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The presented article deals with the determination of selected mechanical properties of additive materials 
used for 3D printing (PETG, PLA, ABS, ABS +, PLA ESD, ASA, PC / ABS). Due to the fact that 3D 
printing has exploded over recent years and additive manufacturing has become popular in some in-
dustries, the quality of input materials and their mechanical properties is extremely important. We used 
3D printer Original Prusa MK3 to prepare samples for testing. Individual samples printed from all above 
mentioned materials were analyzed using selected mechanical tests (static tensile test, hardness tests). 
In the static tensile test, selected parameters (tensile strength limit, tensile modulus, elongation) were 
determined for all additive samples, which were statistically processed. The parameters for two methods 
of measuring hardness were also statistically evaluated, namely Shore and ball indentation. All tested 
additive materials were compared with the aim of obtaining the final ranking (point evaluation of tested 
materials with quantification of price costs). The best properties after the performed tests were achieved 
by the additive material PLA Filament Plasty Mladeč. 

Keywords: Aditive manufacturing, 3D printing, Fused filament fabrication, Mechanical properties, Tensile test, 
Hardness tests 

 Introduction 

The complex geometry of the final product was 
always the biggest problem for designers, until the ad-
vent of Rapid Prototyping additive technology. Rapid 
Prototyping technology, also known as 3D printing, 
consists of several methods developed in the late 
1980s. For a long time, this technology was used only 
in construction and in a professional industrial envi-
ronment to create prototypes or even finished com-
ponents. 3D printing is a very broad concept that inc-
ludes many production methods. One of them is the 
additive method Fused Filament Fabrication (FFF) 
[1], [2]. 

In recent years, the situation has changed sharply 
and 3D printing has been gradually made available to 
ordinary users / consumers thanks to reduced acqui-
sition costs. Thanks to this, new printing methods de-
veloped rapidly. Additive materials used in 3D prin-
ting are also undergoing great development [2], [3]. 
Nowadays, 3D printing technology offers a wide port-
folio of additive materials. In addition to the basic po-
lymeric material, for example, a ceramic, metal or 
composite additive material is also used. At the same 
time, the 3D printing technology itself has advanced 

and is used more in other areas than just in the posi-
tion of engineering.  

3D printing has been widely used, for example, in 
the field of medicine (implant production), pharmacy 
(drugs), engineering, construction, food, but also in 
the automotive, aerospace, energy, consumer in-
dustries, etc. [3], [4]. 3D printing technology is no lon-
ger only used for the production of prototypes and 
their testing prior to putting into production, but also 
as an independent production technology in certain 
sectors where the technological process and other cir-
cumstances allow. It is for this reason that ever higher 
demands are placed on the quality of the material used, 
its mechanical properties, health safety (in healthcare), 
and other parameters according to the type of industry 
in which the final product is to be used. Many authors 
in their studies compared devotes just individual para-
meters of the materials investigated in order to assess 
their suitability for a particular purpose. One of the 
most commonly used materials for 3D printing is ABS 
(Acrylonitrile-butadiene-styrene). Raney et al. [5] tes-
ted the tensile strength of this material and found that 
the tensile force measured against the layers is only 
74% to 79% of the force measured along the layers. 



December 2022, Vol. 22, No. 6 MANUFACTURING TECHNOLOGY ISSN 1213–2489

 

indexed on: http://www.scopus.com 734  

Dizon et al. [6] made an extensive research in the 
field of testing mechanical properties of materials for 
3D printing, during which found that the test criteria 
and the whole testing process is very different in diffe-
rent research groups and often also depends on the 
purpose of the use of resulting 3D printing products. 
So far, there is no standardized procedure for testing 
the mechanical properties of materials and individual 
studies differ considerably from each other. Most aut-
hors focus mainly on the tensile strength of materials 
[5], [7], [8], [9], [10] and shear [11] or deformation 
caused by pressure [12], others focus on some other 
mechanical properties such as "folding behavior" [13] 
or fracture models during compression loading [14]. 

Further studies are devoted to examining the spe-
cific properties of additive materials for a specific pur-
pose. For example, Alssabbagh et al. [15] analyzed 
nine materials (including common ones such as PLA, 
ABS, etc.) to evaluate the mass attenuation coefficient 
and select the most suitable material to replace human 
soft tissue. Most authors in their studies test the most 
common materials used for 3D printing (such as ABS, 
PETG or PLA). In practice, however, there are also 
countless special materials for 3D printing for various 
special purposes (aerospace industry, medicine, 
energy, etc.). For example, Zaldivar et al. [16] or Kap-
lun et al. [17] investigated the effect of 3D printing on 
the mechanical and thermal properties of one of the 
most durable polymers used for 3D printing 
ULTEM® 9085. The results were compared with 
plastic injection technology, where the strength of the 
examined samples was demonstrably higher by about 
40%. 

In addition to the type of material, the mechanical 
properties of additive production products (3D prin-
ting) are also affected by the production process itself. 
According to the findings of Dizon et al [6], the best 
tensile properties are achieved when the filament is 
placed longitudinally, ie parallel to the loading di-
rection. Melenka et al [7] in turn tested the elasticity of 
the sample depending on the fiber volume fraction 
and Sood et al [18] assessed the influence of five im-
portant process parameters (thickness of one fiber la-
yer, orientation, angle and width of the raster and air 
gap) on the tensile, flexural and impact strength of the 
sample. The results of research on quality parameters 
(dimensions and surface quality) carried out on 3D 
printing products produced by the DMLS method 
point to compliance with the stated quality of the pro-
duction technology and an even distribution of irregu-
larities in surface roughness measurements [19]. 

In our article, we focus on the mechanical proper-
ties of additive materials that are commonly used for 
3D printing in both industrial production and hobby 
environments. In addition to the tensile strength of 
the sample, their hardness is also tested in the form of 
the resistance of the sample surface to the scratching 

of another, harder material. This type of test is mostly 
neglected in the above research, but it is no less im-
portant for the quality of products produced by 3D 
printing technologies [20]. Part of the presented study 
is also an economic evaluation of all the most 
commonly available variants of materials. In recent 
years, 3D printing technology has become quite esta-
blished in more technologically advanced industries 
and, together with the use of new materials, makes it 
possible to improve the price / quality ratio and thus 
ensure greater competitiveness of the company [21]. 

 Fused filament fabriation technology  

Fused Filament Fabrication (FFF) is a printing me-
thod whose production process consists of melting 
the input material. The filament wound on the spool 
is pressed by means of an injection mechanism (two 
gears connected to the motor) into a heated nozzle, in 
which it is melted into a semi-liquid state. The molten 
material is then applied in individual layers to a heated 
substrate, where it is cooled by ambient air until it so-
lidifies. Printing of one layer takes place simulta-
neously in X and Y coordinates. After the end of one 
layer, the print head with the nozzle moves in the Z 
axis by the layer thickness upwards and a new layer is 
printed. In this way, the whole process is repeated un-
til the resulting object is created. At the end of the pro-
duction process, it is necessary to remove the printing 
supports [22], [23], [24]. Deformation of the PLA ma-
terial can be caused depending on the heating of the 
printing pad and the solution can be to cut the object 
during the printing process [25]. 

Filament as an input material is made of many ty-
pes of material. The additive FFF method requires 
print support for complex shapes that are created in 
the same way as the resulting model, with only a lower 
fill density and fewer edge loops. Print supports can 
be printed from the same material as the resulting mo-
del, or a special water-soluble building material. Pro-
totype models produced by this method are used in 
design testing or product innovation. Models can also 
be exposed to mechanical and weather conditions 
corresponding to reality [22], [23], [24]. The density of 
the PLA material is also affected by the density of the 
sample filling, which was tested by a tensile test, this 
test confirmed that the shape of the filler does not 
affect the values obtained by the tensile test [26].  

The main advantages of FFF technology are mini-
mal waste (supports), high printing speed and good 
mechanical properties [22], [23]. Disadvantages inc-
lude limited dimensional accuracy depending on the 
material used, print nozzle diameter, and susceptibility 
to shrinkage during cooling. [22], [23], [28]. In the ex-
periment, the tensile strength was tested using the 
higher and lower temperature limits specified by the 
manufacturer for PLA, PETG and ABS materials, and 
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it is appropriate to use the upper limit of the tempera-
tures recommended by the manufacturer [27] . 

 Static tension test and hardness tests 

In this part of the paper, selected mechanical tests, 
which were subsequently applied in the experimental 
part, will be characterized. 

 Static tension test 

The static tensile test is one of the most often used 
mechanical tests. The principle of the tensile test is 
prescribed by the ČSN EN ISO 527-2 standard. The 
test is usually performed at room temperature (23 ºC). 
It is used to determine the tensile strength Rm, the 
yield strength Re, the contractual yield strength Rp0,2, 
the tensile modulus E and other tensile stress-depen-
dent characteristics. [29], [30]. 

The ultimate strength Rm is the stress value rea-
ched at maximum load before the test bar ruptures. 
The value of Rm is a significant material value, classi-
fying individual types of materials and is determined 
according to relation (1) [31], [32], [33]: 

𝑅
𝐹
𝑆

 𝑀𝑃𝑎 , (1)

Where: 
Rm…Stress at the limit of strength [MPa],  
Fm…Maximum load force [N],  
S0…Initial cross-section of the sample [mm2] [34]. 
Hooke's law represents the relationship between 

stress and relative elongation, see relationship (3). In 
the contractile tensile diagram, Hook's law is plotted 
as a straight line. The direction of the line is given by 
the modulus of elasticity in tension E and can be ex-
pressed by equation (2) [31], [32], [33]:  

𝐸 tan 𝛼 , (2)
Where: 
E…Modulus of elasticity in tension [MPa],  
α…Angle of the line with horizontal axis [º],  
S0…Initial cross section of the sample [mm2] [34], 

[35], [36]. 

𝜎
𝐹
𝑆

𝐸 ∙
ΔL
L

𝐸 ∙ 𝜀 𝑀𝑃𝑎 , (3)

Where: 
σ…Tensile stress [MPa],  
F…Loading force [N],  
S…Actual cross section of the sample [mm2],  
E…Modulus of elasticity in tension [MPa],  
ΔL…Change in the length of the test sample [mm],  
L0…Initial sample length [mm],  
ε…Relative elongation [-] [34], [35], [36]. 
Elongation (Ax) determines the scale of formability 

of the material. The value of ductility can be determi-
ned from ε after the rupture of the test bar by equation 
(4) [32], [33]. 

𝐴 100 ∙ 100 ∙  % , (4)

Where: 
AX…Elongation [%],  
Lu…Final length [mm],  
L0…Initial length [mm],  
ΔLu…Absolute increment of initial length after 

rupture [mm] [32]. 
The index (x) represents the type of test rod. For 

short test bars, "x" is not given. For long test bars, the 
ductility is indicated A11,3. The ductility of the material 
measured on the disproportionate test bars is indica-
ted relative to its initial length (L0 = 50 mm is denoted 
A50). The shorter the test rod, the higher the ductility 
value [32], [33].  

The fracture of the test bar must be in the middle 
third of the measured length. If the quarry is located 
in another area, the measured value of Ax may differ 
from the actual [32], [33]. 

 Hardness test 

Hardness is the most commonly used test defining 
the mechanical properties of a polymeric material. The 
resistance of the surface to the penetration of another 
harder material is defined and the materials are divided 
into rigid, hard and tough. The measurement of hard-
ness by the penetration method is in principle the in-
dentation of an penetrating body (indenter) of various 
shape by a predefined force into the surface of the tes-
ted material. The measurement method is divided ac-
cording to the shape of the indenter (ball, cone). After 
a defined time interval, the penetration depth of the 
indenter is then measured. In the case of plastic mate-
rial, both plastic and elastic deformation are taken into 
account [32], [37], [38], [39]. 

 

Fig. 1 Hardness measurement by the ball indentation method 
[26] 
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The ball indentation method is defined by the stan-
dard ČSN EN ISO 2039-1: Plastics - Determination 
of hardness - Part 1: The ball indentation method is a 
measurement method in which a hardened steel ball 
of diameter D (5 mm) is pressed into the test material, 
see Fig. 1 [30], [40], [41]. 

The test specimen is first loaded with an initial load 
of 9.8 N and then with a test load of 49 N to 961 N. 
The magnitude of the test load depends on the resul-
ting indentation depth, which must be between 0.15 
mm and 0.35 mm. The hardness is read after 30 s of 
measurement and calculated according to equation (5) 
[30]: 

𝐻 𝛼 ∙
,

N mm , (5)

Where: 
α…Factor (0,0535) [mm-1],  
FC…Total load [N],  
h…Depth of penetration of the ball into the mate-

rial [mm],  
H…Ball indentation hardness [N·mm-2] [30]. 
Shore hardness is one of the most common hard-

ness measurements in practice. According to the hard-
ness range, a distinction is made between Shore A 
hardness measurements, used for softer materials, and 

Shore D, for harder materials. Shore A and Shore D 
measurement methods differ in the shape of the in-
dented tip. The tips are pressed in by a spring. The 
depth to which the measuring tip is pressed determi-
nes the degree of hardness. The hardness of the plastic 
material takes on values in the range 0 to 100 HSh for 
the Shore method [30]. 

The thickness of the test material must be at least 
6 mm for both methods. When measuring with the 
Shore A method, the value is read after 3 s (measured 
from the first contact with the surface) and the hard-
ness by the Shore D method is obtained after 15 s of 
the measurement [30]. 

 Experimental part 

Individual test specimens were made on an FFF 
3D printer Original Prusa MK3. The printing parame-
ters for the individual types of materials were chosen 
with regard to the information obtained from the ma-
terial sheets and data of individual manufacturers (ex-
truder and pad temperature). Other necessary parame-
ters, such as print speed, extrusion and cooling, are 
predefined by the printer manufacturer and are already 
in the PrusaSlicer computer software.

Tab. 1 Additive materials used [41], [42], [43], [44], [45], [46], [47], [48], [49], [50], [51], [52], [53] 

Material Producer 
Rm   

[MPa] 
E   

[MPa] 
At     

[%] 
Hardness 
[HRH] 

ABS Prusa - - - - 

ABS+ Devil Design - - 30 105 

PC/ABS Filament Plasty Mladeč - - - - 

ASA 

Devil Design - - 20 107 

Filament Plasty Mladeč - - - - 

Fillamentum 40 1726 35 92 

PETG 

Filament Plasty Mladeč - - - - 

Prusament - 1500 - - 

Spectrum 27,1 360 9,5 - 

PLA 

Filament Plasty Mladeč - - - - 

Fillamentum 53 3600 6 - 

Prusament - 2200 - - 

PLA ESD 3DXSTAT 55 2560 10 - 
 
Filaments with a diameter of 1.75 mm were chosen 

for the 3D printer used. In addition to different types 
of additive material, materials from several suppliers 
are tested. The additive materials used, including 
suppliers and basic mechanical properties, are listed in 
Tab. 1. The test specimens were printed horizontally 
with 100 % inner fill and three circumferential perime-
ters. 

 Preparation of test samples 

4.1.1 Static tensile test 
The shape and dimensions of the test specimen 

were chosen according to the ČSN EN ISO 527-2 
standard. This standard specifies the conditions for 
testing of plastic material and the determination of 
their mechanical properties in the tensile test. The 
standard was chosen despite the fact that it describes 
test specimens created by injection molding, pressing 
or casting because there is still no standard that would 
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describe the tensile test of samples created by 3D prin-
ting technology [55], [56]. 

For the tensile test, according to the standard ČSN 
EN ISO 527-2, a test rod marked 1BA was chosen, 
see Fig. 2. The 1BA test rod was chosen due to the 
savings of the used additive material for production 
and shorter 3D printing time [55], [56]. 

 

Fig. 2 Dimensions of tensile test bar 
 
For better statistical evaluation of tensile tests, 5 

pieces of test rods were made from each type of ma-
terial and supplier. The total print series was 65 pieces. 

 
4.1.2 Shore hardness test 

The shape and dimensions of the test specimen for 
measuring the Shore hardness were chosen according 
to EN ISO 7619. This standard specifies the conditi-
ons for testing specimens made of rubber, vulcanized 
or thermoplastic elastomer. The dimensions for mea-
suring Shore hardness are shown in Fig. 3. 

 

Fig. 3 Shore hardness test specimen 
 

4.1.3 Ball indentation test 
Neither the shape nor the dimensions of the test 

specimen for measuring the hardness by the ball in-
dentation method are prescribed in any existing stan-
dard. For test specimens, it is important to have a 
sufficient height so that the measured hardness of the 
test specimen is not affected in any way by the hard-
ness of the base of the measuring device. The dimen-
sions of the test specimen for measuring hardness by 
ball indentation are shown in Fig. 4. 

 

Fig. 4 Test specimen for measuring the hardness of indenta-
tion by a ball 

 Carrying out mechanical tests 

4.2.1 Static tensile test 
The tensile test was performed on a Zwick Z100 

test rig. The test equipment is connected to the com-
puter unit in which the test program XX supplied by 
Zwick is located via a cable. The program also serves 
to evaluate the course of tensile tests and the resulting 
parameters (yield strength, yield strength, modulus of 
elasticity and plotting the course of records from the 
tensile test). 

At the beginning of the measurement, it was ne-
cessary to set the input data. It was the distance 
between the clamping jaws, which was 60 mm, and the 
input dimensions of the narrowed part of the test bars. 
After the test rod has been correctly attached between 
the jaws, it is possible to start a test measurement using 
the computer program testXpert. The test is automa-
tically terminated after the test bar ruptures. The pro-
gram records and then evaluates the individual tensile 
properties of the material, which are exported to Excel 
for further statistical evaluation. 
 
4.2.2 Shore hardness test 

The Shore D method was used to measure hard-
ness, which allows measuring plastic materials in the 
hardness range of 10 to 90 HShD. The hardness of the 
test specimens was measured on a Digi Tech hardness 
tester. A test specimen is placed on the support of the 
test equipment. After starting the measurement, the 
indenter is pressed into the test specimen for 15 s. Af-
ter the time has elapsed, the resulting measured hard-
ness is displayed on the output device. 
 
4.2.3 Ball indentation test 

Ball hardness measurement very unique. A special 
measuring device is required to measure the hardness, 
and therefore it was necessary to perform the test in 
cooperation at the Institute for Testing and Certifica-
tion based in Zlín. The measurement of the hardness 
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of the indentation by the ball was performed on one 
piece of test specimen with five repetitions. 

 Evaluation of results achieved 

The experimentally obtained data were evaluated 
for individual test measurements separately, including 
a comparison of the values given by the supplier in the 
material sheets. The evaluated parameters include the 
tensile strength, tensile modulus, elongation, Shore 
hardness and ball indentation hardness. The obtained 
data were individually evaluated using the statistical 
software Minitab. First, the Anderson-Darling Nor-
mality Test was used to determine whether or not the 
data had a normal distribution. The assumption of 
normally distributed data is required when calculating 

statistical parameters and the Anova test. In general: if 
the P-value is less than 0.05, data with a reliability gre-
ater than 95 % do not have a normal distribution. In 
this case, it is important to delete some values. 
Otherwise, the data can be further processed and the 
mean, mean, error, standard deviation, median, mi-
nimum, maximum and confidence interval determi-
ned using the One-Sample T-test. 

Tab. 2 shows the basic statistically evaluated para-
meters and their values for the ABS additive material. 
The evaluation of all additive materials was performed 
in the same way as for the ABS additive material. With 
a few exceptions, the material sheets do not contain, 
see Tab. 1, no mechanical properties specified by the 
supplier [42], [43], [44], [45], [46], [47], [48], [49], [50], 
[51], [52], [53], [54].

Tab. 2 Basic statistical parameters of ABS additive material 

Parameters 
Tensile  

strength values 

Tensile 
modulus  

values 
Elongation values

Shore  
hardness  

values 

Ball  
indentation  

hardness  
values 

Mean value 37.82 MPa 748.92 MPa 6.88 % 76.73 HShD 55.24 N·mm-2

Mean value error 0.20 88.31 0.18 0.21 1.23 

St. deviation 0.46 197.46 0.41 0.87 2.75 

Median 37.84 MPa 787.55 MPa 6.76 % 76.90 HShD 55.90 N·mm-2

Minimum 37.20 MPa 438.11 MPa 6.50 % 74.70 HShD 51.80 N·mm-2

Maximum 38.42 MPa 920.15 MPa 7.56 % 77.70 HShD 58.20 N·mm-2

Reliability level  
(95,0 %) 

0.93 0.36 0.26 0.15 0.53 

Confidence interval 
37.25 MPa 
38.39 MPa 

503.70 MPa 
994.10 MPa

6.37 % 
7.39 % 

76.27 HShD 
77.18 HShD 

51.82 N·mm-2 
58.66 N·mm-2

 Discussion on achieved results 

The graphical dependence on Fig. 5 shows the 
mean values of the parameter Rm for individual types 
of additive materials, including their confidence inter-
val. 

From the graphical dependence on Fig. 5 it is evi-
dent that the tensile strength Rm of several materials 
exceeds the others. This is the case, for example, with 
PC / ABS and PLA materials, regardless of the 
supplier (other materials do not reach the Rm values 
of these materials). According to the comparison and 
performed analysis of individual additive materials, for 
most of their Rm values they do not reach the 

prescribed value from the material sheet, see Tab. 1. 
According to the available and stated values from the 
material sheet see Tab. 1 and Fig. 5, the max. value Rm 
(for PLA ESD additive material) and the min. Rm va-
lue (for PETG Spectrum additive material) is always 
plotted [42], [43], [44], [45], [46], [47], [48], [49], [50], 
[51], [52], [53], [54]. 

From the overall evaluation see Tab. 3 and Fig. 5, 
it can be seen that the highest value of the tensile 
strength Rm is reached by the additive material PLA 
Filament Plasty Mladeč. 

Tab. 3 shows the mean values in the 95 % confi-
dence interval.
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Tab. 3 Mean values in the 95% confidence interval 

Material Producer 
Rm  

[MPa] 
E  

[MPa] 
At 

[%] 
Hardness  
[HShD] 

Hardness  
[N·mm-2] 

ABS Prusa 37.82 748.92 6.88 76.73 55.24 

ABS+ Devil Design 31.90 906.53 6.20 75.38 85.58 

PC/ABS 
Plasty  

Mladeč* 
55.52 989.74 5.97 76.23 60.78 

ASA 

Devil Design 40.38 1086.98 5.33 76.04 73.48 

Plasty Mladeč* 40.46 857.67 6.64 75.76 87.20 

Fillamentum 34.41 832.67 7.34 71.45 43.00 

PETG 

Plasty  
Mladeč* 

41.90 1053.66 8.65 72.80 67.86 

Prusament 45.74 1946.50 5.53 71.79 64.60 

Spectrum 46.59 1041.46 10.12 74.03 78.15 

PLA 

Plasty Mladeč* 58.61 1684.03 4.83 77.92 118.14 

Fillamentum 55.61 1259.19 5.08 81.73 99.56 

Prusament 55.98 1551.65 4.67 78.06 92.76 

PLA ESD 3DXSTAT 35.62 826.96 16.56 65.75 77.22 

*Filament Plasty Mladeč 

 

Fig. 5 Comparison of tensile strength Rm [MPa] 
 
The graphical dependence on Fig. 6 shows the 

mean values of the parameter E for individual types 
of additive materials, including their confidence in-
terval. 
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Fig. 6 Comparison of modulus of elasticity in tension E [MPa] 
 
From the overall evaluation see Tab. 3 and Fig. 

6, it can be seen that the highest modulus of elasti-
city in tension E was reached by the additive mate-
rial PETG Prusament. The mean value of the 
PETG Prusament additive material exceeds the two 
PLA materials, and its confidence interval is much 
wider than that of the PLA material. During the ten-
sile test, the PETG material showed certain pro-
blems, and therefore the best result in terms of the 
modulus of elasticity in tension E was achieved by 
the additive material PLA Filament Plasty Mladeč. 

If the value of the modulus of elasticity in ten-
sion E was prescribed by the supplier in the material 
sheet, its determined / measured value did not reach 
the prescribed size (except for the additive material 
PETG Prusament and PETG Spectrum) see Tab. 1 
[42], [43], [44], [45], [46], [47], [48], [49], [50], [51], 
[52], [53], [54]. 

According to the available and stated values 
from the material sheet see Tab. 1 and Fig. 6, the 
max. value E (for the additive material PLA Filla-
mentum) and the min. E value (for PETG Spectrum 
additive material) is always plotted [42], [43], [44], 
[45], [46], [47], [48], [49], [50], [51], [52], [53], [54]. 

The graphical dependence on Fig. 7 shows the 

mean values of the parameter At for individual ty-
pes of additive materials, including their confidence 
interval. 

From the graphical dependence on Fig. 7 it is 
evident that the highest mean values of ductility At 
reach the additive material PLA ESD. However, its 
confidence interval is very wide, and therefore it is 
not appropriate to consider this material as the best 
in terms of ductility. For this reason, the best elastic 
properties are achieved by the additive materials 
PLA Filament Plasty Mladeč and PETG Prusament.  

According to the available and stated values 
from the material sheet see Tab. 1 and Fig. 7, the 
max. value E (for the additive material PLA Filla-
mentum) and the min. E value (for PETG Spectrum 
additive material) is always plotted [42], [43], [44], 
[45], [46], [47], [48], [49], [50], [51], [52], [53], [54]. 

The graphical dependence on Fig. 8 shows the 
mean values of Shore hardness for individual types 
of materials, including their confidence interval. All 
materials have almost the same hardness. The 
highest hardness values are achieved by PLA Filla-
mentum and the lowest hardness values are achie-
ved by PLA ESD. 

 

PLA
 ES

D

PLA Pru
sam

ent

PLA Fil
lam

ent
um

PLA
 Fila

ment
 Pla

sty 
Mlad

eč

PET
G Sp

ect
rum

PETG
 Pru

sam
ent

PETG
 Fila

ment
 Pla

sty 
Mlad

eč

ASA Fil
lam

ent
um

ASA Fila
ment Pl

ast
y M

lad
eč

ASA Devil
 Desig

n
PC/

ABS
ABS+ABS

4000

3000

2000

1000

0

E [
M

Pa
]

PLA Fillamentum

PETG Spectrum

748.92
906.53

1259.19
1551.65

826.96989.741086.98 857.67 832.67
1053.66

1946.50

1041.46

1684.03



December 2022, Vol. 22, No. 6 MANUFACTURING TECHNOLOGY ISSN 1213–2489

 

741  indexed on: http://www.scopus.com  

 

Fig. 7 Elongation comparison At [%] 

 

Fig. 8 Shore hardness comparison [HShD] 
 
The graphical dependence on Fig. 9 shows the 

mean values of the ball indentation hardness for indi-
vidual types of materials, including their confidence 
interval. From the graphical dependence on Fig. 9 it is 

evident that the highest hardness values are achieved 
by the material PLA Filament Plasty Mladeč and the 
lowest hardness values are achieved by the material 
ASA Fillamentum. 
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Fig. 9 Comparison of the ball indentation hardness H [N·mm-2] 

 
For the overall evaluation and the possibility of se-

lecting the additive material with the best mechanical 
properties, an evaluation scale was prepared, where 
each material received a certain number of points ac-
cording to the position in which it was placed after the 
evaluation of the measured parameters. The first posi-
tion was evaluated by thirteen and the last position by 
one evaluation point. 

In addition to the mechanical properties of the ma-
terial, an economic evaluation was also performed, 
when a reference printing component was selected, 
for which the price of the material for its 3D printing 
was calculated. Due to the different input weight of 
the package of individually tested additive materials, 
the price of the material was converted to one gram. 

The order of additive materials according to the eva-
luation and costs of materials in Euros [€] (according 
to the CNB as of 4 August 2020, 1 € = CZK 26.22) 
are in Tab. 4. 

The best point evaluation in terms of mechanical 
properties was achieved by the material PLA Filament 
Plasty Mladeč, whose price (per material) is also the 
third lowest of all additive materials used. PLA Filla-
mentum and PLA Prusament also show good mecha-
nical properties, but compared to the previous PLA 
material, their price is higher. PETG as a construction 
material has proven its potential and also achieves 
good mechanical properties. There is also a noticeable 
financial difference between the individual PETG ma-
terials (Tab. 4).

Tab. 4 Point evaluation of materials and price costs 
Material Producer Evaluation points Material costs [€] 

ABS Prusa 27 2.25 
ABS+ Devil Design 30 2.01 

PC/ABS Filament Plasty Mladeč 35 3.09 
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Devil Design 33 2.22 

Filament Plasty Mladeč 35 2.87 
Fillamentum 19 3,18 

PETG 
Filament Plasty Mladeč 36 2.56 

Prusament 34 2.95 
Spectrum 42 2.28 

PLA 
Filament Plasty Mladeč 52 2.25 

Fillamentum 50 3.16 
Prusament 48 2.47 

PLA ESD 3DXSTAT 13 14.71 
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The newly included additive materials PC / ABS 
and ASA Filament Plasty Mladeč appeared very well 
during the tests, the price of which is somewhat 
higher, but it will bring new possibilities when printing 
various components (Tab. 4). 

Among the completely unacceptable material ac-
cording to the determined mechanical properties, but 
also costs (for the material) appears PLA ESD, which 
during all test measurements showed the lowest values 
and its use will be only in necessary cases (Tab. 4). 

 Conclusions 

The aim of the experiment was to determine and 
verify selected mechanical properties of additive ma-
terials (PETG, PLA, ABS, ABS +, PLA ESD, ASA, 
PC / ABS). Most of them do not have the prescribed 
mechanical properties. For the remaining materials, 
the values were compared in the experimental part. 
For all additive materials used, material characteristics 
were determined that are not specified by any of the 
suppliers (Shore hardness and ball indentation hard-
ness). 

From the view point of mechanical properties, the 
additive material PLA Filament Plasty Mladeč appears 
to be the best, whose price (per material) is also the 
third lowest of all used additive materials. Other PLA 
additive materials show significantly better mechanical 
properties than other investigated additive materials, 
but their price is significantly higher. 

The applied additive materials must be selected ac-
cording to various criteria, where it is generally ne-
cessary to take into account the different properties of 
different types of materials when selecting them. For 
example, PLA material is not suitable for long-term 
exposure to UV radiation, which, on the contrary, 
ASA material resists. The evaluation of individual ma-
terials includes their price, tensile strength, modulus of 
elasticity in tension, ductility and two methods of me-
asuring hardness (Shore and ball indentation). 

Acknowledgement 
This work was supported by the specific research 
project 2020 “SV20-216“ at the Department of Me-
chanical Engineering, University of Defence in 
Brno, by the Project for the Development of the 
Organization “DZRO VAROPS” and also by the 
project VaV-IP-RO/2022/01 at the Tomas Bata 
University in Zlín. 

References 

 TOFAIL, S. A., KOUMOULOS, E. P., 
BANDYOPADHYAY, A., BOSE, S., 
O’DONOGHUE, L., CHARITIDIS, C. 
(2018). Additive manufacturing: scientific and 
technological challenges, market uptake and 
opportunities. In: Materials today, Vol. 21, No. 1, 

pp. 22-37, https://doi.org/10.1016/j.mat-
tod.2017.07.001 

 BRENKEN, B., BAROCIO, E., 
FAVALORO, A., KUNC, V., PIPES, R. B. 
(2018). Fused filament fabrication of fiber-rein-
forced polymers: A review. In: Additive Manu-
facturing, Vol. 21, pp. 1-16, 
https://doi.org/10.1016/j.addma.2018.01.002 

 D’AVENI, R. (2015). The 3-D Printing Revo-
lution. Harvard Business Review. [online]. [cit. 
2020-08-28]. Dostupné z 
https://hbr.org/2015/05/the-3-d-printing-re-
volution 

 BOSE, S., VAHABZADEH, S., 
BANDYOPADHYAY, A. (2013). Bone tissue 
engineering using 3D printing. In: Materials 
today, Vol. 16, No. 12, pp. 496-504, 
https://doi.org/10.1016/j.mattod.2013.11.017 

 RANEY, K., LANI, E., KALLA, D. K. (2017). 
Experimental characterization of the tensile 
strength of ABS parts manufactured by fused 
deposition modeling process. In: Materials 
Today, Vol. 4, No. 8, pp. 7956-7961, 
https://doi.org/10.1016/j.matpr.2017.07.132 

 DIZON, J. R. C., ESPERA Jr, A. H., CHEN, 
Q., ADVINCULA, R. C. (2018).  Mechanical 
characterization of 3D-printed polymers. In: 
Additive Manufacturing, Vol. 20, pp. 44-67, 
https://doi.org/10.1016/j.addma.2017.12.002 

 MELENKA, G. W., CHEUNG, B. K., 
SCHOFIELD, J. S., DAWSON, M. R., 
CAREY, J. P. (2016). Evaluation and prediction 
of the tensile properties of continuous fiber-re-
inforced 3D printed structures. In: Composite 
Structures, Vol. 153, pp. 866-875, 
https://doi.org/10.1016/j.compstruct.2016.07
.018 

 MONKOVA, K., MONKA, P. P., VANCA, J., 
ZALUDEK, M., SUBA, O. (2020).  Tensile Be-
haviour of a 3D Printed Lattice Structure. In: 
Proceedings of the 11th IEEE International Confe-
rence on Mechanical and Aerospace Engineering, 
Athens, Greece, pp. 22-26, 
https://doi.org/10.1109/ICMAE50897.2020.
9178892 

 BHAGIA, S., LOWDEN, R. R., ERDMAN 
III, D., RODRIGUEZ Jr, M., HAGA, B. A., 
SOLANO, I. R. M., GALLEGO, N., Pu, Y., 
MUCHERO, W., KUNC, V., RAGAUSKAS, 
A. J. (2020). Tensile properties of 3D-printed 
wood-filled PLA materials using poplar trees. 
In: Applied Materials Today, Vol. 21, 100832, 
https://doi.org/10.1016/j.apmt.2020.100832 



December 2022, Vol. 22, No. 6 MANUFACTURING TECHNOLOGY ISSN 1213–2489

 

indexed on: http://www.scopus.com 744  

 JIANG, D., SMITH, D. E. (2017). Anisotropic 
mechanical properties of oriented carbon fiber 
filled polymer composites produced with fused 
filament fabrication. In: Additive Manufacturing, 
Vol. 18, pp. 84-94, 
https://doi.org/10.1016/j.addma.2017.08.006 

 CANTRELL, J. T., ROHDE, S., DAMIANI, 
D., GURNANI, R., DISANDRO, L., 
ANTON, J., YOUNG, A., JEREZ, A., 
STEINBACH, D., KROESE, C., IFJU, P. G. 
(2017). Experimental characterization of the 
mechanical properties of 3D-printed ABS and 
polycarbonate parts. In: Rapid Prototyping Journal, 
Vol. 23, No. 4, pp. 811-824, 
https://doi.org/10.1108/RPJ-03-2016-0042 

 IMPENS, D., URBANIC, R. J. (2015). Asses-
sing the impact of post-processing variables on 
tensile and compression characteristics for 3D 
printed components. In: IFAC-PapersOnLine, 
Vol. 48, No. 3, pp. 652-657, 
https://doi.org/10.1016/j.ifacol.2015.06.156 

 BALDERRAMA-ARMENDARIZ, C. O., 
MACDONALD, E., ROBERSON, D. A., 
RUIZ-HUERTA, L., MALDONADO-
MACIAS, A., VALADEZ-GUTIERREZ, E., 
CABALLERO-RUIZ, A., ESPALIN, D. 
(2019). Folding behavior of thermoplastic hin-
ges fabricated with polymer extrusion additive 
manufacturing. In: The International Journal of Ad-
vanced Manufacturing Technology, Vol. 105, No. 1-
4, pp. 233-245, 
https://doi.org/10.1007/s00170-019-04196-x 

 HOU, Z., TIAN, X., ZHANG, J., LI, D. 
(2018). 3D printed continuous fibre reinforced 
composite corrugated structure. In: Composite 
Structures, Vol. 184, pp. 1005-1010, 
https://doi.org/10.1016/j.compstruct.2017.10
.080 

 ALSSABBAGH, M., TAJUDDIN, A. A., 
MANAP, M. B. A., ZAINON, R. (2017). Eva-
luation of nine 3D printing materials as tissue 
equivalent materials in terms of mass atte-
nuation coefficient and mass density. In: Inter-
national Journal of Advanced and Applied Sciences, 
Vol. 4, No. 9, pp. 168-173, 
https://doi.org/10.21833/ijaas.2017.09.024 

 ZALDIVAR, R. J., WITKIN, D. B., 
MCLOUTH, T., PATEL, D. N., SCHMITT, 
K., NOKES, J. P. (2017). Influence of proces-
sing and orientation print effects on the mecha-
nical and thermal behavior of 3D-Printed 
ULTEM® 9085 Material. In: Additive Manu-
facturing, Vol. 13, pp. 71-80, 
https://doi.org/10.1016/j.addma.2016.11.007 

 KAPLUN, B. W., ZHOU, R., JONES, K. W., 
DUNN, M. L., YAKACKI, C. M. (2020). In-
fluence of orientation on mechanical properties 
for high-performance fused filament fabricated 
ultem 9085 and electro-statically dissipative po-
lyetherketoneketone. In: Additive Manufacturing, 
Vol. 36, pp. 101527, 
https://doi.org/10.1016/j.addma.2020.101527 

 SOOD, A. K., OHDAR, R. K., 
MAHAPATRA, S. S. (2010). Parametric ap-
praisal of mechanical property of fused deposi-
tion modelling processed parts. In: Materials & 
Design, Vol. 31, No. 1, pp. 287-295, 
https://doi.org/10.1016/j.matdes.2009.06.016 

 DVORAK, K., ZARYBNICKA, L., 
DVORAKOVA, J. (2019). Quality Parameters 
of 3D Print Products by the DMLS Method. In: 
Manufacturing Technology, Vol. 19, No. 2. DOI: 
10.21062/ujep/271.2019/a/1213-
2489/MT/19/2/209 

 CMOREJ, T., PANDA, A., BARON, P., 
POOR, P., POLLAK, M. (2017). Surface fi-
nishing of 3D printed sample manufactured by 
fused deposition modelling. In: MM Science Jour-
nal, Vol. 11, pp. 1981-1985, 
https://doi.org/10.17973/MMSJ.2017_12_20
1753 

 POVOLNÁ, L., ŠVARCOVÁ, J. (2017). The 
macroeconomic context of investments in the 
field of machine tools in the Czech Republic. 
In: Journal of Competitiveness, Vol. 9., No. 2, pp. 
110-122, 
https://doi.org/10.7441/joc.2017.02.08 

 PÍŠKA, M. (2009). Special Machining Techno-
logies [Speciální technologie obrábění]. Akade-
mické nakladatelství CERM, Brno. ISBN 978-
802-1440-258 

 CHUA, C. K., LEONG, K. F., LIM, C. S. 
(2010). Rapid prototyping: principles and appli-
cations. World Scientific Publishing Company, 
pp. 165-171 

 3D-tisk.cz. (20113). Selective Laser Sintering. 
[online]. [cit. 2020-01-15]. Dostupné z 
https://www.3d-tisk.cz/selective-laser-sinte-
ring/ 

 KROTKÝ, J., HONZÍKOVÁ, J., MOC, P. 
(2016). Deformation of Print PLA Material De-
pending on the Temperature of Reheating Prin-
ting Pad. In: Manufacturing Technology, Vol. 16. 
No. 1 



December 2022, Vol. 22, No. 6 MANUFACTURING TECHNOLOGY ISSN 1213–2489

 

745  indexed on: http://www.scopus.com  

 JOSKA, Z., ANDRÉS, L., DRAŽAN, T., 
MAŇAS, K., POKORNÝ, Z., SEDLÁK, J. 
(2021). Influence of the shape of the filling on 
the mechanical properties of samples made by 
3D printing. In: Manufacturing Technology, Vol. 
21, No. 2. DOI: 10.21062/mft.2021.024 

 PERNICA, J., SUSTR, M., DOSTAL, P., 
BRABEC, M., DOBROCKY, D. (2021). Ten-
sile Testing of 3D Printed Materials Made by 
Different Temperature. In: Manufacturing Tech-
nology, Vol. 21. No.3. DOI: 
10.21062/mft.2021.039 

 Materialpro3d.cz.: 3D Printing in a Nutshell 
[3D tisk v kostce]. [online]. [cit. 2020-01-16]. 
Dostupné z https://www.mate-
rialpro3d.cz/3d-tisk-v-
kostce/?gclid=Cj0KCQiAmZDxBRDIARI-
sABnkbYQXqkCqyexroUZION1deR-
GrUKRBONg_JlmKggYJRGEfEmLzr-
VYs9FcaAvweEALw_wcB 

 CHOTĚBORSKÝ, R. (2011). Material Classes 
[Nauka o materiálu]. Česká zemědělská univer-
zita, Praha. ISBN 978-80-213-2236-3 

 Ústav fyziky a materiálového inženýrství. 
Short-term Statistical Exams [Statické zkoušky 
krátkodobé]. [online]. [cit. 2020-01-16]. 
Dostupné z 
http://ufmi.ft.utb.cz/texty/kzm/KZM_09.pd
f 

 PTÁČEK, L. (2003). Material Classes I [Nauka 
o materiálu I]- Akademické nakladatelství 
CERM, Brno. p. 516, ISBN 80-720-4283-1 

 POSPÍCHAL, M., HRUBÝ, V., DVOŘÁK, I., 
OULEHLA, J., KADLEC, J., BÁRTÍK, L. 
(2002). Fundamentals of Material Classes IV: 
Experimental Methods [Základy nauky o mate-
riálu IV: Experimentální metody]. Vojenská 
akademie, Brno 

 SOBOTOVÁ, J. (2014). Material Classes I. and 
II. [Nauka o materiálu I. a II.]. České vysoké 
učení technické, Praha. ISBN 978-80-01-
05550-2 

 MORAVČÍK, R., ČIČKA, R., HAZLINGER, 
M., HVIZDOŠ, P., JANOVEC, J. (2015). In-
troduction to Material Engineering I [Úvod do 
materiálového inžinierstva I]. STU, Bratislava. 
p. 374, ISBN 978-80-227-4405-8 

 MACHEK, V. (2014). Metal Materials 2: Attri-
butes and Testing of Metal Materials [Kovové 
materiály 2: vlastnosti a zkoušení kovových ma-
teriálů]. České vysoké učení technické, Praha. 
ISBN 978-80-01-05527-4 

 SKÁLOVÁ, J., KOVAŘÍK, R., BENEDIKT, 
V. (2005). Basic Tests of Metal Materials [Zá-
kladní zkoušky kovových materiálů]. Západo-
česká univerzita, Plzeň. ISBN 80-704-3417-1 

 BĚHÁLEK, L. (2016). Polymery. [online]. [cit. 
2020-03-06]. Dostupné z https://publi.cz/bo-
oks/180/Cover.html, ISBN 978-80-88058-68-
7 

 JANČÁŘ, J., NEZBEDOVÁ, E. (2007). Tes-
ting of Plastic Materials [Zkoušení plastů]. Vy-
soké učení technické, Brno. ISBN 978-80-214-
3452-3 

 Ústav fyziky a materiálového inženýrství. Iden-
tification Testing of Polymers [Identifikační 
zkoušky polymerů]. [online]. [cit. 2020-04-01]. 
Dostupné z 
http://ufmi.ft.utb.cz/texty/kzm/KZM_05.pd
f 

 Český normalizační institut. (2003). ČSN EN 
ISO 2039-1: Plastics – Hardness Determination 
– Part 1: Method of Ball Press [ČSN EN ISO 
2039-1: Plasty - Stanovení tvrdosti - Část 1: Me-
toda vtlačením kuličky]. Praha 

 ZEMAN, L. (2018). Plastic Injection: Theory 
and Practice [Vstřikování plastů: Teorie a 
praxe]. Grada Publishing, Praha. ISBN 978-
802-4728-186 

 Plasty Mladeč. Technical Documentation: ABS 
Filament [Technická dokumentace: ABS Fila-
ment]. [online]. [cit. 2020-08-22]. Dostupné z 
https://www.filament-pm.cz/data/fi-
les/TDS_ABS_CZECH.pdf 

 Devil Desing. TME Electronic Components, 
ABS+ filament. [online]. [cit. 2020-08-21]. 
Dostupné z https://www.tme.eu/Docu-
ment/b55e1a492c54ddec557d9f45c72c49e6/
DEV-ABS-EN.pdf 

 Plasty Mladeč. Technical Documentation: 
PC/ABS Filament [Technická dokumentace: 
PC/ABS Filament]. [online]. [cit. 2020-08-22]. 
Dostupné z https://www.filament-
pm.cz/data/files/TDS_PCABS_CZECH.pdf 

 Devil Design. ASA filament for 3D printing. 
[online]. [cit. 2020-08-23]. Dostupné z 
https://www.tme.eu/Docu-
ment/e3eb4c3293e24f4231e739b90abfee48/D
EV-ASA-EN.pdf 

 Plasty Mladeč. Technical Documentation: ASA 
Filament [Technická dokumentace: ASA Fila-
men]. [online]. [cit. 2020-08-22]. Dostupné z 
https://www.filament-pm.cz/data/fi-
les/TDS_ASA_CZECH_1.pdf 



December 2022, Vol. 22, No. 6 MANUFACTURING TECHNOLOGY ISSN 1213–2489

 

indexed on: http://www.scopus.com 746  

 Fillamentum addi(c)tive polymers. Datasheet: 
ASA Extrafill. [online]. [cit. 2020-08-23]. 
Dostupné z 
https://www.dropbox.com/sh/e4e74tm1hjq
w02n/AACSo_U5jkcvJR1e5l4Inu8oa?dl=0&p
review=Techni-
cal+Data+Sheet_ASA+Extrafill_03012019.pd
f 

 Plasty Mladeč. Technical Documentation: 
PETG Filament [Technická dokumentace: 
PETG Filament] [online]. [cit. 2020-08-22]. 
Dostupné z https://www.filament-
pm.cz/data/fi-
les/TDS_PETG_CZECH_1.pdf 

 Prusa Research. Technical Data Sheet: Prusa-
ment PETG from Prusa Polymers [Technický 
list: Prusament PETG od Prusa Polymers], [on-
line]. [cit. 2020-08-17]. Dostupné z 
https://shop.prusa3d.com/fotky/PETG_Tec
hSheet_CZE.pdf 

 Spectrum Group. (2019). Technical Data Sheet: 
Spectrum Filaments Basic PET-G. [online]. 
[cit. 2020-08-17]. Dostupné z 
https://en.spectrumfilaments.com/data/inc-
lude/cms/Basic_PET-G_-_TDS_EN.pdf 

 Plasty Mladeč. Technical Documentation: PLA 
Filament [Technická dokumentace: PLA Fila-
ment]. [online]. [cit. 2020-08-22]. Dostupné z 
https://www.filament-pm.cz/data/fi-
les/TDS_PLA_CZECH.pdf 

 Fillamentum addi(c)tive polymers. Datasheet: 
PLA Extrafill. [online]. [cit. 2020-08-18]. 
Dostupné z 
https://www.dropbox.com/sh/93ijxvlrp6bi2tj
/AAAkdLzIum-
TXNz_cZKK_6wS6a?dl=0&preview=Tech-
ni-
cal+Data+Sheet_PLA+Extrafill_03012019.pd
f 

 Prusa Research. Technical Data Sheet: Prusa-
ment PLA from Prusa Polymers [Technický 
list: Prusament PLA od Prusa Polymers]. [on-
line]. [cit. 2020-08-25]. Dostupné z 
https://shop.prusa3d.com/fotky/PLA_TechS
heet_CZE.pdf 

 3DXTech Additive Manufacturing. Technical 
Data Sheet: 3DXSTAT™ ESD-PLA 3D Prin-
ting Filament. [online]. [cit. 2020-08-28]. 
Dostupné z https://www.3dxtech.com/con-
tent/ESD_PLA_v3.pdf 

 Úřad pro technickou normalizaci. (2012). ČSN 
EN ISO 527-1: Plastics – Determination of 
Traction Attributes: Part 1: General Principles 
[ČSN EN ISO 527-1: Plasty – Stanovení taho-
vých vlastností: Část 1: Obecné principy]. Praha 

 Český normalizační institut. (2018). ČSN EN 
ISO 527-2: Plastics – Determination of 
Traction Attributes: Part 2: Testing Conditions 
for Moulded Plastics [ČSN EN ISO 527-2: 
Plasty - Stanovení tahových vlastností: Část 2: 
Zkušební podmínky pro tvářené plasty]. Praha 

 


