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1. Introduction

3D printing is one of the most important technologies in
the world, which has received a lot of attention in the last
few years. Due to its unique features, this technology has
been able to find its place well within different industries
and jobs. 3D printing is done by rapid prototyping of a
computer designed model in which objects are produced
directly by adding materials layer by layer. Compared with
traditional manufacturing, rapid prototyping can make
complex shapes easily. This technology helps in early
detection and reduction of design errors, at the same time,
it does not require any tools, molds and devices, and only
requires a little human intervention.

Multi-material printing in 3D printing has attracted
attention for a wide range of applications. In multi-material
printing technology, it is possible to combine different
polymer materials in the form of a composite material
according to the need, and achieve the desired properties
from them.

Two filaments were used in this study to investigate the
mechanical properties of composite structures. The
samples were made by a 3D printer in such a way that
several samples were made from each of the filaments, and
finally, a number of samples were created in composite
form (layer on layer). Then, all of the samples were
analyzed and evaluated in the tensile test and their
mechanical properties were calculated.

2. The materials

The filaments used in this study included ABS
(acrylonitrile butadiene and styrene) filament and TPU
(polyurethane filament) filament. A 3D printer was used to
print these materials.

3. The proposed solution

By using hard (ABS) and soft (TPU) polymers, four
polymer structure samples including two single material
samples and two composite material samples were made

by 3D printer through additive layering method. Then, the
mechanical properties of this sample were compared and
evaluated by means of tensile test. Finally, simulation was
done for these samples by the software.

3.1. The standard. The manufacturing of all polymer parts
for tensile testing was done using ASTM D638-14
standard, which can be seen in Table 1.

3.2. Tensile test conditions. Tensile test of all samples was
done at room temperature. The tensile test speed is 5
mm/min in all samples. For constructing tensile test
models, the fourth row (IV) standard of Table 1 that can be
used in hard and soft materials, was used.

3.3. Simulation conditions. The software simulation of
tensile test samples was done in ABAQUS software
version 2018. In this simulation, the minimum and
maximum stress values in polymer samples are
investigated. These samples are stuck from one side and
subjected to the maximum tensile force obtained from the
tensile test from the other side.

3.4. The results obtained from the tensile test. The highest
force (759 N) is tolerated by the ABS sample and the
lowest strain to failure (6%) is achieved by this sample.
The force of 744 (N) is tolerated by the TPU sample. It
should be noted that the highest strain to failure (800%)
was obtained for this sample.

In ABS & TPU & ABS sandwich sample, less force is

tolerated than the ABS sample (613 N vs. 759 N).
Moreover, the strain to failure of this sample is equal to the
ABS sample (6%).
In the TPU & ABS & TPU sandwich sample, the force of
321 N is tolerated, which is less than other samples.
Moreover, the strain to failure of this sample is 22%, which
is almost 4 times of ABS and sandwich ABS & TPU &
ABS samples.
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3.5. Results obtained from tensile test simulation. In
order to determine the stress in different parts of each of
the samples, the Mises stress values obtained from the
simulation in different polymer structures are given.

The simulated sample of ABS material shows that the
maximum stress is in the middle part of the structure and
its value is almost close to the real sample of tensile test.
The simulated sample of TPU material shows that the
maximum stress is in the middle part of the structure and
its value is almost close to the real sample of tensile test.
It is clear from the simulated sample of ABS & TPU &
ABS sandwich structure that the highest amount of stress
belongs to the 2 outer layers, which is ABS material with
a larger modulus of elasticity, the middle single layer of
TPU material with a small elasticity modulus is under the
lowest stress.

It can be seen from the simulated sample of TPU &
ABS & TPU sandwich structure that the highest stress
value belongs to the middle single layer, which is higher
than ABS material with elasticity modulus. The two outer
layers of TPU material with a small modulus of elasticity
are subjected to minimal stress.

4. Conclusion

In this article, in order to improve the mechanical
properties of polymer materials, several examples of
single-material structures composed of ABS and TPU
filaments have been created by a 3D printer. Then, these
samples are subjected to real static tensile load in the
laboratory environment by the tensile testing machine.
Through the output data of this tensile test, the mechanical
properties of these samples have been calculated and
finally compared. According to the obtained results, we
were able to increase the strain to failure in the composite
samples (TPU & ABS & TPU) by almost 4 times
compared to the ABS sample and the ABS & TPU & ABS
sample.

Table 1. Standard dimensions according to the type of material

7 (0.28) or under Over7to 14 (0.28 4 (0.16) or under
Dimensions (see drawings) t0 0.55), incl Tolerances
Type I Type 11 Type 111 Type IV? Type V&P
W'Wsigzlt‘igrflgfé‘rrow 13 (0.50) 6 (0.25) 19 (0.75) 6 (0.25) 3.18 (0.125) +0.5 (£0.02)BC
L-Length of narrow section | 57 (225) | 57(2.25) 57 (2.25) 33(130) | 9.53(0.375) £0.5 (£0.02)°
WO-Width overall, min® | 19(0.75) | 19 (0.75) 29 (1.13) 19 (0.75) +6.4 (+0.25)
WO-Width overall, min© 9.53(0375) | +3.18 (+0.125)
LO'Len%;}i‘n‘;f overall, 165(6.5) | 183(7.2) 246 (9.7) 115 (4.5) 635(25) | nomax (nomax)
G-Gage lenght' 50(2.00) | 50(2.00) 50 (2.00) 7.62(0300) | +0.25 (£0.010)C
G-Gage lenght' 25 (1.00) +0.13 (£0.005)
D-Distance between grips 115 (4.5) 135(5.3) 115 (4.5) 65 (2.5) 25.4(1.0) +5 (£0.2)
R-Radius of fillet 76 (3.00) | 76(3.00) 76 (3.00) 14 (0.56) 127 (0.5) +1 (+0.04)C
RO-Outer radius (Type IV) 25 (1.00) +1 (x0.04)
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Investigating the Mechanical Properties of Polymer Composite Materials Made
by 3D Printing Method

Abbas Savabpour Javad Kadkhodapour Ali Pourkamali Anaraki

Abstract A composite structure is a non-uniform solid that consists of two or more different materials with different
kinds that are mechanically bonded together. These structures have completely different chemical and physical
properties and they merge together to make a substance that is not similar to any of these materials. In previous studies,
the construction and investigation of sandwich structures of polymer materials were done with two materials with
similar physical properties (two hard materials), but in this research, two polymers with completely different physical
properties were combined and a new sandwich structure was made. This study aims to investigate and try to increase
the mechanical performance of single-layer and multi-layer composite (sandwich) structures printed from hard (ABS)
and soft (TPU) polymer materials and comparing these samples by preparing different composite structures from these
polymers. The method of making polymer materials used in this research is the use of 3D printing technology
(incremental layering). The results have been obtained in the form of laboratory tensile test and simulation in the
Abaqus software environment. These results indicate that with the change of layers and materials, the amount of strain
to failure of the composite samples has increased up to about 4 times. It should be noted that the construction of the
tensile test samples in this project was done according to the standard of the American Association of Materials and
Testing.

Key Words Mechanical Properties, Composite Materials, 3D Printing, ABS, TPU.
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