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INTRODUCTION

Computer aided modeling (CAD) of machine 
components and assemblies is the basis for manu-
facturing processes supported by numerical sys-
tems [1]. Implementation of the designer’s con-
cept is possible by making a model using available 
manufacturing techniques. Computer Numerical 
Control (CNC) methods [2, 3] are commonly used 

in the industry, however, in order to minimize 
costs and increase the efficiency of the prototyp-
ing process and testing new solutions, Additive 
Manufacturing (AM) methods are increasingly 
used [4–6]. They allow for the formation of any 
geometry of models used in the automotive indus-
try [7], aviation [8], medical industry [9]. Many 
scientific publications present the study of ele-
ments with complex shapes produced by additive 
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techniques, e.g. gear wheels or aircraft engine 
blades of gear wheels [10–13]. However, there is 
a lack of comprehensive tests concerning, among 
other things, screw-threaded joint. Screw threaded 
joints are significant. They are used primarily as 
movement connections in mechanisms that con-
vert rotary into translational movement, e.g., ma-
chine tool drives, presses, or lifts.

The manufacture of screw-threaded elements 
carried out with additive techniques is a new ap-
proach for producing this elements. Presently, it is 
rarely approach to manufacturing  fastening ele-
ments, which is not a popular topic in the available 
literature. The scope and results of the research, if 
they are conducted, are not published. The same 
applies to the approach to the development of the 
geometry of 3D-CAD models of screw elements. 
In the 3D-CAD modeling process, it is necessary to 
determine the fitting value of the screw- threaded 
joint manufactured with additive techniques [14].  
This complex issue cannot be directly imple-
mented based on the guidelines provided for 
standard screw thread manufacturing procedures 
[15, 16]. In connection with the specificity of ad-
ditive techniques, this relationship translates into 
preparing the appropriate geometry of the basis 
models [17]. When models are made 3D printing 
process, there are differences between the nomi-
nal 3D-CAD model and the manufactured object 
[18, 19]. These differences result mainly from 
the subsequent hardening layers and the type of 
material used during 3D printing [20, 21]. In ad-
dition, each 3D printer has specific characteris-
tics and requirements as to working conditions 
(environmental conditions, process temperature). 
The factors mentioned influence dimensional 
and geometrical errors and changes in the values 
of surface roughness parameters [22–26]. Their 
determination is necessary in order to obtain an 
appropriate screw-threaded joint. Thanks to the 
development of modern measurement systems, 
it is possible to precisely verify the accuracy of 
the macro and micro geometry [27] and elements 
manufactured using additive techniques. Verifica-
tion of the manufactured product is most often 
carried out using contact coordinate measuring 
systems [28–33]. 

Additive processes allow for almost any 
manufacturing of screw-threaded joint elements. 
However, this requires knowledge of the geo-
metrical relationships of a threaded itself and 
the strength of materials from which the screw-
threaded joint is made. There is a noticeable lack 

of detailed information relating to the torsional 
strength of additive-processed materials. The arti-
cle presents the results geometric accuracy of the 
screw thread-nut M24 screw-threaded elements 
with a pitch of 3, manufactured of polymeric ma-
terials using MJ (PolyJet), and MEX (FDM and 
FFF) technologies.

MATERIALS AND METHODS

In this study, as a research model, the M24 
screw thread-nut pair was designed with the nom-
inal geometry and with the allowance values for 
two selected values [34], which were included in 
the nut models. The M24 screw was selected for 
testing, which is part of a larger research task in 
which bolts of this size were subjected to static 
strength tests in the torsion test. The diametrical 
parameters of the screw threads were adopted as 
nominal for all its configurations, and only the ac-
tive screw thread length along with the length of 
the pin were modified.

Design research models

The modeling process, both for the screw 
thread and the nut, was carried out using solid 
modeling based on the preparation of a screw 
thread outline by dragging the profile along a he-
lix [35]. Its geometry has been taken into account 
here, ensuring that the cutting profile exits the 
material at the end of the screw thread.The de-
veloped model was subjected to the parameteriza-
tion process [36–38]. The primary purpose was to 
ensure a quick and practical possibility of chang-
ing the geometry of numerical models. For this 
purpose, the fundamental parameters shown in 
Figure 1 and 2 were adopted. It was assumed that:
 • d = 24 mm,
 • a = b + c,
 • e = d = f,
 • b = 50 mm.

For the presented dependencies, respec-
tively, nominal screw thread models with a pin 
length of 50 mm. As a cooperating element, 
adopting the modeling methodology analogous 
to the thread, the CAD model of the nut was 
developed in three versions. However, in this 
case, the geometry of parts has been modified 
concerning the nominal value by assumed clear-
ance values. For this purpose, the cutting profile 
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was shifted by 0.25 mm and 0.5 mm in the direc-
tion normal to the nut axis, and the internal thread 
diameter was increased by identical values. The 
other parameters remained unchanged. The mod-
els developed for production with the use of ad-
ditive techniques were subjected to a tessellation 
process. Figure 3 shows the STL models made 
for different values of the tessellation parameters. 
Models with a tessellation accuracy of 0.005 mm 
were selected for the implementation of the proto-
types (Fig. 3e). Other models do not meet the re-
quirements of geometric accuracy requirements, 

due to the size and shape of the triangles, which 
would make them visible on the model made in 
the incremental process.

The adopted values of parameters describing 
the geometry of 3D-CAD models were selected 
based on experience resulting from many years 
of practice in manufacturing with additive tech-
niques and technical data defining the accuracy 
of the devices used. The developed geometry of 
the numerical models took into account the spe-
cific methodology of the screw thread modeling 
process, which cannot be directly implemented 

Fig. 1. Model drawing of the screw

Fig. 2. View of 3D-CAD models of threaded elements

Fig. 3. STL models with a tessellation parameter value: a) 0,01 mm, b) 0,1 mm, c) 1 mm, d) 2 mm, e) 0. 005 mm
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from the standard parameters of the screw thread 
resulting from its accuracy class related to screw 
threaded joint produced with the use of CNC 
methods [39, 40]. Based on the 3D-CAD models 
of the screw thread-nut pair geometry prepared 
in the presented manner, producing physical re-
search models was carried out using selected ad-
ditive techniques (Table 1).

Manufacturing a model using the FFF and 
FDM method consists of melting the material (fil-
ament) in a heated head, and then it is put on the 
worktable. The 3D printing process of models us-
ing the FFF technique was carried out on a Prusa 
MK3s printer.Three types of polymer materials 
were used: PLA (Fig. 3a), ABS, and PETG. PLA 
is a biopolymer classified as an aliphatic polyes-
ter. This material is characterized by quite good 
tensile strength and stiffness. ABS – or acryloni-
trile - butadiene - styrene is a material obtained in 
butadiene polymerization and copolymerization 
of acrylonitrile with styrene with simultaneous 
grafting of the resulting copolymer on polybuta-
diene. Compared to PLA, it retains better hard-
ness, impact, and abrasion resis-tance and good 
tolerance of high temperatures – because it re-
tains its properties in the temperature range from 

-20 to 80 °C. However, it is not resistant to ultra-
violet rays. It crumbles after prolonged exposure 
to sunlight. It is also less stiff and more suscep-
tible to shrinkage than PLA. PETG material com-
bines the properties of both PLA and ABS, which 
means that it is relatively easy to print, and at the 
same time, mechanically robust. The softening 
point of PETG is around 80–85 °C, so it is not 
as high as in ABS but much higher than in PLA. 
So it can be said that PETG material can work at 
elevated temperatures.

The material RGD720 was used in the print-
ing process of the models. RGD720 is a universal 
photopolymer resin that enables the creation of 
functional prototypes and parts for fit tests. This 
stiff material is perfect for conceptual modeling. 
This material provides high dimensional stability 
and surface smoothness.

As a result, models of screw threads and 
nuts were subjected to macro and micro geom-
etry. Measurements of geometrical dimensions of 
screw threads and nuts were carried out on the 
MarSurf XC20 (Fig. 4). This device is a contact 
coordinate measuring system. It allows for effec-
tive measurement of the profile contour with an 
accuracy of up to one micrometer. The arm and 

Table 1. The additive manufacturing techniques
AM processes AM technology 3D Printer Commercial material name Layer thickness Status of material

Material  
Extrusion

FDM
Stratasys 

F170
ABS-M30

0.177 mm
(nozzle diameter 0.4 mm)

Solid
Based

FFF
Prusa 
MK3s

PLA
0.150 mm

(nozzle diameter 0.4 mm)
ABS

PETG

Material  
Jetting

MJ
Objet 

Eden 260
RGD720

0.016 mm
(Resolution x, y 600 × 600dpi)

Liquid
Based

Fig. 4. Measure the nut profile using the MarSurf XC 20
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the tip of the measuring system are selected de-
pending on the properties of the measuring ele-
ment. In the case of measuring the outline of the 
external and internal screw threads, an arm with 
a PCV 175-M/8 mm 5660 tip was used. In both 
cases, the measurement was performed with a 
resolution of 1 μm and the lowest possible speed 
- 0.20 mm/s. The contact tip made a linear move-
ment along the given mea-surement section dur-
ing the measurement, registering all irregularity 
of the surface on its path. The MarSurf XC20 was 
operated using the control panel and the software.

Measurements of the surface roughness of the 
printed models were made using the Taylor Hob-
son TalyScan 150 profilometer with a contact tip 
with a nose radius of 2 μm (Fig. 5). In the process 
of assessing the surface roughness parameters, the 
resolution along the X and Y axes was set to the 
minimum value of 5 μm. A single measured area 
was 4 mm x 1 mm. During the measurement, the 
lowest available measurement speed of 500 µm/s 
was used. Because samples were made using ad-
ditives techniques, the most significant changes 
were observed in the direction perpendicular to 
the direction of the layers. Therefore the tests were 
carried out in this direction. The obtained data 
were analyzed in the MountainsMap software. 
In the process of determining the surface rough-
ness parameters, form errors were first removed. 
Then, to separate the long-term components, a 
profile filter λc = 0.8 mm was used. The value 
of the sampling length was determined based 
on the procedure for periodic roughness profiles 
contained in the ISO 21920-3 standard [37].  
Based on the obtained surface, following the ISO 
25178-2 standard [38], selected parameters were 
determined:

 • arithmetical mean of absolute values of ordi-
nates within the defined area (A) – Sa:

𝑆𝑆� =
1
𝐴𝐴
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(1)

 • root-mean-square of absolute values of ordi-
nates within the defined area (A) – Sq:
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1
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𝑆𝑆� = 𝑆𝑆� + 𝑆𝑆� 

(2)

 • maximum peak height (Sp) – largest value of 
the peak height within the defined area

 • maximum pit height (Sv) – largest value of the 
pit depth within the defined area

 • maximum height (Sz) – the sum of the largest 
value of the peak height and the largest value 
of the pit depth within the defined area:

𝑆𝑆� =
1
𝐴𝐴

� |𝑧𝑧(𝑥𝑥, 𝑦𝑦)|𝑑𝑑𝑥𝑥𝑑𝑑𝑦𝑦
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� 𝑧𝑧�(𝑥𝑥, 𝑦𝑦)𝑑𝑑𝑥𝑥𝑑𝑑𝑦𝑦
 

�

 

 

𝑆𝑆� = 𝑆𝑆� + 𝑆𝑆� (3)

RESULTS

Based on the prepared test stands, results 
were obtained to assess the accuracy of the model 
geometry. In the case of measurements carried 
out on the MarSurf XC20 system, the internal 
and external thread profile was obtained. The re-
ports presented in Figure 6 and 7 show the basic 
parameters defining the geometry of the external 
and internal thread for sample number 2, i.e.: ma-
jor diameter of internal and external thread, pitch 
diameter of internal and external thread, minor 
diameter of internal and external thread, internal 
and external thread angle and pitch.

Fig. 5. Surface topography assessment using the TalyScan 150
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Fig. 6. Screw thread profile measurement results for: (a) ABS-M30; (b) PLA; (c) ABS; (d) PETG; (e) RGD720 material

Fig. 7. Nut profile measurement results for: (a) ABS-M30; (b) PLA; (c) ABS; (d) PETG; (e) RGD720 material
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Table 2. The obtained average values (five samples) of tolerance diameters for external and internal screw threads

Type of 
material Tolerate diameter

Nominal value [mm]  
defined in ISO 724 for 
M24×3 screw thread

Average results [mm]
of five measured 

samples

Proposal of the tolerance classes 
defined in ISO 965-3

ABS-M30

d

[mm]

24 24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

5h

d2 22.051

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

outside the recommended tolerances

D2 22.051

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

outside the recommended tolerances

D1 20.752

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

outside the recommended tolerances

PLA

d

[mm]

24

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

4h
d2 22.051

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

D2 22.051

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

outside the recommended tolerances

D1 20.752

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

4H

ABS

d

[mm]

24

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

5g6g
d2 22.051

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

D2 22.051

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 

 

 

 

 

 

 

 

 

 

 

outside the recommended tolerances

D1 20.752

24��.�����.��� 

22.051��.�����.��� 

22.051��.�����.��� 

20.752��.�����.��� 
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Fig. 8. Roughness measurement resultsfor sample number 2 made of:  
(a) ABS-M30; (b) PLA; (c) ABS; (d) PETG; (e) RGD720 material
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Based on the obtained averaged results, the 
measurements were compared with the normalized 
values contained in the ISO 724 and ISO 965-3  
standards. The results are presented in Table 2.

Additionally, using the MountainsMap soft-
ware, the results were generated, presenting an 
isometric view of the surface roughness with the 
determined parameters. The results presented in 
Figure 8 were made on the surface of the nut.The 
average results of five samples determined sur-
face roughness parameters of the nut presented in 
Table 3.

CONCLUSIONS

Considering the results presented in Figures 
6 and 7, the Material Extrusion and Material Jet-
ting methods maintain similar pitch values. In the 
case of measuring the profile angle of the screw 
thread, all the techniques used gave a value lower 
than 60°. For the screw thread, the smallest value 
was 56°54’53’’ (ABS material), and the highest 
for 59°19’37’’ (PLA material). In the case of the 
nut, the results were more varied. The smallest 
value was 58°53’73’’ (RGD720 material), and the 
highest for 63°24’49’’ (PLA material). The differ-
ence in the obtained values of the thread profile 
angle may result from the applied orientation of 
the models in the 3D printer space. In the case of 
the screw thread, it was printed horizontally and 
the nut vertically (screw axis parallel to the work-
ing plane of the 3D printer, screw axis perpen-
dicular to the working plane of the 3D printer). 
As a result of using a different print orientation 
for the nut, a greater slope of the outlined line is 
also noticeable especially in the case presented 
on Figure 7c and 7d. The Prusa 3D printer has 
the most significant problem maintaining the cor-
rect thread profile. As seen in the external thread 
profile analysis, the areas of the bottom and top 
land of the thread are significantly averaged. 
It is not affected by the selection of the type of 

material but by the technical parameters of the 3D 
printer (Fig. 6b, c, and d). Additionally, the Prusa 
3D printer is very sensitive to the change in the 
model’s orientation in the working space. This 
can be seen in the context of mapping the profile 
of the external (Fig. 6b, c, d) and internal threads 
(Fig. 7b, c, d). Such significant changes are not 
noticeable in Stratasys F170 (Fig. 6a and Fig 7a) 
and Objet Eden 260 3D printers (Fig. 6e and Fig 
7e). The PolyJet technology is the most precise 
in the visual quality of the thread profile. This is 
because when 3D printing with this technology, 
a layer thickness of 0.016 mm was used. This al-
lowed us to achieve a more accurate reproduction 
of the thread profile, characterized by the lack of 
a visual aspect of the step, as is especially noted 
in the case of the Melted and Extruded techniques 
(Fig. 7a-7d). In the case of the Stratasys F170 
printer, the partially correctly reproduced screw 
thread contour is also visible.

In the ISO 724 and ISO 965-3 standards, 
diameters d2 and d are tolerated in the exter-
nal screw threads, while in the internal screw 
threads, D2 and D1. Both external and internal 
screw threads are tolerated into the material, tak-
ing the nominal screw thread contour as the zero 
line. Table 1 summarizes the values of tolerance 
deviations of diameters obtained during the mea-
surement concerning the normalized values. They 
were determined based on the received maximum 
and minimum diameter measurement results car-
ried out with the MarSurf XC 20 system. Con-
sidering the results in Table 1, eight tolerated di-
ameters are outside the recommended tolerances. 
For diameters within the recommended specifica-
tion limits, external screw threads are in the five-
accuracy class (the exception is the thread printed 
from PLA material); internal screw threads are 
in the four-accuracy class. The diameters of the 
external and internal threads made of PLA ma-
terial are most accurately reproduced (diameters 
are in four accuracy classes). The Stratasys F170 

Table 3. Average roughness parameters of five samples
Type of material Roughness parameters

Sa Sz Sq Sp Sv

ABS-M30 4.92 26.70 5.77 9.30 17.40

PLA 5.19 20.70 4.88 9.20 11.50

ABS 4.33 21.80 5.03 10.10 11.70

PETG 5.47 21.92 5.18 9.12 12.80

RGD 720 6.48 44.10 5.61 22.90 21.20
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3D printer was the worst in mapping the toler-
ated diameters. According to the PN ISO 965-1 
standard [41], three classes of threads are defined: 
fine (for precision threads, when a small fit toler-
ance is required), medium-fine (for general use), 
and coarse (in cases where threading difficulties 
may occur). To ensure the needed screw depth 
of finished parts, it is recommended to create fits 
like H/g, H/h, or G/h. If we analyzed only diam-
eters within the recommended tolerance by PN 
ISO 965-3, mainly H/h type fits were obtained.

The visual analysis of the topography maps 
showed significant differences between the to-
pography of the models produced with the melted 
and extruded (FDM, FFF) methods and the mod-
els made with the MJ method. In addition, models 
made with the MJ technique are characterized by 
a different shape of the pits compared to models 
made with the melted and extruded techniques. 
This is due to, among other things, the use of a 
different printing method and the type of mate-
rial. In the case of the analysis of surface rough-
ness parameters of Material Extrusion methods, 
the results are very similar despite the change in 
the material used. For the commercial Stratasys 
F170 printer, a slightly better surface finish was 
observed than the Prusa 3D printer. The Polyjet 
technique was the worst in terms of the quality 
of the surface roughness parameters. It may re-
sult from the applied printing option (Matt, not 
Glossy option was chosen) and the procedure re-
moving the support material.
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