”} 58t ICMD 2017
@8 6 - 8 September 2017, Prague, Czech Republic

VERIFICATION OF CONSTRUCTION PROPERTIES
MATERIALS FOR RAPID PROTOTYPING USING SLS TECHNOLOGY

Silvester POLJAK?!, Rudolf MADAJ 2, Pavol PODHORA?

YWniversity of Zilina, Faculty of mechanical engineering, Department of Construction and Mechanical
Parts, Univerzitnd 8215/1, 010 26 Zilina, silvester.poljak@fstroj.uniza.sk

2University of Zilina, Faculty of mechanical engineering, Department of Construction and Mechanical
Parts, Univerzitnd 8215/1, 010 26 Zilina, rudolf.madaj@fstroj.uniza.sk

3University of Zilina, Faculty of mechanical engineering, Department of Construction and Mechanical
Parts, Univerzitnd 8215/1, 010 26 Zilina, pavol.podhora@fstroj.uniza.sk

Abstract

This article discusses the different mechanical properties of samples made using 3D printing, namely
SLS-sampled specimens. This article describes 3D SLS printing technology, a selection of SLS 3D print-
ing materials, and the influence of 3D print settings on samples. The article is mainly focused on storing
samples in different directions of 3D printing, orientation in the direction of the X, y, z axes and then for
the strength evaluation of these samples. The measured results are further evaluated at the end of the
article.
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INTRODUCTION

Nowadays, Rapid Prototyping technology is experiencing a lot of booming right
Is proportionally related to the increase in materials usable by this technology. Although it
exists Amount of usable materials, from metals and concrete to biocompatible materials,
The most widely wused are due to their versatility and price of plastics.
This article will describe some of the most commonly used materials for
Individual forms of production by Rapid Prototyping, in particular the SLS technologies. The
mechanical properties of the samples in different directions of the individual samples will be
examined. A brief description of the course of the material tests to be carried out in the prac-
tical part will be followed. From the data obtained, the material characteristics are calculated
and compared with the values reported by the manufacturer in the material sheet.
The results will be analyzed and the reasons for possible deviations between measured and
reported values will be determined. The most common materials used in 3D printing today
include plastics, metals, ceramics, paper, biomaterials, or even food. Each material is uniquely
used and is therefore becoming an increasingly frequent combination of multiple materials to
guarantee the best mechanical properties of the manufactured part. The most used material,
however, is still plastic and mainly due to a wide range of usable types. Each type is charac-
terized by different strength, flexibility, surface finish or color. Using SLS (Selective Laser
Sintering) technology, we can achieve the creation of fully functional prototypes, the proper-
ties of which are comparable to prototypes created by injection. It is an ideal method for use
in piece production thanks to a favorable price / performance ratio. The benefits of SLS include
print speed, the creation of durable, functional and complex parts, while printing does not
require the creation of a supporting structure, as well as the choice of a wide range of finishing
operations. The drawbacks of printing using this technology are that the parts have different
strengths in each direction of printing. This is due to the 3D printing technology itself.

SLS 3D Printing Technology
An additive manufacturing layer technology, SLS involves the use of a high power laser (for
example, a carbon dioxide laser) to fuse small particles of plastic, metal, ceramic, or glass
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Fig.8 Dependence of the elongation from the stress on the sample pressed in the Y-axis direction

Tab.3 Resulting values for samples printed in Z direction
Specimen ; | Specimen 5 | Specimen 5 | Specimen , | Specimen 5
Duration of the test 65,3 s 73,385 67,925 70,02 67,88s
Elongation 9,7 % 11,02 % 12,58 % 10,04% 10,24 %
Tension stress 41,241MPa 45,60 MPa | 41,896 MPa 43,71MPa 42,31MPa
Young modulus | 574,218 MPa | 624,844 MPa | 13,125 MPa | 429,375 MPa | 508,125 MPa
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Fig.9 Dependence of the elongation from the stress on the sample pressed in the Z-axis direction
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Fig.10 Comparison of declared and calculated values of stress and elongation
a [MPal
1800

1600

1400

1200

1000

H Young
modul

800

600
400
200
o T T T
EOS X Y Z

Fig.11 Comparison of the declared and calculated Young's module

Comparison of declared and calculated voltage and elongation values and comparison of the
declared and calculated Young's modulus of elasticity can be seen in Fig.10 and Fig.11. Find-
ings show that the printed material PA 2200 in the Y axis there is a marked difference in the
allowable tensile stress, but when pushed in the axial direction from the tensile stress of the
lower most bar 10 which is a difference of 19%. As far as the extension is concerned, it is again
the worst Z axis, where the difference with respect to the axes X, Y is approximately 19 and
thus 69.7%. The Young's module has the best X axis at 644.63 MPa followed by Y with 543.76
MPa and Z with 534.14 MPa. Compared to the manufacturer, the tensile stress values in the X
and Y axes were higher and in the Z axis lower by approximately 5 MPa, representing a differ-
ence of 9.5%. On elongation, the X and Y axis measurements were greater than those reported
by the manufacturer, approximately 11% in the Z axis, the elongation was measured by 66%.
Younger modules, however, differ considerably from the values given by the manufacturer,
since the average value of the manufacturer is 1700 MPa after the averaging is only 644.63
MPa, which is the difference of 62%.

CONCLUSIONS

From the measured values it is possible to find out that the declared values are different in
different directions. When designing a 3D prototype, these contexts need to be considered. Dif-
ferent values are based on 3D printing technology, namely SLS. Differences between reported
and measured values may be caused by multiple, technical or human factors. There are many
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settings you can make on a 3D printer. Direction of bounce, angle rotation on the substrate,
layer thickness, print speed, model fill method, quality and
Material purity, sample placement on heated pad and method and speed of cooling has all the
effect on the resulting properties. If we wanted to finish. The most likely actual mechanical
properties of the investigated material, It would be necessary to do a few dozen samples at all
Existing combinations of the above factors. The data would then be obtained Appropriate to
achieve the most accurate results of the investigated properties. Next the effect of the job it
plays during the print process is the temperature of the pad. Right print on a heated pad, there
are other thermal passages than when printing a layer of material that affects the interconnection
of the initial layers. Even in the middle the pads have a higher temperature than at their edges,
measured at this temperature the values between the samples vary. In the static pull test, there
are also factors that act on the data obtained. First, the quality of the device itself. As they appear
in motion any inaccuracies and defects in the machine cause a deviation of the resulting data.
In the introduction, the article deals with the most frequently used materials for each of the
Rapid Prototyping technologies, their properties and possibilities of use. Briefly, the pull test is
described. That is, the material tests that are used to determine the mechanical properties of the
materials. Also, the basic factors to be considered when determining the appropriate material
for the desired application are described. The aim of the thesis was to verify the mechanical
properties of the materials and thus to compare the values declared by the manufacturer with
the measured and calculated values. The samples modeled in the PTC Creo3 CAD program
were printed and then subjected to material testing. Samples were printed in X, Y and Z axes
to determine the impact of the print axis on the mechanical properties of the material. After
performing the measurements and calculating the values, the graphs and arithmetic means were
compiled for comparison purposes.
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