 9 % and 20 %, respectively, after sandblasting (top-right 
blue point in Fig. 2(b)). In contrast, the Rv and Rp values of the 100–600 
and 100–300 samples increase after sandblasting, with a more pro
nounced rise observed for Rp. This indicates that sandblasting tends to 
create peaks rather than valleys on the surface. However, Rv still remains 
higher than Rp in all the SRHT + SB samples. After sandblasting, it is 
interesting to note that Rv remains the main contributor to Rz regardless 
of the TED, i.e. accounting for 51 %–60 % of Rz.

As indicated in the experimental procedure, an average roughness of 
0.1 μm is obtained after extensive polishing. This value is significantly 
lower than those obtained for the sandblasted samples.

3.2. Mesostructures and microstructures

Fig. 3(a–c) presents typical mesostructures of the three families of 
contoured samples after stress-relief heat treatment (SRHT), from low 
(194 J/m) to high (912 J/m) contour TED. As expected, in 85–1200 
contoured samples (Fig. 3(a)), bulk and contour zones have similar melt- 
pool widths (103.8 and 106.1 μm, respectively), as well as colors, 
reflecting similar microstructures. In 100–600 and 100–300 contoured 
samples (Fig. 3(b) and (c)), contour melt-pools are gradually larger 
(229.1 and 339.2 μm, respectively) and appear darker, reflecting coarser 
microstructures, due to the increased energy input. At higher magnifi
cation, Fig. 3(d–f) provides a comparison between the 85–1200, 
100–600, and 100–300 SRHT microstructures from contour zones. It is 
worth noting that Fig. 3(d) is a representative microstructure of the bulk 
zone of all the samples, as well as of the contour zone of the 85–1200 
family. It is possible to observe that the Si-network (lighter grey phase) 
around the Al cells (darker grey phase) in Fig. 3(d) remains inter
connected, displaying little-to-no globularization. Likewise, it is possible 
to see that there are some Si precipitates inside the Al cell. In the 
100–300 contour zone (Fig. 3(f)), the higher TED leads to a coarser Si- 
network around the Al cells, which has undergone a higher degree of 
globularization than in the core, leading to its degradation. Si pre
cipitates inside the cells are also visible (lighter grey phase) and are 
coarser than in the bulk/85–1200 region (Fig. 3(d)). The contour 
microstructure in 100–600 samples (Fig. 3(e)) is intermediate between 
microstructures of 85–1200 and 100–300 zones (Fig. 3(d) and (f), 
respectively).

3.3. Porosity distribution

Porosity was characterized based on high-resolution CT scans (1000 
slices, voxel size = 2 μm, hence 2 mm in thickness) of the three families 

of contoured samples after stress-relief heat treatment (SRHT). Porosity 
levels of 0.002 %, 0.007 %, and 0.035 % were obtained from low (194 J/ 
m) to high (912 J/m) contour TED, respectively. Fig. 4(a–c) presents 
typical CT Z-projections, consisting in stacks of 200 slices centered on 
the minimal cross-section. As already visible in Figs. 3(c), 100–300 
contour parameters generate numerous keyhole pores (KHP, white ar
rows) located in the central region of the contour melt pool. This is 
consistent with the higher TED used in the contour (912 J/m), which is 
associated with a keyhole melting mode and the appearance of such 
defects. KHP in the contour of 100–300 samples have a mean diameter of 
73 ± 17 μm and are centered at a mean distance of 170 μm from the 
surface, right in the middle of the contour melt pool. Fig. 4(c) gives the 
impression of a “ring of pores”, but it should be remembered that this is a 
stack of 200 slices. It is worth noting that, in a single cross-section, there 
are only a few keyhole pores (see Fig. 3(c)). The presence of KHP justifies 
the higher porosity level obtained for the 100–300 contoured sample 
(0.035 %). As highlighted by the white arrows in Fig. 4(b) and revealed 
by the intermediate level of porosity (0.007 %), keyhole pores are oc
casionally present in the contour of 100–600 contoured samples (only a 
few for the entire stack of 200 slices). In Fig. 4(a), the black arrow shows 
a lack-of-fusion defect present at the surface of the 85–1200 contoured 
sample.

In Fig. 5, CT data are presented with histograms in order to reflect the 
size distribution and the mean sphericity of the porosity, while 
discriminating between bulk and contour pores. Going from cold 
(85–1200, 194 J/m, Fig. 5(a)) to hot (100–300, 912 J/m, Fig. 5(c)) 
contour parameters clearly increases the porosity in the contour zone, 
while the volume of bulk porosity remains similar. For the 85–1200 et 
100–600 contoured samples, Fig. 5(d) and (e) show that the smaller 
pores are rather spherical (equivalent diameter <30 μm, mean sphe
ricity between 0.5 and 0.9), while a few bigger pores exist with a mean 
sphericity below 0.5. The first can be identified as metallurgical pores, 
while the latter can be related to lack-of-fusion defects in the 85–1200 
sample or a mix between lack-of-fusion and keyhole defects in the 
100–600 contoured sample, as it is operated at the onset of the key
holing mode. The histogram of the 100–300 contoured sample (Fig. 5
(c)) reveals that two populations of pores clearly coexist, in addition to 
the metallurgical pores already observed in the 85–1200 and 100–600 
samples. As demonstrated by Fig. 5(f), they are all rather spherical with 
a mean sphericity higher than 0.5 in any case. The population of bigger 
pores corresponds to the contour keyhole pores highlighted in Figs. 3(c) 
and 4(c). The secondary population of smaller pores, which are under 
15 μm in size, may be associated to the “microporosities” observable 
near the outer and inner edges of the contour melt pool in Fig. 4(c). A 
few of these microporosities must also be present in the contour of 
100–600 contoured sample, in the same vein as the few KHP, as shown 
by the presence of small contour pores in Fig. 5(b) (equivalent diameter 

Fig. 4. Computed tomography (CT) Z-projections of (a) 85–1200 (low TED = 194 J/m), (b) 100–600 (TED = 456 J/m), and (c) 100–300 (high TED = 912 J/m) 
contoured samples in SRHT condition. Each projection is a stack of 200 slices with voxel size = 2 μm, hence representing 400 μm in thickness. The black arrow shows 
an open lack-of-fusion defect (LoF). The white arrows show keyhole pores (KHP).
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<15 μm) that are not present in the 85–1200 histogram. Table 5 sum
marizes the characterization of the porosity in the three families of 
samples.

Overall, no change in porosity distribution is expected after polishing 
and sandblasting, as these are surface post-processes. On average, 
sandblasting results in a change in sample diameter of less than 1 μm, 
while it decreases by around 100 μm after polishing, i.e. below the 170 
μm corresponding to the average distance of the large keyhole pores 
from the surface.

3.4. Static properties

The average values for the yield strength, ultimate tensile strength 
(UTS) and elongation at break are summarized in Table 6. In all cases, 
the differences in mechanical properties among sample families are not 
beyond the margins of error, which indicates that the static properties 
are not significantly affected by the contour parameters. Zhao et al. 
identified the globularization of the Si network as the major contributing 
factor that decreases the strength of AlSi10Mg and imparts ductility 
[39]. The fact that there is no evidence of significant globularization in 

the bulk of the samples (as shown in Fig. 3(d)), which encompasses the 
main load-bearing region, is consistent with the relatively low ductility 
of the alloy.

3.5. Fatigue performance of SRHT samples

Fig. 6 presents the results of the fatigue tests carried out on the stress- 
relieved (SRHT) samples with as-built surface condition, as standard 
Wöhler curves. The smooth samples contoured by both the 100–600 and 
100–300 parameter sets present a better fatigue resistance than the 
reference 85–1200 rough samples. Kohout-Věchet fitting curve [38], 
described in Equation (1), has been plotted for each family of samples. 
The improvement in fatigue resistance for the 100–300 samples is higher 
than for the 100–600 samples and seems uniform across all the stress 
levels. In contrast, the trendline of the 100–600 samples presents a 
steeper decline. Note that none of the samples reaches 107 cycles in the 
tested stress range. It is therefore not possible to determine a technical 
fatigue strength, via the run-outs, for the SRHT samples. This is in line 
with Aboulkhair et al. having technical fatigue strengths below the 
tested stress range for similar material and close conditions (around 63 
MPa and 99 MPa for as-built and heat-treated conditions, respectively) 
[25].

Fig. 5. (a–c) Histograms of bulk and contour porosity size distribution based on the full CT dataset (1000 slices, voxel size = 2 μm, 2 mm in thickness). (d–f) 
Corresponding mean sphericity of the pores for each bar of the histograms. The averages for bulk and contour are represented separately by the dots.

Table 5 
Analysis of the porosity in the three families of samples. LoF = lack-of-fusion 
defects, KHP = keyhole pores.

Bulk Contour

85–1200 Rough

Metallurgical pores 
A few LoF

Metallurgical pores
A few LoF

100–600 Smooth
A few microporosities
Metallurgical pores

A few LoF and a few KHP

100–300 Smooth with KHP
Microporosities

Metallurgical pores
“Ring” of KHP

Table 6 
Static properties of the three families of samples in stress-relieved condition 
(SRHT).

Yield Strength, 0.2 
% [MPa]

Ultimate 
Tensile 
Strength 
[MPa]

Elongation at 
break [/]

85–1200 Rough 238.9 ± 1.7 403.8 ± 3.7 0.04 ± 0.0015
100–600 Smooth 244.4 ± 9.0 413.0 ± 6.7 0.04 ± 0.0003
100–300 Smooth 

with KHP
239.0 ± 6.1 391.9 ± 0.1 0.03 ± 0.0010
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Table 7 provides a summary of the identified fatigue initiating sites. 
In greater detail, Table S1 in Supplementary Materials provides the 
initiating sites as a function of the stress levels. In SRHT condition, fa
tigue failure of almost all the samples (36 out of 42) started from the 
surface, whatever the contour parameters. The defects that initiate fa
tigue failure from the surface are difficult to identify (as illustrated in 

Fig. 7), but are most likely surface irregularities, notches or oxides. More 
specifically, in the 85–1200 contoured samples, lack-of-fusion (LoF) 
defects at or close to the surface were initiating fatigue cracks in 4 cases 
out of 14 (see Table 7 and an example in Fig. 8(a)). Multiple initiation 
sites are visible on the fracture surface of 18 samples (out of 42), espe
cially in 85–1200 rough samples because of a higher proportion of 
surface defects (in 9 samples out of 14 in that case). Fig. 9 illustrates an 
extreme example with about ten initiation sites visible on the fracture 
surface. Directly related to this, the initiating crack zone of the 85–1200 
sample in Fig. 7(a) has a larger number of ratcheting marks, indicating 
the presence of more microcracks generated from the rougher surface. It 
is worth noting that subsurface keyhole pores (KHP) seem to play no role 
in fatigue initiation in 100–300 samples (see Fig. 7(c)). In one case out of 
14 (see Fig. 8(b)), a spherical subsurface pore adjacent another surface 
defect was responsible for initiation, but it is not identified as a keyhole 
defect, as it does not appear to be located in the center line of the contour 
melt pools.

3.6. Fatigue performance of polished and sandblasted SRHT samples

In order to evaluate the decoupled effect of contour keyhole porosity 
and improved surface quality, the stress-relieved samples were 
compared with homologous polished (SRHT + P) and sandblasted 
(SRHT + SB) samples. The reference 85–1200 samples (initially rough) 
present a small improvement after polishing and a slightly higher in
crease after sandblasting (see Fig. 10). Both post-processes are known 
from literature to improve fatigue life: polishing by reducing surface 
roughness [40] and sandblasting by inducing compressive residual 
stress at the surface [37]. After polishing and sandblasting, half of the 
85–1200 broken samples (11 out of 20) initiated on LoF defects at or 

Fig. 6. Wöhler curves for the SRHT samples: 85–1200 rough (blue), 100–600 
smooth (black), and, 100–300 smooth with KHP (red) with as-built surface 
condition. Experimental data points are fitted with Kohout-Věchet model [38], 
see Equation (1). (For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this article.)

Fig. 7. SEM micrographs of fatigue fracture surface of SRHT (a) 85–1200 rough, (b) 100–600 smooth, and (c) 100–300 smooth with KHP samples with as-built 
surface condition. Red dotted circles highlight the areas of the surface from which the fatigue initiated, without a specific defect being identified. (For interpre
tation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Table 7 
Identification of fatigue failure initiating sites for all the tested samples. The ratio in brackets indicates the occurrence among all the tested samples. SRHT = stress- 
relieved, P = polished, SB = sandblasted conditions, KHP = keyhole pores, LoF = lack-of-fusion defects.

SRHT SRHT + P SRHT + SB

85–1200 (Initially) Rough
Surface (10/14) LoF at/close to surf (7/12) 

Surface (5/12)
LoF at/close to surf (4/12)

LoF at/close to surf (4/14) Run-outs (4/12)
Surface (4/12)

100–600 (Initially) Smooth

Surface (13/14) Subsurf defect (5/13) Surface (9/16)
Subsurf defect (1/14) Surface (4/13) Run-outs (4/16)

Run-outs (3/13) Undefined (2/16)
Subsurf KHP (1/13) LoF in bulk/between bulk and contour (1/16)

100–300 (Initially) Smooth with KHP

Surface (13/14) Surface (6/12) Surface (6/15)
Subsurf defect (1/14) Opened subsurf KHP (5/12) LoF in bulk/between bulk and contour (3/15)

Subsurf KHP (1/12) KHP in contour (3/15)
Run-outs (3/15)
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close to the surface (similarly to Fig. 8(a)), while in the others (9 out of 
20) no LoF defect could clearly be identified (see Table 7, as well as 
Table S2 and Table S3 in Supplementary Materials). Four sandblasted 
samples reached 107 cycles, at maximal stress levels of 160 and 180 
MPa, placing their technical fatigue strength in this interval.

Fig. 11 presents the results for the 100–600 contoured samples 
(initially smooth). It shows that both polishing and sandblasting have a 
significant positive effect on fatigue life. SRHT + P and SRHT + SB 
100–600 samples perform much better than SRHT samples without 
surface treatment, particularly at lower stress levels. By combining 
100–600 contour parameters and polishing or sandblasting, the 
fatigue lifetime of heat-treated samples is increased by two orders 
of magnitude at lower stress levels (160–180 MPa). Three polished 
and four sandblasted samples reached 107 cycles, at maximal stress 
levels of 160 and 180 MPa. Both surface post-processes therefore pro
vide similar technical fatigue strength and close fit curves in the tested 
stress range.

Fatigue cracks initiated on (sub)surface irregularities, notches or 
oxides in most of the 100–600 SRHT + P and SRHT + SB samples (18 
cases out of 20, see Table 7, as well as Table S2 and Table S3 in Sup
plementary Materials). Fig. 12 illustrates two exceptions: (a) in a pol
ished sample, a subsurface KHP initiated fracture, and (b) in a 
sandblasted sample, fracture was initiated on a LoF defect located in the 
bulk or at the boundary between bulk and contour.

Fig. 13 presents the Wöhler curves of the 100–300 contoured sam
ples (initially smooth with KHP). On the one hand, polished samples 
perform reasonably better than SRHT ones. On the other hand, sand
blasting has a significantly positive impact on the fatigue life, with an 
improvement close to two orders of magnitude at 160–180 MPa. Except 
at the higher stress level (220–240 MPa), the lifetime of 100–300 pol
ished samples lies between SRHT and SRHT + SB samples. Three run- 
outs occurred for maximal stress of 160 and 180 MPa, giving again a 
technical fatigue strength in this range for 100–300 SRHT + SB samples.

In 100–300 polished samples, surface initiation occurred for half of 
the cases (6 out of 12). Fracture initiated on (opened) subsurface KHP in 
the six other cases, as illustrated in Fig. 14(a). The type of initiating 
defect is more dispersed in the case of 100–300 sandblasted samples (see 
Table 7, as well as Table S2 and Table S3 in Supplementary Materials): 
surface defects (6 out of 15), LoF defects located in the bulk or at the 

Fig. 9. SEM micrograph of the fatigue fracture surface of a SRHT 85–1200 
rough sample (200 MPa–4.4*104 cycles) presenting multiple initiation sites, 
highlighted by black or white arrows.

Fig. 10. Wöhler curves for the reference 85–1200 samples (initially rough) in 
SRHT (black), polished (red), and sandblasted (blue) conditions. Experimental 
data points are fitted with Kohout-Věchet model [38], see Equation (1). 
Arrowed points represent run-outs. “2x” means that 2 samples were tested and 
ran out at these stress levels. (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of this article.)

Fig. 11. Wöhler curves for the 100–600 samples (initially smooth) in SRHT 
(black), polished (red), and sandblasted (blue) conditions. Experimental data 
points are fitted with Kohout-Věchet model [38], see Equation (1). Arrowed 
points represent run-outs. Both polished and sandblasted samples ran out at 160 
and 180 MPa “1, 2, or 3x” means that 1, 2, or 3 samples were tested and ran out 
at these stress levels. (For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this article.)

Fig. 8. SEM micrographs of fatigue fracture surface of SRHT samples with as- 
built surface condition. Red dotted circles highlight (a) a lack-of-fusion initi
ating defect in a 85–1200 rough sample, and (b) a subsurface spherical pore 
combined with a surface irregularity that initiated fracture in a 100–300 sample 
(smooth with KHP). (For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this article.)
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boundary between contour and bulk (3 out of 15, Fig. 14(b)), and KHP in 
the contour (3 out of 15, Fig. 14(c)) were identified. It is worth noting 
that, after polishing, initiating KHP were opened on the surface (Fig. 14
(a)), while they were still closed after sandblasting (Fig. 14(c)).

4. Discussion

4.1. Effect of roughness and porosity on fatigue properties of SRHT 
samples

The fatigue performance of net-shaped vertically-built stress- 
relieved AlSi10Mg fatigue samples reveals that the increased contour 
TED in the 100–600 and 100–300 smooth samples results in a better 
fatigue life than the reference 85–1200 rough contoured samples (see 
Fig. 6). The 100–600 and 100–300 samples present a lower surface 
roughness than the 85–1200 samples (see Table 4), while only the 
100–300 samples present a significant amount of subsurface keyhole 
pores along the contour (see Fig. 4 and Table 5). This indicates that 
roughness rather than porosity is the controlling factor for fatigue per
formance of samples with as-built surface condition in the present study.

Moreover, the keyhole porosity (with the larger KH pores located at a 
mean distance of 170 μm from the surface) does not represent a detri
mental factor for fatigue performance, since the SRHT 100–300 samples 
presented the best overall fatigue life, as demonstrated by Fig. 6. Fig. 7
(c) reinforces this hypothesis, as one can see that initiation takes place at 
the surface, independently of the presence of subsurface KHP. Piette 
et al. came to the same conclusion [36]: their “healing” contour (second 
contour pass with a lower TED) does not improve the fatigue properties, 
although it reduces the quantity and size of the contour pores, while not 
affecting the roughness too much. These recent results (present study 
and [36]) contradict the conclusion of Raja’s review published in 2022 
[33], which concluded that pores are the principal defects initiating 
cracks in AlSi10Mg manufactured by L-PBF.

Table 8 compares the values of the Kohout-Věchet fitting parameters, 
see Equation (1), for the stress-relieved samples in as-built surface 
condition (SRHT in shaded lines). The fitting parameter b could be 
related to the fatigue strength exponent, representing the Wöhler 
curve’s slope on a log-log scale in the linear regime (approximative 

Fig. 12. SEM micrographs highlighting exceptional initiating defects in 100–600 samples (initially smooth): (a) a subsurface keyhole pore in SRHT + P condition, 
and (b) a lack-of-fusion defect close to the bulk/contour boundary in SRHT + SB condition.

Fig. 13. Wöhler curves for the 100–300 samples (initially smooth with KHP) in 
SRHT (black), polished (red), and sandblasted (blue) conditions. Experimental 
data points are fitted with Kohout-Věchet model [38], see Equation (1). 
Arrowed points represent run-outs. (For interpretation of the references to color 
in this figure legend, the reader is referred to the Web version of this article.)

Fig. 14. SEM micrographs highlighting initiating defects in 100–300 samples (initially smooth with KHP): (a) an opened subsurface keyhole pore in SRHT + P 
condition, (b) a lack-of-fusion defect close to the contour/bulk boundary in SRHT + SB condition, and (c) a keyhole pore in the contour in SRHT + SB condition.
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range from 103 to 106 cycles). It is related to the material’s sensitivity to 
cyclic loading: a smaller absolute value of b (i.e. higher value as b is 
negative) implies a greater increase in fatigue life for a given decrease in 
stress range. On the other hand, the fitting parameter a can be associated 
to the fatigue strength coefficient and represents the intersection with 
the stress range axis. However, the value of a is difficult to compare from 
one curve to another because it is highly dependent on the value of b. 
Typically, curves with a steep slope (larger absolute value of b) will 
reach higher intercept values although performing less well at a higher 
number of cycles. According to the definition of Kohout and Věchet 
[38], B and C represent the numbers of cycles from which the fatigue 
curve bends (onset and end of the linear regime with slope b, respec
tively). The values of b will be at the heart of the discussion, while a, B, 
and C are given for information only.

In the absence of surface post-process, all sample families present 
close b parameters (− 0.24 to − 0.28), hence material sensitivities to fa
tigue. The 85–1200 samples have the highest a value balanced by a 
slightly larger absolute value of b (steeper slope), while the fatigue 
strength coefficient a of 100–600 and 100–300 samples are close. 
Comparison with the literature is difficult because of the large ranges of 
parameters in the manufacturing, post-processing and testing condi
tions. Only Aboulkhair et al. [25] provide results close to the present set 
of samples without surface post-process: a = 832 and 501 MPa and b =
− 0.22 and − 0.15 for as-built and heat-treated conditions, respectively. 
Despite a much higher roughness (17.1 μm), they have a lower sensi
bility to cyclic loading, but at the expense of the fatigue strength coef
ficient, which is far lower than present values. This difference may be 
attributed to the pre-heating of their building plate to 180 ◦C, as well as 
to the hotter temperature of their heat-treatment (solution 
heat-treatment for 1h at 520 ◦C followed by artificial ageing for 6h at 
160 ◦C), leading to a possible softening of the material. Indeed, after the 
two-step heat-treatment, they observed grain growth and a totally 
globularized Si network [25], which is not the case here (see Fig. 3).

4.2. Effect of surface post-processing on fatigue properties

The aim of this section is to assess (1) the extent to which fatigue life 
could be improved by surface post-processing and (2) the independent 
effect of keyhole pores in the 100–300 samples compared to the 
100–600 (without keyhole porosity or, more precisely, with consider
ably less KHP). For this purpose, Table 8 summarizes Kohout-Věchet 
fitting parameters, together with the contour TED and the average 
roughness, also for polished and sandblasted conditions.

4.2.1. Effect of polishing
Polishing the samples improves the overall surface condition, as any 

attached unmelted powder particles are removed, and the grooves on 
the surface are similarly extinguished. Whatever the contour parame
ters, polishing has a positive impact on the fatigue life, by shifting the 
Wöhler curves to higher stress-longer lifetime (see Figs. 10, 11 and 13). 

The sensibility to cyclic loading is significantly decreased in any cases, as 
demonstrated by lower absolute values of b in Table 8 (− 0.05 to − 0.15) 
in comparison to as-built surface condition (− 0.24 to − 0.28).

Fig. S4 compares the Wöhler curves of all polished samples. It is 
worth noting that the performances of the SRHT + P 100–600 (initially 
smooth) samples are better than that of the SRHT + P 100–300 (initially 
smooth with KHP) samples, unlike the SRHT case (see Fig. 6). This is also 
demonstrated by the smaller absolute value of b in Table 8: − 0.05 and 
− 0.10 for the SRHT + P 100–600 and 100–300 samples, respectively. 
The performances of the 85–1200 initially rough polished samples 
remain the lowest among the tested samples.

The reason behind this difference in polishing “efficiency” on fatigue 
life between 100-600 and 100–300 samples is the effect of the opened 
porosity on the polished surface of 100–300 contoured samples, as 
illustrated in Fig. 15. The polishing procedure removes approximately 
100 μm in diameter and improves greatly the roughness. However, it can 
lead to the opening and exposure at the surface of defects or pores, 
particularly KHP or microporosities widely present in the contour of 
100–300 samples (see Fig. 4(c) and Table 5) or LoF defects in 85–1200 
samples (see Fig. 4(a)). This does not happen in the case of 100–600 
samples because, by operating at the onset of the keyholing mode, there 
are less likely keyhole pores, microporosities, or LoF defects in the 
contour zone (see Fig. 4(b)), hence on the polished surface, as evidenced 
in Fig. 15(a).

In the 100–300 samples, while KHP should not be opened by the 
polishing procedure based on average values (KHP mean diameter of 73 
μm, located at 170 μm, removal of 50 μm), this can statistically occur 
when a KHP is located closer to the surface. In 6 cases out of 12 (see 
Table 7), large keyhole pores (between 70.0 and 145.3 μm in diameter) 
were identified as responsible for crack initiation (as shown in Fig. 14
(a)). In addition to KHP, microporosities can also create hotspots for 

Table 8 
Contour TED, average arithmetic roughness (Ra), and Kohout-Věchet fitting parameters, see Equation (1), for 85–1200 (initially) rough, 100–600 (initially) smooth, 
and 100–300 (initially) smooth with KHP samples. Comparison between stress-relieved (SRHT), stress-relieved + polished (SRHT + P), and stress-relieved + sand
blasted (SRHT + SB) conditions.

Contour TED [J/m] Post-processing Ra [μm] a [MPa] b [/] B [/] C [/]

85–1200 (Initially) Rough 194 SRHT 9.0 3513 − 0.28 1.9e3 1e6
SRHT + P ~0.1 936 − 0.15 1e2 5e6
SRHT + SB 8.5 776 − 0.12 1e4 3.7e8

100–600 (Initially) Smooth 456 SRHT 5.0 2696 − 0.25 1e2 1e6
SRHT + P ~0.1 353 − 0.05 2.4e2 8.3e7
SRHT + SB 5.4 354 − 0.05 1e2 5e6

100–300 (Initially) Smooth with KHP 912 SRHT 4.3 2631 − 0.24 9.8e3 1e9
SRHT + P ~0.1 608 − 0.10 9.8e3 1e9
SRHT + SB 5.3 339 − 0.05 1e2 9.3e8

Fig. 15. Comparison of the polished surface of typical a) 100–600 (initially 
smooth) and b)100–300 (initially smooth with KHP) samples.
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crack nucleation, as highlighted by the white arrows in Fig. 15(b). 
However, the direct link with the initiating defect on the fracture sur
faces cannot be established with certainty in these cases (referred to as 
surface initiation in Table 7). In the 85–1200 initially rough family, lack- 
of-fusion close to or at the surface were identified as initiating defects in 
most of the polished samples (7 out of 12).

A first comparison with literature is possible with the results of 
Hamidi Nasab et al. [40]. They obtained an interestingly low sensibility 
to cyclic loading on machined and polished samples (b = − 0.05, close to 
the 100–600 SRHT + P samples), but with a lower fatigue strength co
efficient (a = 174 MPa). On their side, Santos et al. [23] obtained a =
840 MPa and b = − 0.12 on stress-relieved and polished samples, in 
between the 85–1200 and 100–300 SRHT + P results, putting these two 
categories of samples “within the standards of literature”. On the other 
hand, the 100–600 SRHT + P family exhibits excellent performances, 
with a very low absolute value of the fatigue strength exponent (b =
− 0.05) rarely reported in literature. One example and a basis of com
parison is provided by Santos et al. with similar performances (a = 411 
MPa, b = − 0.04) obtained after friction stir processing and polishing 
[23]. Friction stir processing drastically reduces porosity and eliminates 
totally the larger pores, but this is achieved by adding an additional 
post-processing step [23]. This last comparison highlights the very 
interesting efficiency of the present contour-optimized parameters (at 
the onset of keyholing) in order to avoid any defect or porosity in the 
contour region, which is the most critical one for fatigue properties, 
while avoiding the use of post-processing.

4.2.2. Effect of sandblasting
Stress-relieved + sandblasted samples present the overall best per

formances, although similar to the polished condition in the 100–600 
initially smooth samples (see Figs. 10, 11 and 13). This is reflected by a 
lower sensibility to cyclic loading, with the smallest absolute values of b 
in Kohout-Věchet fits (− 0.05 to − 0.12 in Table 8) in comparison to 
SRHT samples (− 0.24 to − 0.28). In addition, Fig. S5 shows that 
100–300 and 100–600 initially smooth samples (with and without KHP) 
present comparable results and very close fit curves after sandblasting.

In the literature, it is known that sandblasting may reduce roughness 
and induces compressive residual stresses by localized plastic defor
mation of the surface, which improve fatigue life [19,20]. Fig. 16 pre
sents the evolution of the average surface roughness in SRHT and SRHT 
+ SB samples compared to the improvement reported by Avanzini et al. 
[19]. The latter obtained a reduction in roughness of almost a factor of 2 
after sandblasting, which was attributed to the elimination of surface 
irregularities (satellites, balling, stuck particles) [19]. However, when 
contour-optimized parameters are used, sandblasting no longer im
proves surface quality and may even lead to a slight increase in surface 
roughness (+0.4 and + 1 μm for 100–600 and 100–300 contoured 

samples, respectively). This is attributed to the low roughness level 
achieved in the present work by optimizing the contour parameters (Ra 
= 4.3–5 μm), which is already 2–3 times lower than that of the AB 
samples reported in the literature [19,25,40].

In the absence of any significant improvement in surface roughness, 
the improvement in fatigue life is attributed to compressive residual 
stresses. Bagherifad et al. [32] reported that by sandblasting AlSi10Mg 
samples, it was possible to switch from tensile to compressive residual 
stress at the surface of the sample (i.e. switch from 70 MPa to − 90 MPa). 
They even reached a peak compressive stress of − 145 MPa at a depth of 
0.12 mm. These results have been reproduced by Avanzini et al. [19], 
reporting residual stress switching from 76 MPa to − 105 MPa after 
sandblasting. They obtained a fatigue strength exponent (b = − 0.13) 
comparable to the 85–1200 SRHT + SB family, but with a lower fatigue 
strength coefficient (a = 309 MPa) [19]. On their side, Hamidi Nasab 
et al. reported a and b values of 174 MPa and − 0.06 and [40], closer to 
the optimized 100–600 and 100–300 contoured families. They did not 
measure directly the residual stress, but used literature to claim that 
compressive residual stresses are generated during sandblasting [41,
42].

4.2.3. Comparison between polishing and sandblasting
Polishing and sandblasting provide similar results on 100–600 con

toured samples (initially smooth), hence with low as-built roughness 
and in the absence of KHP, as evidenced in Fig. 11. Table 8 shows that 
the Kohout-Věchet fitting parameters are very close (a = 353 or 354 MPa 
and b = − 0.05), although the two families of samples have very different 
roughnesses (~0.1 vs 5.4 μm, respectively). It means that a well- 
polished surface provides similar fatigue life than surface compressive 
residual stresses. HamidiNasab et al. reached a similar conclusion. They 
compared machined and polished samples with sandblasted samples, 
and the two categories showed very similar fatigue behaviors despite 
different roughnesses [40].

In 100–300 samples (initially smooth with KHP), the presence of 
large KHP and microporosities in the contour zone leads to earlier 
fracture after polishing, while sandblasting offers better fatigue life. It is 
reflected in the values of Kohout-Věchet fitting parameters: 608 MPa 
and − 0.1 vs 339 MPa and − 0.05 for polished and sandblasted samples, 
respectively.

It is worth noting that SRHT + P 100–600, SRHT + SB 100–600, and 
SRHT + SB 100–300 samples present similar fatigue performances, 
despite different roughnesses and the absence/presence of KHP. In 
addition to similar Kohout-Věchet fitting parameters, these three fam
ilies of samples also present comparative technical fatigue strength in 
the 160–180 MPa interval. From a practical point of view, it should be 
noted that mirror polishing is time-consuming and cannot be easily 
applied to complex parts or structures. Sandblasting, on the other hand, 
is much faster and can be applied to more complex shapes, at a much 
larger scale and can be easily automated.

5. Conclusions

This study investigated the influence of roughness and subsurface 
porosity on the fatigue behavior of net-shaped, vertically built AlSi10Mg 
L-PBF samples. By tailoring contour parameters, three families of sam
ples were produced: (i) with a rough surface, (ii) with a smooth surface, 
and (iii) with a smooth surface and subsurface keyhole pores. Each set 
was evaluated in stress-relieved state with different surface conditions: 
as-built, mirror-polished, and sandblasted. The following conclusions 
can be drawn: 

• Optimized contour parameters at the onset of keyholing or in 
keyhole mode (TED = 456 or 912 J/m) provide a low lateral surface 
roughness. Fatigue performances in as-built surface condition are 
improved but remain low without surface post-processing.

Fig. 16. Evolution of Ra after sandblasting in SRHT 85–1200 (rough), 100–600 
(smooth) and 100–300 (smooth with KHP) samples, and comparison with the 
literature [19].
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• When optimized contour parameters are applied, roughness cannot 
be further improved with sandblasting. Despite higher roughness, 
stress-relieved + sandblasted samples have a better fatigue life than 
stress-relieved equivalent parts.

• Lack-of-fusion defects are highly detrimental for fatigue, especially 
when appearing near the surface. Avoiding (sub)surface LoF defect 
by means of “high TED” contour parameters improves fatigue 
properties in any surface condition. Indeed, in comparison to the 
85–1200 case (TED = 194 J/m), the optimized contour parameters 
provide a better fatigue life, whether or not surface post-processing is 
applied.

• The “ring” of keyhole pores in the contour is not detrimental for 
fatigue, except when polishing is applied due to the “opening” of 
some (micro)pores. It is thus acceptable to use contour parameters 
with a high TED (e.g. 912 J/m) that favor low roughness, even if this 
means forming subsurface keyhole pores.

• Contour parameters in keyhole mode are a good compromise if high 
fatigue performances are needed in as-built and sandblasted condi
tions (e.g. parts with complex shapes or internal channels where 
sandblasting cannot be applied everywhere). Contour parameters at 
the onset of keyholing (e.g. TED = 456 J/m) should be preferred if 
the application requires to avoid any risk of porosity.
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