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In recent years, with the increasing needs from industry, various manufacturing methods have begun to be widely used. Additive
manufacturing is one of these methods. These recent manufacturing methods, which allow the production of designed essential
parts without any limitations, have also gained an advantageous position in industrial fields due to a variety of raw malterials
used. Additive manufacturing makes production possible using metal and polymer materials. In this research, continuous carbon
fiber was used to strengthen the structure of a polymer material and printing was conducted with fused deposition modeling,
which is one of the additive manufacturing methods. Tensile tests were performed on printed specimens and then the results
were evaluated. Onyx was used as the polymer material and carbon fiber was used as the continuous fiber material. Compari-
sons were then made between the fiber specimens and onyx specimen that was printed without any fiber. It was found that the
specimen made of onyx reached a tensile strength of 16 MPa, while by adding continuous carbon fiber reinforcement to the
structure, a value of 58 MPa was obtained for the printed specimen. On the other hand, the highest tensile strength of 80.2 MPa
was obtained by changing the layer location of the samples. This value is 38 % higher than the tensile strength of 58 MPa re-
corded for the sample that included also carbon fiber and was printed as a regular and symmetrical structure. In line with these
results, it was observed that the addition of carbon fiber to the structure had a positive effect on the tensile strength. The car-
bon-fiber density also affected the tensile strength. Moreover, it was also observed that the tensile strength values improved with
the change in the locations of the polymer and carbon-fiber layer.
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V zadnjih letih se je v industriji mo¢no povecala potreba po posebnih izdelovalnih postopkih, ki so se zaCeli tudi vse bolj
uporabljati in uveljavljati. Med temi postopki so najbolj uveljavljene tako imenovane dodajalne tehnologije (AM: angl.: additive
manufacturing). Ti najnovejsi izdelovalni postopki omogocajo izdelavo in oblikovanje kompleksnih izdelkov brez oblikovnih
omejitev in so se Ze zna8li na prednostnem seznamu industrije izdelovanja razli¢nih zelo zahtevnih in za oblikovanje teZavnih
kombinacij zdruZevanja razli¢nih materialov. V pri¢ujofem ¢lanku avtorji opisujejo eno od teh metod oblikovanja s katero lahko
oblikujemo in izdelujemo kovinske in polimerne materiale. V tej raziskavi so avtorji uporabili kontinuirna ogljikova vlakna za
ojacitev strukture iz polimernega materiala in pri tem so tiskanje izvajali s L.i. postopkom oblikovanja izdelka z nanafanjem oz.
zlivanjem (FDS: angl.: Fused Deposition Melting). To je eden od novejsih postopkov dodajalnih tehnologij izdelave
kompleksnih izdelkov. Avtorji so s o metodo izdelali oziroma natiskali natezne preizkuSance in na osnovi preizkusov
ovrednotili rezultate. Kot polimerni material so uporabili oniks in kot ojaCitev so uporabili kontinuirna ogljikova vlakna. Za
primerjavo so uporabili natezne preizkuSance iz oniksa brez dodanih ogljikovih vlaken. Ugotovili so, da imajo preizkuSanci iz
Oniksa natezno trdnost 16 MPa, medtem ko so imeli FDM preizkuSanci ojatani z ogljikovimi vlakni natezno trdnost 58 MPa. Po
drugi strani pa so imeli preizkuSanci s spremenjeno lokacijo plasti natezno trdnost 80,2 MPa. Ta vrednost je za 38 % visja od
natezne trdnosti preizkuSancev pri katerih so s FDM izdelali pravilno in simetri¢no strukturo oziroma usmeritev ogljikovih
vlaken. Poleg teh ugotovitev je pomembno tudi to, da se z dodatkom ogljikovih vlaken v strukturo mo¢no povefa nalezna
trdnost izdelanega polimernega kompozita materiala glede na gostoto dodanih vlaken in spremembo njihovega poloZaja
(lokacije).

Kljune besede: dodajalna tehnologija, natezni preizkus, polimer, vlakna, FDM

1 INTRODUCTION terms of the design of their products. The properties and
wide range of uses of polymer materials are also among
the reasons for the widespread use of additive-manufac-
turing methods.! The fused deposition method (FDM),
one of the additive-manufacturing methods, is a method,
for which polymer materials are widely used and 3D
printing devices are used to this end. Thanks to these de-
vices, it is possible to add reinforcement materials to
polymer structures. Sectors such as aviation, automotive
*Corresponding author’s e-mail: industry, medicine and food production stand out as the
volkan@gazi.cdu.tr fields where this method is widely used.? In the studies

Additive-manufacturing methods have already be-
come some of the most widely used manufacturing
methods. Since they can meet numerous demands, pro-
jected products can be produced in a short time by means
of these manufacturing methods. Since they make it pos-
sible to produce parts with different and complex geome-
tries, they offer unlimited freedom to manufacturers in
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carried out with the fused-deposition method, reinforce-
ment fibers are used to improve the properties of the re-
sulting products. Examples of these fibers are carbon fi-
ber, glass fiber and kevlar. While working with polymers
and carbon fiber, factors such as fiber proportion in the
structure, fiber type, fiber orientation, layer thickness of
the part to be printed, printing speed, temperature of the
printing process and temperature of the build plate affect
the mechanical properties of the part to be produced.
Recent research has primarily focused on producing
parts with desired properties using these inputs. There
are two ways of incorporating fibers into polymer struc-
tures — continuous and discontinuous integration in the
structure.’* The mechanical quality of the products ob-
tained with discontinuous fibers is higher than that of the
polymer materials printed as pure polymers. In a study
(10, 12 and 15) w/% of carbon-fiber material was added
to the structure sequentially. Their mechanical properties
were compared through tensile, bending and hardness
tests. As for the tensile test results, the highest tensile
value was obtained for the discontinuous carbon fiber re-
inforced specimen with a rate of 15 w/%.° The parame-
ters used in another study conducted with discontinuous
short fibers were the layer thicknesses, infill pattern,
infill density, rim temperature, build-plate temperature
and writing speed. The authors selected layer thicknesses
of 0.2 mm and 0.4 mm, a linear and concentric filling
pattern at + 45°, filling density ration of 100 % and
60 %, rim temperature of 260 °C, printing layer-surface
temperature of 100 °C and writing speed of 50 mm/s.
The highest stress value was obtained for a concentric
infill model with 0.2 mm layer thickness and 100 % infill
density ratio.® Yet in another study, the effects of differ-
ent parameters such as layer thickness, infill pattern and
infill density on the wear resistance of discontinuous CF
(carbon fiber) reinforced PLA material produced with
the FDM method were investigated. As a result of this
study, it was understood that the abrasion resistance
could be increased with a low layer thickness and high
infill.” In another study of the tensile strength, the speci-
men with an angle of 0° showed a maximum Young’s
modulus of 128 MPa and a maximum tensile force of
3.96 GPa. Another parameter, the plate temperature, had
a direct relationship with the tensile force and the inter-
facial adhesion. As a result, the voids in the structure de-
creased with the increase of the temperature of the plate.®
In another study, the effect of production process param-
eters on the tensile strength of carbon fiber reinforced
PLA produced with the FDM method was investigated.
In this study, layer thickness, infill pattern and extrusion
temperature were selected as the parameters and their ef-
fects on the tensile strength of the final product were in-
vestigated. The reason for the highest tensile strength at
0.1 mm was a high adhesion area between the layers.
Due to this fact, layer thickness had a great impact on the
tensile strength.” When the results of the tensile test in
another study were examined, a tensile strength of
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32.12 MPa was obtained under a constant layer thickness
and 100 % infill density. At the 20 % infill density, this
value increased to 17.38 MPa. A cleaner surface was ob-
tained at the 100 % filling density, which was attributed
directly to the air bubbles inside the structure. In the
light of these values, it was concluded that a high infill
density would cause a high tensile strength and low sur-
face roughness.!?

When the studies conducted with discontinuous fi-
bers were examined, it was seen that the fiber materials
added to the structure increased the mechanical proper-
ties of the final product. Fiber materials can be added to
a structure discontinuously as well as continuously; and
certain studies concerning this processes were carried
out. A single raw material cannot be produced by inte-
grating a continuous fiber into the polymer material like
a discontinuous fiber. Since fiber is added to the struc-
ture continuously, a two-edged machine is required, in
which the polymer and fiber material will be extruded
separately. For this reason, the machine must be capable
of printing with continuous fiber. In a study, it was stated
that the appropriate fiber ratio is an important detail in
providing the desired mechanical properties. Aramid,
carbon and glass fibers were used in this study. It was
also stated that continuous fibers used in the process
gave the same superior mechanical properties to the
structure that would discontinuous fibers do.!! In another
study, the effects of the process parameters such as fiber
type, fiber orientation and infill density on the tensile, fa-
tigue and creep properties of the final product were in-
vestigated. Carbon fiber, glass fiber and kevlar were used
as fiber-reinforcement materials, and nylon was used as
the polymer. Considering the test results, carbon-fi-
ber-reinforced specimens generally showed better me-
chanical properties compared to the other specimens. As
regards the test results, creep properties were also more
favorable with the carbon-fiber-free specimen.'? Another
study focused on different process conditions of
3D-printed PLA and ABS polymers. The parameters in-
cluded the infill density, infill speed and infill pattern.
During this study, some other tests in addition to the ten-
sile, bending and compression tests were applied to the
printed specimens.'? In another study investigating the
mechanical performances of carbon-fiber and glass-fi-
ber-reinforced PLA materials, bending and tensile tests
were applied to the printed specimens. While the
glass-fiber specimen broke due to its brittle nature, the
carbon-fiber-reinforced specimen showed good resis-
tance to elongation." In another study, the mechanical
properties of the composites reinforced with continuous
kevlar fibers produced with the FDM method were inves-
tigated. The parameters were the direction of the contin-
uous kevlar fiber, number of kevlar fiber layers, position
of the fibers and angle of the nylon material. The test re-
sults showed that these parameters had an impact on the
mechanical properties.”” In another study, the effects of
the parameters of the 3D printing machine on the

Materiali in tehnologije / Materials and technology 56 (2022) 3, 279-287



Y. FURKAN POLAT et al.: EFFECT OF FIBER-LAYER POSITIONS ON MECHANICAL PROPERTIES OF ...

strength and stiffness properties of CF-PETG materials
printed with FDM were investigated. It was then stated
that the print speed, layer thickness and infill density,
which were the test parameters, were significant factors
for the tensile and bending strengths, and hardness.'® In
another study investigating the mechanical properties,
surface quality and porosity of a PEEK composite rein-
forced with carbon fiber and glass fiber, (5, 10 and
15) w/% of fibers were added into the PEEK material.
The surface roughness decreased to the minimum level
for the specimen with 5 w/% fiber."?

In another study, the mechanical properties of speci-
mens were investigated through tensile and bending
tests. The fiber types used in this study were continuous
kevlar, carbon fiber and glass fiber. It was stated that
kevlar specimens were observed to have very little resi-
due in the SEM images. It was also stated that the reason
for this was a low adhesion of kevlar to nylon. Therefore,
kevlar specimens were observed to be weak in load bear-
ing. The air voids in the structure were found to be di-
rectly related to the adhesion quality, and the air voids in
the kevlar specimens to be more numerous.'® In another
study, PLA as the matrix material and carbon fiber as the
fiber material were selected and a PLA-CF specimen
was printed. During this study, the PLA layer thickness
and CF layer thickness were examined. As a result of the
tensile tests, the tensile strength of the carbon-fiber ma-
terial was observed to have increased with the increase in
the layer thickness.!” The effect of the layer thickness
and fiber volume on the mechanical properties of com-
posite components produced with 3D printers was inves-
tigated in another study. To investigate the mechanical
properties of these specimens, in addition to the tensile
test, a bending test was performed at three different
points. Any increase in the fiber volume was found to be
directly proportional to an increase in the strength of the
direction of printing.” In another study, onyx-glass fiber
material was used for the structure produced and the me-
chanical properties of the printed specimens were exam-
ined. Infill-density ratios of (30, 40 and 50) % were used
for the specimens. As a result of this study, it was deter-
mined that an increase in the infill density would have a
positive effect on the production of high-quality prod-
ucts.?! Fiber-supported polymer structures were pro-
duced using FDM carried out with the onyx material. It
was stated that the strength and ductility of the speci-
mens were dependent on the carbon fiber concentration
in the specimens, and that the strength would also in-
crease with the increase in this concentration, while the
ductility would decrease.?? In another study, it was stated
that the fibers continuously incorporated into the struc-
ture resulted in negative effects on the mechanical behav-
ior. It was determined that this application reduced the
adhesion while increasing the voids, and it was observed
that these voids adversely affected the mechanical prop-
erties of the structure.” In another study, PLA reinforce-
ment of a thermoplastic polymer and carbon-fiber rein-
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forcement for a continuous fiber were made, and thermo-
plastic composites with high mechanical properties were
investigated.” In another study, the strength of continu-
ous-fiber-reinforced open-hole tensile specimens were
investigated. HSHT (high-strength high-temperature)
glass fiber was used as the reinforcement material and
onyx as the polymer matrix. It was found that the contin-
uous HSHT fiberglass reinforcement added to the onyx
polymer matrix increased the strength by 2.5 times.” In
another study, it was determined that the production of
thermoplastic matrix composites with added carbon fiber
(in varying contents and lengths) affected the mechanical
properties.®

When these studies are reviewed, it is seen that poly-
mer and fiber layers were printed in a sequential and reg-
ular manner throughout the printed structures. Polymer
and carbon fiber layers came out one after the other in an
orderly and sequential manner. However, in this study,
while a regular and symmetrical structure was disrupted
when the samples were produced, the effect of the de-
signed layer locations on the tensile strength was investi-
gated. In this context, 19 samples were printed, each
made up of 12 polymer and carbon fiber layers. In addi-
tion to this, the continuous fiber reinforced sample and
the sample made of pure onyx were compared and the
data obtained with the tensile tests were evaluated. Thus,
the change in the mechanical properties, caused by the
change in the layer locations, of the samples produced
under the same production conditions was examined.

2 EXPERIMENTAL PART

The designed samples were printed with a Mark-
forged X7 3D industrial printing machine. The Mark-
forged X7 3D printing machine can print, in a short time,
parts reinforced with continuous carbon fiber. This ma-
chine can produce materials as strong as machined alu-
minum. With respect to its functional requirements, this
3D printing machine, which is flameproof, chemically
resistant, energy absorbing and capable of high-resolu-
tion printing, is among the most preferred machines in
the industry, having precision machined hardware and
advanced sensors.” The design and dimensions of the
test specimens to be subjected to a tensile test were de-
termined in accordance with the ASTM D638-14 stan-
dards. The design of the test samples with dimensions of
(165 x 19 x 4) mm was made using the Solidworks CAD
program.

Within the scope of the study, fiber and polymer layer
locations were chosen as the basic variables of the
printed test samples. A test specimen was made up of 32
layers. The first and last four layers were made up of
polymer. This arrangement is a requirement set by the
machine manufacturer and the reason for it is the need to
create a more rigid structure, in which the layers support-
ing the structure are above and below the central part. 12
of the remaining 24 layers were made of polymer and the
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Table 1: Specimens numbers and locations
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Table 1 notation: P — polymer, C — carbon fiber

other 12 were made of carbon fiber. The location distri-
butions of the layers are given in Table 1. As can be seen
in the table, the polymer and carbon fiber layers in the
first sample are sequentially and homogeneously distrib-
uted throughout the structure. There is a homogeneous
and symmetrical distribution in the 2nd, 3rd, 4th, 6th and
12th sample, as in the first sample. However, layers of
the same type came one after the other in each sample.
No such homogeneous and symmetrical situation is
found in samples 5, 7, 8, 9 and 11. The layers at the end
of the structure, disrupting these features, were placed in
the middle of samples 13, 14, 15, 16, 17 and 18, and thus
homogeneity and symmetry were ensured. Relevant
layer models that could be adjusted to 24 layers were
thus created. In addition, the tensile strengths of the sam-
ples with continuous carbon fiber and the sample made
of pure onyx were also compared.

The triangular model was chosen as the infill model
for the created samples. The printing temperature was
determined as 270 °C and the fill rate as 37 %. These are
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the values set by the manufacturer of the 3DPrinting ma-
chine. The writing speed was also determined with
reference to the value set by the manufacturer. The 37 %
infill ratio chosen for the matrix material was determined
as the optimum ratio between the price and performance,
following a number of tests. The thickness of 32 layers
in the structure was chosen as 0.125 mm, which is the
minimum value for the structures containing continuous
carbon fiber. The reason why this value was chosen as
the minimum is the need for a better adhesion of the lay-
ers to each other over large surface areas at low
layer-thickness values. The infill model was chosen to be
concentric and it is shown in Figure 1. The two blue
lines shown in the outermost layer in the image represent
carbon fiber. The minimum number of carbon-fiber lay-
ers for a specimen to be printed is 2 for the concentric
infill model, obtained from the standard data of the 3D
machine company. In Figure 1, an illustration of the
layer consisting of onyx is given. There is no carbon fi-
ber in this layer. The entire layer is filled with onyx.
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designed by CAD
program. These all
measurements were
taken from ASTM
D638-14 standart.
After the sample
model was converted
to .STL format.

The samples was *

In the second
step, the layer
location and
printing
parameters was
defined by Eiger
Software.

In the third step, the
samples were
printed by
Markforged X7
device. This device
was used data from
the Eiger Software.

+

In the forth step,

the tensile tests In the last step,
were carried out the Ialyer

to all samples. I(‘xatlf}ns and
After these situations were
tensile tests, the evaluated each
results were other.
evaluated.

Figure 1: Workflow and steps of this study

The printing time for the specimens produced within
the s cope of the study lasted around 70 min to 80 min.
This duration was directly related to the carbon fiber pro-
portion and the infill factor used in the structure. The in-
crease in the infill density and the amount of carbon fiber
cause an increase in both the printing time and costs.”!*!#
In Figure 1, the conditions of the specimens printed with
these parameters on the Markforged X7 3D printing ma-
chine build plate are illustrated.

A TRViewX device by Shimadzu was used for the
tensile tests. TRViewX is an advanced non- contact
extensometer that can measure width changes with great
accuracy, and can be used for a wide variety of materials

1 [sPECMEN19]

Trua Stress 13 (MPa)
=1

0.00 005 010 015 020
True Stram 19 (%)

025

Figure 2: True stress vs. true strain graph for Specimen 19 (pure
onyx)
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and testing applications. Mono and dual camera models
and high-intensity LED lighting systems of this device
are available.”® The tensile test was applied to the pro-
duced specimens using this device and Figure 1 illus-
trates the state of one of the produced specimens when
connected to the device. The tests were carried out in ac-
cordance with the ISO 527-1 standards, without a pre-
load at the initial state and with a tension rate of
5 mm/min. The data regarding the split samples were re-
corded in the system.

3 RESULTS AND DISCUSSION

3.1 Effect of carbon fiber on the tensile strength and
creep

The fibers added to the polymer structure improved
its mechanical properties, resulting in a durable structure
even when exposed to elevated forces.”*%” When the re-
inforcing fiber materials were not added to the structures,
the tensile strength, in particular, decreased considerably.
When examining the graph of the sample, produced us-
ing pure onyx and no reinforcing fiber material in Fig-
ure 2, we can see that the tensile strength increased to
16 MPa. Figure 3 illustrates the graph of the tensile test
of Sample 1. which was printed using carbon fiber (Ta-
ble 1). When the graph for Sample 1 is examined, the
tensile strength value can be seen to be 58 MPa.
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Figure 3: True stress vs. true strain graph for Specimen 1

The continuous fibers incorporated into the structure
give the structure superior properties that were proven
experimentally. In the studies examining mechanical
properties such as hardness, impact strength, bending
strength and tensile strength, fiber-doped polymer mate-
rials achieved high mechanical properties.!"'>?* How-
ever, when the creep phenomenon was examined, differ-
ent results were obtained, contrasting the mechanical
properties mentioned above.'>" This was due to the duc-
tility of the material, the main factor that affects the
structure during creep. For this reason, when the graphs
for the specimen printed from pure onyx and Specimen 1
are compared, the creep property of pure onyx is supe-
rior.

3.2 Effect of layer locations on the mechanical
properties of the structure

In this study, changes were made to the layer loca-
tions and the effect of this change on the tensile strength
was examined. As can be seen in Table 1, specimens
containing 24 layers were created in the structure. The
layer positions of Specimen 1 were printed symmetri-
cally and in the order found in the literature, reporting on
the previous studies.'*!33! The printing process was car-
ried out in such a way that the layers of the same type
were successive. Carbon fiber and polymer layers were
brought closer to each other in each sample until 12 car-
bon fiber and 12 polymer layers were successive in the
structure. That is, the arrangement of the onyx and Car-
bon fiber layers was made in such a way that one layer of
Carbon fiber and one layer of polymer alternated in
Specimen 1, two layers of each material alternated in
Specimen 2, three layers of each material alternated in
Specimen 3, four layers of each material alternated in
Specimen 4, and there were twelve layers of each mate-
rial in Specimen 12. In the specimens printed after the
twelfth specimen, the carbon fiber and polymer layers,
which disrupted the symmetrical structure of the mold in
the last layers, were placed in the middle of the structure,
thus providing a homogeneous and symmetrical order.
By virtue of the tensile-test results, it was found that me-
chanical properties could also be altered by changing the
layer positions.
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Figure 4: Comparison of tensile strengths of the first 12 specimens

When Figure 4 is examined, it can be observed that
the tensile strength increased with the combination of
layers of the same type from Specimen 1 to Specimen
12. Hence, the tensile strength increased or did not de
crease considerably with the convergence of layers.
However, as stated in the previous studies, the absence of
a polymer layer between carbon fiber layers has an ad-
verse effect on the adhesiveness of these layers to each
other. Owing to this effect present in the specimens from
this study, as a carbon fiber layer in the specimens con-
tained carbon fiber consisting of 2 walls only in the form
of a concentric pattern, the onyx in the layer provided the
adhesiveness required for the adhesion of the layer. If the
layer were made entirely of carbon fiber, the situation
would be different, and especially the converging carbon
fiber layers would affect the tensile strength of the struc-
ture.” In the designed specimens of this study, the car-
bon fiber in the concentric model would consist of a
maximum of 9 walls, and as such, there would be a max-
imum amount of carbon fibers in a layer. The reason why
the maximum of 9 walls could be formed is the
1.125 mm diameter of the carbon fiber, and within the s
cope of this diameter, the maximum of 9 walls could be
concentrically placed in the structure. In the layers pro-
duced in this way, when the layer lo cations are changed,
tensile strengths will tend to increase continuously,
rather than rising or falling as in this study. At this point,
the adhesiveness between layers will start to play a part.
Since the carbon fiber layers are completely full and
there is no polymer between them. their adhesiveness
will be low."®2! In fact, if the fractured surfaces of the
specimens are examined after the tensile test, it will be
seen that the carbon fiber does not have a favorable inter-
action with the polymer. This is due to the fact that poly-
mers will not have any layer adjacent to the carbon fiber
layer, and that they will not be able to penetrate the car-
bon fiber in the case of a succession of layers of the
same type. As a result, voids will occur. This will not
only reduce the adhesiveness between the layers, but also
increase the voids in the structure.®'® Since the voids
will have a negative impact on the structure during the
tensile test, the desired high values will not be achieved.
For this reason, situations such as voids that may occur
in the structure and the inability of the layers to adhere to
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Figure 5: Comparison of the tensile strength of Specimens 13, 14, 15,
16, 17, 18, printed to create symmetry in the structure, with Speci-
mens 5,7, 8,9,10, 11, 17

each other properly will prevent obtaining the desired
values in the experiments.”

As indicated in Figure 5, the layer sequences of
Specimens 5, 7, 8, 9, 10, 11 were identical; however, the
layers that remained in the last row and disrupted the
symmetry of the layer structure were taken to the middle
of the structure and thus symmetrical structures were
formed. In the first stage, when the tensile strength of
Specimens 5 and 13 were examined, a decline from
80.2 MPa to 75.7 MPa was observed. Although the
amounts of onyx and carbon fiber and the number of lay-
ers in the structure were the same and the parameters
were not changed, by switching to a more symmetrical
structure, a 7 % loss in the tensile strength was experi-
enced. When Specimens 7 and 18 were examined, a sim-
ilar situation seemed to have occurred there as well. The
tensile strength decreased by 10 %. When Sample 11
was examined, the degree of de crease was seen to be ap-
proximately 20 %. When the remaining specimens were
examined, it was observed that the tensile strength values
were quite close to each other. As it can be understood
from this fact, when the last layers that disrupted the
symmetry were placed in the middle and when symmet-
rical and homogeneous distribution was maintained,
there was apparently no improvement. In fact, when
Specimens 5, 7 and 11 were examined, it was observed

that this symmetrical and homogeneous layer distribu-
tion in the structure resulted in a decline in the tensile
strength. When Figure 6 was examined, it could be seen
that, to create a symmetrical structure, moving the last
layers that upset the symmetry into the middle did not
lead to any improvement. Also, when Figure 6 was ex-
amined, it was seen that there was a de crease in the ten-
sile strength of the specimens (with the exception of
Specimens 8 and 14). This shows that when the struc-
tures are printed symmetrically and sequentially with dif-
ferent types of material, the tensile strength does not im-
prove; on the contrary, it decreases noticeably in some
samples. This proves that carbon fiber, the main factor in
increasing the tensile strength, shows low resistance to
the forces in the structures, where symmetry is in
tended.'"'? The absence of polymer in the carbon fiber
layer, namely, its being completely full, directly affects
adhesiveness, the voids in the structure and the resistance
of a specimen to the tensile force. This was found to be
the main factor when changing the mechanical properties
of the specimens.

As another parameter, the percentage of elongation of
the non-symmetrical specimens was seen to be higher.
However, this difference was too small to be compared
with Specimen 1. The rate of elongation for pure onyx
was higher than for all the specimens printed with carbon
fiber. This is due to the type of the material. Polymer ma-
terials are ductile, but discontinuous short carbon fiber
particles in the onyx material reduce the ductility of ny-
lon.”!#32 But here, pure polymer turns out to be insuffi-
cient. In cases of fracture, it can be seen that the values
are 4-5 times lower when the specimen printed with pure
onyx is compared to the specimens printed with continu-
ous carbon fiber. This leads to negative situations at the
points where specimens are exposed to load, especially
at curve points, resulting in a failure in attaining the de-
sired mechanical properties.?>?* For this reason, reinforc-
ing materials play a vital role in achieving the desired
mechanical properties. The presence of such materials in
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Figure 6: True stress vs. true strain graph for specimens 13, 14, 15, 16, 17 and 18
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structures makes a remarkable contribution to the im-
provement of mechanical properties.

4 CONCLUSION

In this study, continuous carbon fiber was added to
pure onyx and the tensile strengths of the specimens with
an onyx matrix were compared. In addition, the polymer
and carbon fiber layer locations were changed within the
structure, and the effect of this change on the tensile
strength was investigated.

The true stress vs. true strain graphs for the onyx ma-
terial, on which tensile tests were performed, were com-
pared with the others. In the previous studies, the struc-
tures were observed to have been printed symmetrically
and the carbon fiber/polymer layers were successive. In
our study, this regular and symmetrical structure was dis-
rupted while specimens were being produced, and the ef-
fect of the designed layer locations on the tensile
strength was investigated; 19 specimens were printed in
this period. In accordance with the true stress vs. true
strain results derived from the tensile test, the following
conclusions can be drawn:

1. The tensile strength of onyx polymer printed in
pure form, was found to be 16 MPa, being the minimum
value among the specimens.

2. When the tensile graph for the specimen printed
from pure onyx is examined, the yield point can easily be
seen and its creep is better than that of the specimens
containing continuous carbon fiber. However, this point
cannot be clearly seen in the true stress vs. true strain
graphs of the specimens with continuous carbon fiber,
added as the reinforcement material. With the addition of
continuous carbon fiber, the structures became brittle.

3. The tensile strength and creep were found to have
changed with different layer positions. The adhesion re-
quirements of the polymer and carbon fiber materials
and the voids in the structure specified this situation.

4. The highest tensile strength was observed for
Specimen 5, being 80.2 MPa. When this value was com-
pared with that for Specimen 1, printed symmetrically
and tested in this way in the previous studies, the result
was found to be 38 % better.

5. After Specimen 5, the tensile strength decreased
up to Specimen 12 because of the convergence of layers.
Due to the fact that the adhesion requirement of polymer
structures was higher than that of the structure including
carbon fibers and polymer, the tensile strength began to
de crease as the carbon fibers could not adhere to the
structure.

5 REFERENCES

'S, Valvez, P. Santos, J. M. Parente, M. P. Silva, and P. N. B. Reis, 3D
printed continuous carbon fiber reinforced PLA composites: A short
review, Procedia Structural Integrity, 25 (2020), 394-399,
doi:10.1016/j.prostr.2020.04.056

286

2J. R. C. Dizon, A. H. Espera, Q. Chen, R. C. Advincula, Mechanical
characterization of 3D-printed polymers, Additive Manufacturing, 20
(2018), 4467, doi:10.1016/j.addma.2017.12.002

% N. Shahrubudin, T. C. Lee. R. Ramlan, An overview on 3D Printing
Technology: technological, materials and applications, Procedia
Manufacturing, 35 (2019), 1286-1296, doi:10.1016/j.promfg.2019.
06.089

‘D. Popescu, A. Zapciu, C. Amza, F. Baciu, R. Marinescu, FDM pro-
cess parameters influence over the mechanical properties of polymer
specimens: A review, Polymer Testing, 69 (2018), 157-166,
doi:10.1016/j.polymertesting.2018.05.020

V. C. Gavali, P. R. Kubade, H. B. Kulkarni, Property enhancement of
carbon fiber reinforced polymer composites prepared by fused depo-
sition modelling, Materials Today: Proceedings, 23 (2020), 221-229,
doi: 10.1016/j.matpr.2020.02.020

“E. V. De Toro, J. C. Sobrino, A. M. Martinez, V. M. Eguia, Analysis
of the influence of the variables of the Fused Deposition Modeling
(FDM) process on the mechanical properties ol a carbon fiber-rein-
forced polyamide, Procedia Manufacturing, 41 (2019), 731-738,
doi:10.1016/j.promfg.2019.09.064

TR. Srinivasan, N. Aravindkumar, S. Aravind Krishna, S. Aadhish-
waran, J. George, Influence of fused deposition modelling process
paramelters on wear strength of carbon fibre PLA, Materials Today:
Proceedings, 27 (2020) 2, 1794-1800, doi:10.1016/j.matpr.2020.03.
738

8X. Peng, M. Zhang, Z. Guo, L. Sang, W. Hou, Investigation of pro-
cessing parameters on tensile performance for FDM-printed carbon
fiber reinforced polyamide 6 composites, Composites Communica-
tions, 22 (2020), 100478, doi:10.1016/j.coc0.2020.100478

B Durga Prasada Rao, P. Rajiv, V. Navya Geethika, Effect of fused
deposition modelling (FDM) process parameters on lensile strength
of carbon fibre PLA, Materials Today: Proceedings. 18 (2019) 6,
20122018, doi:10.1016/j.matpr.2019.06.009

'""R. Srinivasan, W. Ruban, A. Deepanraj, R. Bhuvanesh, T. Bhuva-
nesh, Effect on infill density on mechanical properties of PETG part
fabricated by fused deposition modelling, Materials Today: Proceed-
ings, 27 (2020) 2, 1838-1842, doi: 10.1016/j.matpr.2020.03.797

"1J. Majko, M. Saga, M. Vasko, M. Handrik, F. Barnik, F. Dor¢iak,
FEM analysis of long-fibre composite structures created by 3D print-
ing, Transportation Research Procedia, 40 (2019), 792-799,
doi:10.1016/j.trpro.2019.07.112

' M. Mohammadizadeh, A. Imeri, I. Fidan, M. Elkelany, 3D printed fi-
ber reinforced polymer composites structural analysis, Compos Part
B: Engineering, 175 (2019), 107112, doi:10.1016/j.compositesb.
2019.107112

Bp Sri-Amphorn, C. Abeykoon, A. Fernando, Optimization of fused
deposition modelling parameters for improved PLA and ABS 3D
printed structures, International Journal of Lightweight Materials and
Manufacture, 3 (2020) 3, 284-297, doi:10.1016/j.ijlmm.2020.03.003

"'N. Rajapandian, C. Senthamaraikannan, S. Rahul, R. Anand Vijay
Raj, T. V. Nithin Kumar, Investigation on mechanical performance of
3D printed carbon and glass fiber reinforced polylactic acid lami-
nates, Materials Today: Proceedings, 46 (2020) 19, 9429-9432,
doi:10.1016/j.matpr.2020.03.114

" G. Dong, Y. Tang, D. Li, Y. FE. Zhao, Mechanical properties of con-
tinuous Kevlar fiber reinforced composites fabricated by fused depo-
sition modelling process, Procedia Manufacturing, 26 (2018),
774-781, doi:10.1016/j.promfg.2018.07.090

'“M. Ajay Kumar, M. S. Khan, S. B. Mishra, Effect of machine param-
elers on strength and hardness of FDM printed carbon fiber rein-
forced PETG thermoplastics, Materials Today: Proceedings, 27
(2020) 2, 975-983, doi:10.1016/j.matpr.2020.01.291

'"P. Wang, B. Zou, S. Ding, C. Huang, Z. Shi, Y. Ma, P. Yao, Prepara-
tion of short CF/GF reinforced PEEK composite filaments and their
comprehensive properties evaluation for FDM-3D printing, Compos-
ites Part B: Engineering, 198 (2020), 108175, doi:10.1016/
j.compositesb.2020.108175

Materiali in tehnologije / Materials and technology 56 (2022) 3, 279-287



Y. FURKAN POLAT et al.: EFFECT OF FIBER-LAYER POSITIONS ON MECHANICAL PROPERTIES OF ...

'® A. N. Dickson, J. N. Barry, K. A. McDonnell, D. P. Dowling, Fabri-
cation of continuous carbon, glass and Kevlar fibre reinforced poly-
mer composites using additive manufacturing, Additive Manufac-
turing, 16 (2017), 146—152, doi:10.1016/j.addma.2017.06.004

P Sharma, A. K. Dhanopia, D. Joshi, An experimental study on car-
bon fiber thickness and layer thickness of depositing material in
fused deposition modeling, Materials Today: Proceedings, 44 (2021),
44794484, doi:10.1016/j.matpr.2020.10.722

*'J. M. Chacén, M. A. Caminero, P. J. Nifiez, E. Garcfa-Plaza, L
Garcfa-Moreno, J. M. Reverle, Additive manufacturing of continuous
fibre reinforced thermoplastic composites using fused deposition
modelling: Effect of process paramelers on mechanical properties,
Composites Science and Technology, 181 (2019), doi:10.1016/
j.compscitech.2019.107688

*'P. S. Ramalingam, K. Mayandi, V. Balasubramanian, K. Chandra-
sekar, V. M. Stalany. A. A. Munaf, Effect of 3D printing process pa-
rameters on the impact strength of onyx—Glass fiber reinforced com-
posites, Materials Today: Proceedings, 45 (2021), 6154-6159,
doi:10.1016/j.matpr.2020.10.467

T. Yu, Z. Zhang, S. Song, Y. Bai, D. Wu, Tensile and flexural behav-
iors of additively manufactured continuous carbon fiber-reinforced
polymer composites, Composile Structures, 225 (2019), 111147,
doi:10.1016/j.compstruct.2019.111147

#J. A. Travieso-Rodriguez, M. D. Zandi, R. Jerez-Mesa, J. Lluma-
Fuentes, Fatigue behavior of PLA-wood composite manufactured by
fused filament fabrication, Journal of Materials Research and Tech-
nology, 9 (2020) 4, 8507-8516, doi:10.1016/j.jmrt.2020.06.003

AL Usun, R. Giimriik, The mechanical performance of the 3D printed
composites produced with continuous carbon fiber reinforced fila-
ments obtained via melt impregnation, Additive Manufacturing, 46
(2021), 102-112, doi: 10.1016/j.addma.2021.102112

Materiali in tehnologije / Materials and technology 56 (2022) 3, 279-287

* A. R. Prajapati, H. K. Dave, H. K. Raval, Effect of fiber reinforce-
ment on the open hole tensile strength of 3D printed composites, Ma-
terials Today: Proceedings, 46 (2021), 8629-8633, doi:10.1016/
j-matpr.2021.03.597

*“F. Ning, W. Cong, J. Qiu, J. Wei, S. Wang, Additive manufacturing
of carbon fiber reinforced thermoplastic composites using fused de-
position modeling, Composites Part B: Engineering, 80 (2015),
369-378, doi:10.1016/j.compositesb.2015.06.013

2T hitps://markforged.com/3d-printers/x7, 24.11.2021

*https://www.shimadzu.com/an/products/materials-test-
ing/uni-ttm%?20consumables/trviewx/index.html, 24.11.2021

* A. Ahmed, M. Z. Rahman, Y. Ou, S. Liu, B. Mobasher, S. Guo, D.
Zhu, A review on the tensile behavior of fiber-reinforced polymer
composites under varying strain rates and temperatures, Construction
and Building Materials, 294 (2021), 123565, doi:10.1016/
j.conbuildmat.2021.123565

*'R. W. Gray, D. G. Baird, J. H. Bghn, Thermoplastic composites rein-
forced with long fiber thermotropic liquid crystalline polymers for
fused deposition modeling, Polymer Composites, 19 (1998) 4,
383-394, doi:10.1002/pc.10112

*'F. Van Der Klift, Y. Koga, A. Todoroki, M. Ueda, Y. Hirano, R.
Matsuzaki, 3D printing of continuous carbon fibre reinforced
thermo-plastic (CFRTP) tensile test specimens, Open Journal of
Composite Materials,6 (2016) 1, 18-27, doi:10.4236/ojcm.
2016.61003

#J. M. Chacén. M. A. Caminero, E. Garcfa-Plaza, P. J. Nifiez, Addi-
tive manufacturing of PLA structures using fused deposition model-
ling: Effect of process parameters on mechanical properties and their
optimal selection, Malerials and Design, 124 (2017), 143-157,
doi: 10.1016/j.matdes.2017.03.065

287



