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face some problems, including material demand and high manufacturing costs. The
following design utilizes generative design technology with Autodesk Fusion 360 2024
and FEM using software ANSYS 2023 R2 for presenting an optimized bracket design in
aluminium 6061, which has a good strength-to-weight ratio and is very common. The
research methodology was hence a combination of algorithmic design exploration with
structural analysis, in pursuit of optimum material distribution with required load-
carrying capacities maintained. Using generative design, a great number of iterations of
designs were tested against pre-defined performance parameters and constraints. FEM
validation was thereafter necessary to check for stress distribution, strain pattern, and
deformation character under different loading conditions. The optimized design
resulted in an 86.4% volume reduction from 89,317.58mm?to 12,172.8mm?, while mass
reductions ranged from 0.198 kg to 0.033 kg. The maximum equivalent Von-Mises
stress, when a minimum and maximum applied load of 5-30 kg, was 109.95 MPa, way
below the yield strength for aluminium 6061, at 276 MPa. The equivalent strain under
these increasing loads varied between 0.00029559 to 0.0017735 mm and shear strain
from 0.00039804 mm to 0.0023882 mm, which is relatively controlled deformation.
Buckling analysis has been done showing good stability with two major modes at 1.0844
mm and 1.0523 mm, while keeping the high load multiplier in first mode from 2085.1
at 5 kg to 347.52 at 30 kg and 3332.3 at 5 kg to 555.38 at 30 kg in second mode. The
safety factor of the design was between 13.385 and 2.2308 within the test load confines
and thus is reliable for industrial use. These results confirm that generative design

Keywords: optimization can achieve significant material savings with absolutely no compromise on
Generative design; finite element the structural integrity of the industrial conveyor system. That is a good representation
method; belt conveyor; Al 6061; of the feasibility of sustainable design for industrial applications without compromising
structural optimization; ANSYS performance and safety.
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1. Introduction

Businesses nowadays must compete on several factors, including product quality, production
cost, and efficiency [1]. It is quite unpleasant for the organization's complex and unique equipment
systems to experience issues or malfunctions, mostly because of the possible financial losses that
could result, as well as worries about employee safety and environmental effects [2]. The demand
for mineral raw resources has increased globally because of the growth of the global economy [3].
The need to increase supply can sometimes have negative socio-environmental effects and increase
the number of accidents in the sector [4]. It is now essential for all businesses to compete with other
market players in the modern business environment, concentrating on elements like manufacturing
costs, product quality, and operational efficiency [5]. It is quite undesired for the company's complex
and unique machinery systems to malfunction because this can lead to monetary losses, endanger
worker safety, and raise environmental issues [6,7]. Although overall accident rates have been
gradually declining, the extraction of basic raw materials continues to be one of the industrial
activities linked to the highest rates of accidents and diseases worldwide [8], even with technological
developments. The development of modern industry is characterized by exponential expansion in
production, which calls for the methodical improvement of organizational and mechanized
components of production processes [9]. This idea also applies to the development of in-plant
systems, transportation techniques, and organizational structure. These elements are essential to
ensuring that raw materials, semi-finished goods, and final goods continue to flow uninterruptedly
throughout all production, control, and storage facilities [10]. They are also essential in making sure
that the auxiliary material production process runs well. Palletization and concrete procedures are
used in the first step, when mobility is facilitated using mechanical equipment operated under an
operator's supervision [11]. Materials that are continually transported without the operator's
assistance are referred to as the latter. Among the many techniques used in continuous
transportation is the use of conveyors.

Belt conveyors are becoming more intelligent, long-distance, and energy-efficient as technical
specifications and technology advance [12-17]. Raw materials in the conveyor belt must be
thoroughly understood and properly controlled to stop them from sliding off. Belt conveyors can
move a lot of raw materials across great distances with little energy usage, especially when it comes
to efficiency. Raw materials used in industrial settings must be delivered to their destination without
slipping off the conveyor belt. In addition to decreasing transportation efficiency, the risks and costs
of recovering and collecting raw materials that fall off the conveyor belt are increased. To prevent
them from sliding off, raw materials in the conveyor belt need to be fully understood and managed.
However, because raw material physical properties and operating conditions greatly influence how
raw materials behave in belt conveyors and other powder/particle operations, the conveying
operation has not yet been thoroughly described [18-20].

Developing design methods that cut down on time, increase efficiency, and improve cost-
effectiveness and sustainability in the built environment is a critical task for the structural engineering
and building design industries. One example of this is the conveyor belt. Given how crucial it is to
streamline design processes, cut costs and time, and boost productivity, research and development
centered on integrating automation to speed up the design process is desperately needed [21].
Generative design (GD) is currently a major component of automated building design techniques.
These techniques provide the capacity to build structures that are optimal and make use of materials
exactly where they are required. Therefore, finding and improving appropriate GD techniques is
essential to increasing their effectiveness in a range of computing applications. By adjusting material
distribution and evaluating achievable outcomes, GD facilitates the exploration of design possibilities
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[22-26]. Due to the rapid development of additive manufacturing technologies, GD is now widely
used in the sector. Artificial intelligence-powered software creates various product designs and
geometric structures according to load and boundary conditions. Significant advantages are offered
by this component in terms of weight loss and production cost efficiency [27,28].

One of the main areas of study for finite element methods (FEM) is high-performance finite
element analysis (FEA) [29]. Non-conforming elements and extended finite element methods are two
examples of the components that numerous academics have suggested to get around the drawbacks
and restrictions of traditional FEM [30]. Study by Wang et al., [31] integrated approach that uses FEM
to optimize joint structures in treelike column systems by fusing additive manufacturing and
generative design. The focus is on designing a three-branch joint that enhances structural integrity
while minimizing weight. The generatively designed joints exhibited superior static behavior and
more uniform stress distribution compared to traditional joints, such as topologically optimized joints
and bionic designs. The study concludes that integrating generative design with additive
manufacturing not only enhances production accuracy but also addresses challenges associated with
traditional casting methods, thus offering a promising approach for future joint designs in
engineering applications. Lin et al., [32] introduces a novel approach to improving the design of large-
diameter tunnels constructed beneath existing ones, focusing on addressing the inherent
uncertainties in geotechnical conditions. To address these challenges, they suggest an ensemble
generative design system based on fuzzy robust multi-objective optimization (FRMOO).

Ming-Yuan Zhang et al., [33] focuses on the structural analysis and optimization of a triangle
bracket used in belt conveyors using FEM to assess the stress, strain, and displacement of the bracket
under operational loads. The study focuses solely on one type of triangle bracket without considering
variations in design or materials that may be used in different industrial applications. Leopold
Hrabovsky et al., [34] investigates the effectiveness of a modified design of impact rollers used in
conveyor systems to reduce vibrations caused by the impact of falling material. The experiments are
conducted in a controlled laboratory setting, which may not fully replicate real-world operational
conditions such as varying load sizes, speeds, or environmental factors. The research focuses solely
on one type of impact roller design; further studies could explore various configurations and
materials to establish more generalized conclusions applicable across different conveyor systems. In
another research, Leopold Hrabovsky et al., [41] investigates the impact of using plastic brackets in
conveyor roller designs to mitigate vibrations transmitted to the conveyor structure. The research
does not explore other materials or bracket designs that might offer further improvements or
benefits, limiting the scope of potential solutions for vibration reduction. Not many industries have
implemented generative design to provide efficiency in its use, including brackets on conveyor belts.

The present research proposes new belt conveyor bracket designs using generative design
algorithms and suggests a number of quite different variants. For that purpose, aluminum 6061 was
selected due to its good balance of strength and light-weight characteristics. It also involves the
extended use of FEM in ANSYS 2023 R2 for simulate load in designed, whereby the structural
integrity, distribution of stresses, deformations, and performance at load for each model are
scrutinized in detail under varying operational conditions. Aim of the current research will be to
establish whether generative design can offer structural optimization for conveyors that are resilient
yet highly efficient in their material use, lighter, and of less mass-and therefore with less energy
consumption-without sacrificing strength or durability. The current study, therefore, seeks to
establish, through a systematic analysis of FEM results, the potential of generative design to realize
weight reductions that could enhance the energy efficiency, cost-effectiveness, and sustainability of
belt conveyor systems applicable in industries.
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2. Methodology
2.1 Required Software for Generative Design

The domains of engineering, architecture, and construction have all received help from the use
of generative Al, because of the strength and relative maturity of the underlying algorithms. The
Autodesk Fusion 360 2024 Generative Design Extension program, which offers the following features
to increase design efficiency and reduce unscary of weight, was used to create this article.

2.2 Input of Model Geometry and Material

The experiment's design (DOE) can be used to statistically write down the link between input
parameters and output responses, it is possible to optimize process parameters in design [35]. Figure
1 shows the placement of bracket conveyor belt as holder between conveyor and the table, design
of bracket should be able to resist any force from conveyor and the load itself. This figure also shows
design space for computation generative design. Table 1 lllustrated the on-detail dimension of initial
design or space to optimize with generative design.

(a) (b)
Fig. 1. Geometry (a) placement of bracket on conveyor belt and design space for computation,
and (b) detail dimension of initial design for optimising

Table 1

Dimension of initial parameter design
Parameters Value Units

A 65 mm

B 60 mm

C 49,5 mm

D 10 mm

E 4,5 °

F 7,5 mm

G 5 mm

In engineering, the geometric design parameters significantly affect the performance and
durability of components, especially about fatigue failure and material stresses [36]. In additive
manufacturing (AM), the interaction between design geometry and manufacturing limitations is also
crucial. Different tools, such as CAD software and manufacturability assessment tools, help engineers
navigate these interactions by visualizing and refining geometry to minimize potential weaknesses
[37]. The automotive, aerospace, and other sectors make extensive use of wrought aluminum Al 6061
because of its favorable qualities, which include high strength, superior corrosion resistance, and
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exceptional weldability [38]. Al 6061 is the material employed in this study, then Table 2 displays the
material's mechanical properties.

Table 2

Mechanical properties of material Al 6061
Property Value Units
Density 2,700 kg/m?3
Ultimate Tensile Strength 310 MPa
Tensile Yield Strength 276 MPa
Elongation at Break 17 %
Modulus of Elasticity 68,900 MPa
Poisson's Ratio 0.33

Shear Modulus 26,000 MPa
Shear Strength 207 MPa

2.3 Generative design process

The structure of the material reduces to a collection of topological properties that can be
effectively refined by machine learning techniques. In the third category, high-dimensional
topological design is the main focus. This entails segmenting the topology into pixels (or voxels) and
generating pixelized topological matrices using generative models like generative adversarial
networks and variational auto encoders in order to shape design [39]. For multi-scale design,
developments in generative models have made it possible to accurately translate elastic
characteristics to intricate structures like triply periodic smallest surfaces [40]. The first step in
generative design is setting up parameters including obstacle geometry, keep geometry, and initial
form. This is considerably basic in describing the design algorithm for creating the best solutions
within set boundaries. This happens when limitations are set to guide the algorithm on a path to
generate ideal solutions as shown in Figure 2 and Table 3.

Starting Shape

. Preserve Geometry

. Obstacle Geometry

Fig. 2. Preserve and obstacle geometry area
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Table 3

Parameters set for computation
Parameters Selected Value
Manufacturing method additive
Orientation z

Material Al 6061

Calculative operations can be run using the set parameters in generative design algorithms,
optimizing the design itself to meet the expectations. Going through numerous design configurations,
the process of optimization includes iterative refinement in search of the greatest trade-off between
functionality and efficiency as shown in Figure 3.

first Iteration Iteration 10 Iteration 20 Iteration 33 (Final)

Fig. 3. Steps of computational iteration generative design

Figure 3 shows the process of generative design for a mechanical part. Algorithms run iteratively
on computers to produce improved designs by minimizing material and maximizing strength as data
highlighted in Table 4. The simple initial designs evolve into complex, efficient structures under the
adaptation to the given loads and constraints.

Table 4

Iteration result

Iteration Orientation ~ Volume (mm?) Mass (Kg)
First Iteration 7+ 89,317.58 0.198
Iteration 10 7+ 20,951.91 0.057
Iteration 20 7+ 12,439.07 0.034
Iteration 33 (Final) 7+ 12,172.8 0.033

After design computation, there must be a post-processing stage that refines the output to
ensure integration into the current existing design. This includes adaptation to improve compatibility,
and ensuring the generative results meet pre-set design parameters and functional requirements as
revealed at Figure 4.
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(a) (b)
Fig. 4. Post process feature for alignment assembly (a) feature add, (b) placement on
conveyor belt

More than this implementation on the bracket conveyor belt, the generative design will bring
many breakthroughs to sectors, starting with strong and lightweight parts in aerospace, innovative
structurally sound designs in architecture, and personalized implants and prosthetics in healthcare-
such application aspects prove that generative design is driving innovation and sustainability for
diversified industries.

2.5 Comparation Geometry

Comparative analysis should be performed for completeness towards the evaluation of the
efficiency of generative design in this study. The comparison will involve previous studies, especially
those related to the reference model of a "plastic bracket" as displayed in Figure 5. This figure shows
an isometric view and detailed dimensions of reference design geometry [41]. Table 5 shows the
dimension of reference and comparison design.

o
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(a) (b) (c)
Fig. 5 Geometry (a) isometric front view design, and (b) isometric back view design, and (c)
detail dimension of design

Table 5

Dimension of reference and comparison design
Parameters Value Units
A 98 mm
B 20 mm
C 10 mm
D 70 mm
E 40 mm
F 15 mm
G 50 mm
H 60 mm
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The baseline for such comparison's main metrics such as material, volume, cost, and weight as
presented in Table 6. Different input geometry has come out showing enormous advantages of
generative design. The result is a design that is often not only more cost-effective as get data from
The JLC 3dp and JLC CNC who's manufacturing process vendor, due to better material use but is much
lighter as well, hence guaranteeing better performance and even sustainability. This goes to show
how it can disrupt older conventional methodologies of design while remaining responsive to both
fiscal and considerations concurrently.

Table 6
Comparison main metrics of brackets

Manufacturing

2 )
Input Geometry Volume (mm?) Material  Mass (Kg) method Cost (§) Ref
Before Generative -
. 89,317.58 Al6061 0.198 CNC Milling 47.05
Design
After Generative 12,172.8 Al6061  0.033 Additive (SLM) 183
Design
Conventional 92,033.93 Plastic  0.65 CNC Milling 3237 [41]

Bracket design

In a previous study using a three-axis machining center (XH714D), the machine tool's energy
consumption was 758,211 J (approximately 0.211 kWh) for a specific process and data includes the
tool's operational energy but excludes additional exergy losses such as those from coolant dissipation
or compressed air [42]. On an SLM 280HL facility by SLM Solutions (Libeck, Germany) ahigh-power
laser-based additive manufacturing system built for accuracy and energy efficiency is usually the SLM
machine utilized for trials, devices frequently make use of fiber lasers with 400 watts of power and
process consumes approximately 0.2 kWh and the process variables including scan speed, hatch
spacing, and material type affect the precise laser power [43].

Table 7
Production energy consumption
Manufacturing

Value Units  Ref.

method
CNC Milling 0.211 Kw/h  [42]
Additive (SLM) 0.2 Kw/h  [43]

For find out the time of manufacturing methode with CNC milling Mastercam Learning Edition
use for simulating the machining process, and for the Additive (Selective Leser Melting) RepliSLS3D
Demo use for slicing design for manufacture SLM Methode as give data Table 8.

Table 8
Production time

Manufacturing

Input Geometry method Value Units
Befgre Generative CNC Milling 33 h
Design
After Generative )\ ivive (sLM) 2.1 h
Design
Conventional -

CNC Milling 2.7 h

Bracket design
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2.6 Governing Equation

Equations are essential in engineering for modeling, analysis, and perfecting designs. They offer
guantitative insights into structural integrity and material properties under different conditions.
Differential equations, in particular, are widely used for modeling systems and structural responses
to external forces. By applying these equations, engineers can predict and enhance system stability
and performance. Such mathematical modeling is foundational across engineering disciplines,
enabling safe, efficient designs [44]. In material mechanics, it is termed strain, which involves the
change or distortion of the materials' shape due to applied forces acting upon them. The percentage
of deformation that the material underwent from its initial dimensions is displayed by comparing the
measurement to the ratio of the material's length change to its initial length. The relationship
between Cauchy stresses and strains for elastic behavior, as defined by Eq. (1) [45], is defined as
follows where the Cauchy stress tensor 0 = [0,1, 0,2, 033, 012, 0,3, 031], and elastic strain tensor €€ =
(€71, €52, €53, €12, €53, €51] adhere to the Voigt notation, and C is the elastic stiffness matrix, which is
dependent on the local relative density p for cellular materials with density changes.

e

oc=¢ (1)

The shear stress taking into consideration the accordion effect may be simply calculated using Eq.
(2) by adding three angular displacement functions. The t,, shear stress, as decided by the stress-
strain relationship [46]. The deflection angle of the centroid line of the top and bottom flanges is
indicated by the angle produced between the line segment and the z-axis, f(x), w’(x), and 0(x). These
changes between different composite boxes are denoted by a(x), where G,, is the effective shear
modulus.

7,=G, (w-Aa+B)=G,(w'(x)-0(x)) (2)

For in-service applications, the quantity of applied loads and the stress levels that go along with
them will always be unpredictable; load estimations are often simply approximations. Additionally,
almost all engineering materials show diversity in their measured mechanical characteristics, as
mentioned in the preceding section. As a result, design modifications are necessary to guard against
unforeseen failure. An alternative to design stress is safe stress, often known as working stress a,,,.
Based on the material's yield strength, this safe stress is calculated by dividing the yield strength by
a safety factor N, Displayed in Eq. (3) [47].

o,=— (3)

The Euler buckling equation is often used in engineering applications to calculate the critical
buckling load of a beam. The impact of the limitations at both ends of the compressed beam on the
critical buckling load is measured by the coefficient of effective length, or k [49]. Eq. (4) is the
equation for Euler buckling, where L is the unsupported length, / was the column's cross-sectional
moment of inertia, and E is the material's Young's modulus [49].

4r*El
F;mckling = W (4)
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Equivalent stress by Von-Mises in solid mechanics is one important concept deduced from a
maximum distortion energy theory, also called the fourth strength theory. This theory is used to
predict the yielding of material under complicated loadings, considering the combined stresses in
three-dimensional space. It is based explicitly on the assumption that yield initiation occurs at an
energy of distortion per unit volume in a material equal to that reached in a uniaxial tensile test. This
is expressed as Eq. (5) [50]. Where a4, 0,, and g3 represent the stresses acting on the x, y, and z planes
of a geometry, measured in MPa.

G:J[(q_az)+(02_03)+(0—3_q)] )

2

Eq. (6), which was linked to the Von-Mises equivalent strain equations and the Chakrabarty
membrane stretching model, demonstrated the relationship between equivalent strain and thickness
change [50].

2

5 T
geqz\/ggij‘g[j :\/3(8;+€;+€?)=|€T|=1I1T(05) (6)

The center deflection is denoted by ¢, the circumferential strain is denoted by &g, the meridional
strain by &,, the radial strain by &7, the equivalent strain by &, the deviatoric strain tensor by ¢;;,
the first specimen thickness by T, the specimen thickness when the deflection is 6, and the center
deflection by 6 [51,52].

oz, tz, _h_u
hth h (7)

The distances between the section centroid, the top surface of the top flange, and the top surface
of the bottom flange are denoted by hg and h, respectively in Eqg. (7), which defines a load
multiplexer. The distances between the top and bottom flange centers and the section centroid,
which represent the net distance between the top and bottom flanges, are denoted by the letters z;
and z, respectively [49].

EIZ(B+B;)tI (8)

Power calculations also need to account for the efficiency of the machinery. This may be further
calculated as a linear function of laser output power consumption E; Eq. (8), energy consumed during
the laser exposure process is calculated where P, the laser's power consumption is. The laser
exposure time is denoted by ¢t; [43].

2.7 Load Variation Testing
The finite element method (FEM) incorporates the suggested contact concept. Only contact
between two bodies—one malleable and the other stiff and solid—will be considered for the first

phase. Since the contact's structural behavior is solved using FEM, a geometrical discretization using
finite elements (FE) must be performed. The structure under discussion is spatially decomposed into
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nodal points and finite elements as part of this discretization [48]. Only when the change in load is
considered in FEM analysis will the changing rule of elastic modulus and supporting deviation concur
with actual conditions. Different load intensities and distributions, for example-a point load versus a
surface load-can be simulated by FEM on the variation in elastic modulus and support behavior [46].
In this study, FEM loading simulations will be varied in such a way, as shown in Table 9, with different
mass values in order to know the strength of the design itself.

Table 9

Value load variation for FEM
analysis

Variation Mass (Kg)
1 5

2 7.5

3 10

4 12.5

5 15

6 17.5

7 20

8 22.5

9 25

10 27.5

11 30

2.8 FEM Modelling Procedure

This study's modelling uses ANSYS 2023 R2 with the combination of Static Structural and
Eigenvalue Buckling tools for the finite element analysis procedure present in Figure 6. By considering
the first state in Static Structural, the Eigenvalue Buckling analysis provides a more exact prediction
of the structure's buckling behavior. The combined approach offers a deeper understanding of the
structure's response under various loading conditions, including its potential for instability.

Defining Boundary Conditions
Input Al 6061 Material . . ) & y
Start Entering Geometry |—» Meshing —» - Fixed Support e
Data L .
- Force Variation Value and Axis

No l

Solutions Input
- Deformation

The Results Was Input Deformation Coupled System to The Results Was shear §tress
' . . . . <+— - Von Mises Stress
Defined as Solutions Input Eigenvalue Buckling Defined .
- Shear Strain

- Von Mises Strain
- Safety Factor

Post-Process Results

Fig. 6. Modelling procedure for finite element analysis on the research

The first step on this study is input the data material of Al 6061 as present Table 2 to the
computational system at Static Structural, then the geometry of generative design could be entered.
Next step, the geometry must be meshed before inputting the boundary conditions for the geometry.
The meshing size in this study is 1 mm which the result from this meshing size is 0.39069 of average
skewness quality, 54,081 nodes, and 30,123 elements as shown at Figure 7.
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000 25.00 50.00(mrm)
| I ]

12.50 37.50

Fig. 7. Generative design meshing

The boundary conditions of the generative design were decided by inputting the force axis shown
in Figure 8(a). This force axis is applied based on the direction of motion of the conveyor belt which
moves when carrying a load on it. The bolt holes, which hold the generative design in place so that it
can function properly when the conveyor belt is operating, were subjected to strain. As seen in Figure
8(b), fixed support is applied to the bolt holes that are fastened to the conveyor belt wall.

(a) (b)
Fig. 8. Boundary conditions of generative design (a) applied force axis,
and (b) applied fixed support

After the boundary conditions are defined in the generative design's geometry, the simulation in
ANSYS can be done by inputting the solution which will be displayed after the simulation is complete.
Total deformation, shear stress, equivalent (Von-Mises) stress, shear strain, equivalent (Von-Mises)
strain, and safety factor are the simulation's displayed data.

3. Results and Discussions
3.1 Total Deformation

Figure 9 shows the results of the deformation from the simulation of generative design cause
various of load. The value of deformation has increase cause of the higher load. The connector
between bolt holes has a greater deformation that present on Figure 9(k) cause of the force from the
load that applied on the generative design.
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(b)

(d)

(8) (h)

(k) (1)

Fig. 9. Total deformation of the generative design at various load (a) 5 kg; (b) 7.5 kg; (c) 10 kg;
(d) 12.5 kg; (e) 15 kg; (f) 17.5 kg; (g) 20 kg; (h) 22.5 kg; (i) 25 kg; (j) 27.5 kg; (k) 30 kg; and (I) the
greater deformation location on generative design

The generative design deformed at 0.0014518 mm at a load of 5 kg, 0.0021777 mm at a load of
7.5 kg, 0.0029036 mm at a load of 10 kg, 0.0036295 mm at a load of 12.5 kg, 0.0043554 mm at a load
of 15 kg, 0.0050814 mm at a load of 17.5 kg, 0.0058073 mm at a load of 20 kg, 0.0065332 mm at a
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load of 22.5 kg, 0.0072591 mm at a load of 25 kg, 0.007985 mm at a load of 27.5 kg, and 0.0087109
mm at a load of 30 kg.

3.2 Equivalent (Von-Mises) Strain and Shear Strain

Figure 10 and 11 show the equivalent (Von-Mises) strain and shear strain of the generative design
at various loads. However, the equivalent (Von-Mises) strain and shear strain values in the generative
design using Al 6061 material experience changes in length that are not too large due to the force
obtained under the load. The mechanical properties of the Al 6061 material are reliable in resisting
elongation when the material receives a large load. The equivalent (Von-Mises) strain that
experienced on the generative design has a value of 0.00029559 mm at a load of 5 kg, 0.00044338
mm at a load of 7.5 kg, 0.00059118 mm at a load of 10 kg, 0.00073897 mm at a load of 12.5 kg,
0.00088677 mm at a load of 15 kg, 0.0010346 mm at a load of 17.5 kg, 0.0011824 mm at a load of 20
kg, 0.0013302 mm at a load of 22.5 kg, 0.0014779 mm at a load of 25 kg, 0.0016257 mm at a load of
27.5 kg, and 0.0017735 mm at a load of 30 kg. The shear strain of generative design from this
simulation was defined as 0.00039804 mm at a load of 5 kg, 0.00059705 mm at a load of 7.5 kg,
0.00079607 mm at a load of 10 kg, 0.00099509 mm at a load of 12.5 kg, 0.0011941 mm at a load of
15 kg, 0.0013931 mm at a load of 17.5 kg, 0.0015921 mm at a load of 20 kg, 0.0017912 mm at a load
of 22.5 kg, 0.0019902 mm at a load of 25 kg, 0.0021892 mm at a load of 27.5 kg, and 0.0023882 mm
at a load of 30 kg.
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Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time:

11/8/2024 3:23 AM.
000029559 Max.
0,00027449
000025339
000023229
000021119
0,00019009
0,00016899
0,00014789
000012678
0,00010568
845835
63482e-5
4723825
21281e-5
1.8019e-7 Min

A 125kg
Equivalent Elastic Sirai
Type: Equivalent Elastic Stain
Unit mm/fmm

Time: 1
11/8/2024 318 AM

450487 Min

% ra
% :E

(d)

A:20kg

Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 1
11/8/2024 3:44 &M
0.0011824 Max
01098

0.0010136
0.00092915
0.00084475
0.00076035
0.000675%4
0.00059154
0,00050714
000042273
000033633
0.00025393
0.00016953
85124e-5
7.2076e-7 Min

A:27.5kg

Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time:
11/8/2024 401 AM

0.0016257 Max
00015097
00013936
00012776
00011615
00010455
0,00092942
0,00081337
0,00069731
0.00058126
0,00046521
0,00034915
00002331
0.00011704
9.9105e-7 Min

< %
oA

(i)
Fig. 10. Equivalent strain of the generative design at various load (a) 5 kg; (b) 7.5 kg; (c) 10 kg; (d)
12.5 kg; (e) 15 kg; (f) 17.5 kg; (g) 20 kg; (h) 22.5 kg; (i) 25 kg; (j) 27.5 kg; (k) 30 kg; and (l) the
greater equivalent (von-mises) strain location on generative design

A 1.5 kg

Equivalent Elastic Strain
Type: Equivalent Elastc Strain
Uit e/

Time: 1
11/8/2024 3:28 AM

000044338 Max
0,00041173
0,00038008.
0,00034843
0,00031678
0,00028513
0,00025348
0,00022183
0,00019018
0,00015853
0,00012687
952230-5
63572e-5
319215
2.7029¢-7 Min

AiSkg
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
i

init: rnm/mrm
Time: 1
11/8/2024 3:33 AM.

0.00088677 Max
0,00082347
0,00076017
0,00069686
0.00063356
0,00057026
0,00050696
0,00044366
0,00038035
0,00031705
0,00025375
0,00019045
000012714
63843e-5
5.4057e-7 Min

(e)

A:225kg

Equivalent Elastic Stai

Type: Equivalent Elasic Strain

Unit: mm/mm

Time: 1

11/8/2024 348 AM
0.0013302 Max
0.0012352
00011402
0.0010453
000035034
0.00085539
000076044
0.00066548
000057053
0.00047558
0.00038062
0.00028567
0.00019072
9.5764e-5
8.1086e-7 Min

A:30kg
Equivalent Elasic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 1
11/8/2024 4:05 AM

0.0017735 Max

0,00088731
0.00076071
0,0006341
0,0005075
0,00038089.
0,00025429
0,00012769
1.0811e-6 Min

(k)

000059118 Max.
000054398

0.00050678
000046458

A:115kg

Equivalent Elastic Strain
quivalent Elastic Strain
mfmm

Time: 1
11/8/2024 3:38 AM

0.0010346 Max

000022219
0,00014834
7.4483e-5
6.3067e-7 Min

f)

A:25kg
Equivalent Elastic Strain
Type: Equivalent Elastic Strain "
Unit: mm/mm

Time: 1
11/8/2024 3155 &M

0.0014779 Max
00013724
0.0012669
00011614
0.0010559
0.00095043
0.00084493
0.00073343
0.00063352
0.00052842
0.00042291
0.00031741
0.00021191
0.0001064
9.0095e-7 Min

(
(

i)
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(1)

28



International Communication in Computational Mechanics
Volume 1, Issue 1 (2025) 14-43

A:5kg

Maximum Shear Elastic Strain

Type: Maximurn Shear Elatic Strain
Unit: mm/mm

Time: 1
11/8/2024 3:23 AM

000039804 Max
0.0003691
0,00034119
0.00031276
0,00028433
0,00025591
0.00022748
0,00019906
0,00017063
0,00014221
0,00011378
85354e-5
5.6929-5
2.8503e-5
7.7486e-8 Min

19371e-7 Min

(d)

A:20kg

Maximum Shear Elastic Str
Type: Maximum Shear Elastic Strin
Unit: mm/mm

Time: 1
11/8/2024 3:84 &M

0.0015921 Max
0.0014784
0.0013647
0001251
00011373
0.0010236
0,00090993
0.00079623
0.00068253
0.00056882
0.00045512
000034142
000022772
0.00011401
3.0994e-7 Min

(8)

A:21.5kg

Maximum Shear Elastic Strain
Type: Maximum Shear Elostic Strain
Unit: mm/mm

Time: 1
11/8/2024 4:01 AM

0.0021892 Max
00020320
0.0018765
0.0017202
0.0015638
00014075
00012512
0.0010348
0,00092847
000078213
0,00062579
0,00046345
000031311
0.00015677
42617e-7Min

i)

q
Maximum Shear Elastic Strain
Type: Maximurn Shear Elastic Strain
Unit: mm/mrm

Time: 1
11/8/2024 3:28AM

000059705 Max
0,00055442
000051178
0,00046914
0.0004265
0,00036386
0.00034122
0,00029859
0.00025595
0,00021331
0,00017067
0.00012803
85393e-5
427555
1.1623e-7 Min

(b)

A 15kg

Maximum Shear Elastic Strain
Type: Maximum Shear Elastic Strain
Unit: mm/mm

Time: 1
11/8/2024 3:33 AM

0.0011941 Max
0.0011088
0.0010236
0.00093828
0.000853
0.00076773
0,00068245
0.00059717
0.00051189
0.00042662
0.00034134
0,00025606
0.00017079
85500e-5
2.3246e-7Min

(e)

£:22.5kg
Maximurm Shear Elastic Strain

Type: Maximum Shear Elastic Strain
Uni: mrm/mm

Time: 1
11/8/2024 3:49 AM

0.0017912 Max
00016632
00015353
00014074
0.0012795
0.0011516
0.0010237
0.00089576
0.00076784
0.00063993
0.00051201
0.0003841
0.00025618
0.00012826
3.4869e-7 Min

A:30kg
M: wrn Shear Elastic Strain

Type: Maxirum Shear Elastic Strain
Unit: mm/mm

Time: 1
11/8/2024 406 AM.

00023882 Max
00022177
00020471
0.0018766
0001706
00015355
00013649
00011943
00010238
0,00085323
0,00068268
000051213
000034157
0,00017102
46491e-7Min

(k)
Fig. 11. Shear strain of the generative design at various load (a) 5 kg; (b) 7.5 kg; (c) 10 kg; (d) 12.5
kg; (e) 15 kg; (f) 17.5 kg; (g) 20 kg; (h) 22.5 kg; (i) 25 kg; (j) 27.5 kg; (k) 30 kg; and (1) the greater

shear strain location on generative design

‘Type: Maximum Shear Elastic Strain
Unit: mmimen

Time: 1
11/8/2024 3:06 AM

0.00079607 Max
000073922
000066237
0.00062552
000056867
000051182
000045497
000039911
000034126

1.5497e-7 Min

A:17.5kg

Maximum Shear Elatic Strain
Type: Maximurn Shear Elastic Strain
Unit: mm/mm

Time: 1
11/8/2024 338 AM

0.0013931 Max
0.0012936
0.0011941
0.001047
0,00099517
0.00089568
0,00079619
0.0006967
0.00059721
0.00049772
0,00039823
0.00029874
0.00019925
9.9761e-5
2.712e-7 Min

(f)

A:25

Maximum Shear Elastic Strain
Type: Maximurn Shear Elastic Strain
Unit: mem/mm

Time: 1
11/8/2024 3:55 AM

0.0019902 Max
0.0018481
0.0017059
0.0015638
0.0014217
00012795
00011374
0,00099529
0,00085316
0,00071103
0,0005689
0.00042677
0,00026464
0,00014252
3.8743e-7Min

()
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Figure 12 presents the comparison between equivalent (Von-Mises) strain and shear strain that
applied on the generative design cause of the various load.

0.0025
=— Equivalent (Von-Mises) Strain °
e  Shear Strain o
0.0020 ]
4 m
— ° /'.//
£ 0.0015 e
£ ° -
£ ® [ ’
i o
&5 0.0010 - o«
/.
o o
o m
0.0005 7
o "
m
0.0000 T T T T T T
0 5 10 15 20 25 30
Mass (kg)

Fig. 12. Comparison between equivalent (von-mises)
and shear strain at each various load

3.3 Equivalent (Von-Mises) Stress and Shear Stress

The equivalent (Von-Mises) stress and shear stress of the generative design at various loads has
been shown at Figure 13 and 14. The stress caused by the various loads on the generative design has
various values too. Equivalent (Von-Mises) stress of this generative design is 18.325 MPa at a load of
5 kg, 27.487 MPa at a load of 7.5 kg, 36.65 MPa at a load of 10 kg, 45.812 MPa at a load of 12.5 kg,
54.974 MPa at a load of 15 kg, 64.137 MPa at a load of 17.5 kg, 73.299 MPa at a load of 20 kg, 82.461
MPa at a load of 22.5 kg, 91.624 MPa at a load of 25 kg, 100.79 MPa at a load of 27.5 kg, 109.95 MPa
at a load of 30 kg. For the shear stress that applied on the generative design is 10.31 MPa at a load
of 5 kg, 15.465 MPa at a load of 7.5 kg, 20.62 at a load of 10 kg, 25.775 MPa at a load of 12.5 kg, 30.93
MPa at a load of 15 kg, 36.085 at a load of 17.5 kg, 41.24 at a load of 20 kg, 46.395 MPa at a load of
22.5 kg, 51.55 MPa at a load of 25 kg, 56.705 MPa at a load of 27.5 kg, 61.86 MPa at a load of 30 kg.
The comparison of the equivalent (Von-Mises) stress and shear stress at various load shown at Figure
15.
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A:5kg A:75kg
Equivalent Stress Equivalent Stress
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-
Unit: MPa Unit: MPa
Time: 1 Time:1
11/8/2024 3:23 AM 11/8/2024 3:28 AM
18.325 Max 27.487 Max
17.016 25524
15.707 23561
14399 2159
13.09 19635
11,781 17,672
10473 15.709
91641 13.746
78555 178
65468 98202
5.2381 78572
39295 5,042
26208 39312
13121 1.9682
0.0034764 Min 0.0052145 Min
(a)
A:125kg A:15kg
Equivalent Stress Equivalent Stress
Type: Equivalent (von-Mises) Stress Type: Equivalent (van-|
Unit: MP3. Unit: MPa
Time: 1 Time: 1
11/8/2024 319 AM 11/8/2024 3:34 AM
45.812 Max 54.974 Max
4254 51.048
39269 47.122
35.997 43.19%
32.725 3927
29454 35.344
26182 31418
2201 27.402
19,630 23566
16.367 19.64
13.095 15.714
08237 11.788
6552 7.8624
32803 i
0.0086909 Min WA =2
A:20kg A:225kg
Equivalent Stress Equivalent Stress
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-
Unit: MPa Unit: MPa
Time: 1 Time: 1
11/8/2024 3:44 AM 11/8/2024 349 AM
~pm 73299 Max 82461 Max
60.064 76572
6283 70683
57.595 4704
5236 58,905
47126 s3.017
41891 47128
36656 41239
31422 3535
26187 29461
20953 ns72
15.718 17.683
10483 11734
2486 o
e 5 5.9046
L 0.013905 Min 0.015644 Min
A:27.5kg A:30kg
Equivalent Stress Equivalent Stress
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-!
init: MPa Lnit: MPa
Time: 1 Time: 1
11/8/2024 4:01 AM 11/8/2024 406 AM
100.79 Max 109.95 Max
92,569 1021
86391 94,245
79193 86393
71.996 78541
64,798 70689
576 .87
50403 54,985
43,205 47213
36007 39281
2881 31429
21612 1577
14414 15725
7.2168 74878
0.01912 Min 0.020858 Min

)

Mises) Stress

Mises) Stress

L) O
— -

Mises) Stress

(h)

Mises) Stress

(k)
Fig. 13. Equivalent (von-mises) stress of the generative design at various load (a) 5 kg; (b) 7.5 kg; (c)
10 kg; (d) 12.5 kg; (e) 15 kg; (f) 17.5 kg; (g) 20 kg; (h) 22.5 kg; (i) 25 kg; (j) 27.5 kg; (k) 30 kg; and (1)
the greater equivalent (von-mises) stress location on generative design

A10kg
Equivalent Stress
Type: Equivalent (von-Mises) Stress
nit: MPa

Time: 1

11/8/2024 3:07 AM

36.65 Max
34,032
31415
28798
2618
23.563
20946
18.328
15.711
13.0%4
10476
7.8589
5.2416
26243
0.0069527 Min

A17.5kg

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
11/8/2024 338 AM

64137 Max
50,556

0.012167 Min

(f)

A:25kg
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1
11/8/2024 355 AM
91.624 Max
85.081
78.537
71.9%
65.451
58.907
52,364
45.821
39.277
32,734
26191
19.647
13104
6.5607
0.017382 Min

()
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A:Skg
Maximum Shear Stress
laximum Shear Stress

A:7.5kg

Type: Maximum She:

Maximumn Shear Stress

A:10kg
Maximum Shear Stress
Type: Maximum Shear Stress

ar Stress

Unit: MPa Unit: MPa Unit: MPa

Tirne: 1 ] Time: 1

11/8/20243:23 AM 11/8/2024 328 AM 11/8/2024 3:07 AM
10.31 Max 15.465 Max 20.62 Max

14361 19.148
13.256 17.675
12152 16202
11.047 1473
95420 13.257
£.8385 1.785
7734 10312
66296 8.8395
55252 7.3669
44207 5,803
33163 24017
22119 2,949
3 11074 1.4766
0.0020071 Min 0.0030106 Min 0.0040141 Min
(a) (b) (c)

A 125 A:15kg

e e Moo SherSoen Biske

Type: Maximurn Shear Stress Type: Maximurn Shear Stress T Mas s Shecs Swrass

Unit: MPa. Unit: MPa Unit: MPa

Tirne: 1 Mme: § Time:

11/8/2024 3:18 AM 11/8/2024 3:34 AM 11/6/2024 330 AM
25.775 Max 30.93 Max 36.085 Max
23,034 28721 33.508
22,094 26512 30031
20253 24304 28354
Sais 22.095 25.777
16572 19.886 232
14731 17.677 20823
12,89 15.468 18046
11.049 13259 15469
9.2086 11.05 ¥

12,892
7.3679 8:8415 10315
5.5272 66326 77381
3.6865 44238
5.161
1.8457 22149 2581
00050176 Min 0.0060212 Min G
(d) (e) (f)
A: 20 kg A 225 A:25kg
Maxirmurn Shear Stress Makimip Shesr Shess: Maximurn Shear Stress
Type: Maxirnum Shear Stress Type: Maximum Shear Stress Type: Maximum Shear Stress
Linit: MPa Unit: MP3 nit: MPa
Tirne: 1 Time: 1 Time: 1
11/8/2024 3:45 AM 11/8/2024 3:49 AM 11/8/2024 3:55 AM
41.24 Max 26.395 Max 51.55 Max
38205 43.082 47.869
35.35 39.769 187
32405 36455 40506
2046 33142 36,824
26514 20829 33.143
23.569 26515 29462
20624 23202 25.78
17.679 19.889 22,099
14,734 16576 18417
11.789 13.262 14.736
88435 93489 11.054
5.8083 66356 73729
2.9532 33223 3.6915
0.0080282 Min 0.0090318 Min 0.010035 Min
(g) (h) (i)
A:27.5kg A: 30 kg
Maximurn Shear Stress Maximum Shear Stress
Type: Maximum Shear Stress Type: Maximurn Shear Stress
Unit: MPa Unit: MPa
Time: Time: 1
11/8/2024 4:01 AM 11/8/2024 4:06 AM
56.705 Max 61.86 Max
52.656 57.043
48,606 53,025
24556 48,607
40507 2189
36457 39772
32.408 35354
28.358 30936
24,300 26518
20,259 22101
16.209 17.683
12,16 13.265
81102 88475
12,0606 24208
0.011039 Min 0.012042 Min

(i)
Fig. 14. Shear stress of the generative design at

kg; (f) 17.5 kg; (g) 20 kg; (h) 22.5 kg; (i) 25 kg; (j) 27.5 kg; (k) 30 kg; and (l) the minimum shear stress location
on generative design

(k) 0]

various load (a) 5 kg; (b) 7.5 kg; (c) 10 kg; (d) 12.5 kg; (e) 15
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Fig. 15. Comparison between equivalent (von-
mises) and shear stress at each various load

3.4 Buckling Phenomenon

The buckling phenomenon for the generative design was present in Figure 16 and 17, the buckling
shows two modes from the ANSYS Eigenvalue Buckling. For the first mode, the value of buckling is
1.0844 mm, and at the second mode the value of buckling is 1.0523 mm. On this research, the load
multiplier on each various load at first and second mode of the buckling has a different value caused
increase by load that applied on the generative design which shown at Table 6. Figure 18 shows the
load multiplier value at each various load on the generative design.

(a) (b)
Fig. 16. (a) Buckling phenomenon at first mode and (b) the
detail of bucking phenomenon

(a) (b)
Fig. 17. (a) Buckling phenomenon at second mode and (b) the detail
of bucking phenomenon
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Fig. 18. Load multiplier at each various load

Table 10
Load multiplier at first and two modes at each various load
Deformation Load Deformation Load
Mass (kg) - . -
Multiplier at First Mode Multiplier at Second Mode
5 2085.1 3332.3
7.5 1390.1 2221.5
10 1042.6 1666.1
12.5 834.06 1332.9
15 695.05 1110.8
17.5 595.76 952.08
20 521.29 833.07
22.5 463.37 740.51
25 417.03 666.46
27.5 379.12 605.87
30 347.52 555.38

3.5 Safety Factor

Figure 19 presents the value of the safety factor for generative design at each various load. The
safety factor value decreased by the load value that applied on the generative design shown at Figure
20. If the safety factor value is below zero, then the geometry couldn’t be able to withstand the load
well. Table 6 shows the minimum safety factor of the generative design.
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Alskg
Safety Factor
Type: Safety Factor
Time: 1
V1/B2004 329 AM
15 Max
14545
14091
12,63
1318
nr
1227
na18
11364
10909
10455
£.9233Min
1
]
A 15kg A:175kg
Factor Safety Factor
Type: Safety Factor Type: Safety Factor
Time: 1 Time: 1
1782024 334 AM 11/8/2024 339 AM
15 Max 15 Max
14585 14545
1400 14,091
13836 13,636
1318 13182
12n7 12727
1221 12273
11818 11818
11364 11364
Tas 10909
10455 10455
10 10
Ll 38243 Min
¢ 0
A:225kg A:25kg
Safety Factor Safety Factor
Type: Safety Factor Type: Safety Factor
Time: 1 Time: 1
11/8/2024 3:50 M 11/8/2024 356 AM
15 Max 15Max
14545 14545
14,001 14,091
13.636 12,636
13182 13182
12.721 12.727
12273 12273
11,818 11818
11364 11364
10909 10909
10455 10455
10 10
2.9744Min 2.677Min
0 0

Ai215kg

Safety Factor

Type: Safety Factor
1

Time:
11/8/2024 4102 AM

15 Max.
14545
14,091
13,636
13182
12727
1227
11818
11,364
10,909
10455
10

2.4336 Min
0

Fig. 19. Safety factor of the generative design at various load (a) 5 kg; (b) 7.5 kg; (c) 10 kg; (d)
12.5 kg; (e) 15 kg; (f) 17.5 kg; (g) 20 kg; (h) 22.5 kg; (i) 25 kg; (j) 27.5 kg; and (k) 30 kg
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Safety Factor

Table 11
Minimum safety factor of generative
design at various load

Mass (kg) Minimum Safety Factor
5 13.385
7.5 8.9233
10 6.6925
125 5.354
15 4.4617
17.5 3.8243
20 3.3463
22.5 2.9744
25 2.677
27.5 2.4336
30 2.2308
14 = Minimum Safety Factor
_I
12
10
|
8 -
L R
6 N
-
\'-—-‘,
41 . .
2 e
T T T T
5 10 15 20 25
Mass (kg)

Fig. 20. Minimum safety factor on various load

The results of the safety factor shown in Figure 21 show that the most susceptible to fracture are
the bolt holes because they grip the generative design from the load received. However, the
minimum safety factor from the largest load on this research (30 kg) is 2.2308, than the generative
design can be said to be safe in accepting quite large loads while the belt conveyor was working.
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Fig. 21. The highest risk of fracture on generative design at (a) +z axis and (b)

-y axis

3.6 Geometry comparation

This study of bracket conveyor also provides an analysis of comparation between design before
being generative design and design that already in generative design also design with conventional
design and manufacture. This study shows that generative design and additive manufacture are way
more effective than conventional design and conventional manufacture as given Table 12.

Table 12
Comparison brackets output

. Mass  Manufacturing Time Production Energy Consumption
Input Geometry  Material (Ke) method Cost (S) (h) (kW) Ref
Before
Generative Al 6061 0.198 CNC Milling 47.05 3.3 0.73 [39]
Design
After Generative 1 coe1 0,033 Additive (SLM)  18.3 2.1 0.42
Design
Conventional Plastic  0.65  CNC Milling 3237 2.7 0.59

Bracket design

This study also shows generative design with additive manufacture will be enchained great
efficiency in many aspects and parameters, this collaborates give the best results compared to
conventional design and manufacturing Methode. Generative design with Additive (SLM)
manufacture can give way less mass without compromising the ability to stand with force with low
deformation as give Table 13, with less material to build generative design also give cheaper cost for
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manufacturing also lower energy consumption. Figure 22 show the comparation of the bracket
design deformation and Figure 23 presents the cost and energy consumption comparation from the
bracket designs.

Table 13
Comparison of deformation
Load Mass Bracket After Generative Bracket Before Generative Conventional Bracket

(Kg) Design Design Design
5 0.0014518 159.97 0.0024427
7.5 0.0021777 239.96 0.0036641
10 0.0029036 319.94 0.0048855
125 0.0036295 399.93 0.0061069
15 0.0043554 479.91 0.0073282
17.5 0.0050814 559.9 0.0085496
20 0.0058073 639.88 0.009771
22.5 0.0065332 719.87 0.010992
25 0.0072591 799.85 0.012208
27.5 0.007985 879.84 0.013435
30 0.0087109 959.83 0.014656
1100
1000 _- B Deformation for Generative Design Bracket
| | ® Deformation for Bracket Before Being Generative Design, °
900 Deformation for Plastic Bracket
L]
800 °
E 700 .
é 600 ] ¢
S ] [
&5 5001 o
€ 400 .
Ne] 4
® 300 ¢
Q 1 ®
200
E L J
100 4
0~ 888 88 8 8 8 8B
-100 T T T T T T T T T T T
5 10 15 20 25 30
Mass (kg)

Fig. 22. Graphic comparation results of deformation
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Fig. 23. Comparation results; (a) manufacture cost comparation; (b) energy consumption
comparation

4. Conclusion

This study provides a study on the application of generative design for improving belt conveyor
systems in view of additive manufacturing about structure, weight, and energy consumption. It
pointed out from the results that adding generative design coupled with FEM significantly increased
efficiency in performance for the conveyor brackets made from Aluminum 6061. Precisely, the paper
indicated that the final design was associated with volume reduction by about 86.4%, from an initial
volume of 89,317.58mm? to as low as 12,172.8mm?, and with a corresponding mass reduction from
0.198 kg to 0.033kg. It does not only contribute to cost-cutting by using minimal material but also
helps save energy when in use.

The test results provided fundamental information on the Equivalent (Von-Mises) Stress and Shear
Stress developed in the optimized design, the equivalent stresses have increased with the load from
18.325 MPa at 5 kg to a maximum of 109.95 MPa at 30 kg, which remains quite below aluminum
6061's yield strength of 276 MPa. This means that the bracket can support even the highest tested
load without any compromise in the structure and shows how strong the material is and suitable it
is for industry use. Like equivalent stress, shear stress material resistance to sliding forces and rising
with load started from 10.31 MPa under load of 5 kg, to reach 61.86 MPa at 30 kg. These have
consistently remained within safe limits, confirming that the bracket can manage lateral stresses
without yielding, something quite important in moving conveyor applications for stability.

Further analysis focused on the whole structure concerning Equivalent Strain (Von-Mises) and
Shear Strain. The equivalent strain gives the magnitude of deformation produced in the bracket
structure. As the increase in application of load increases, there is a progressive increase in equivalent
strain that expresses the material deformation. Recorded equivalent strain as the application of 5 kg
load up to 30 kg was 0.00029559 to 0.0017735 mm, respectively. This means that for the structure
to deform, it will be under increased loading. Also shear strain showed progressive increase with the
increase in applied load as the material would allow lateral or sliding forces. Correspondingly, at 5 kg
load, it was 0.00039804 mm and increases to 0.0023882 mm when the load increases to 30 kg.
Therefore, it shows that the lateral strain of the material, like equivalent strain, is within control and
falls comfortably within acceptable limits of deformation.

The buckling analysis gives the capability of the bracket to resist sudden buckling arising from
compressive loading. From the use of ANSYS Eigenvalue Buckling, it could be observed that there are
two major buckling modes, with the first mode at 1.0844 mm and the second mode at 1.0523 mm.
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Under increasing load, the design remained stable through all applied loads, indicating very high
buckling resistance and rather a suitable amount of operational reliability in the conveyor application.
The load multiplier defines the amount at which the loads can be multiplied before critical buckling
load is achieved. It decreased with an increase in loads. At 5 kg, the first mode was 2085.1, while for
30 kg, it was 347.52. This shows that the bracket will be able to carry very high loads but still retain a
large factor of safety due to buckling.

The final calculated safety factor, this safety factor means structure strength compared to
intended load requirement. From 13.385 at a load of 5 kg, it reduced to 2.2308 at 30 kg. This safety
factor is supposed to mean that throughout, a bracket design is reliably safe to use even for high
loads but with an adequate margin against failure, making use of generative design in enhancing
performance and safety within conveyor systems.

This research serves to illustrate that generative design coupled with FEM tends to make a big
difference in weight and material consumption with no compromise in structural integrity. All the
equivalent and shear strains remained within the allowable for all the applied loads continuously,
hence proving the strength and suitability of the material for the intended industrial conveyor
applications. The values of equivalent and shear stresses were very small compared to the yield
strength; thus, it was verified that the optimized bracket can support high loads without failure.
Buckling factor suggests the strength of a design that is able to sustain high compressive load without
exhibiting instability. Similarly, with a safety factor always greater than the limit, the optimized design
for brackets ensures better energy efficiency, material saving, and structural reliability, serving as
one of the best solutions for industrial sustainable conveyor systems.

Results from the research also show that generative design in combination with additive
manufacturing, especially by SLM, increases efficiency significantly in cost and energy consumption
when compared to traditional techniques of manufacture and other design methodologies void of
generation. The manufacturing cost was drastically cut down to $18.3, as opposed to $47.05 for the
pre-generative design using CNC milling and $32.37 for the conventional bracket design. Energy
consumption was also reduced to 0.42 kW from the pre-generative design of 0.73 kW and from the
conventional design at 0.59 kW. Again, this asserts the value of generative design and additive
manufacturing regarding material efficiency and optimization of resources, making them more
sustainable and economically viable.
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