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Abstract: The high-cycle fatigue and fracture behaviours of the selective laser melting (SLM) AlSi10Mg alloy were 
investigated. Flat specimens were designed directly in the shape required for the fatigue tests under pulsating loading in 
tension (R=0, R is the dynamic factor). The fatigue−life (S−N) curves were modelled with a conditional Weibull’s 
probability density function, where the real-valued genetic algorithm (GA) and the differential ant-stigmergy algorithm 
(DASA) were applied to estimating the needed Weibull’s parameters. The fractography of the fatigue specimens showed 
that the fatigue cracks initiated around the surface defects produced by SLM and then propagated in an unstable manner. 
However, the presence of large SLM defects mainly influenced the crack initiation period and did not have a strong 
influence on the crack propagation. The obtained experimental results present a basis for further investigation of the 
fatigue behaviour of advanced materials and structures (e.g. cellular metamaterials) fabricated by additive 
manufacturing (AM). Especially, in the case of two-dimensional cellular structures, the cross-section of cellular struts is 
usually rectangular which corresponds to the specimen shape considered in this work. 
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1 Introduction 
 

Additive manufacturing (AM) is a fabrication 
process, which provides unique opportunities to 
manufacture customized parts with complex 
geometries or functionally graded materials [1,2]. 
Many AM technologies are being currently used in 
different engineering applications especially in 
automotive and aerospace industry [3,4]: direct 
metal laser sintering (DMLS), selective laser 
melting (SLM), electron beam melting (EBM), 
laser metal deposition (LMD), etc. Among the AM 
processes, DMLS and SLM techniques are 
particularly widespread, especially for aluminium 
alloy processing [5,6]. The DMLS technology is 
appropriate to build parts out of any metal alloy, 
while SLM can only be used with certain metals. 

With the advancements in AM technology  
over the last years, dense machine parts with 

mechanical properties comparable to the 
conventional manufacturing methods can be 
achieved for different engineering materials [7]. In 
general, the static strength of AM parts depends on 
their density, as well as on the microstructure 
formed during AM process. As presented by 
ABOULKHAIR et al [8] and KEMPEN et al [9], 
the microstructure of AM-fabricated parts is  
usually finer (higher static strength) compared with 
that of the parts, which are fabricated via classical 
procedures (e.g. casting). On the other hand,    
the microstructure of AM-fabricated parts is 
anisotropic and corresponds to the building direction 
during AM process. Consequently, the tensile 
properties (proportional limit, ultimate tensile 
strength) are also anisotropic and may strongly 
depend on the orientation of texture [10−13]. 
ZHOU et al [14] have shown that the 
microstructure, hardness and static strength of  
AM parts may be significantly influenced by the  
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additional heat treatment after AM process. 
Nevertheless, the fatigue behaviour of AM 

parts has not been yet well understood, thus 
delaying the widespread adoption of this advanced 
manufacturing technology in a variety of 
engineering applications. Identical to static 
mechanical properties, the fatigue strength of AM 
parts primarily depends on their microstructure. 
Here, it should be taken into account that the 
manufacturing process using AM technology 
usually leads to an increased surface roughness, 
causing increased stress concentration and early 
failure of AM parts under fatigue loading in the 
fabricated condition [15,16]. Mechanical surface 
treatments (e.g. polishing) improve the fatigue 
behaviour, but it is sometimes difficult to use (e.g. 
by AM lattice structures [17]). However, material 
defects such as porosity and insufficient layer 
bonding could result in increased scatter of     
the experimental data, rendering an assessment of 
the fatigue properties rather difficult [18]. Beside 
the fatigue analyses, investigations on fracture 
behaviour of AM materials have been carried out, 
especially due to the high importance in aircraft 
applications [19,20]. The experimental results 
reported by LEUDERS et al [21], FATEMI et al [22] 
and SIDDIQUE et al [23,24] have shown that the 
fracture mechanical properties of AM materials are 
similar to those of the conventional counterparts 
and that known standardized concepts of fracture 
mechanics can be used to evaluate AM metals and 
alloys. 

The research work in the present study is 
focused on the aluminum alloy AlSi10Mg, which is 
widely used in the aerospace and automotive 
industry because of its high specific strength, high 
corrosion resistance and good flowability [25,26]. 
Recently, several investigations have been  
focused on the determination of mechanical 
properties of AM AlSi10Mg alloy considering   
the process optimization [27−29], surface 
roughness [30,31], crystallographic texture [32,33], 
and hardness [34,35]. However, there have been 
only a few publications related to the fatigue 
properties for AM AlSi10Mg until now. 
NGNEKOUA et al [36] investigated the impact of 
building direction and additional T6 heat treatment 
on the fatigue life of an AM AlSi10Mg. It is 
concluded that the building direction significantly 
influenced the fatigue life only in the case of the 

additional heat treatment. As reported by AWD   
et al [37], the fatigue behavior of AM AlSi10Mg 
parts may be significantly influenced by their 
porosity, microstructure and surface quality. The 
surface roughness does have a high influence on the 
fatigue strength as the as-built surface of AM parts 
is usually highly rough. Therefore, the initiation of 
fatigue cracks has been observed dominantly from 
these micro-defects [38,39]. Furthermore, many 
studies have reported the improved fatigue strength 
of the AM AlSi10Mg parts using appropriate heat 
treatment, which leads to the homogenization of the 
material structure [40−42]. 

Typical lightweight structures, where AM 
AlSi10Mg alloy may be also used, are advanced 
cellular metamaterials and structures, which are 
difficult to fabricate by traditional processes [43,44]. 
The advantages of using AM technologies are 
mainly focused on the predefined cell topology and 
morphology to manufacture designed-to-purpose 
structures [45]. With proper choice of optimal 
geometrical properties and predesigned skeleton of 
cellular structures, it is possible to develop new 
advanced multifunctional materials and structures 
with superior mechanical and thermal properties. 
For example, auxetic cellular structures [46], which 
exhibit unique mechanical properties (e.g. 
re-entrant, chiral and rotating-square structures, 
two-dimensional structures with a rectangular strut 
cross-section) due to a negative Poisson ratio, will 
be for green lightweight design fabricated from AM 
Al based alloys in future. Thus, it is especially 
important for the structural applications (e.g. 
engineering, medicine) to precisely determine the 
fatigue behavior of cellular structures [47,48] and 
materials they are made of. 
 
2 Experimental  
 
2.1 Material and specimen fabrication 

The AlSi10Mg specimens were fabricated   
by selective laser melting (SLM) using the 
EOSINT-M−270 system. The general process data 
were as follows: minimum layer thickness 30 μm; 
surface roughness of as-built and cleaned 
specimens (Ra) 15−19 μm; density of the material 
2.68 g/cm3. The material composition is shown in 
Table 1. Flat specimens were designed directly in 
the shape required for the quasi-static tensile and 
fatigue tests. Figure 1(a) shows the geometry of the 
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specimen, while the designation of building and 
scanning directions using SLM technology are 
shown in Fig. 1(b). 
 
Table 1 Material composition of SLM AlSi10Mg alloy 

(wt.%) 

Si Fe Cu Mn Mg 

9.0−11.0 0.55 0.05 0.45 0.2−0.45

Ni Zn Pb Sn Ti Al 

0.05 0.10 0.05 0.05 0.15 Bal. 

 

 

Fig. 1 Geometry (a) and building direction (b) of flat test 

specimen (unit: mm) 

 
2.2 Metallography 

Specimens for metallography were prepared 
by manual grinding with SiC up to No. 1200, 
polishing with diamond pastes of 9, 3 and 1 μm, 
and etching in 0.5% HF solution. They were 
examined by a light microscope (Nikon 300), and 
two scanning electron microscopes (SEMs, Quanta 
200 and Sirion 400 NC, FEI). 
 
2.3 Mechanical testing 

Because of a limited number of specimens 
only two (Specimens 1 and 2) instead of three 
specimens were used for static tensile tests to 
measure a σ−ε response of the specimens and to 
determine the loading levels for the fatigue 
experiments. The tensile tests were carried out at an 
100 kN MTS Landmark hydraulic machine at room 
temperature of 23 °C. The tests were displacement- 
controlled with a loading rate of 0.5 mm/min 
according to the DIN-ISO 6892 standard. The force 
was measured with a 100 kN MTS load cell and the 

strains were measured with an MTS 834.11F−24 
extensometer (see Fig. 2). Based on the measured 
σ−ε responses the average elastic modulus E, yield 
strength Rp0.2, ultimate tensile strength Rm and strain 
at rupture εmax were calculated. Nevertheless, a 
variability of the static material properties and 
initial loading levels for the fatigue experiments can 
be at least broadly estimated from only two 
specimens. 

 

 
Fig. 2 Experimental arrangement on MTS Landmark 

machine for tensile tests 

 
Some data on the fatigue-life experiments of 

AM manufactured AlSi10Mg can already be found 
in Refs. [19,36,38,49−52]. Most of the researchers 
used cylindrical specimens and the high-cycle 
fatigue experiments were fully reversal (dynamic 
factor R=−1) [19,36,38,52]. Some researchers 
carried out pulsating fatigue-life experiments with 
R equal to 0 [51] or 0.1 [50]. In our case eight 
specimens were used for the high-cycle fatigue  
tests, because their number was limited. The 
loading was pulsating (R=0) in order to avoid 
buckling of the specimen due to its thin cross- 
section (Only eight specimens may not be enough if 
the loading levels were poorly chosen. However, 
the loading levels were not chosen in advance in 
our case, but were determined incrementally. This is 
because the data processing procedure, which is 
described in this section, allows for an arbitrary 
number of the loading levels as long as at least one 
specimen is tested at the selected loading levels). 
The tests were performed on the same 100 kN MTS 
Landmark hydraulic machine at room temperature 
of 23 °C. The dynamic loading was force-controlled 
with the constant load cycle amplitude and mean 
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values. The applied loading levels are listed in 
Table 2. The loading frequency was 25 Hz. The 
fatigue-life experiments were terminated after 
4×106 loading cycles were reached to shorten the 
cumulative testing time. The result of each fatigue 
experiment is a number of repeated loading cycles 
to failure (N) at the tested stress level. 
 
Table 2 Loading levels for high-cycle fatigue tests 

Specimen 
No. 

Amplitude stress, 
σa/MPa 

Mean stress, 
σm/MPa 

3 62.9 62.9 

4 63.4 63.4 

5 57.0 57.0 

6 65.7 65.7 

7 71.6 71.6 

8 73.9 73.9 

9 79.8 79.8 

10 60.6 60.6 

 
Since each loading level was different the 

high-cycle fatigue-life curves for different failure 
probabilities were estimated using the approach   
of KLEMENC [53]. The fatigue-life curves are 
modelled with a conditional Weibull’s probability 
density function of the number of loading cycles to 
failure f(N|σmax) at the stress level σmax:  
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                  (1) 

 
with the constant shape parameter β and the scale 
parameter η being the function of the maximum 
stress σmax according to the inverse power-law 
equation (the Basquin’s equation): 
 

0 1 maxlg
max( ) 10a a                         (2) 

 
σmax=σm+σa                                               (3) 
 
where a0 and a1 are the intercept and slope of the 
Basquin’s curve in natural logarithm diagram, 
respectively. 

Therefore, the scale parameter η is not 
estimated individually for each loading level, but is 
linked to all the loading levels in the high-cycle 
fatigue domain through Eq. (2) with the two 
parameters a0 and a1 that need to be determined 

from the experimental data. 
The three parameters a0, a1 and β are  

estimated by minimising the negative value of a 
maximum likelihood cost function MLE (see 
KLEMENC [53]): 
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1.0, for fatigue failures

=
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



  

 -  
            (6) 

 
where δi is the characteristic parameter. 

In this manner it is also possible to consider 
the specimens without the fatigue failure. The 
incomplete data (i.e. the run-out specimen(s) for 
which no fatigue failure occurred until 4×106 
loading cycles) are considered in the MLE cost 
function from Eq. (4) via the second term and the 
parameter δi. Consequently, the run-outs do not 
contribute to the MLE cost function through the 
probability density function, but through the 
corresponding cumulative probability function [54]. 
The rationale behind such modification of the MLE 
cost function is that the exact number of the loading 
cycles to failure N is not known for the run-out(s). 
However, it is known that such specimen(s) 
survived the censoring limit (i.e. 4×106 loading 
cycles) and could be considered by the cumulative 
probability function. 

For minimising the negative value of the cost 
function in Eq. (4), the real-valued genetic 
algorithm (GA) and the differential ant-stigmergy 
algorithm (DASA) were applied. The details on the 
minimisation procedures using the two algorithms 
can be found in Ref. [55]. 

When a relatively small number of fatigue-life 
experiments are carried out to estimate the 
fatigue-life curve and its scatter (a significant 
uncertainty) is linked to the estimated S−N curves 
for arbitrary probability of rupture. So, it is 
necessary to estimate the corresponding confidence 
intervals at least for boundary S−N curves that are 
usually determined for 5% and 95% rupture 
probabilities. A Monte−Carlo simulation was 
applied for this purpose [56]. By following this 
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approach, first 1000 data sets were composed using 
random sampling of eight data points (σmax_i , Ni); 
i=1, 2, … , 8 from the estimated conditional 
Weibull’s probability density function f(N|σmax) in 
the target domain of the maximum stress σmax. For 
each of these artificial data sets the parameters a0, 
a1 and β were then estimated as described above 
and the values of the loading-cycles-to-failure N for 
5% and 95% rupture probabilities were calculated. 
Finally, the lower confidence limit for the 5% 
probability of the fatigue failure and the upper 
confidence limit for the 95% probability of the 
fatigue failure were estimated at the 5% risk 
probability using the Weibull’s analysis. This means 
that for each of the equidistantly selected loading 
levels σmax in the target high-cycle fatigue domain  
a statistical distribution of the loading cycles     
N for 5% and 95% rupture probabilities was 
approximated with a separate Weibull’s distribution. 
The lower confidence limit for the 5% probability 
of rupture at every loading level is the value of N, 
below which 5% of the simulated data points were 
realized. This confidence limit was calculated from 
the approximated Weibull distributions for 5% 
rupture probability (At this point a remark should 
be made that the risk level of 5%, which is used for 
estimating the confidence interval, should not be 
confused with the 5% rupture probability. The latter 
is estimated directly from the experimental data  
and is data-dependent. On the other hand, the 
confidence limit for 5% of risk is determined using 
Monte−Carlo simulations. It depends on the 
original parameters a0, a1, β and the methodology 
for estimating the S−N curve). In analogy to fact 
that the upper confidence limit for the 95% 
probability of rupture at every loading level is the 
value of N, 5% of the simulated data points were 
realised. 

 

3 Results and discussion 
 
3.1 Microstructure  

Figure 3 shows a light micrograph of the 
polished surface of Specimen 1 after SLM. The 
black circles represent porosity. The pores were 
much more frequent and also much larger near the 
specimen surface around the whole circumference, 
up to 500 μm inwards. The diameters of the largest 
pores were (47±16) μm, and their distances to the 
surface were (192±142) μm. These near-surface 

pores were formed at the end/beginning of a scan 
vector in the x-direction. The laser movement in the 
y-direction did not remove them during the 
formation of the subsequent layer. Some larger 
pores were also inside the specimens. However, 
their typical sizes were much smaller (10−20 μm), 
and they were visible at higher magnifications. 
 

 

Fig. 3 Light micrograph of polished surface of Specimen 

1 in x−y plane showing distribution of pores (Deposition 

direction z is perpendicular to micrograph) 

 
Figure 4 shows a light micrograph of etched 

Specimen 1 after SLM. The arrows indicate 
subsequent layers formed by the laser beam, when 
it scanned in the x-direction (perpendicular to the 
micrograph). The lateral movement in the next 
x-layer was opposite to the previous one. It is 
evident that the microstructure consists of bands, 
which were produced by varying the scan direction 
in each subsequent layer. The y-layers were nearly 
continuous on this cross-section, since the laser 
beam moved uniformly from the left to the right 
and vice versa. The x-direction was perpendicular  
to the metallographic surface. Each laser pass 
caused partial remelting of the bottom y-layer   
and a neighbouring lateral x-trace. Thus, the 
microstructure revealed clearly the sequence of 
deposition. The passing laser beam caused full 
remelting of the initial powder, and partial 
remelting of the bottom layer and the neighbouring 
trace in the same layer. Some of the previously 
solidified material remelted fully and some areas 
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were heated to two-phase α(Al) + liquid regions. 
These two-phase regions are brighter, and separate 
areas are produced by each scan of the beam. 
 

 
Fig. 4 Light micrograph of etched Specimen 1 (Building 

direction is z-axis) 
 

Figure 5 shows the microstructure of the 
etched Specimen 1 at a higher magnification. The 
fully remelted areas consisted of dendritic cells 
growing in direction opposite to the prevalent heat 
extraction, while the dendrites in the partly 
remelted zone were larger since they were able to 
coarsen, when they were in the contact with the 
melt. 
 

 
Fig. 5 Light micrograph of etched Specimen 1 at higher 

magnification 

 
In the fully remelted areas, the β-Si particles 

were between the dendritic cells as individual 
particles (Fig. 6(a)). The interdendritic spaces in the 
mushy zone were larger (1 μm), and in this region 
very fine coral-like eutectic β-Si was present as a 
part of α(Al) + β-Si eutectic, which is considerably 
smaller than that in castings (Fig. 6(b)). Some β-Si 
particles were present within the dendrites. Previous 
studies showed that approximately 9% Si was 
dissolved in α(Al) [57], which significantly 
exceeded the maximum equilibrium solubility of  
Si in Al. 

 

 
Fig. 6 Secondary electron micrographs of microstructure: 

(a) Fully remelted region; (b) Partly remelted region 

 
3.2 Quasi-static test results 
3.2.1 σ−ε curve 

The measured quasi-static σ−ε responses for 
Specimens 1 and 2 are shown in Fig. 7. It can be 
concluded that the agreement between the measured 
σ−ε diagrams is almost perfect with an exception of 
the strain at rupture. Through the whole domain the 
discrepancy between the two curves is less than   
2 MPa. The average measured values for the typical 
material parameters are presented in Table 3. 

When compared to the literature the two 
measured characteristics are in the scatter band of  
 

 
Fig. 7 σ−ε responses from tensile tests 
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Table 3 Average measured material parameters of SLM 

AlSi10Mg alloy 

Elastic 
modulus, 
E/MPa 

Yield 
strength, 
Rp0.2/MPa 

Ultimate tensile 
strength, 
Rm/MPa 

Strain at 
rupture, 

A5/% 

70900 180 318 3.35 

 
the reported results, but the strain at rupture in our 
case is approximately half the value of strain at 
rupture given in Ref. [36]. The two measured σ−ε 
responses are also consistent with other data from 
Refs. [51,58]. 

The results obtained by quasi-static tests 
served as a basis for the determination of loading 
level of further fatigue tests. Here, the highest 
maximum stress level of 159.6 MPa, which 
represents the end of the linear elastic characteristic 
in σ−ε response and the smallest maximum stress of 
114 MPa (approximately 66% smaller than the 
ultimate tensile strength) were chosen for that 
purpose. 
3.2.2 Fractography of tensile specimens 

The fracture surfaces of both specimens were 
similar. Figures 8 and 9 show the fracture surface of 
the tensile Specimen 1. The fracture probably 
started near the surface, at the sites, where large 
pores were present. Although the contraction of the 
specimen was small, the fracture surface showed 
characteristics of a ductile fracture, with many 
dimples. Some dimples were 10−20 μm in diameter, 
others were 4−7 μm and most of them were   
0.5−2 μm. Some of the largest dimples perhaps 
belong to the pores that were initially present in the 
microstructure. Smaller dimples formed during the 
plastic deformation. The dislocation glide can cause 
the decohesion at the matrix−particle interface or 
fracture of particles, resulting in the formation of 
microvoids. The microvoids grew and coalesced 
during further plastic deformation until they were 
torn apart. 
 

 
Fig. 8 Secondary electron micrograph of fracture surface 

of Specimen 1 

 

 
Fig. 9 Secondary electron micrographs of fracture 

surface of Specimen 1 corresponding to Regions A (a) 

and B (b) in Fig. 8 

 
3.3 Fatigue behavior 
3.3.1 Fatigue life  

The results of the eight fatigue-life 
experiments together with the fatigue-life curves for 
5%, 50% and 95% probabilities of fatigue failure, 
which were determined by inserting the estimated 
parameters a0, a1 and β into Eq. (5), and the 
corresponding confidence intervals are presented in 
Fig. 10. Although the transition between the high- 
cycle and ultra-high-cycle fatigue domains for 
aluminium alloys is considered to be at 1×107 
loading cycles, we stretched our S−N curve for 50% 
rupture probability until 2×107 loading cycles. The 
purpose of that was to clearly present how the 
confidence intervals are expanded at the boundaries 
of the experimental data. The estimated parameters 
a0, a1 and β are presented in Table 4. These are the 
best estimates from 10 runs of both minimization 
algorithms, i.e. the estimates that correspond to the 
smallest value of the negative MLE cost function 
from Eq. (4). Each repetition run from both 
algorithms was always terminated after 1×104 
iterations, because no significant change of the 
MLE cost function was achieved between 1×103 
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and 1×104 iterations. The estimates from the 
real-valued genetic algorithm were consistently 
better than those from the ant-stigmergy algorithm. 
This means that in 10 repetitions of each 
optimization algorithm the real-valued genetic 
algorithm found the smallest value of the negative 
MLE cost function. Besides, an average value and a 
standard deviation of the negative MLE cost 
function from 10 repetition runs were also smaller 
for the genetic algorithm. Last, but not least, the 
genetic algorithm always converged to the global 
minimum of the negative cost function, while the 
ant-stigmergy algorithm was caught in the local 
minimum of the negative cost function during one 
repetition run. 
 

 
Fig. 10 Results of fatigue-life experiments with 

corresponding fatigue-life curves 

 
Table 4 Best estimates for a0, a1 and β parameters     
of SLM AlSi10Mg alloy and their typical values    
from Monte−Carlo (MC) simulations for confidence- 
interval estimations 

Parameter
Best 

estimated 

Average value 

from MC 

Std. dev. from 

MC 

a0 32.4032 32.7006 3.3386 

a1 −12.5483 −12.6891 1.5438 

β 2.8916 4.8258 2.6469 

 

If the scatter of experimental results in Fig. 10 
is compared with that in Fig. 7, it can be concluded 
that the scatter of the fatigue-life is much higher 
than that of the static durability. It can be seen that 
there is one outlier in Fig. 10, i.e. the result at σmax 
level of 125.8 MPa, which influences the scatter a 
lot. However, no macro-geometrical inhomogeneity 
was found at the rupture spot of this specimen and 

no peculiarities occurred during the experiment. For 
this reason, it was included in the minimisation 
process for estimating a0, a1 and β. The value 
2.8916 for the β parameter in Table 4 indicates a 
significant spread of the experimental data, which 
spans approximately over an order of magnitude 
along the abscissa axis in the high-cycle fatigue 
domain. Such scatter is a consequence of the 
specimen’s manufacturing process (see also 
explanation in Section 3.3.2). 

The scatter bands of the loading-cycles-to- 
failure in Fig. 10 were determined with a help of 
Eqs. (2), (3) and (5). The S−N curves for 5%, 50% 
and 95% rupture probabilities were calculated using 
the estimated parameters from the first line of  
Table 4. A comparison of the high-cycle fatigue 
data with the data from the literature is rather 
difficult, because only two research results were 
reported for the pulsating loads R≥0 [50,51]. Most 
of the data from the literature were obtained for the 
fully-reversal loading R=−1 [19,36,38,52]. It can be 
concluded that the scatter of our data is of the same 
level as that for the data in Refs. [50,51], i.e. it 
spans approximately one order of magnitude in the 
direction of the loading-cycles-to-failure N. It can 
also be concluded that our experimental data points 
for the pulsating loading (R=0) are in the same 
domain as the data from Refs. [50,51] for the 
comparable heat treatment, despite different 
specimen geometries. This confirms the validity of 
our results, when taking into account the 
characteristics of the AM process. 

Due to the relatively high scatter of the fatigue 
lives and the small number of tested specimens the 
width of the confidence interval between its lower 
limit for the 5% probability of the fatigue failure 
and the upper limit for the 95% probability of the 
fatigue failure is relatively high. It spans a width of 
1.2 decade at the end of the modelled fatigue-life 
curves and 1 decade in the middle of the modelled 
fatigue-life curves. The average values and standard 
deviations of the three parameters a0, a1 and β that 
were calculated from the Monte−Carlo simulations 
are listed in Table 4. These values are consistent 
with the estimated parameters in second column of 
Table 4. The highest discrepancy is for the shape 
parameter β, which is common for the sample set 
that consists only of 8 sample points. The width of 
the confidence interval cannot be compared with 
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the data from the literature, since the researches 
have not reported it in any published work. 
3.3.2 Fractography of fatigue specimens 

Figure 11 shows the secondary electron 
micrograph of a typical fatigue fracture surface 
(white arrows indicate the crack propagation 
direction during the stable crack growth). It can be 
seen that the fracture surface consists of four 
regions: the region of fatigue striations (FS) close to 
the surface, the region of stable crack growth (S), 
the region of unstable crack propagation (I) and the 
region of forced fracture (FF). 

Figure 12(a) shows a region between the 
original SLM-surface and fracture surface. The 
 

 
Fig. 11 Secondary electron micrograph of fatigue 

fracture of Specimen 9 
 

 
Fig. 12 Secondary electron micrographs of fatigue 
fracture of Specimen 9 in Region FS in Fig. 11:        
(a) Cracks on outer surface and original pores;        
(b) Fatigue striations on fracture surface 

original surface was rather rough, with many 
surface defects (Fig. 12(b)). Cracks formed at 
several sites, and some of them grew from the 
surface inwards. At the beginning fatigue striations 
can be seen. They were typical features during 
crack growth at rather low stress intensity factor. 
This type of crack growth was limited to a 
near-surface region. As stress intensity factor 
increased, the stress concentration around large 
surface defect caused unstable crack propagation in 
all directions. In this stage of crack growth, the 
surface contained several flat surfaces, i.e. facets. 

The pores shown in Fig. 13 formed during the 
SLM process rather than during the crack 
propagation. The fracture surface was not 
completely flat due to a fine microstructure 
consisting of α(Al) and β-Si. During the stable 
crack propagation, plastic deformation occurred at 
the crack tip, producing pores of different sizes  
(Fig. 14). At this stage the crack propagation speed 
away from the region of unstable growth was much 
faster than the growth speed of the surface with 
fatigue striations. Such a growth is typical for high 
stress intensity factor, when the stress is close to the 
yield point of the alloy. 

 

 
Fig. 13 Secondary electron micrographs of fatigue 
fracture of Specimen 9 in Region I of unstable crack 
propagation in Fig. 11: (a) Area of crack initiation;    
(b) Area of unstable crack propagation 
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Fig. 14 Secondary electron micrographs of fatigue 

fracture of Specimen 9 in Region S of stable crack 

propagation in Fig. 11: (a) Lower magnification;      

(b) Higher magnification 

 

4 Conclusions 
 

(1) The microstructure of treated SLM 
AlSi10Mg alloy consists of bands, which were 
produced by varying the scan direction in each 
subsequent layer. The material porosity is more 
frequent and larger in the near surface layers, where 
pores formed at the end/beginning of a scanning 
during the AM process. 

(2) The obtained material parameters by 
quasi-static tests (proportional limit, ultimate tensile 
strength) are comparable to the results presented 
from other researches. The fractography of 
quasi-static specimens has shown that the fracture 
probably started near the surface, where large pores 
were present. The fracture surface showed 
characteristics of a tough fracture. 

(3) The results of the fatigue experiments have 
shown that the scatter of the fatigue−life is much 
higher than that of the quasi-static durability, which 
is a consequence of the applied manufacturing 
process SLM. The fractography of fatigue 
specimens have shown that the fatigue cracks 
initiated around the surface defects, produced by 

SLM and then propagated in an unstable manner. 
However, the presence of large SLM defects mainly 
influenced the crack initiation period and did not 
have a strong influence on the crack propagation. 

(4) The obtained experimental results serve as 
a basis for the further investigation of the fatigue 
behaviour of AM cellular structures made of treated 
SLM AlSi10Mg alloy. 
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摘  要：研究激光选区熔化(SLM) AlSi10Mg 合金的疲劳性能和断裂行为。在脉动拉伸载荷(R=0，R 为动态因数)

下，将板状试样直接设计成疲劳试验所需形状。利用 Weibull 条件概率密度函数对疲劳−寿命(S−N)曲线进行建模，

采用实值遗传算法(GA)和差分蚁群算法(DASA)估计所需的 Weibull 参数。疲劳试样的断口形貌表明，疲劳裂纹在

SLM 样品的表面缺陷周围萌生，并以不稳定的方式扩展。然而， SLM 大缺陷的存在主要影响裂纹萌生周期，对

裂纹扩展影响不大。所得实验结果能为进一步研究增材制造先进材料和结构(如胞元超材料)的疲劳行为提供基础。

特别是在二维胞元结构中，胞元结构体的截面通常为矩形，与本研究中的试样形状相对应。 

关键词：激光选区熔化；AlSi10Mg 合金；高周疲劳；断裂行为 
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