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ABSTRACT ARTICLE INFO

Nowadays additive manufacturing is frequently used, especially in industrial appli-
cations such as aerospace and biomedical. In the additive manufacturing method,
thanks to the layered manufacturing technique, it enables the production of compo-
nents with all kinds of complex geometries and accelerates the production process.
As it is known, the orientation of the layers in the additive manufacturing technique
affects the mechanical properties of the components. Among the parameters affect-
ing strength, layer thickness, production direction and layer geometry are of great
importance. In this study, the effect of layer orientation on component strength in
SLA-based additive manufacturing was experimentally investigated. Consequently,
standard tensile samples were produced at four different production orientation us-
ing the UV Stereolithography method. Tests of the tensile samples were carried out
at constant tensile speed and tensile curves were obtained. According to the results,
it was determined that the layer joints parallel to the shear plane exhibited the lowest
strength. Therefore, samples produced at the parallel to the shear plane fractures at
lower loads and showed low strength. Considering the experimental results ob-
tained, it has been determined that the structure orientation affects the mechanical
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properties of the component by ~20%.

1. Introduction

Additive manufacturing is a production process in
which the material is added layer by layer using sliced
three-dimensional data. It is utilized in various fields
such as the automotive industry, defense sector, biomed-
ical field, and consumer sector, helping to overcome lim-
itations often encountered in traditional production
techniques (Chong et al. 2018; Mohanavel et al. 2021;
Wang et al. 2021). Additive manufacturing technology is
highly popular, particularly in the production of parts
with complex geometries.

There are many 3D printing technologies available to
better respond to industry applications. Among these,
fused deposition modelling (FDM), stereolithography
(SLA), selective laser sintering (SLS) technologies have
been developed by commercial companies and are
widely used today (Siirmen et al. 2019). In addition to

obtaining the desired geometric properties of the parts
with the additive manufacturing technology, the me-
chanical performance in the field of use is also very im-
portant (Tymrak et al. 2014; Chacdn et al. 2017). Many
parameters such as continuity in layer geometries, layer
thickness, layer adhesion performance, position of lay-
ers according to part load balance, production surface
quality affect the mechanical effect of these parts
(Sheoran et al. 2020). Wang et al. performed experi-
mental and numerical analyzes to determine the effects
of layer thickness and printing angle for the elastoplastic
structure. Based on the data acquired from the study, it
was observed that the elastic modulus and tensile
strength decrease as the layer thickness increases
(Wang et al. 2020). Matos et al. proposed multi-objective
approximation functions to assist in determining the op-
timal build orientation for part production. These objec-
tive functions were developed based on parameters such
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as the requirement for support structures, production
time, surface roughness, and overall surface quality (Ma-
tos et al. 2021). Shim et al. (2020) examined the effect of
printing orientation in additive manufacturing on sur-
face characteristics and microbial adhesion, as well as
mechanical properties. They have experimentally
proven that they get the best results from the researched
findings with 0 degree production orientation according
to positioning. Hada et al. (2020) produced the maxillary
prosthesis models with different angles (0°, 45°, and
90°) to assess the impact of production direction on the
accuracy of model. They found that the printing direction
set at 45° yielded the highest production accuracy. Al -
Dulaijan et al. (2023) experimentally confirmed that for
production orientations grouped as 0.45 and 90 degrees,
the highest bending strength values were obtained from
production parts with 0 degrees. In addition, they stated
that high energy was required for crack propagation and
that these properties increased significantly as the cur-
ing time increased. Li and Teng (2024), emphasized that
tensile strength is affected by printing orientation, ex-
plained that the strength decreases with increasing ori-
entation angle with a linear correlation.

Additive manufacturing is very often preferred for the
production of complex geometries with its development
in the design configuration in the field. Complex geome-
tries have internal structures with angle values that dif-
fer according to the direction of manufacturing. The aim
of this study is to experimentally investigate the changes
in the mechanical differences that the build orientation
will create in the structure. Standard tensile samples are
produced with SLA method at different build orienta-
tions (0°, 30°, 45°, and 90°) and subjected to mechanical
tests. A stress-strain curve is generated for each individ-
ual sample.
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2. Materials and Method

Standard tensile samples were taken as reference in
the study. Tensile samples were modeled in accordance
with ASTM D638 (Fig. 1).
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Fig. 1. The tensile test samples dimensions.

Tensile samples were positioned on the build plat-
form at 0°, 30°,45° and 90° angle values according to the
build direction (Fig. 2). Fig. 2 was showed the visualiza-
tion that the layers will have the same layer spacing and
different layer numbers according to the placements at
different angles.
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Fig. 2. The build orientation of tensile samples production.

Stereolithography (SLA) technology, one of the addi-
tive manufacturing methods, was preferred for produc-
tion (Fig. 3). With this technology, the build platform is im-
mersed in the liquid resin tank for each production layer,
and solidification is carried out with the ultraviolet rays. It
provides solidification of parts in desired geometries in a
short time with ultraviolet rays.

The production device used was the Anycubic Photon
M3 3D printer model (Fig. 4a). A gray liquid resin from the

SLA printer's brand was utilized. Five samples were gener-
ated for each build orientation. The layer thickness was set
to 0.05 mm and the normal exposure time was set to 2 s.
After the production period of approximately 1 hour and 45
minutes, the samples were washed with ethanol alcohol to-
gether with the build platform (Fig. 4b). Afterwards, the
samples were separated from the build platform and
placed in the curing device of the same brand for curing.
The curing process was carried out in 10 minutes (Fig. 4c).
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Fig. 3. UV Stereolithography method, one of the
additive manufacturing technologies.

The mechanical performances of the samples were
evaluated by tensile tests. Tensile tests were performed
using the INSTRON 3382 brand (Fig. 5). Three samples
at each angle value were tested. Strain at a rate of 0.5

ANYCUBIC PHOTON M3

(@)

(b)

mm/min was applied until fracture was observed in the
samples. Metal plates were attached to both grip section
of the samples. This prevented the compression of the
polyethylene materials in the tensile samples between
the grips of the tensile machine.

3. Results and Discussion

Tensile samples produced using SLA were visualized
using light microscopy (Fig. 6). The layer orientation of
samples with different build orientations was described.
The enlarged layer lines depicted in Fig. 1 were obtained
in consistent directions during production. The green
lines indicated the layer direction, serving as indicators
of the desired build orientations.

Three tensile tests were performed for each orienta-
tion. Data for each angle was created by taking the aver-
age of repeated tests. As a result of the tensile tests, the
stress-strain curves of the samples in different build ori-
entations were added as Fig. 7. Tensile samples had a
typical curve like ductile materials.

(c)

Fig. 4. (a) Anycubic Photon M3 model printer used for production;
(b) Post-production sample images; (c) The curing process applied to the samples.

Fig. 5. The tensile testing machine and the specimens being tested.
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(d)

Fig. 6. Post-production images: (a) 0° (b) 30°; (c) 45°; and (d) 90° samples.
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Fig. 7. Stress-strain curve: (a) 0° (b) 30° (c) 45°; and (d) 90° samples.

The samples with the same cross-sectional area frac- strength, 45° samples had the lowest. However, the 45°
tured at different strain and stress values relativetoeach ~ samples had the highest strain rate. The experimental re-
other. While 90° samples had the highest ultimate sults of the samples were added to Table 1.

Table 1. Average tensile test data and standard deviation for each manufacturing orientation.

Sample Yield strength (MPa) Strain (%) Ultimate strength (MPa)
0° 13.1805 + 0.46 9.0103 +1.17 33.9613+2.13
30° 11.1325+0.98 6.9934 + 0.49 33.3697 + 1.5
45° 12.0127 + 0.99 9.9815 + 0.41 33.44993 +1.31

90° 13.0798 £ 1.6 7.5654 £ 0.27 35.9398 + 4.36
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According to the yield strength in Table 1, the 30°
samples had the lowest strength. 0° showed the highest
yield strength. When the yield strength is listed quanti-
tatively, the yield strength increases respectively: 30°,
45°,90°, and 0°. There is approximately a 1% difference
between the yield strength of 0° and 90° samples.

The strain rate value increases between 30°, 90°, 0°

and 45° samples, respectively. Ultimate strength was
also a precursor to the mechanical difference in build
orientation. Also, the 45° sample with the highest strain
value had the lowest ultimate strength. The 90° sample
had the highest ultimate strength. Fracture images of
tensile samples with different build orientations were in
Fig. 8.

(C)

Fig. 8. The fractures samples surface after tensile test: (a) 0°; (b) 30°; (c) 45°; (d) 90°.

The fracture mechanism in the 0° samples was shear
failure type (Fig. 7a) (Pelleg et al. 2021). This fracture,
which is considered to be very ductile, originates from
the layer merge planes. The plastic behavior in the inter-
layer adhesion regions produced parallel to the x-plane
is higher than the layer structure (Aliheidari et al. 2018).
The difference in ductile behavior caused the fractures
to occur in the fracture plane close to 45°. In 30° samples,
the fracture plane was perpendicular to the loading di-
rection (Fig. 7b). This fracture mechanism type shows
that the structure exhibits less ductile behavior. The fact
that it had the lowest strain rate (Table 1) was proof of
that. The fracture plane of the 45° samples was also par-
allel to the x plane, but the strain rate of the structure
was the highest compared to the other structures (Fig.
7¢c). As it is known, the maximum shear stress in struc-
tures occurs at 45° (Goh et al. 2021). Maximum shear
stresses occurring in tensile specimens with 45° build
orientation are in the same plane with the layer merges.
Farkas et al. (2023) noted in their experimental study
that the fracture plane was "V" shaped. They stated the
reason for this is the eccentric tensile load according to
the layer combinations. It is also encountered in these
samples that the plastic behavior between the layers is
more than the layer. This is proof that it has the highest
ductility despite the lowest ultimate strength. A fully
ductile fracture type was observed as the fracture mech-
anism in the 90° specimens (Fig. 6d). However, the data
in Table 1 indicate that the ductile behavior of the struc-
ture is lower compared to the 0° and 45° samples. The
main reason for the occurrence of this type of fracture is
the ductile behavior difference between the layer inte-
rior structure and the interlayer points (Aliheidari et al.

2018). Layers that are less ductile have higher tensile
strength but lower deformation. The tensile strength of
the layer junction planes after a layer has broken is low,
but the ductility is partially higher.

It was evident from the experimental results that the
build orientation affected the mechanical properties of
the tensile specimens. The same situation is observed in
samples produced with different additive manufacturing
technologies (Wang et al. 2021; Patadiya et al. 2018). In
various studies, it has been experimentally stated that
production accuracy, surface roughness and especially
mechanical properties vary depending on the angle of
the layers with the production platform (Naik and Kiran
2018; Coppola et al. 2022). This will assist in evaluating
the mechanical properties of porous structures popular
with additive manufacturing technology (Giinther et al.
2022), considering especially its lightness superiority
(Ghahramanzadeh Asl and Karaman 2024). Complex ge-
ometry surfaces of porous structures have different an-
gles with respect to the production plane. Different ef-
fects can be observed on the surfaces as a result of me-
chanical loading in the porous structures produced. This
situation may be related to build orientation and this ef-
fect is proven once again by this study.

4., Conclusions

In this study, the effects of build orientation on the
mechanical performance of structures in additive manu-
facturing technologies were investigated. Tensile speci-
mens with 0°, 30°, 45°, and 90° build orientations were
produced with SLA. Stress-strain curves of the samples
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were obtained by tensile tests performed with a constant
strain rate. In terms of ultimate strength, 90° samples
had the highest ultimate strength, while 45° samples had
the lowest ultimate strength. 30° samples had higher ul-
timate strength than 0° and 45° samples. However, rup-
ture occurred at the lowest strain rate of the four sam-
ples. It has been proved by the experimental results that
the build orientation is directly effective in structural
mechanics.
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