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The authors in their article are devoted to describe the samples
production of sophisticated eco-material PLA -PolyLacticAcid
extruded horizontally in length, produced by FDM method,
Rapid Prototyping. Carried out experimental tests of
mechanical properties are presented by the authors in this
article. Also in this article eco-materials outputs tested are
presented in patterns, measurement protocols recorded in
software, the measured values in a static tensile test, recorded
in tables and shown in work graphs. Based on obtained results
the authors compared produced samples from two PLA eco-
materials and determined which PLA — ecoplastic is stronger.
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1 INTRODUCTION

Methods for rapid prototyping commercialized in the late 80's,
allow rapid production model, sample or prototype based on
the 3D model created in a CAD system or 3D scanning data
obtained by spatial digitization. Compared to conventional
manufacturing methods, the production of prototype with RP
methods takes significantly shorter (a number of days instead
of months). To take full advantage of RP it is important to
administratethe integration of entire course of product
development and appropriate integration of rapid prototyping
technology into the development cycle. Prototyping is an
important phase of product development, which is essential for
the assessment of form, fit and functional design rather than
implementing significant investment in tooling required for
mass production. Rapid Prototyping mainly used in automated
manufacturing of physical models using so-called adding
production technologies. Today they are used for a wide range
of applications, and also used for the production of high quality
end parts in small quantities or samples.[Novakova-
Marcincinova 2014b, Novak-Marcincin 2012]

2 THE USE AND RECYCLING OF PLA MATERIAL

PLA materials are often used where it is necessary to use plastic
with short lifespan, or where are higher requirements for
quality and wholesomeness of what are mainly hospitals, as
well as products for home and kitchen, where plastic comes

into contact with food.Currently it is possible to produce from
these materials almost anything, for example, plates, cutlery,
cups, bags, containers for food, cutting boards, dishes, trays
etc. Findend-use in fast food restaurants, and festivals or at
picnic at home and garden barbecue. Mass spread of
bioplastics for now is on the low because of their high price.
Currently, still more expensive than synthetic materials made
from petroleum. Stricter regulation of individual states and the
EU to support the use of environmentally friendly plastics and
technological developments, however, may soon reverse this
situation. Linked with that is also excessive consumption of oil
which leads to price increases and a gradual global decline,
contributing the rapid development of bio-plastics, increased
production and a gradual reduction of bioplastics price.[Plancak
2009, Novakova-Marcincinova 2013a]

2.1 Production of test samples

In the production of test samples a 3D device and Repetier-
Host software was used, the where the working temperature of
the nozzle was set to a value of 200°C and work surface to 70°C.
Then followed the production of test samples, whereas the
nozzle carries out movement in axes X, Y and the table in Z axis.
[Novakova-Marcincinova 2014c]
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Figure 2. Production of samples horizontallyin length in the Repetier-
Host software
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Figure 3. Test samples made of clear PLA oriented horizontally in length

Figure 4.Test specimens made of blue PLA oriented horizontally in
length

2.2 Measurement of test samples

When performing tests to determine the break point strength
of test samples it is necessary to measure the thickness and
width of each test sample, and the data was entered in the
measurement protocols listed in the software of the certified
universal testing machine TIRA-test 2300.The problem of
determining the tensile properties of plastics is defined in

EN ISO 527. [Novakova-Marcincinova 2014c]
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Figure 5.Clamping test sample in the machine

Thickness and width was measured gradually of each test
sample, and these values were recorded in the software
program on the computer and then the sample was clamped by
pneumatic jaws in the Tira-test 2300 machine. Then, the test
samples loaded with tensile force up to its breach point upon
tearing. [Novakova-Marcincinova 2014a]
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Figure 6. Detail of clamped and by force cracked sample

3 REALIZATION OF EXPERIMENTAL TESTS

The course of experimental tests were recorded using a testing
machine incorporating a sensor where results are recorded in
computer software and subsequently evaluated. Measured and
calculated values obtained during performing of experiments
on test samples are shown in tables (Tab.1.,Tab.2.). The
measured values of force Fm [N]force on edge of strength - the
highest load are maximum values of measured force detected
during the test. These force values may be determined by an
ultimate tensile strength oM [MPa], as well as relative
elongation of tensile strength éM [%].[Novakova-Marcincinova
2013b, Novakova-Marcincinova 2014a]

B T = i [estveportramber: £ ROVAKGWA NARCINCINGHR
of y and
Faculty of Mechanical Engineering \mumBer of arder
y of
rpe ol st
MECHANICAL PROPERTIES - PLASTIC PULL
serial | sample | 3 L L Fr Fn o o & ‘ |
number | label | [om) m [0 I Heg) [ee]
1 L 389 . 0 2081
2 2 87 0m 2065
k] 3 350 00 2080
4 L) £ 000 2066
5 B 388 0o S
notes: [measured: £m2 MAT 2008 |made by-£ma WacEnod approved: 07 05K
day- JENI] day- 142006 day 142016

Table 1. Measured values in static tensile test of clear PLA samples

horizontal in length
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Table 2. Measured values in static tensile test of blue PLA samples

horizontal in length
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During the static test of strength the machines software
records the plot of elongation € [%] from burdensome force F
[N]. The following figure include samples after the strength
test. The number of samples as well as the course of the test
were performed in accordance with the EN I1SO 527 standard.
[Novakova-Marcincinova 20144, Novakova-Marcincinova
2013d]

Figure 8. Test samples of blue PLA plastic in length after test

4 STATISTICAL EVALUATION OF STATIC TESTS
Diameter m considered normal distribution is estimated using
the arithmetic meano, z n = 5 measured results of test

samples made of clear PLA plastic produced horizontally in
length:

1 —\
S = _Z(O'mu O-Ml) (1)
n-1=
Sm =512 yp, 2)

Calculation of static tensile test on test samples of blue PLA
horizontally in length:

1 —\
S = —Z(O-Mli _O-Ml) 3)
n-1=
Sua=46,8 \p, (4)

5 CONCLUSIONS
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Figure 9. Graphical evaluation of test samples based on length

As shown in the graph which shows a comparison of samples
printed horizontally in length, the samples printed from clear
PLA material have an ultimate tensile strength of 51,2MPa
therefore we conclude that they are the strongest. Tensile
strength of blue PLA materials is lower.
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