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Abstract
In this paper, an attempt is made to explain the surface texture of Selective Laser Melting (SLM) parts more satisfyingly than the 
existing methods. Investigations were carried out on the 316L stainless steel SLM samples. To account for most of the surface 
conditions, a truncheon artefact was employed for the analysis. A Stylus Profilometer was employed as a metrology tool for 
obtaining the 3D surface measurements. A methodology is proposed to extract and characterize the topographic features of 
Additive Manufactured (AM) surfaces. Here, the overall roughness of the surface is segregated into the roughness of the powder 
particles and the waviness due to thermal and the “staircase” effects. Analyzing these features individually results in an increased 
understanding of the AM process and an opportunity to optimize machine settings.   

Surface Metrology, Selective Laser Melting, Profilometer, Areal Surface Parameters, Feature-based characterization 

1. Introduction  

Selective Laser Melting (SLM) process is by far the most 
complimented Additive Manufacturing (AM) technology for its 
capability of producing highly complex geometries and internal 
structures [1]. Increased productivity as a result of minimal 
material wastage, individualization, lead time reduction and no 
assembly requirement has led to the widespread use of this 
technology. Despite their vast application area, AM has not yet 
completely replaced conventional manufacturing processes 
due to the degraded dimensional control and poor surface 
finish [1]. It is, therefore, necessary to fully understand the 
surface behaviour in relation to the process settings and design 
variations of a component as important way to improve the 
downsides of AM technology. 

2. Methodology

A truncheon artefact [2] was designed for measuring the 
roughness at various slopes. Figure 1 displays the altered 
truncheon artefact, with varying build orientation from 0˚ to 
90˚ in steps of 3˚ increment. The sample (each block having the 
dimension of 20mm x 20mm x 5mm) was fabricated in an EOS 
M290 metal AM machine with standard process settings and 
the layer thickness was maintained at 20µm. The material 
utilized for the build was gas atomized 316L Stainless Steel 
powders with the size distribution of 20 to 53µm.  

Figure 1. Truncheon artefact  

A Stylus Profilometer was utilized for evaluating the SLM 
surfaces. The measurement area was maintained at 2.5mm x 
2.5mm to ensure that all significant surface features were 
captured [3]. The original resolution in X and Y is 1µm x 14µm 
respectively and resampled to 1µm x 2µm. All the surfaces 
were investigated in as-built conditions in order to retain the 
maximum possible surface features for characterization. 
Finally, the surface captured is subjected to form removal 
operation where the entire surface is levelled by the least-
squares method. It must be noted the uncertainty involved in 
the roughness measurements by Profilometer is less than 5% 
as provided by the manufacturer.  

2.1. Complex surface characterization strategy  

Many strategies have been discussed for characterization 
of AM topographic features [4,5] and this paper discusses an 
alternative methodology to define the SLM’s surface features.   

Figure 2. Workflow analysis

Figure 2 presents the workflow methodology to characterize 
a complex AM surface topography. A Robust Gaussian filter 
(ISO 16610-71) was employed to separate the waviness and the 
roughness surfaces. The selection of the cut-off wavelength 
filter depends on the nature of the surface under investigation. 



The separated waviness surface would include the staircase 
effect [6] caused by the build orientation and also the form due 
to thermal conditions (shrinkages or swelling effects) during 
the build [6]. The roughness surface obtained includes powder 
particles and additional footprints of the process. Binary 
thresholding method helps in isolating the powder particles by 
moving a plane from the highest point on the surface to the 
value of material ratio corresponding to the parameter Spk 
(Reduced summit height) of the surface, provided the surface 
waviness is removed by the Robust Gaussian filtering. Powder 
particles thus obtained could contain unmelted or partially 
melted particles, balling effect and agglomeration of powder 
particles [6]. For ease of analysis, the volume of all the grains 
above the threshold is considered. The waviness and the 
residual surface can be subjected to characterization by areal 
surface texture parameters (ISO 25178-2). An example of the 
methodology in use is provided in figure 3.  

     (a)                                  (b)                                (c) 

                                    (d)                              (e) 
Figure 3.  Isolation of powder particles and staircase effect by 

applying the Robust Gaussian filter. (a) Original surface; (b) Waviness;            
(c) Roughness surface; (d) Powder particles; (e) Residual surface. 

3. Results and Discussion

The methodology was implemented for surfaces with 
inclination from 0-27˚ and 90˚ to realize the surface behaviour 
at various angles. The waviness extracted from the original 
measurements were compared to the proposed model of 
Reeves and Cobb [7] to predict the average roughness (Ra) .  
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Where, Lt is Layer thickness and α is the build inclination.

Figure 4.  Average roughness curves  

Five readings were taken on the samples and on an average 
the variation of measurements was found to be approximately 
10%, which is depicted as error bars in figure 4. Also, it can be 
witnessed from figure 4 that by implementing different filters 
(figure 6) at different inclinations, the trendline of the waviness 
is almost parallel to that of the model, thus it can be presumed 

that the extracted waviness surface contains the staircase 
information. The roughness of original surface progressively 
increases due to the increased presence of the powder 
particles which is explained by the volume curve in figure 5. 

Figure 5. Volume curve of the powder particles and Sa of residue 
plotted against the build orientation. 

As a rule of thumb, after separation, the higher the volume of 
the powder particles, the lower the roughness of the residual 
surfaces and vice versa. It can be seen from figures 5-6 that the 
transition takes place between 6-9˚ orientation angles, beyond 
which the powder particles start to dominate the surface. The 
applied method is invalid for larger slope angles since the set 
threshold does not remove all the powder particles.  

Figure 6. Robust Gaussion Cut-off Wavelength vs Build Angle.   

4. Conclusion

The methodology presented works well for surfaces built at 
lower slope angles (below 15 degrees). Nonetheless, the 
method aids in segregation of individual features for better 
characterization of the surface which in turn helps in 
optimization of the AM process settings. The waviness surface 
obtained could be comparable to post-processed AM surfaces 
with particles removed. The powder particle distribution could 
assist in understanding the amount of material that could be 
worn off upon contact. Further research involves developing a 
rule for characterization of surfaces built at higher slope angles 
and create a 3D surface roughness model relating the build 
inclination and AM process settings. 
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