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Abstract — In the last few years, additive manufacturing methods have made remarkable advancements, and
with the emergence of next-generation additive manufacturing techniques, the variety of raw materials has
increased, and part design criteria have been improved. Particularly, the development of metal additive
methods has made revolutionary contributions to the manufacturing field and offered a new and unique
perspective on design. While traditional manufacturing methods require adherence to specific and
standardized design criteria, there are no rules or standards that must be followed in additive manufacturing,
except for a few criteria. This is one of the most significant features that distinguishes additive
manufacturing methods from traditional methods. The freedom of design provided by additive
manufacturing enables much more successful mass reduction in the parts produced using these methods.
Mass reduction is expected to be minimal in aerospace, automotive, medical, and dental applications. In
this study, first, a drone chassis was designed using NX software, and static analysis was performed in
Ansys program by defining specific boundary conditions for the designed drone chassis. Then, based on
the conducted static analysis, topology optimization was carried out in Ansys program to achieve mass
reduction. As a result of the topology optimization performed, it was observed that the obtained geometry
decreased from 5.8394 kg to 1.288 kg. After the topology optimization, the obtained geometry was
redesigned in the NX environment, and static analysis was applied to the redesigned geometry. Considering
the results of the applied static analysis, it was observed that the part can operate safely under working
conditions. It was determined that the mass was reduced by approximately 78% after topology optimization,
indicating that topology optimization was highly successful in the mass reduction process.
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I. INTRODUCTION reached unimaginable levels, and it is predicted that

) ] breathtaking advancements will take place in the
~ With the rapid development of technology and  coming years. When it comes to manufacturing
industry, it is known that the manufacturing methods, it is known that the earliest humans shaped
methods currently used are insufficient to meet the  stones and objects by chiseling them with sharp
needs and expectations of the industry. Throughout  stones, and later developed some hand tools with the
history, scientists have worked to meet the required  gjscovery of metals. Over time, various mechanical

features and qualities, to create accessible achine-like structures were created. Then, with the
technologies that are more comfortable, faster, more  gnset  of mechanization, manually controlled

economical, and encompass multiple features in @ machines were developed, followed by the
single structure. From the past 10 years to the geyvelopment of software, leading to the creation of
present, the progress made by technology has semj-automatic and fully automatic working
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machines. Although the level achieved by
computer-aided machines, called fully automatic, is
high, it is observed that using these machines to
process complex geometric structures takes a long
time or is not possible [1-5]. When considering the
long duration from the manufacturing of an
assembly group, which involves complex and
multiple parts, to its assembly, it is evident that
much more advanced and high-level manufacturing
methods are required. Layered manufacturing
methods are seen as highly important and
remarkable methods in meeting these high-level
expectations. Additive manufacturing method can
generally be defined as a method of material
production where materials are continuously fed
from a material feeding funnel and controlled
melting of the fed materials using thermal sources
such as laser, plasma, electron bombardment is
carried out on a substrate to accumulate the material.
It is observed that complex geometric structures that
would take a long time or be difficult to produce
using traditional methods can be produced in a
single step using layered manufacturing.
Additionally, while assembly structures with
multiple complex geometries require multiple
stages with traditional methods, assembly groups
can be produced in a single step using layered
manufacturing methods. This eliminates the
manufacturing time for parts that would take a long
time and the assembly time, resulting in time and
cost savings. In layered manufacturing methods,
powders or wires are commonly used as raw
materials. In both cases, the fed material is melted
using a power source, and the desired structure is
obtained by stacking the material in layers. Various
layered manufacturing methods exist, such as Vat
Photo Polymerization (VP), Powder Bed Fusion,
Extrusion-based systems, Material Jetting (MJ),
Binder Jetting (BJ), and Directed Energy Deposition
(DED) [4, 6, 7]. The selection of an appropriate
method should consider parameters such as part
geometry, desired characteristics,  working
conditions, part size, and production cost. One of the
greatest advantages provided by additive
manufacturing methods is the ability to offer
designers a free perspective in design, allowing
them to create designs as they wish. Unlike
traditional methods, additive manufacturing does
not require designs to adhere to standard structures
and dimensions, which enables a new and
innovative approach to design. It is known that the

most effective way to utilize the advantages of
additive manufacturing is through design. It is
known that parts produced using traditional
methods have higher mass compared to those
produced using additive manufacturing. The
capability of additive manufacturing to produce
complex geometries allows for significant benefits
in topology analysis. One of the main objectives of
topology analysis is to minimize the mass of a part
while meeting the specified boundary and load
conditions, thus enabling material savings.
Traditional and additive manufacturing also differ
in terms of design. To effectively design parts for
additive manufacturing, several parameters should
be considered, including part size, post-processing
operations after additive manufacturing, desired
surface quality, material working conditions, and
material strength. There are various CAD design
and analysis software programs used in additive
manufacturing, such as OptiStruct, Abaqus,
Solidworks, Ansys, Netfabb, Siemens NX, Fusion,
and others [8-12].

This study focuses on one of the additive
manufacturing methods, namely the Powder Bed
Fusion (PBF) method, discussing its advantages,
disadvantages, and detailed process parameters. A
drone chassis was designed to be synthesized using
the PBF method, and topology optimization was
performed for the designed chassis. Based on the
optimization results, the chassis was redesigned.
The redesigned chassis underwent static analysis,
and the results of the analysis were discussed.

A. Additive Manufacturing Method

The additive manufacturing method, considered
as a superior and next-generation manufacturing
method compared to traditional manufacturing
methods, is widely used and researched in various
industrial ~ sectors, academia,  biomaterials,
medicine, aerospace industry, automotive industry,
toy industry, electronics, and many other
engineering fields [10, 13-19]. Despite having
superior and intriguing features, it is necessary to
mention that there are certain aspects of additive
manufacturing technologies that need to be
improved. Some of these aspects include limited
material size that restricts the production of larger
components, material strength issues due to rapid
cooling process, high cost of raw materials, machine
setup, and initial investment. Its superior properties,
promising future, and areas for improvement have
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attracted researchers to focus on this field and
conduct studies. As a result of these studies, various
additive manufacturing technologies have been
developed, expanding the range of materials used in
the additive manufacturing process. Examples of
these  technologies include  Vat  Photo
Polymerization Process (VP), Powder Bed Fusion
Process, Extrusion-based systems, Material Jetting
(MJ), Binder Jetting (BJ), Directed Energy
Deposition (DED), and others [20]. There are
various process steps involved in additive
manufacturing. The production process of a part
using additive manufacturing consists of eight steps:
conceptualization and CAD design, STL/AMF
conversion, transferring the conversion file to the
machine, machine setup, building/material
deposition,  part removal,  post-processing
operations, and application [9], [21].

B. Powder Bed Fusion (PBF)

The Powder Bed Fusion (PBF) method is one of
the  first commercially available additive
manufacturing methods. The Selective Laser
Sintering (SLS) method, developed at the
University of Texas in the United States, is known
as the first commercialized PBF method. All other
PBF methods have been developed based on this
system with modifications. Through these
developments and improvements, the variety of
materials used in the method and productivity have
increased. In all PBF methods, one or more thermal
heat sources are used to melt the powders and create
layers. The most commonly used heat sources in the
PBF system are lasers. Machines that utilize lasers
in the PBF process are referred to as LS machines.
Polymer Laser Sintering (pLS) and Metal Laser
Sintering (mLS) are two different systems within
the PBF methods and have significant differences
from each other [5].
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Fig.1. Schematic representation of the PBF process [5]

The LS process was initially used for producing
three-dimensional geometric structures by melting
plastic materials. However, with advancements in
technology and scientific research, the LS process
started to be utilized for processing metals and even
ceramics. Figure 1 illustrates the schematic
representation of the PBF process. As shown in the
figure, PBF consists of an adjustable build platform,
powder feeding units, a powder spreading roller, a
powder bed, and a CO: laser. The particle size,
shape, and uniform spreading of the powders are
crucial in this process. The spread powders are
selectively melted either completely or partially by
laser beams that scan the desired geometry. After
the melting process, a new layer of powder is spread
and melted to continue the process until the final
geometry is completed. One of the significant
advantages of the PBF process is that it does not
require any support structures, eliminating the need
for post-processing support removal. Even if a part
requires support, these support structures are
incorporated into the part design itself, serving as
structures that enhance the part's strength and
necessary mechanical properties [5], [22], [23].

In the PBF process, several parameters need to be
considered, which can be categorized into four
categories: (1) laser-related parameters (laser
power, spot size, pulse duration, pulse frequency),
(2) scanning-related parameters (scanning speed,
scanning environment, scanning pattern), (3)
powder-related parameters (particle size, shape,
distribution, layer thickness), and (4) temperature-
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related parameters (powder
temperature distribution,
temperature).

Most of these parameters are interrelated, and
selecting the appropriate parameters allows for easy
synthesis of three-dimensional materials with the
desired  properties. The advantages and
disadvantages of the PBF process are listed below

bed temperature,
powder  feeder

Advantages:

*  Wide variety of materials can be used in the
process

«  Ability to produce high-strength parts

*  No need for support structures

«  High accuracy and good surface quality in
part production

« PBF is one of the most popular additive
manufacturing methods and is expected to continue
its popularity in the future.

Disadvantages:

»  Longer processing time compared to other
methods

«  Residual powder particles may remain in the
material.

Il. MATERIALS AND METHOD

Design of the drone chassis was designed using
Siemens NX software with dimensions of
300x300x25 mm. Similar to the aerospace industry,
lightweight and durable materials are preferred for
drone components. This not only enables energy
efficiency but also allows the drone to achieve
higher speeds and perform agile maneuvers easily
and smoothly. Considering these factors, Aluminum
(Al) was selected as the material for the drone. The
geometry of the design created in NX is shown in
Figure 2. The designed geometry was saved as a
STEP file and prepared for topology optimization in
the Ansys program.

@0

&

300

300

Fig.2 Drone chassis with dimensions of 300x300x25 mm
designed in the NX program

A. Static Analysis and Topology Optimization

The 3D geometry modelled in NX was transferred
to the Ansys program in STEP format for topology
optimization. The transferred geometry was first
subjected to static analysis under specified
boundary conditions. Subsequently, based on the
results of the static analysis, a topology analysis was
performed. In the Ansys environment, Al alloy
(5052 Hx9) was selected as the material for the
chassis, and static and topology analyses were
conducted under specific boundary conditions.
Figure 3 shows the steps of the solved static and
topology analyses in the Ansys project environment.

v A v B

N7 socnors NS <vcors pmsion

2 & EngineeringData v/ 2 & Engineering Data Vi a
3 Q Geometry Vv a3 @ Geometry v 4
4 @ Model v ,——84 @ Model v
5 | @ setup v 2 5 @ setp v 4
6 Nj Solution v 4 6 Uj Solution v 4
7 @ Results v 5 7 @ Resuts v 4

Static Structural Structural Optimization

Fig.3 Static analysis and topology analysis steps
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Fig. 4 The process of assigning Al alloy (5052 Hx9 ) in
Ansys program

Figure 4 shows the assignment of Al alloy (5052
Hx9) to the drone chassis. Figure 5 illustrates the
meshing process applied to the chassis. In the
meshing process, an element size of 5 mm was
selected and applied. As a result of the meshing
process, it was observed that the chassis had a total
of 82,312 nodes and 17,292 elements. Considering
the mesh density, it can be said that the 5 mm
element size is sufficient for static and topology
analysis. Although increasing the number of mesh
elements up to a certain value can lead to more
accurate and realistic analysis results, further
increasing this number does not make a significant
difference in terms of analysis outcomes. Selecting
an excessive number of mesh elements can increase
the analysis time and burden the computer.
Therefore, it is important to choose the appropriate
number and shape of mesh elements that are suitable
for the geometry under investigation.

joo

0,00 100,00 (mm)
[ Se—
50,00

Fig. 5. lllustration of the meshing process made in the Ansys
program

B. Boundary Conditions Applied

In order to achieve the desired outcome in
topology optimization, static analysis needs to be
conducted under certain boundary conditions. The
results of the static analysis are utilized by the
topology analysis to perform mass reduction. For
the static analysis, forces applied by the drone
propellers and the weight of the object itself are
taken into account. As shown in Figure 6, forces up
to 100 N are applied from four different surfaces in
the +Z direction.

.

0,00 200,00 (mm)
[ SS—
100,00

Fig. 6 Aplied forces

In Figure 7, it is seen that the chassis is fixed from
the circular surface in the middle. In order to
calculate the amount of deformation and stress
created by the applied force, the object must be
fixed.

0,00 100,00 (mm)
[ S—
50,00

Fig. 7 Fixing the chassis
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I1l. RESULTS

A. Static Analysis Results

The drone chassis without topology optimization
was subjected to static analysis and the results are
given in figure 8 and figure 9. When Figure 8 is
examined, it is seen that the maximum value of the
total deformation amount is as small as 0.0013314

mm.

0,00 200,00 (mm)
100,00

Fig.8 Total amount of deformation in the chassis

When examining Figure 9, it can be seen that the
maximum stress value (Von Mises) obtained is 0.39
MPa. Evaluating the total maximum deformation
and maximum stress values obtained, it is evident
that the current drone chassis can operate safely.

=

Fig. 9 The total amount of stress in the chassis

0,00 200,00 (mm)
)
100,00

B. Boundary conditions applied for Topology
Optimization

To achieve the desired results in topology analysis,
certain boundary conditions need to be applied.
When the objective of topology optimization is to
minimize mass, it raises the question of where the
mass should be reduced. Answering this question
involves expressing which areas should not have
mass reduction through boundary conditions. In
Figure 10, five cylindrical surfaces where mass
needs to be preserved are selected. It is stated that
these cylindrical surfaces will be preserved during
the mass reduction. In addition to the mentioned
boundary conditions, providing the required amount
of mass to be conserved as a condition also helps to
save time by reducing the analysis duration and the
number of iterations. Figure 11 illustrates the
magnitude of the mass to be preserved.

0,00 100,00 (mm)
[ SS—]
50,00

Fig. 10 Regions where topology optimization is excluded

0,00 100,00 (mm)
[ S
50,00
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Figure 11. Percentage of mass to be protected (20%)

If production is to be carried out using additive
manufacturing, designing the part to require
minimal support is crucial as it reduces post-
processing operations. In order to achieve additive
manufacturing without the need for support
structures, the part should be designed with a
minimum angle restriction of 45 degrees. Therefore,
it is important to set the minimum angle constraint
when determining the boundary conditions. This
way, during topology optimization, mass reduction
can be achieved by creating minimum 45-degree
angles. Figure 12 show overhang angle condition
(minimum 45 degrees) during the additive
manufacturing process.

0,00 100,00 (mm)
[ SS—

50,00

Fig. 12 Representation of the overhang angle condition
(minimum 45 degrees) during the mass accumulation process

in the +Z direction.

C. Topology Optimization Results

The topology optimization, conducted with the
applied boundary conditions mentioned above, was
successfully completed in 35 iterations, reaching the
target mass. When examining Table 1, it can be seen
that the mass reduced from 5.8394 kg to 1.288 kg,
resulting in an approximate decrease of 22.057%
compared to the initial mass. The obtained results
demonstrate that significant mass reduction can be
achieved through topology optimization, resulting
in approximately 80% material savings.

Table 1. Comparison of the mass value obtained through
topology optimization with the initial mass.

Original mass 5,839%4 kg
Final mass 1,288 kg
Percent mass 22,057
of original
Information
Iteration 35
number

The geometry obtained from the topology
optimization is shown in Figure 13 and Figure 14.

o=

Fig. 13 Isometric view of the geometry obtained as a result of
topology optimization

0,00 100,00 (mm)
| S—
50,00

0,00 100,00 (mm)
[ S

Y
L3
50,00 I

Fig.14. Top view of the geometry obtained as a result of
topology optimization

D. Redesigning the geometry according to the
topology result

The drone chassis illustrated at figure 15 was
redesigned in the NX environment, taking into
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account the proposed geometry after the topology.
It is necessary to test whether the designed new
chassis will perform its duty safely under operating
conditions. For this purpose, the static analysis of
the newly designed geometry should be done by
adopting all the static analysis boundary conditions
applied to the initial geometry.

210

Fig. 15 Top and trimetric view of the redesigned chassis
considering the topology result.

E. Static analysis of the newly designed chassis

The newly designed chassis was imported into the
Ansys environment in STEP format, and a new
static analysis was conducted by adopting all the
selected boundary conditions for the initial chassis.
The distribution of deformation values obtained
from the static analysis is shown in Figure 16, and
the distribution of stress values is shown in Figure
17. When examining Figure 16, it can be observed
that the maximum displacement value is very small,
measuring 0.0045422 mm. In Figure 17, the
maximum stress value obtained from the static
analysis is observed to be 1.2827 MPa.

0,00 100,00 (mm) L/
[ —
50,00 -

Fig.16 Total deformation graph of the designed new chassis
(mm)

0,00 100,00 (mm)
[ Se—|

50,00 e A

Figure 17. Tension graph (MPa) of the designed new chassis

F. Calculation of the Production Time for the
Final Geometry Using the PBF Method in the
Netfabb Program

The producibility and production time of the
obtained final geometry using the PBF method were
calculated using the Netfabb program. MetalFAB's
PBF device was selected for manufacturing the part,
and the part was positioned in the device to require
minimal support. When examining Figure 18, it can
be seen that the total geometry volume is 465.46
cm3, and the total support volume is 15.34 cm3. It
is evident that the volume requiring support is
relatively small within the total volume. The
distance between the build plate and the part is 3
mm, and the thickness of the build plate is 28 mm.
The gap left between the part and the build plate is
to facilitate easy removal of the part after
manufacturing and to prevent damage to the part and
the build plate. The production time calculated by
the Netfabb program for the final part is
approximately 42 hours.

Build height: 28.00 mm

;‘nch'ne configuration -
Configuration: Process parameter template

.Dﬁtaneebetweenpartafldphﬂw

| (8 Buidplate thickness
|
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Fig.18 Demonstration of the production time of the final
geometry with the PBF method and the placement of the
geometry on the device.

IV. DISCUSSION

A. Static Analysis Results

When examining Figure 9, it can be seen that the
maximum stress value (Von Mises) obtained is 0.39
MPa. Evaluating the total maximum deformation
and maximum stress values obtained, it is evident
that the current drone chassis can operate safely.

B. Topology Optimization

The geometry obtained from the topology
optimization is shown in Figure 13 and Figure 14.
When examining the figures, it can be observed that
the mass has significantly and symmetrically
reduced. In addition to the defined boundary
conditions, the program takes into account the
distribution of deformation and stress values
obtained from the static analysis while reducing the
mass. It focuses on reducing the mass from regions
where these values are low. As a result, it is evident
that the program has reduced the mass in a way that
allows the part to operate safely under working
conditions.

C. Static analysis of the newly designed chassis

The distribution of deformation values obtained
from the static analysis is shown in Figure 16, and
the distribution of stress values is shown in Figure
17. When examining Figure 16, it can be observed
that the maximum displacement value is very small,
measuring 0.0045422 mm. In Figure 17, the

maximum stress value obtained from the static
analysis is observed to be 1.2827 MPa. Considering
that the yield strength of the Al alloy (5052 Hx9) is
280 MPa, it can be seen that the stress experienced
by the part is significantly low. Evaluating the yield
strength of Al alloy (5052 Hx9), deformation
values, and stress values, it can be concluded that
the part can operate safely.

D. Production Time for the Final Geometry Using
Netfabb Program

The production time calculated by the Netfabb
program for the final part is approximately 42 hours.
Although this time may seem long, it should be
noted that traditional manufacturing methods for
this part would involve material waste and multiple
assembly and disassembly operations. In the PBF
method, material waste is minimal, and there are no
assembly or tool change operations, which are
among the advantages of this method.

V. CONCLUSION

Additive  manufacturing methods  have
revolutionized the production of complex and
lightweight parts using metal materials, making
them widely used in industries such as aerospace,
automotive, medical, and dentistry. The ability of
these methods to process metal materials and
produce intricate and lightweight geometries has
introduced a new approach to design. Designers are
now granted more freedom in their designs, as they
are no longer bound by the constraints and criteria
of traditional manufacturing methods. This has
opened up possibilities for the creation of more
complex and lightweight structures. In this study, a
drone chassis was designed for production using
layered manufacturing. Topology optimization was
applied to the designed chassis, resulting in a
redesigned geometry. The redesigned part
underwent static analysis to test its performance
under operating conditions. The following are the
results obtained:

. The initial designed drone chassis was
subjected to a 100 N force applied to the hole
surfaces at its four corners, while being fixed at the
center hole. Static analysis results showed that the
maximum stress (Von Mises) was 0.39 MPa, and the
maximum  displacement was 0.0013 mm.
Considering that the yield strength of the Al alloy
(5052 Hx9 ) is 280 MP4, it can be concluded that the
part can operate safely.
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. Through topology optimization driven by
static analysis, the mass was reduced by
approximately 78%, reaching a final value of 1.288
kg. The significance of topology optimization
becomes evident when considering the achieved
mass reduction.

. The geometry obtained from topology
optimization was further redesigned, and a new
static analysis was performed while maintaining the
same boundary conditions as the previous analysis.
The results of the static analysis showed a maximum
stress (Von Mises) value of 1.28 MPa and a
maximum displacement of 0.0045 mm. Considering
these results together with the yield strength of the
Al material (280 MPa), it can be concluded that the
drone chassis can operate safely under the applied
boundary conditions.

. The production time for the final geometry
using the PBF method was calculated using the
Netfabb program and found to be approximately 42
hours. Considering the part thickness of 25 mm, this
calculated time is not excessive. Furthermore, it is
evident that if the part with dimensions of
300x300x25 mm were to be produced using
traditional methods, there would be significantly
more material waste.
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