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ARTICLE ABSTRACT

INFORMATION

Revised This research focuses on optimizing the design of an omni-wheeled robot base

23/11/2025 by exploring variations in wheel arrangements and frame profiles through the
Finite Element Method. Three-wheel configurations were examined: the X-Drive
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circular four-wheel setup. Each configuration was assessed using two different
frame materials aluminum hollow 6061 and aluminum extrusion profile 6063.
FEM simulations were carried out to evaluate von mises stress, total deformation,
and safety factor for each model. The findings reveal that the aluminum hollow
6061 frame outperforms the aluminum extrusion profile 6063, showing lower
stress values, minimal deformation, and higher safety factors. The M2
configuration (four wheels on the sides) with aluminum hollow 6061 recorded the
lowest stress (14.163 MPa) and the highest safety factor (15). Meanwhile, the
smallest deformation (0.01 mm) was observed in the M1 design for both
aluminum hollow 6061 and aluminum extrusion profile 6063 materials. The
outcomes of this research present an optimal design recommendation applicable
to KRAI robots as well as other types of omni-wheeled robots.

Keywords : Autodesk Fusion 360, Based Design, Finite element metho Mesh
Convergence, Omni-wheeled robot

1 INTRODUCTION

needs. For example, the German government refers

The development of robotics technology in
Indonesia in recent years has shown quite rapid
progress, particularly through competitions such as
the Indonesian ABU Robot Contest (KRAI), which is
part of the Indonesian Robot Contest (KRI). One of
the main components commonly used in KRAI
robots is omni-wheels, which enable holonomic
movement—that is, the ability to move in any
direction without needing to change the robot's
primary  orientation.  Omni-directional  robot
platforms  offer mobility advantages over
conventional designs, especially when operating in
crowded environments (Amarasiri et al., 2022).

The growing interest in robotics research has
significantly driven scientific developments in this
field (Jatmiko et al., 2012). In recent years, demand
for flexible production systems has increased,
particularly ~ those capable of producing
personalized and tailored products to various

to these flexible production systems as “smart
factories” and is promoting the industry 4.0 initiative
to achieve this (Rojko, 2017).

The use of omni wheels provides advantages
over conventional wheels, especially in terms of
flexibility of movement and navigation capabilities in
dynamic environments.

An omni wheeled robot's ability to move freely
depends heavily on the type of platform used (Nur
& Indrabulan, 2021). An optimal base design must
be able to support loads, absorb forces generated
during movement, and minimize deformation to
prevent stability and movement accuracy.

The superiority of omni-wheels has been
proven not only in domestic competitions such as
KRAI, but also in international competitions such as
Robocup, Vex Robotics, and ABU Robocon.
Furthermore, these wheels are also widely applied
in industry, such as in logistics robots in automated
warehouses and AGVs (Automated Guided
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Vehicles). Their ability to maneuver freely in
confined spaces makes them an ideal choice for
various industrial applications (Amarasiri et al.,
2022). In real-world applications, a strong and
deformation-resistant robot base structure is crucial
for maintaining operational reliability and safety.

According to Sani et. al (2024), the use of the
FEA method can reduce costs and time, and can be
used before the actual prototype is made.

Based on these needs, this research aims to
design and analyze various omni robot base
configurations using the finite element method
(FEM). The three main configurations to be studied
include: (1) four omni wheels at a 45° angle, (2) four
wheels on the side of the base, and (3) four wheels
arranged in a circle at the corner of the base. Each
configuration will have two variations of the frame
shape, so that a total of six designs will be analyzed
based on the von Mises stress parameters, total
deformation, and safety factor. The results of the
study are expected to provide information on the
mechanical performance of each design as well as
recommendations for the best design to be applied
both in the world of robotics competitions and real
industry.

2. MATERIALS AND METHODS

2.1. Research Flow

This research process begins with an initial
stage of observation and literature review to
understand the problem and relevant technical
references. After that, a basic robot design was
created using CAD software in Autodesk Fusion
360. The design data was then input into a Finite
Element Method (FEM)-based simulation module,
followed by a mesh generation process to divide the
model into small elements to be analyze
numerically.

The next stage is the simulation or solving
process, which includes analysis of von Mises
stress, deformation, and safety factor. The
simulation results are used to evaluate whether the
construction design is safe. If the design is declared
unsafe, revisions are necessary, and the process
returns to the previous stage. If the design is
deemed safe, a mesh convergence test is
performed to ensure that the simulation results do
not change significantly with variations in mesh size.
If the calculation results have not converged, the
meshing and simulation processes are repeated.
However, if the results have converged, the
simulation data will be processed and analyzed
further. The end of this process is drawing
conclusions and providing recommendations based
on the results obtained.
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2.2. Design

Three models were created, each with two
frame variations, for a total of six designs. The base
design, which uses a 45° configuration, is named
the M1 Octagon Cross as can be seen in Figure 1.
The base design with wheels on the side is named
the M2 Octagon Square which can be seen in
Figure 2. And the last design with circular wheels is
named the M3 Octagon Inline as in Figure 3.

(a) (b)
Figure 1. M1 Design (a) Al 6061 (b) Al 6063

@) (b)

(a)
Figure 3. M3 Design (a) Al 6061 (b) Al 6063

(b)

2.3. Material

This research uses 2 materials with different
specifications, Aluminum 6061, and Aluminum
6063. In Table 1 are the specifications of each
material.

Table 1. Material Properties of Aluminum 6061 and
Aluminum 6063 (Seli et al., 2013).

Material Aluminum | Aluminum
Properties 6061 6063
Young’s Modulus 69 GPa 69 GPa
Poisson’s ratio 0.33 0.33
Shear Modulus 25.8 GPa 25.8 GPa
Density 2.7 glcc 2.7 glcc
Yield Strength 277 MPa 145 MPa
Tensile Strength 310 MPa 186 MPa
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2.4. Mesh

Deep meshing is the process of forming a
network of small elements that represent the overall
geometric model (Nur Arif et al., 2024). The process
of dividing an object into several small elements is
known as meshing (Sani et al., 2024). Table 2
shows the number of meshes for each design.

Table 2. Number of Mesh and Nodes

Design | Material Mesh Nodes
M1 Al 6061 613.802 | 1.222.506
Al 6063 392.974 758.888
M2 Al 6061 494.251 977.375
Al 6063 301.085 572.225
M3 Al 6061 514.147 1.013.408
Al 6063 327.067 629.355

3. RESULTS AND DISCUSSION

The finite element method is a numerical
solution that can be used to obtain solutions to
complex or impossible to calculate problems (Tjong,
2015). FEM is a numerical method used to obtain
approximate solutions to complex engineering
problems (Suratkar et al., 2013). In this study, a load
of 500 N as applied during the simulation. The value
of 500 N was chosen based on the load regulations
of the Indonesian ABU Robot Contest (KRAI),
where the maximum allowable robot load is 50 kg
The results of simulation values for each material
and geometry can be seen in Table 3

Table 3. Test Results

FEM Test Results
Deformat
No |Design| Material Stress ion Safety
(MPa) factor
(mm)
1| M1 Al 6061 | 19.480 | 0.010 14.11
Al 6063 | 65.443 | 0.010 04.43
2 | M2 Al 6061 | 14.163 | 0.013 15.00
Al 6063 | 37.496 | 0.063 03.86
3 | M3 Al 6061 | 18.183 | 0.020 15.00
Al 6063 | 41.537 | 0.114 03.49
Details for each simulation result on the 6

designs can be seen in figures 4 to 21.

3.1. Von Misses Stress

Von Mises stress is a stress parameter used
to predict the potential failure of a material when
subjected to static loads. Von Mises stress is a very
useful criterion in engineering design, especially for
predicting material failure due to loading and this
criterion can be used for materials experiencing
combined stresses (Juvinall, 2012).

The details of the von Mises stress results by
using Autodesk Fusion 360 simulations on each
design can be seen in Figure 4 to 9 below.

Figure 5. M1 Base Al 6063 Von mises stress

In M1 Design with Al 6061 material, the
maximum von mises stress value was 19.48 MPa
and the minimum was 7.637x10% MPa, while in Al
6063 material, the maximum von mises stress value
was 65.443 MPa and the minimum value was
1.593x107 MPa.

Figure 7. M2 Base Al 6063 Von mises stress

In M2 Design with Al 6061 material, the
maximum von mises stress value was 14.163 MPa
and the minimum value was 7.035x108 MPa, while
in Al 6063 material, the maximum von mises stress
value was 37.496 MPa and the minimum was
9.839x107 MPa.
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In M3 Design with Al 6061 material, the
maximum von mises stress value was 18.183 MPa
and the minimum was 4.155x10-® MPa, while in Al
6063 material, the maximum von mises stress value
was 41.537 MPa and the minimum was 4.046x10-8
MPa.

The performance differences between
Aluminum 6061 and Aluminum 6063, which range
from 2 to 3 times in terms of stress distribution,
occur due to the disparity in their mechanical
properties. Aluminum 6061 has a yield strength
nearly twice that of Aluminum 6063. Since the FEM
simulation evaluates structural response based on
applied loads, geometry, and material strength, a
material with a higher yield strength naturally
exhibits lower stress values, smaller deformation,
and significantly higher safety factors. Therefore,
the 2-3 times difference in performance directly
reflects the inherent difference in mechanical
strength between the two materials.

3.2. Deformation

Deformation is the change in shape of a
material due to an applied force. During the
deformation process, the material absorbs energy
due to the force applied to it. Based on its nature,
deformation is divided into two types: elastic and
plastic. Elastic deformation occurs when the
material undergoes a temporary change in shape
and returns to its original shape after the load is
removed. In contrast, plastic deformation is
permanent and persists even after the force is
removed. In this analysis, the observed deformation
is the total deformation of the robot's base frame
when subjected to loading, which provides an
indication of the extent of geometric change that
occurs during operation (Dionysius et al., 2023).

The details of the deformation results by
using Autodesk Fusion 360 simulations on each
design can be seen in Figure 10 to 15 below.

Figure 11. M1 Base Al 6063 Deformation

In M1 Design with Al 6061 material, the
deformation value was 0.01 mm and in Al 6063
material it was 0.01 mm.

= = = Hases
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Figure 13. M2 Bae Al 6063 Deformation

In M2 Design with Al 6061 material, the
deformation value was 0.013 mm and in Al 6063
material it was 0.063 mm.
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Figure 15. M3 Base Al 6063 Deformation

In M3 Design with Al 6061 material, the
deformation value was 0.02 mm and in Al 6063
material it was 0.114 mm.

The deformation difference  between
Aluminum 6061 and Aluminum 6063 is not as large
as the difference in stress because both materials
have the same Young’s Modulus (69 GPa). In linear
static FEM, deformation is determined mainly by
stiffness, and stiffness is directly proportional to
Young’'s Modulus. Since both materials share the
same modulus, their resistance to elastic deflection
is almost identical.

3.3. Safety Factor

In figure 16, 17 and 18, can be seen the
safety factor as the ratio between the strength of a
material and the maximum applied load. The safety
factor is used as a basis for evaluation to ensure
that machine component designs remain safe even
at their minimum dimensions (Khaitami et al., 2022).
This factor is used to ensure that a structure or
component remains safe despite variations in
material, manufacturing, or operational conditions.
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Figure 16. M1 Base Safety factor (a) Al 6061 and
(b) Al 6063

In M1 Design with Al 6061 material, the safety
factor value was 14.11, while in Al 6063 material,
the value was 4.431.
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Figure 17. M2 Base Safety factor (a) Al 6061 and
(b) Al 6063

In M2 Design with Al 6061 material, the safety
factor value was 15, while in Al 6063 material, the
value was 3.867.
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Figure 18. M3 Base Safety factor (a) Al 6061 and
(b) Al 6063

In the M3 design with Al 6061 material, the
safety factor value was 15, while in the Al 6063
material, the value was 3.491.

3.4. Mesh Convergence

The mesh convergence test is a procedure to
ensure that the results of an FEM analysis are not
affected by the size of the mesh elements used. The
convergence test is performed to determine the best
size of the elements, considering the computational
load and accuracy of the results (Owen F. Hughes
and Jeom Kee Paik, 2010).

The convergence test is considered
successful if the calculation error due to changes in
the mesh structure is less than 2% (Putra & Misbah,
2022). Convergence is expected at this stage; if
convergence is not achieved, the process must be
repeated by correcting the mesh. Conversely, if the
results are convergent, the process can be proceed
to the next stage (Saputra & Romahadi, 2023).
Figure 19 to 21 shows a mesh convergence graph
for each test on each design and material.




(@) (b)

Figure 19. M1 Base Mesh Convergence Graph
(a) Al 6061 and (b) Al 6063

(@) (b)

Figure 20. M2 Base Mesh Convergence Graph
(a) Al 6061 and (b) Al 6063

* Convergencs Rate

Tagel  200%

won Mises 1MPa)
+
|
|

(b)

Figure 21. M3 Base Mesh Convergence Graph
(a) Al 6061 and (b) Al 6063

(@)

4. CONCLUSION

The conclusions that can be drawn from the
simulation results for the six designs are:

1. Based on the simulation results for von Mises
stress, deformation, and safety factor, it is
known that the base design using 6061 hollow
aluminum material has superior performance
compared to 6063 extruded aluminum
material.

2. After obtaining the von Mises stress values for
the six designs, it was determined that M2
design, using 6061 hollow aluminum material,
had the lowest stress value. Meanwhile, M1
design had the lowest deformation value for
both materials. For safety factor, all designs
had yield strength values above the load, but
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the highest safety factor value was found in M2
design using 6061 hollow aluminum material.

3. Based on the mesh convergence test graph, it
was found that changes in the simulation
results occurred when the mesh size was
changed, and the results were taken after no
change or convergence occurred.
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