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Abstract: The present work concerns the influence of surface (machined, as-built) on the fatigue
resistance of AlSi10Mg produced by a powder-bed laser process. The competition between defects
and surface roughness is assessed by using Kitagawa-type diagrams. Samples are printed along
three directions: 0◦, 45◦ and 90◦. After axial fatigue tests with a load ratio of R = −1, all the fracture
surfaces are carefully analysed. The initiation sites can be (i) a defect, (ii) the surface roughness, (iii)
the surface ripple. The results indicate that ground surfaces lead to the same fatigue life as as-built
surfaces. It is also shown that T6 treatment improves the fatigue resistance. However, when specimen
surfaces are as-built or ground, it is difficult to correlate the fatigue results with ‘isolated defect size
analysis’ neither roughness parameter for an as-built surface. Therefore, microstructure, residual
stresses or multiple initiation should be further analysed to understand the results.

Keywords: fatigue; defect; as-built surface

1. Introduction

Additive manufacturing processes are innovative and disruptive technologies, because
they offer attractive prospects in the manufacturing of parts with a complex geometry
while reducing the number of fabrication steps and the quantity of raw material. In the
case of metals, for example, those used in the aircraft industry, the optimisation of parts
can furthermore offer significant weight saving [1–5]. Among the existing technologies,
the powder bed laser fusion method is receiving increasing attention, but the definition
of their limits still constitutes a real industrial and scientific challenge [6,7]. Indeed, the
control of such processes requires a sound knowledge of laser-material interactions and
their consequences in terms of the local microstructure, the material health in the bulk and
at the surface of the produced parts, and the associated mechanical properties. A literature
analysis shows that several studies explored the microstructure of additive manufactured
aluminium. This paper focusses on the specific case of AlSi10Mg. For this alloy, different
scales are exhibited in the material structure, such as melt-pools, dendritic structure, grains
in the sense of crystallography as well as defects [8–14]. Regarding the tensile or fatigue
resistance, the impact of conventional T6 heat treatment has also been assessed. This heat
treatment homogenises the melt-pools and the dendritic structure by producing silicon
wafers randomly distributed in the matrix [14–18]. Several works carried out on specimens
machined from bars revealed anisotropy effects in tensile properties [9,12,14,19]. This
anisotropy is related to the building direction [20], which itself induces a pronounced
microstructural anisotropy. By modifying the microstructure through a T6 treatment, the
effects of anisotropy on tensile properties are limited and improvement both in the yield
stress and in the elongation at failure can be noted [14].
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In addition, the aluminium parts produced by ALM must also generally meet specifica-
tions in terms of mechanical properties. Regarding the fatigue properties more specifically,
the point is that most of the studies so far were focused on machined specimens. Some
papers [20–23] indicate that the effect of anisotropy on fatigue life is hardly noticeable prior
to T6 treatment. However, differences in fatigue life are noted, depending on the process
parameters such as the temperature of the building platform, the layer thickness, or other
parameters related to the laser beam [22,24]. Recent works from Romano et al. [25], as well
as a previous study by Domfang et al. [14], notably made it possible to uncouple, through
an analysis based on Kitagawa diagrams, the effect of the defect size from those of the
other microstructural parameters on the fatigue strength of machined specimens.

However, as previously mentioned, differences in terms of surface finishing are
expected to be the sources of significant variations in the fatigue strength. In order to
address this issue, some studies have been devoted the specific influence of the as-built
surface on fatigue behaviour [21,22,26–28]. According to Maskery et al. [21], the observed
reduction in fatigue strength of as-built samples is mainly due to the surface roughness.
Gianni [27] confirms this effect and proposes a notch approach to analyse the results. In
this study, the contribution of residual stresses is also discussed. Yang et al. [28] attribute
the observed drop in fatigue properties to the presence of sub-surface defects. For the same
ALM process, the analysis of the fracture surfaces carried out by [27] shows that, even in
the presence of a rough as-built surface, fatigue crack initiation may mainly be due to the
presence of internal or sub-surface defects.

As previously mentioned, one should acknowledge the possible competition between
defects and different surface preparation, including ground surfaces, in the degradation of
the fatigue strength. In fact, the point is that data in the literature concerning the effect of
such locally ground areas on fatigue are still quite sparse.

Given that, the objectives of the present study are detailed below:

- Assess the impact of ground and as-built surfaces on the fatigue life.
- Evaluate the potential of a T6 treatment to improve fatigue strength in the presence of

as-built surfaces.
- Analyse the data by considering the defect size effect by means of Kitagawa diagrams.

This will help us to find out if, even in presence of as-built surfaces, it is possible to
uncouple the defect size effect from those of the other material parameters. In that
purpose, after test completion of different sets of specimens, all the fracture surfaces
are analysed to clearly define the initiation site.

In order to access the objectives, an experimental test plan on additively manufactured
specimen of AlSi10Mg alloy is proposed. All the fatigue tests are performed with R = −1
load ratio, under tension loading.

2. Materials and Experimental Methods

Specimens were fabricated on an EOS M90 machine (at Liebherr group, Toulouse,
France) using a pre-alloyed powder with an average particle size of 30 µm. The powder
has a chemical composition in accordance with the DIN EN 1706:2010 standard. Samples
were produced in three directions with respect to the building platform and the powder
spreading or scraping direction according to Figure 1a, namely XY for bars produced on
the plan of the platform, alpha45 for those built along a 45◦ inclined direction and Z in
the case where the building direction is perpendicular to the platform. The layering was
performed by means of a scraper. Bars were built on a platform heated at 200 ◦C and a
stress relaxation treatment was performed during 2 h at 300 ◦C under air environment.
Fatigue specimens were machined according to the drawing in Figure 1b. In Figure 2a,
one can note that XY and alpha45 specimens were produced with construction supports
that needed to be removed before testing. In this study, these supports were manually
removed using pliers in the first step, followed by a grinding wheel. This manual process
is not calibrated on a machine and could be strongly dependent on the operator. There
is no specific procedure to check symmetry or quantity of removed material. The way it
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was conducted in this study is representative of the way it is conducted in some industrial
contexts. The fatigue test specimens, as presented on Figure 2b, have a partially as-built
(AB) gauge length surface, with a raw surface and a ground area. The specimen was
completed by the machining of the threads. Before any further words, it must be reminded
that the fabrication of the bars is controlled by many parameters, and particularly by those
related to the laser beam (power, speed and hatch distance) and by the layer thickness.
The value of process parameters used for the fabrication are given in Table 1. Two passes
(set 1 and set 2) of the laser were made to achieve the contours. Consequently, when one
considers a cross section in the gauge length according to Figure 3, different areas can be
distinguished according to the building strategy. Energy density (Ev) was calculated using
the following equation:

Ev =
P

S·∅s·t
(1)

where P, S and t are the laser power, the scanning speed and the layer thickness, respectively,
and ∅s is the laser spot diameter (∅s = 80 µm). Results are reported in Table 1. The broad
range of values suggests that the resulting microstructure can be affected, for instance,
at the scale of grains, which is known to be dependent on the solidification rate, in turn
depending on Ev.
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Table 1. Process parameters related to the building strategy and evaluation of the energy density (contour performed in two
passes: set 1 and set 2).

Process
Parameters Interior Contours

Upskin Set 1 Upskin Set 2 Down-Skin
Set 1

Down-Skin
Set 2

Standard
Set 1

Standard
Set 2

P (W) 370 80 85 60 70 80 85

∅s 80

S (mm/s) 1300 900 900 500 400 900 900

Hd (µm) 190 20

t (µm) 30 30 30 30 30 30 30

Ev (MJ/mm3) 119 37 39 50 73 37 39
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Samples were tested with and without T6 heat treatment (presented in Table 2) on a
AMSLER 10 HFP 422 machine. As described in a previous study [14], fatigue tests were
conducted at room temperature on a resonance machine at a frequency of 80 Hz and with
a load ratio of R = −1. A 5 Hz, a drop in frequency was considered as the criterion for
failure detection; the final crack covered half of the sample section so that it was extremely
close to full separate sample failure. S-N curves plotted used only failed samples; run-out
points at 106 were not considered. The fatigue limit is defined as the amplitude of the load;
in the present study, tests are conducted at R = −1 so that amplitude and maximum are
identical, that is to say, the maximum load minus the average load. Based on previous
studies [14,29,30], a step-by-step method was used to determine the fatigue limit at 106

cycles. It is noteworthy that this is the only way to evaluate the fatigue limit in presence
of natural defects. As demonstrated by Roy et al. [31], one can consider that there are no
significant loading history effects introduced by the loading steps applied prior to the step
leading to failure for AlSi cast material. In this study, the fatigue limit was calculated after
one or several loading steps using the following equation [32]:

σte
D−1 =

N f

106 (σn − σn−1) + σn−1 (2)
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Table 2. T6 heat-treatment conditions.

Steps Temperature (◦C) Duration (h) Environment

Solid solution 540 8 Air
Quenching 20 - Water

Tempering 1 20 24 Air
Tempering 2

Cooling to room
temperature

160 10 Air

The microstructure achieved before and after T6 for the bulk material were analysed in
a previous paper [14]. Here, it is worth noticing that after T6 heat treatment, the melt-pools
boundaries, that reflect scanning strategy, disappear. Therefore, the T6 microstructure
seems more homogeneous, with many silicon precipitates randomly distributed all over
the matrix. In the same paper by Domfang et al. [14], emphasis is placed on the surface
roughness characterisation. Two parameters, Ra and Rv, representing the average roughness
and the deepest valley with respect to a neutral line, respectively, are used as surface
roughness indexes. Accordingly, the surface roughness measurements were performed
by means of a linear roughness meter along about 15 mm of the gauge length with a 2.5
mm cut off, according to the ISO4287 standard. In fact, as the additive manufacturing
process involves many layers inducing the formation of ripples on the external surface,
it seems important to assess the roughness by using a cut-off value of the order of the
layer thickness. For instance, a 2.5 mm cut-off value corresponds to at least 80 layers, and
consequently many ripples. The results reported in Table 3 confirm a significantly higher
roughness of as-built surfaces as compared with machined surfaces. However, one can note
a difference in Ra and Rv values between alpha45 and XY specimens that probably results
from interaction between molten zones and particles. It has to be emphasised that the
construction supports were manually removed with a grinding wheel, so that the inherited
roughness is of the same order size of the tool wear particles and depends on the grinding
orientation.

Table 3. Surface roughness measurements (3 measurements per sample).

Type of Surface Orientation Ra (µm) Rv,max (µm)

Machined surface XY, Z, Alpha45 0.7 to 1.2 2 to 4

As-built surface

Metals 2021, 11, x FOR PEER REVIEW 5 of 17 
 

 

Table 2. T6 heat-treatment conditions. 

Steps Temperature (°C) Duration (h) Environment 
Solid solution 540 8 Air 

Quenching 20 - Water 
Tempering 1 20 24 Air 
Tempering 2 

Cooling to room temperature 
160 10 Air 

The microstructure achieved before and after T6 for the bulk material were analysed 
in a previous paper [14]. Here, it is worth noticing that after T6 heat treatment, the melt-
pools boundaries, that reflect scanning strategy, disappear. Therefore, the T6 microstruc-
ture seems more homogeneous, with many silicon precipitates randomly distributed all 
over the matrix. In the same paper by Domfang et al. [14], emphasis is placed on the sur-
face roughness characterisation. Two parameters, Ra and Rv, representing the average 
roughness and the deepest valley with respect to a neutral line, respectively, are used as 
surface roughness indexes. Accordingly, the surface roughness measurements were per-
formed by means of a linear roughness meter along about 15 mm of the gauge length with 
a 2.5 mm cut off, according to the ISO4287 standard. In fact, as the additive manufacturing 
process involves many layers inducing the formation of ripples on the external surface, it 
seems important to assess the roughness by using a cut-off value of the order of the layer 
thickness. For instance, a 2.5 mm cut-off value corresponds to at least 80 layers, and con-
sequently many ripples. The results reported in Table 3 confirm a significantly higher 
roughness of as-built surfaces as compared with machined surfaces. However, one can 
note a difference in Ra and Rv values between alpha45 and XY specimens that probably 
results from interaction between molten zones and particles. It has to be emphasised that 
the construction supports were manually removed with a grinding wheel, so that the in-
herited roughness is of the same order size of the tool wear particles and depends on the 
grinding orientation. 

Table 3. Surface roughness measurements (3 measurements per sample). 

Type of Surface Orientation Ra (µm) Rv, max (µm) 
Machined surface  XY, Z, Alpha45 0.7 to 1.2 2 to 4 
As-built surface Z 19 80 

XY, side 25 80 
XY, top 16 60 

alpha45, upskin 22 90 

Alpha45, downskin 22 82 

3. Results 
3.1. Influence of Support Grinding 

The influence of support grinding on the fatigue resistance of T6 material is quanti-
fied in Figure 4. In that purpose, specimens with alpha45 and XY orientations were tested. 
Open symbols correspond to specimens that failed from an initiation site located in the 
ground area, while filled symbols are associated with an initiation from the as-built sur-
face. Three of the eight fractured XY specimens (square symbols) exhibited a failure in the 
grinding areas, while this type of failure origin was observed only once among the seven 
alpha45 specimens tested (diamond symbols). One can furthermore notice in Figure 4 that 
open symbols, representing the failures from ground areas, are almost in the same scatter 
band as full symbols denoting failure initiated on as-built surfaces. Therefore, it can be 
concluded that the manual process used to remove the construction supports does not 
seem to influence the fatigue strength drastically. Additional information on the fracture 
surface will be presented to support this first conclusion on the effect of ground surfaces. 

Z 19 80

XY, side 25 80

XY, top 16 60

alpha45, upskin 22 90

Alpha45, downskin 22 82

3. Results
3.1. Influence of Support Grinding

The influence of support grinding on the fatigue resistance of T6 material is quantified
in Figure 4. In that purpose, specimens with alpha45 and XY orientations were tested.
Open symbols correspond to specimens that failed from an initiation site located in the
ground area, while filled symbols are associated with an initiation from the as-built surface.
Three of the eight fractured XY specimens (square symbols) exhibited a failure in the
grinding areas, while this type of failure origin was observed only once among the seven
alpha45 specimens tested (diamond symbols). One can furthermore notice in Figure 4 that
open symbols, representing the failures from ground areas, are almost in the same scatter
band as full symbols denoting failure initiated on as-built surfaces. Therefore, it can be
concluded that the manual process used to remove the construction supports does not
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seem to influence the fatigue strength drastically. Additional information on the fracture
surface will be presented to support this first conclusion on the effect of ground surfaces.
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3.2. Influence of Building Direction

First of all, it is important to clarify that the results associated with the as-built
condition are probably underestimated because of the section definition. Indeed, the
external diameter of the specimen is here considered in the stress calculation, which
certainly underestimates the actual stress compared with the inner diameter, due to the
surface ripple. Typically, for a specimen with the measured section of 5.6 m, the formation
of a ripple of 100 µm in depth will result into an internal diameter of 5.4 mm. This
corresponds to the circle which is co-axial with the specimen axis and tangent to the bottom
of ripples. In that previous case, a 100 µm-deep ripple will result in an underestimation of
around 3% of the stress actually applied. It is also important to mention that the residual
stresses possibly present in specimens were not quantified. In fact, the high level of surface
roughness (cf. Table 3) spreads X-rays and make the measure of residuals stresses, as
classically performed on machined specimen, difficult [14]. However, considering the
values of the volume energy density involved in the specimen fabrication (Table 1), the
presence of residuals stresses that could affect the fatigue resistance cannot be excluded,
although this would need to be assessed by considering that the heating of the building
platform could contribute to reduce this residual stress effect.

On the basis of the S-N curves presented in Figure 5, the respective influence of as-built
surfaces and building direction are quantified for both T6 and non-T6 materials. The results
are compared with those obtained on machined specimens in a previous study [14]. For T6
material, one can observe a marked decay in fatigue strength due to the as-built surface. In
addition, a certain anisotropy due to the building direction, and similarly, the one observed
in machined samples, can be noticed in specimens with as-built surfaces, according to the
following ranking: Z > alpha45 > XY. This is consistent with a sketch proposed in [14] that
correlates the fatigue behaviour to the grain size, all other parameters being kept equal.

The S-N results for non-T6 material are provided in Figure 6. Only two directions
are compared here. Despite to the limited number of specimens tested, it seems that there
is no significant influence of the building direction. A similar observation was made on
machined specimen in a previous study [14]. Therefore, it comes out that, even in the
presence of an as-built surface, the fatigue behaviour of the non-T6 material does not
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exhibit a strong anisotropy. By comparing T6 and non-T6 results in Figures 5 and 6, one
can see that the fatigue strength of non-T6 material is lower than the T6 heat-treated one.
This confirms that, even in presence of an as-built surface, the improvement of material
matrix, induced by a T6 peak-hardening heat treatment, leads to a significant improvement
of the fatigue strength. However, given the limited data and the scatter, this analysis needs
to be supported by additional observations. In the same way, it is important to analyse
carefully the fractured surfaces to identify the nature of the fatigue initiation site.
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4. Analysis and Discussion

Regarding the fatigue limit, a previous paper [14] shows the efficiency of the Kitagawa
approach to uncouple the effect of defects from other material parameters. Therefore, it
seems natural to analyse the fracture surfaces firstly, in order to find out if the fatigue crack
initiates on a defect, and if so, to quantify its size so as to establish a Kitagawa diagram.

4.1. Fracture Surface Analysis

SEM fracture surface observations of non-T6 and T6 material are presented in
Figures 7 and 8 which show the fatigue initiation sites. The nominal contours of each
specimen, that means the circle that circumscribed the ripples, are indicated by black
broken lines. If the initiation related to the presence of porosity, lack-of-fusion or even
isolated defect is generally well characterised in machined samples [14,22,25–33], it seems
difficult to clearly identify such initiation sites in of the case of such rough surfaces. In
Figure 7a,b, and Figure 8b,d, the convergence of river lines makes it possible to surround
an area that can be used as the initiation site. In Figure 7c, the crack seems to initiate from a
surface at the scale of a particle, while in Figure 7d, one can clearly identify three initiation
sites close to a single porosity defect. However, Figure 8a,c show examples of initiation
on a surface ripple. Therefore, the next step in the fracture surface analysis consists of the
quantification of the initiation site size, when considered as defect.
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The characteristic defect size is quantified from its contour by using the
√

area param-
eter as defined by Murakami and Endo [34]. This parameter corresponds to the square
root of the surface resulting from the defect projection onto a plane perpendicular to the
loading direction. This criterion was extended by Iben Houria et al. [29], who included the
defect concavity and the ligament between the defect and the free surface. This definition
of the defect size is extended to the case of surface ripple, as presented in Figure 9a, that is
an example of a sub-surface defect, with a size equal to

√
area1. When

√
area1 is smaller

than the ligament length D, the considered
√

area size encompasses the convexity, the
ligament and the surface ripple. The defect size is assessed from fracture surface observa-
tions using this approach and quantification examples are given in Figure 9b,c. The error
mentioned in Figure 9b comes from the ripple position. In Figure 9c, the error comes from
the consideration or not of the ripple outside the nominal contour.

4.2. Kitagawa-Type Diagram

Once the defect size is assessed for each failure, the Kitagawa diagram can be plotted
(Figure 10) with the fatigue limit as a function of the defect size. The curves are given for
machined samples extracted from a previous study on the same material [14]. Experimental
points correspond to fatigue limit obtained, according to Equation (2). One has to notice
that this Kitagawa diagram contains less experimental points than the S-N curves as only
XY and Z specimen are considered here.
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(b,c) quantification of defect size on fracture surfaces of AB-Z-T6, (b) 110 MPa, 300,000 cycles and
(c) 100 MPa, 800,000 cycles.

The experimental points are labeled from 1 to 5 for T6 material and 6 to 10 for non-T6.
A large scatter is noticed for the case of the non-T6 material, with a defect size around

250 µm. Two Z specimens exhibit highly different fatigue limits, while for two other
specimens the results are in agreement with those obtained on machined surfaces, even
though point number 10 is difficult to place on the graph because of the uncertainty in the
surrounding of the defect. Regarding the fracture surface, one can observe that fatigue
cracks initiate on surface particles, even in the presence of ripples.

In the case of the T6 material, the results obtained with XY samples match with
the tendency curve established for machined samples, while Z-specimens exhibit quite
surprising results in that sense that their fatigue strength is superior to the one of machined
samples. These unexpected results could be explained by a probable refining of sub-surface
grain resulting from the production with extremely low energy density, as presented in
Table 1. In fact, this extremely low energy implies higher solidification rates, and thus
finer grains that contribute to improve the fatigue strength. The possible contribution of
residual stresses should also be considered. Therefore, even if the analysis is enriched
by the quantitative assessment of the defect size, in the case of as-built surfaces, one can
consider that the sole

√
area parameter is not sufficient to uncouple the influence of defects

from the other parameters such as the building direction or the T6 heat treatment. The local
microstructure, the multiple initiation sites and the residual stresses are probably additional
important parameters that need to be taken into account in a more comprehensive approach.
As explained in a previous section, the roughness is measured for each as-built sample. A
possible correlation between the values of the fatigue limit with the roughness parameter
Rv has been investigated without success, probably due to the fact that Rv varies from 60 to
90 µm, which is quite a small range.

In order to receive further insights into the impact of defects characterised by the
√

area
parameter in the presence of an as-built surface, an artificial defect was introduced in six Z
specimens (three with T6 and three without) by electro discharge manufacturing (EDM)
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with three wire diameters: 400 µm, 250 µm and 150 µm. The EDM process parameters were
monitored to achieve hemi-spherical defects with a target value of the

√
area parameter

of 400 µm, 250 µm and 100 µm. As observed in Table 4, some artificial defects are not
quantified. In fact, this was impossible because the wire deep monitoring is not enough to
dig the sample because of high roughness.
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As listed in Table 4, fatigue tests of both T6 and non T6 materials reveal failures on
ALM process-inherited defects, despite the presence of artificial defects with at least the
same size or even larger. On the one hand, for T6 specimens, a case of failure initiating on
a natural defect of 290 µm in size is noticed despite the presence of an artificial defect of
370 µm. On the other hand, the non-T6 specimens exhibit a case of failure on a natural
defect in presence of an artificial defect of the same size. This confirms that the

√
area

parameter has to be used with extreme care when analysing the data obtained in the
presence of as-built surface roughness. Fracture surfaces of as-built broken specimens are
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presented in Figure 11. One can notice that contrary to the artificial defects in Figure 11a,e,
with quite a regular or homogeneous shape, natural defects are more tortuous.

Table 4. Fatigue limits obtained on AB-Z with and without T6 heat treatment, containing different size of artificial defects.

Heat Treatment σte−1
D (1^6 cycles) (in MPa)

Critical Defect Size in µm and Type
(Natural or Artificial) Artificial Defect (Size in µm)

T6
37 290 µm, Natural ~370
59 196 µm, Artificial 196
71 322 µm, Natural Not quantified

No T6
<30 367 µm, Artificial 367
60 198 µm, Natural ~200
53 247 µm, Natural Not quantified
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Figure 11. Data presented on Table 4. SEM observations of initiation sites for AB-Z (a–c) and AB-Z-T6 (d–f) specimen.
For non-T6 cases: (a) direct rupture at 30 MPa after 800,000 cycles, (b,c) fatigue limit at 1 million cycles of 60 and 53 MPa,
respectively. For T6 cases: fatigue limits at 1 million cycles of 37 MPa, 59MPa and 71 MPa, respectively, for (d–f).
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Figure 12 is restricted to the analysis of Z specimens. The results of machined samples
correspond to a previous study [14], supporting the use of the

√
area parameter to analyse

the effect of a single defect and to quantify the effect of a microstructure modification due
to T6 heat treatment when the surface is regular. For as-built samples, the fatigue strength
is particularly low when the specimen contains an artificial defect; one can also remark
on some extremely low points for the T6 material. As previously mentioned, the vertical
placement of points is certainly inaccurate due to the overestimation of the load-bearing
section, but with only 3% underestimation. For the horizontal placement, the meaning of
the error bar has been previously explained by the quantification of defects in presence of
the surface ripples.

Let us now analyse the points labelled with (a) to (f). Specimens (a), (b) and (c) are not
heat-treated, contrary to (d), (e) and (f) samples. Fracture surface analysis make it possible
to confidentially quantify the defect size for all specimens. For specimen (d), for example,
failure is due to the presence of a 290 µm defect inherited from the process, regardless
of the prior introduction of an artificial 370 µm defect with a spherical shape. Similarly,
for specimen (b), in the presence of both artificial and process-inherited defects with the
same size, the fracture surface analysis indicates a failure initiating from a natural defect.
This confirms that the

√
area size parameter is not the first order parameter controlling the

fatigue limit of as-built surfaces. However, the failure of specimen (a) compared with (d)
probably illustrates a competition between defect size and type, with or without prior T6
heat treatment.

Metals 2021, 11, x FOR PEER REVIEW 15 of 17 
 

 

 
Figure 12. Kitagawa-type diagram showing the impact of defect size and morphology on the fatigue 
limit of as-built surfaces compared with machined samples in the Z building direction. 

5. Conclusions 
This study is dedicated to the characterisation and analysis of the fatigue strength of 

as-built and grounded surfaces in an ALM AlSi10Mg alloy. Tests were conducted under 
tension loading with a load ratio R = −1, leading to fatigue lives ranging from 100,000 to 
1,000,000 cycles to failure. From the experimental results associated with fracture surface 
analysis of each sample tested we can make the following conclusions: 
- The influence of ground surfaces, related to the removal of supports, is similar to the 

one of as-built surfaces on fatigue life. 
- T6 treatment improves the fatigue properties for as-built surfaces, similarly to the 

results obtained on machined surfaces. 
- The orientation of the sample has an effect on the fatigue strength for both as-built 

and machined material, with the Z orientation exhibiting a superior resistance to the 
45°, which in turn is superior to XY. 

- As long as the present data are concerned, it is not possible to correlate the fatigue 
limit of the as-built material with the roughness of the as-built surface. 

- When initiation is due to an isolated defect close to the as-built surface, it was not 
possible to account for the result by using Kitagawa diagrams established on ma-

Figure 12. Kitagawa-type diagram showing the impact of defect size and morphology on the fatigue
limit of as-built surfaces compared with machined samples in the Z building direction.



Metals 2021, 11, 1432 14 of 16

5. Conclusions

This study is dedicated to the characterisation and analysis of the fatigue strength of
as-built and grounded surfaces in an ALM AlSi10Mg alloy. Tests were conducted under
tension loading with a load ratio R = −1, leading to fatigue lives ranging from 100,000 to
1,000,000 cycles to failure. From the experimental results associated with fracture surface
analysis of each sample tested we can make the following conclusions:

- The influence of ground surfaces, related to the removal of supports, is similar to the
one of as-built surfaces on fatigue life.

- T6 treatment improves the fatigue properties for as-built surfaces, similarly to the
results obtained on machined surfaces.

- The orientation of the sample has an effect on the fatigue strength for both as-built
and machined material, with the Z orientation exhibiting a superior resistance to the
45◦, which in turn is superior to XY.

- As long as the present data are concerned, it is not possible to correlate the fatigue
limit of the as-built material with the roughness of the as-built surface.

- When initiation is due to an isolated defect close to the as-built surface, it was not
possible to account for the result by using Kitagawa diagrams established on ma-
chined samples. This result suggests that microstructure, residual stresses, or multiple
initiation sites should be further analysed to receive a comprehensive description of
fatigue failure in ALM parts.
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Abbreviations

D length of the ligament between a subsurface defect and the free surface [µm]
Ev energy density involved in powder melting [MJ/mm3]
∅s diameter of the laser spot [µm]
Hd hatching distance [µm]
P laser power [W]
N f number of cycles to failure
R load ratio R = σmin/σmax
Ra average roughness [µm]
Rv deepest valley with respect to a neutral line, respectively [µm]
S scanning speed [mm/s]√

area defect size defined as the square root of the area of the defect perpendicular to the
direction of the maximum principal stress [µm]

σte
D−1 fatigue limit at 1 million cycles, under tensile loading and R = −1 [MPa]

σn applied stress at step to failure n [MPa]
σn−1 applied stress at step just before to failure n−1 [MPa]
t layer thickness [µm]
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