
1. INTRODUCTION
Additive manufacturing (AM) creates 3D parts by adding 
layer-upon-layer of material for a wide variety of industrial 
and other applications. Contrary to the traditional produc-
tion technique in which the material is removed until the de-
sired part is obtained, AM is used in variety applications in 
defense, aircraft, medical, automobile industries etc. There 
are many different AM techniques, including Stereolithog-
raphy (SLA), Selective Laser Sintering (SLS) or Laminated 
Object Manufacturing (LOM), etc. Among these AM tech-
niques, Fused Deposition Modeling (FDM) stands out and 
is frequently used around the world [1-3]. A wide variety 
of materials are available in the FDM technique which has 
low maintenance cost, low fabrication cost even for complex 
parts and is environmentally friendly [4]. G-codes files are 
generated directly from CAD files, usually in STL format. 
In this technique, parts are produced by adding layer upon 
layer of material until the shape of the part is formed. Fila-
ment is heated to a semi-liquid state and G-code controls 
the movement of the nozzle as shown in Figure 1 [5,6].

Many process parameters in FDM have great influence on 
the component properties and production efficiencies. Lay-
er thickness, raster angle, build orientation, infill density, 
printing speed, infill pattern, raster width, etc. can be listed 

as some of the important process parameters. Researchers 
are still working hard to obtain the best parameter settings. 
Therefore, in order to improve the mechanical properties 
of the printed parts by setting optimal process parameters, 
the FDM process needs to be studied more intensively [1,6]. 
Build orientation shows how the part is positioned relative 
to the three major axes of the 3D printer [6]. For instance, 
Feng et al. [7] fabricated PA12 (polyamide 12), and Corapi et 
al. [8] fabricated FDM 3D-printed PLA ((polylactide acid) 
parts in different directions. Moreover, Ashtankar et al. [9] 
showed the effect of build orientation of FDM 3D-printed 
ABS (Acrylonitrile Butadiene Styrene) parts and their result 
indicated that the compressive strength and tensile strength 
decreased when the orientation of the samples was aligned 
from 0° to 90°. Thrimurthulu et al. [10] studied optimum 
build orientation in FDM. Durgun and Ertan [11] demon-
strated that the samples built with 0° raster angle in the hori-
zontal direction had best mechanical properties and surface 
roughness with the optimal build time and cost. Thus, it has 
been observed that, the build orientation for the parts pro-
duced using the FDM method has a great effect on the me-
chanical properties of the part [12]. Also, the printing angle 
affects the mechanical properties of the FDM 3D-printed 
parts because it affects the anisotropy [13].
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Aim of this study is to investigate the influence of build ori-
entation on the tensile properties and build time. The effects 
of flat and upright build orientations and flat printing angles 
on the tensile strength and build time of FDM parts were 
examined in this context. In this study, PLA (polylactide 
acid) was used due to its interesting properties in terms of 
non-toxicity, biodegradability and ease of processing. In or-
der to analyze the impacts of build orientation on the tensile 
behavior and build time of the material, three build orienta-
tions and three print angles were examined.

2. EXPERIMENTAL METHODS
Commercial Polylactic acid (PLA) filament with a 1.75 mm 
diameter was used on a 3D Printing machine, Creality ender 

3d pro (Figure 2). The nozzle diameter was 0.4 mm. The data 
of the specimens were all in STL format and then translated 
into G-code sliced with slic3r. Slic3r is an open source slicer 
software. In this study, specimens for each direction (flat, on 
edge, upright, and flat-0°,45°, 90° angle-, Figure 3) and have 
been printed for the tensile test. The process parameters not 
only affect the mechanical strength of the parts but also the 
build time.

The parts were fabricated under the American Society 

Figure 1. FDM process schematic [6]

Figure 3. Tensile specimen oriented in various build orientations (a) on edge, b) flat 0°, (c) upright, (d) flat 45°, (e) flat 90°

Figure 2. Ender 3 pro 3D printer
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for Testing and Materials (ASTM) standard D638 type IV 
shown in the Figure 4. The dog bone type parts were built 
according to the process parameters given in Table 1.

Table 1. Parameters of printer settings.

Items Value 

Nozzle diameter [mm] 0.4

Wall thickness [mm] 0.8

Layer height [mm] 0.2 

Wall line count 3

Infill Density [%] 30

Printing Temperature [C] 200

Build Plate Temperature [C] 60

Print Speed [mm/s] 60

The tensile tests are performed on universal testing ma-
chines  (Instron 8872) with a load cell of 25 kN at room tem-
perature (Figure 5). The test speed was 1 mm/min.

Figure 4. CAD model of the specimen, dimensions in mm

Figure 5. Tensile test setup

3.  RESULTS AND DISCUSSION
The tensile strength, filament spent and build time of the 
samples are listed in Table 2. The stress-strain curves of sam-
ples printed in different orientations are plotted in Figure 6. 
Build time was taken by the machine to fabricate the parts.

Table 2. The tensile strength, filament spent and build time of the 
samples

Build Time 
[min]

Filament Spent 
[mm]

Tensile Strength
[MPa]

(a) on edge 59 1846.5 48.18

(b) flat 0° 29 1231.4 55.49

(c) upright 231 2037.2 35.52

(d) flat 45° 29 1207.9 53.47

(e) flat 90° 29 1231.4 51.77

In terms of mechanical properties, it can be seen from Figure 
6 and Table 2 that the flat 0° orientation reaches maximum 
tensile strength (55.49 MPa), while the upright orientation 
reaches the minimum (35.52 MPa). Because the tensile 

strength of FDM 3D-printed PLA parts becomes optimal if 
the parts are fully oriented along the direction of loading 
stress [14]. As shown in Figure 7a, the parts that can transfer 
the stress at the highest level are the parts oriented along the 
loading stress direction. And, as shown in Figure 7b, frac-
ture mode of the upright build orientation differs from the 
flat build orientation. There are two types of fracture modes 
which are the interlayer fracture and the intra-layer fracture 
and the fracture mode affects the mechanical strength of the 
FDM 3D-printed PLA parts. The interlayer fracture strength 
mainly depends on the interlayer bonding strength, and the 
intra-layer fracture mainly depends on the strength of the 
extruded material [13]. Obviously, the loading direction of 
the upright build oriented part is totally perpendicular to 
the direction of the extruded lines, indicating that the bond 
between line and line is weak and that interlayer fracture 
occurs easily during the tensile test [8,14]. According to the 
tensile results listed in Table 2, samples printed in horizontal 
directions exhibited higher tensile strength, while samples 
printed in vertical (upright) direction exhibited 36% lower 
tensile strength. 

In terms of print angles, it was seen that the mechanical 
properties and build time of the flat 0°, flat 45°, flat 90° parts 
were not much different (Figure 6 and Table 2). The print 

Figure 6. The stress-strain curves of the samples at different building 
orientations

Figure 7. Tensile failure mechanism at (a) flat (horizontal), (b) upright 
(vertical) orientation
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angles can be seen in Figure 8. It has been observed that, 
the 0° angle had the maximum tensile strength, followed 
by the 45°, and 90° printing angles, respectively. The tensile 
strength for the 0°, 45°, and 90° printing angles were 55.49 
MPa, 53.47 MPa, and 51.77 MPa, respectively. The reason 
the 0° printing angle had the highest mechanical properties 
was that the orientation of the structure aligned with the 
direction of the loading force in a single slice of the original 
filament. Thus, the direction of the loading should be con-
sidered when designing and applying the FDM 3D-printed 
PLA parts [15].

Figure 8. Schematic representation of the printed direction in each slice

From the standpoint of build time, as the build orientation 
changed from flat to upright, the build time increased. At the 
upright build orientation, the required build time increased 
because the number of layers for this build orientation was 
much higher. Furthermore, it has been known that when the 
build time becomes longer and higher amount of material is 
used, energy usage increases and this leads to higher energy 
costs [16]. Thus, FDM 3D-printed PLA parts can be man-
ufactured with good mechanical properties with minimal 
build time at the flat build orientation.

4. CONCLUSIONS
FDM 3D-printed PLA parts were fabricated at different 
build orientations to examine the effects of build orientation 
on the tensile properties and build time of the material. In 
this regard, three build orientations and three print angles 
were examined. According to results, tensile strength de-
creased when the build orientation of the parts was aligned 
from flat to upright direction and 0° to 90° printing angle. 
For upright build orientation, 36% less tensile strength was 
obtained compared to the flat ones because of the fracture 
mode and the loading direction. It is thus revealed that the 
build orientation had a big impact on the mechanical prop-
erties and build time of the FDM 3D-printed PLA parts. 
The build orientation and the direction of the loading must 
be considered in terms of mechanical properties and man-

ufacturing cost, when designing and applying the FDM 
3D-printed PLA parts.
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