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ABSTRACT
In the modern additive manufacturing of parts, the LPBF method has become widespread, which implies the technology of 
laser melting of a metal powder layer, that significantly expands the possibilities for optimizing the geometry of products. For 
parts manufactured using the traditional method (casting, deformation), it is known that the surface roughness can significantly 
affect the level of mechanical properties, since protrusions and depressions are stress concentrators. Parts manufactured using 
additive manufacturing technologies have an increased roughness, but their structural state after manufacturing is significantly 
different from traditional metal. It is often necessary to operate without subsequent mechanical surface treatment of products 
manufactured by the LPBF method. In the work the effect of roughness, the presence or absence of mechanical treatment of the 
working area of the samples on the mechanical properties under static tension conditions was determined. From the analysis of 
the profilometric curve and microstructure, it was found that samples without mechanical treatment have periodic protrusions, 
which is related to the texture formed during the manufacture. The average values of the mechanical properties do not differ 
significantly (less than 6.6 % for various characteristics) depending on the presence or absence of mechanical treatment, but 
deviations from the average within the sample regarding the values of tensile strength and reduction in area for samples without 
mechanical treatment are many times larger compared to the interval of value fluctuations within the sample for samples with 
mechanical treatment.
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INTRODUCTION
As manufacturing processes continue to improve and 
develop, the demand for more rapid and less expen-
sive manufacturing processes has led to the devel-
opment of a number of rapid prototyping (RP) pro-
cesses. Using additive manufacturing, almost any 
geometry with variations in size and complexity can 
be produced with a high degree of accuracy [1, 2]. 
The main limitation for the manufacture of parts with 
the methodology of topological optimization applied 
to them, which may contain internal channels of com-
plex configuration, technological holes and remov-
al of non-working elements to reduce weight, is the 
complexity of their final mechanical treatment due to 
their small size (e.g., holes, channels), geometric de-
sign features and the inability to bring the tool to a 
part. These complications necessitate designing of a 
CAD-model that takes into account and predicts man-
ufacturing processes and features to prevent surface 

geometry defects in the finished product (e.g., incom-
plete fusion of holes) that cause their impassability 
during the process of manufacturing, etc.

Many researchers have considered the issue of 
final surface treatment of a part [2‒5], the so-called 
post-treatment of parts by chemical, electrochemi-
cal and physical effects, which allows achieving the 
required surface roughness or cleaning as an alter-
native to mechanical treatment or as an intermediate 
one before further mechanical treatment. However, it 
should be noted that achieving the required surface 
roughness by these methods has a number of disad-
vantages, which were mentioned in [6‒10], namely: 
loss of geometric parameters in the areas of a part 
with protruding edges, which is associated with more 
intensive electrochemical polishing processes in this 
area [10‒11]; the presence of intergranular corrosion 
formation in the Down-skin areas; insufficient clean-
ing due to sintering of powder particles in the melt-
ing processes in the zone of metal-powder interaction 
during manufacturing.
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The results of studies [7‒11] indicate that the rough-
ness level of standard testing samples significantly 
affects the values of the final mechanical properties. 
This is even reflected in the standard technical doc-
umentation as requirements for the maximum allow-
able roughness of testing samples. However, it should 
be noted that this conclusion was made in relation to 
testing samples made by the traditional manufacturing 
method. This is mainly associated with the fact that in 
the technological processes of manufacturing testing 
samples using the traditional manufacturing method, 
there may be defects in the form of inconsistencies and 
inclusions: pores, cracks, carbides, nitrides, interme-
tallic phases, Laves phases, etc. that have a negative 
impact on the final mechanical properties, in addition 
to surface roughness. But, as is known from studies 
[12], mainly due to the rather high density of sam-
ples manufactured by the LPBF technology, namely 
99.7‒99.9 %, and taking into account the peculiarities 
of the processes of crystallization and the formation 
of an unbalanced highly dispersed structural state at 
high cooling rates, it was found that the conditions 
of the required roughness can be neglected, since the 
presence of elevated roughness may not have a signif-
icant effect on the final mechanical properties without 
the presence of a high rate of defects or deviations 

from the typical structure for parts made by the LPBF 
technology.

Based on the above, the study of the influence of 
roughness on the final mechanical properties is an im-
portant issue of materials science in additive manu-
facturing, since service properties can determine the 
final operational properties and the life of a part.

The aim
of this work is to study the effect of roughness of 316L 
stainless steel samples made by the LPBF technology on 
mechanical properties under static tensile conditions.

MATERIAL AND RESEARCH METHODS
In this work, tensile testing samples in the working area 
without and with mechanical treatment were investigat-
ed, fabricated in the Alfa-150D 3D printing machine 
manufactured by ALT Ukraine LLC with a 150×150 
mm printing area equipped with an ytterbium laser with 
a wavelength of 1064 nm, the protective medium is ar-
gon gas circulating in the working chamber.

The samples were manufactured in the vertical 
direction with a working zone diameter of 5 and 
6  mm (with an allowance for subsequent mechani-
cal treatment) and a working zone of 25 mm length. 
The rational printing parameters that allowed obtain-
ing a density of the finished product of 99.9 % were 
as follows: thickness of the deposited layer 40 µm, 
distance between tracks 0.1 mm, power 220 W, beam 
speed 1070  mm/s, scanning strategy — staggered 
fields 2.5×2.5 with a rotation angle of 67° relative to 
the previous layer [13] from metal powder of 316L 
austenitic steel with the actual chemical composition 
presented in Table 1, whose particle size analysis is 
shown in Figure 1. The selected material mainly con-
sists of austenite and is not prone to the formation of 

Table 1. Actual chemical composition of 316L steel powder, wt.% [13]

С Mn Si S P Cr Ni Cu Mo

0.016 0.78 0.64 0.005 0.008 17.79 12.63 0.04 2.35

Figure 1. Particles of the source material of 316L powder at ×200 magnification (a) and the results of granulometric analysis (b) [13]

Figure 2. Geometric parameters of testing samples
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an intermetallic phase as a result of short-term heating 
and cooling during heat treatment.

The samples were machined to final dimensions 
(Figure 2) using a HAAS ST10 lathe; five passes 
were made in the working area with a tool feed rate of 
0.1 mm and a speed of 400 rpm.

Mechanical properties were determined by ten-
sile testing using a standard method in an INSTRON 
machine. Roughness control was performed by two 
methods: using a DANA-260 roughness gauge and 
microstructural analysis in an AxioVert 200MMat op-
tical microscope using specialized software ImageJ.

RESEARCH RESULTS
As a result of evaluating the surface condition of 
testing samples, it was found that the roughness of 
samples 1 and 2 without mechanical treatment in 
the working area was 24.41 μm (Rz) — 6.76 μm (Rα) 
and 24.56 μm (Rz) — 6.78 μm (Rα), respectively, the 
roughness of samples 3 and 4 after mechanical treat-
ment was 2.28 μm (Rz) — 0.50 μm (Rα) and 2.26 μm 
(Rz) — 0.56 μm (Rα), respectively. Figure З shows the 
profilometric curves of the reference surface of 4 mm 

long testing samples and the surface microstructure of 
samples before testing.

From the analysis of the profilometric curve and 
microstructure (Figure 3, a, b), it was found that sam-
ples 1 and 2 without mechanical treatment have peaks 
at approximately equal distances from each other, 
which is associated with the texture formed during 
the crystallization of the base metal and local cyclic 
heating on the surface. These peaks and areas are the 
main stress concentrators during loading, which can 
lead to premature failure. Based on the results of the 
analysis of the curves of testing samples 3 and 4 (Fig-
ure 3, a, c), it was found that the roughness of these 
samples is insignificant, the range of fluctuations does 
not exceed the value of 4 µm. It can be assumed that 
the mechanical treatment properly levelled the sur-
face of a testing sample without the presence of areas 
that could be stress concentrators during loading.

As a result of the tensile tests, stress-strain curves 
were obtained and the main mechanical properties were 
determined, which are shown in Table 2 and Figure 4.

From the analysis of the determined mechanical 
properties, it was found that in terms of average val-

Figure 3. Profilometric surface curves of testing samples (a) and microstructure of testing samples 1 (b) and 3 (c) before tensile tests: 
1, 2 — without mechanical treatment; 3, 4 — with mechanical treatment

Table 2. Results of determining the mechanical properties of samples made of 316 L stainless steel by the LPBF technology with dif-
ferent surface conditions of the working zone

Sample 
number Condition σt, MPa ∆av, σt, %

* σ0.2, MPa ∆av, σ0.2, %
* δ, % ∆av, δ, %* ψ, % ∆av, ψ, %*

1 Without mechanical 
treatment

626.9 –2.3 561.6 –2.8 46.0 –1 66.3 +4,52
2 657.0 +2.29 594.0 +2.72 47.0 +1 60.4 –4,5

Medium 641,9 – 577.8 – 46.5 – 63.3 –
3

Mechanical treatment
677.9 +1.26 587.6 –1.56 43.9 +0.9 65.1 –0,07

4 660.7 –1.28 569.3 +1.57 43.0 –0.9 65.2 +0,07
Medium 669,3 – 578.4 – 43.4 – 65.15 –

Notes. ∆av, σt/σ0.2/δ/ψ is the deviation (%) from the average value within the sample.
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ues of samples 1 and 2, which were tested without 
preliminary mechanical treatment of the working 
zone, they have lower values of strength characteris-
tics, namely: tensile strength — 641.9 MPa and yield 
strength 577.8 MPa, i.e. by 4.09 and 0.1 %, respective-
ly, compared to samples with mechanical treatment 
of the working zone, namely: 669.3 and 578.4 MPa, 
respectively. However, it should be noted that the av-
erage values of the ductility indices varied in different 
directions: the average values of relative elongation 
(46.5 %) of testing samples 1 and 2 are 6.6 % higher, 
and the average values of reduction in area (63.3 %) 
are 2.8 % lower than the average values for samples 
3 and 4, namely, relative elongation — 43.4 % and 
reduction in area — 65.15 %. These results for the 
ductility characteristics, namely: relative elongation 
and reduction in area are mainly associated with the 
opening and elongation of high roughness zones, as 
noted in [14‒16].

The comparative analysis of the mechanical prop-
erties of testing samples 1 and 2 showed that samples 
which did not undergo the stage of mechanical treat-
ment after manufacturing, have a deviation from the 
average value of ±2.5 % of the tensile strength and 
yield strength within the sample, and testing samples 
3 and 4 have a deviation from the average value of 
±1.4 %. From the analysis of deviations in the ductili-
ty characteristics, namely relative elongation from the 
average by groups, it was found that testing samples 1 
and 2 without mechanical treatment have a spread of 
values in the range of ±1 %, while testing samples 3 
and 4 have a spread of values in the range of ±0.9 %. 
As for the reduction in area, it was found that sam-
ples 1 and 2 have a range of deviations from the av-
erage of ±4.51 %, and samples 3 and 4 — ±0.07 %. 
Thus, it can be concluded that the average values of 

mechanical properties do not change significantly 
depending on the presence or absence of mechanical 
treatment, but it should be noted that the deviations 
from the average values of tensile strength and reduc-
tion in area for samples without mechanical treatment 
(1 and 2) in the middle of the sample are much larger 
compared to the range of fluctuations within the sam-
ple for samples with mechanical treatment (3 and 4).

Conclusions
1. It has been found that samples of 316 L steel made 
by the LPBF technology using rational technological 
parameters at a powder working layer thickness of 40 
µm have a roughness of 24.41‒24.56 µm (Rz); 6.76–6.78 
µm (Rα); the surface profile has peaks at approximately 
equal distances from each other, which is associated with 
the texture formed during the crystallization process and 
local cyclic heating of the surface.

2. A comparative analysis of the mechanical prop-
erties determined on 316 L steel samples made by 
the LPBF technology revealed that the strength char-
acteristics of samples with a working zone without 
mechanical treatment in the state after manufacturing 
have lower average values (tensile strength and yield 
strength are 4.09 and 0.1 % lower, respectively) com-
pared to the average values of these characteristics de-
termined on similar samples with mechanical treatment 
of the working zone. The average values of the ductil-
ity indices changed in opposite directions: the values 
of relative elongation of samples without mechanical 
treatment were 6.6 % higher, and the values of reduc-
tion in area were 2.8 % lower than the average values 
for similar samples with mechanical treatment.

3. The analysis of the mechanical properties of 316 L 
steel samples determined after tensile tests, which were 
manufactured by the LPBF technology, revealed that 
the spread of values within the sample relative to the 
average value of the yield strength and reduction in 
area is insignificant (1.0‒2.5 %) regardless of the pres-
ence or absence of mechanical treatment. However, 
the deviations from the average values of the tensile 
strength and reduction in area for samples without me-
chanical treatment within the sample are many times 
greater compared to the range of fluctuations within the 
sample for samples with mechanical treatment.
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