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Abstract 

The aluminium silicon alloy AlSi7Mg0.6 is gaining importance in additive manufacturing. This work is showing a correlation of 
surface quality and fatigue properties of three different AlSi7Mg0.6 as-built surfaces manufactured by laser powder bed fusion. 
All specimens were built in z-direction and the difference in surface quality was achieved by variation of the contour scanning 
parameters in the manufacturing process. 

Focus of the evaluation is on the reduced valley depth Svk rather than the commonly applied Ra (arithmetic mean of the line 
roughness profile) and Rt (maximum total height of the line roughness profile) and their areal equivalents Sa and Sz. Svk is 
derived from the material ratio curve and is a measure of the size of the valley population across the sample. It was found to 
show a better correlation with number of cycles to failure than parameters based on local extreme values such as Sz and Sv 
(depth of deepest detected valley). 
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1. Introduction 
Additive manufacturing (AM) technologies enable 
geometrical freedom, material savings and functional 
integration unimaginable with conventional 
subtractive methods. Laser powder bed fusion (LPBF) 
is one of the most commonly used additive 
manufacturing technologies. Typical surface features of 
as-built LPBF surfaces are powder particle 
agglomerations and re-entrant features, leading to a 
high initial surface roughness, which is associated with 
poor fatigue performance [1]. 

In recent years, aluminium alloys are increasingly used 
in AM due to their applications in the automotive and 
aerospace industries. The interest in AlSi7Mg0.6 
specifically has been growing as it has good corrosion 
resistance, weldability and mechanical properties [2]. 

1.1. Surface characterization for metal AM 

Surface texture is often described by means of the ISO 
4287 parameters Ra (arithmetic mean of the line 
roughness profile) and Rt (maximum total height of the 
line roughness profile), determined by use of contact 
stylus measurements [3]. Both, parameters and 
metrology, are established and still widely used in 
industry and literature and likewise for metal AM 
surface texture characterization [4-10, 21].  

While the areal equivalents to those commonly used 
parameters, Sa and Sz, at least offer a more statistically 
significant representation of the evaluated surface as 
compared to line roughness, Sa and Sz are still sensitive 

to local extreme values and are certainly not the best fit 
when a description of overall surface quality is 
required. Literature shows investigations on various 
ISO 25178 parameters, such as Sa, Sz, Sv (deepest valley 
depth) or Ssk (shift of height distribution below or 
above mean plane, equal to zero for symmetrical 
distribution) [11, 12] and feature based approaches 
[13]. 

In this work, parameters derived from the material 
ratio curve [14, 15], particularly the core height Sk, 
reduced valley depth Svk and lower profile portion 
Smr2, are applied as  they offer a more robust 
description of the as-built LPBF surface condition [16].  

1.2. Mechanical properties of AlSi7Mg0.6 from 
laser powder bed fusion 

Ultimate tensile strength values for AlSi7Mg0.6 
specimens manufactured in an LPBF process in vertical 
direction (layer-by-layer built-up perpendicular to the 
applied force in mechanical testing), vary between 
approximately 300 MPa [17] and over 400 MPa [2, 18, 
19]. This means most of the values for as-built LPBF 
samples exceed the ultimate strength of the cast alloy 
with T6 heat treatment, which is between 320 and 360 
MPa [19]. 

There are only a few studies on fatigue behaviour of the 
AlSi7Mg0.6 alloy. Some work on rotating bending 
fatigue with variation of LPBF contour scan parameters 
was done by Nasab et al. [20]. Bassoli et al. [17] 
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performed a full Wöhler curve characterization of one 
set of as-built specimens. 

1.3 Objective 

Numerous studies look into the correlation of surface 
texture and fatigue properties for metal AM parts, 
mostly utilizing common parameters such as Ra, Rz, Rt, 
Sa, Sz or Sv [7, 10, 21]. Literature mainly shows studies 
on different surface states obtained from post-
processing [7] or from variation of build orientation 
[10]. However, the latter also affects the bulk properties 
of a tested sample, resulting in the assessment of a 
combined bulk and surface effect.  

The fatigue specimens used in this work were 
manufactured with identical bulk parameters and build 
orientation, only varying the contour scan parameters 
to obtain differences in surface quality while 
maintaining bulk properties. By varying the contour 
scan speed, three different as-built surface conditions 
could be achieved and analyzed.  

This work aims at showing the difference in mechanical 
performance under axial cyclic loading for three as-
built LPBF surface conditions of AlSi7Mg0.6 specimens 
and correlation of fatigue life with alternative 
standardized parameters.  

2. Material and methods 
2.1. Evaluated samples 

Three sets of samples of as-built surface condition 
exhibiting different surface quality and features were 
created, namely AsB – smooth, AsB – medium and AsB 
– rough. The manufacturing conditions on the Trumpf 
TruePrint 1000 LPBF system are given in Table 1. The 
manufacturing parameters only differ in the contour 
scan speed, the bulk parameters were identical. All 
samples had a density higher than 99%. 

Table 1. AlSi7Mg0.6 manufacturing parameters on Trumpf 
TruePrint 1000. 

The fatigue specimen geometry was developed in line 
with ASTM 466–15 with the following theoretical 
geometrical specifications: Total height 80 mm, 
smallest cross section width 6 mm, and thickness 3 mm. 
Fig. 1 shows a fatigue specimen after mechanical testing 
with indication of build direction. 

Macroscopic and microscopic visual inspection of the 
samples confirm that they indeed show differences in 
surface quality. Differences in size and quantity of 
particle agglomerations can be seen in Fig. 2. 

 

Fig 1. Fatigue specimen after mechanical testing. 

 

Fig 2. Microscopic images of evaluated surface conditions, 
showing particle agglomerations of different size and 
quantity: AsB – smooth (left), AsB – medium (middle) and AsB 
– rough (right). 

2.2. Surface characterization 

For the surface texture characterization the Keyence 
VR3200 fringe projection system was used at a lateral 
resolution of 3.7 µm. In the style of the ISO 4287 line 
parameters, ISO 25178 areal parameters were 
evaluated by averaging results from 5 individual areas, 
illustrated in Fig. 3. 

 

Fig 3. ISO 25178 parameter evaluation: Mean values of 5 
individual square areas of 2.5 x 2.5 mm², similar to the ISO 
4287 line roughness calculation. 

The selected surface texture parameters are the 
commonly used areal parameters Sa (absolute mean 
height), Sq (root mean square height), Sz (maximum 
total height) and Sv (maximum valley depth), as well as 
the material ratio curve parameters Sk (core height) 
and Svk (reduced valley depth) and Smr2 (valley profile 
portion). Sk, Svk and Smr2 are illustrated in Fig. 4. Sk 
(spacing between red dashed lines) is determined from 
the intersection of the curve’s main slope (light blue 
dashed line) with vertical lines at 0% and 100%. Svk 
represents the average valley depth below the core 
material. Smr2 marks the percentage above which the 
valley portion of the profile is depicted on the curve.  

For more detailed information on the parameters 
briefly explained above, please refer to [14-16].  

 

Fig 4. Material ratio curve, determination of Sk, Svk and Smr2. 
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2.3. Mechanical Testing 

Fatigue testing was performed on a DYNA-MESS 4S 
20kN Z/D system at a frequency of 20 Hz and a stress 
ratio R = 0.1. The load levels were defined w.r.t. the 
ultimate strength acquired from tensile testing,               
σult = 392 ± 5 MPa, corresponding values are specified in 
Table 2.  

Table 2. Load levels and stress values for σult = 392 MPa and 
R = 0.1.  

Load level 
σmax/σult 

σmax / MPa σmin / MPa σmean / MPa 

0.4 156.8 15.7 86.2 

0.5 196.0 19.6 107.8 

0.6 235.2 23.5 129.4 

0.7 274.4 27.4 150.9 

3. Results and discussion 
3.1. Surface characterization 

Table 3 shows results of the commonly used 
parameters Sa, Sq, Sz and Sv and the material ratio 
curve parameters Sk, Svk and Smr2. For each set of 
samples, at least 9 specimens were included in the 
evaluation of mean and standard deviation values 
presented.     

When grouping the parameters w.r.t. their contained 
information, Sa, Sq and Sk can be categorized as 
indicators for the overall surface quality as they are 
related to the mean profile height. Sz, Sv and Svk on the 
other hand, are measures for extreme values, while Sz 
and Sv are absolute maxima and Svk represents an 
average value of valley depths. Smr2 is the profile 
percentage marking the portion of the profile 
associated with valleys below the core material. It is 
believed, that this parameter has the potential to give 
an indication of the profile share critical for crack 
initiation. In this work, Svk is interpreted as a measure 
for the average size of potential crack initiation points 
present on the surface and is compared to Sv, the 
maximum valley depth, in particular concerning the 
correlation with fatigue properties.  

Looking at the results presented in Table 3, the three 
considered as-built surface conditions can be clearly 
distinguished by all of the chosen surface texture 
parameters. The standard deviation is in the same order 
of magnitude for all mean/core height related 
parameters (Sa, Sq, Sk) between 3% and 7%. For Svk, 
the standard deviation is slightly higher (up to 10%), 
while it reaches between 8% and 28% for Sz and Sv. The 
large standard deviations for parameters representing 
extreme values across the profile make sense as they 
are strongly dependent on the measured location. This 
circumstance also results in the possibility of not 
detecting the deepest valleys. Smr2 values of around 
90% for all of the as-built surface conditions suggest 
that 10% of the areal profile belong to the reduced 

valley portion. Svk values of 3.1, 6.0 and 8.3 µm for the 
smooth, medium and rough set, respectively, indicate 
the average depth of the corresponding valleys.  

Table 3. Surface texture parameters for AsB – smooth, AsB – 
medium and AsB – rough, L-filter = 0.25 mm, S-filter = 8 µm, 
R²adj for Sz, Sv and Svk for exponential fit at 0.5*σult.    

 

 

3.2. Fatigue  

The fatigue results for the three as-built surface 
conditions are presented in Fig. 5. The AsB – smooth 
samples clearly endure the highest number of cycles, 
AsB – medium and AsB – smooth results overlap at load 
level 0.6*σult.  The number of cycles to failure for the AsB 
– rough set of samples at load level 0.4*σult and 0.5*σult 
correspond with values determined by Bassoli et al., 
2018. However, their study did not include surface 
quality of the tested specimens and was performed at 
R=0 [17]. 

 

Fig 5. Fatigue results for three surface conditions at four load 
levels each. Load levels are specified i.t.o. σult. 

Looking at the fracture areas, it can be confirmed, that 
for the AsB - medium and AsB – rough specimens, all 

Sa / µm Sq / µm Sk / µm

Mean 2.58 3.36 7.89

St.-dev. 0.161 0.221 0.490

% St.-dev. 6 7 6

Mean 4.74 6.05 14.96

St.-dev. 0.173 0.259 0.527

% St.-dev. 4 4 4

Mean 5.99 8.14 17.37

St.-dev. 0.222 0.314 0.558

% St.-dev. 4 4 3

AsB - smooth

AsB - medium

AsB - rough

Sz / µm Sv / µm Svk / µm Smr2 / %

0.849 0.895 0.971 n/a

Mean 49.90 16.55 3.10 90.31

St.-dev. 5.768 1.355 0.256 0.158

% St.-dev. 12 8 8 0.2

Mean 79.94 36.69 6.00 90.05

St.-dev. 13.811 7.109 0.396 0.161

% St.-dev. 17 19 7 0.2

Mean 124.59 63.76 8.32 89.61

St.-dev. 23.561 17.918 0.839 0.446

% St.-dev. 19 28 10 0.5

R²adj for 0.5*σult

AsB - rough

AsB - smooth

AsB - medium
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cracks started from the surface, in many cases even 
multiple crack initiation was observed, which is a 
common phenomenon for as-built AM surfaces [22].       
5 out of 10 AsB – medium specimens and 9 out of 9 AsB 
– rough specimens exhibited multiple crack initiation 
from the surface. Among the AsB – smooth specimens, 
only one case of multiple crack initiation from the 
surface was observed. 5 out of 9 fatigue failures started 
from individual surface cracks, 3 out of 9 started from 
bulk defects. Table 4 gives a summary of failure 
initiation for all evaluated specimens, Fig. 6a – 6c show 
examples of the different observed types of crack 
initiation.   

Table 4. Crack initiation for specimens of the three evaluated 
surface conditions.  

The collected data confirms that AM surfaces with a 
higher roughness (i.e., higher density of partical 
agglomerations) are more likely to experience multiple 
crack initiation during cyclic loading, resulting in failure 
after a fewer number of cycles. Smoother as-built 
surfaces, such as AsB – smooth, appear to be less likely 
to experience multiple crack initiation.   

 

Fig. 7. Number of cycles vs. Svk [µm] for all surface conditions, 
exponential fit with R²adj = 0.971. 

3.3. Fitting fatigue and surface quality data 

When plotting data of all three surface conditions for 
individual load levels, an exponential function results in 
a good fit for the data. Fig. 7 and Fig. 8 show the number 
of cycles vs. Svk and Sv, respectively.  Comparing both 
curves, it can be observed that the Svk fit (red line) is 
closer to the actual data points (grey squares) than for 
Sv, quantifiable by the respective R²adj-values of 0.971 
(Svk) and 0.895 (Sv). Additionally, Table 3 contains the 
R²adj-value of Sz, equal to 0.849. 

The curve for the number of cycles to failure (# cycles) 
as a function of Svk at a load level of 0.5*σult is described 
by 

 # cycles (Svk) = 2.207 ∙ 105 ∙ 0.7016Svk       (1) 

The presented results suggest that the Svk parameter 
gives a better correlation of the surface condition and 
fatigue behavior than Sv and Sz. Rather than only 
comprising information on individual extreme values, it 
provides information on the valley population across a 
sample. Especially when taking into account that 
multiple crack initiation from surface defects is a typical 
cause of failure for as-built AM parts, it seems 
reasonable to use Svk when correlating surface and 
fatigue properties. Also the combination with Smr2 
might be worthwhile looking into.  

 

Fig. 8. Number of cycles vs. Sv [µm] for all surface conditions, 
exponential fit with R²adj = 0.895.  

Surface 
condition 

Total # of 
samples 

Crack initiation 
type /                          

# of samples     

# multiple 
crack 

initiation 

AsB - smooth 9 Surface /   6 

Bulk /   3 

1 

AsB - medium 10 Surface / 10 5 

AsB - rough 9 Surface /   9 9 

Fig 6a. AsB – smooth (left): Crack propagation from bulk defect, b. AsB – medium (middle): Surface crack causing fatigue failure, 
c. AsB – rough (right): Simultaneous crack initiation from multiple surface defects. 

 



Journal of Additive Manufacturing Technologies 
DOI: 10.18416/JAMTECH.2111531   

   

4. Conclusions 
At the current state of this research, the following 
conclusions can be drawn: 

• The reduced valley depth Svk (derived from the 
material ratio curve) is more robust and reproducible 
than maximum valley depth Sv and maximum total 
profile height Sz.  

• The fatigue behavior of as-built AlSi7Mg0.6 LPBF 
parts is strongly related to the surface quality.       AsB – 
smooth specimens hardly experience multiple crack 
initiation while it is common for    AsB – rough 
specimens.  

• Rougher AM surfaces are associated with higher 
individual profile extreme values Sz and Sv, which are 
frequently applied when correlating surface quality and 
fatigue behavior. However, these surfaces are also likely 
to exhibit multiple crack initiation, justifying the shift 
toward using Svk, which characterizes the valley 
population present on the surface. 

• Svk shows a better correlation than the more 
frequently used Sv with number of cycles to failure for 
the evaluated load levels and surface conditions. 

In order to fully characterize the fatigue behavior of as-
built LPBF AlSi7Mg0.6 parts, full Wöhler curve 
assessment, residual stress measurement and fatigue 
limit determination for all created surface conditions is 
ongoing. This will enable the application of existing 
models for the correlation of fatigue and defects to less 
commonly used surface texture parameters like Svk. 
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