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SUMMARY. The design and development of the CC-201 Type GE U18C locomotive were undertaken
by Yulianto et al. using the utilization of computational fluid dynamics (CFD) modeling. This
approach was employed to facilitate cost reduction in research and development endeavors. Munir
et al. undertook a study on the advancement of seawater desalination equipment with thermal
energy storage technology, aiming to generate potable water suitable for various everyday
applications. Wibowo et al. conducted an analysis on the impact of automobile tank design shape,
specifically with a capacity of 5000 liters, on surface pressure using the Ansys software simulation
approach. The study done by Saifudin and Sukanta was motivated by the probable possibility of
work accidents inside the department at PT. XYZ. Consequently, it became imperative to determine
the safety hazards faced by workers to devise appropriate solutions for preventing such incidents.
Tan et al. employed the computational fluid dynamics (CFD) method to analyze and optimize the
duct design in the air flow system of the ducting cloud kitchen. Ledya et al. conducted research to
address several issues inside the organization, specifically focusing on optimizing the functionality
of the raw material warehouse at PT. XYZ. This research led to the development of ideas for
improving the layout of the warehouse, aiming to enhance its overall efficiency and effectiveness.
To achieve optimal machine performance, it is imperative to develop a robust frame component.
This task was undertaken by Pratama and Agusman, who conducted an analysis of the frame
machine press batako's power utilizing the finite element method. Julian et al. did a study
investigating the impact of micro-scale geometry with shape variation as a means of passive flow
management in NACA 4415. Additionally, they also explored the application of bio flaps on NACA
4415 using the Numerical Method. Santoso implemented a cooling and air conditioning system
within the production machine space at PT. X to ensure optimal performance and longevity of the
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engine components. Inayah et al. conducted a quality analysis of toolbox products at PT. KSKB using
the Seven Tools Method, as the company faced challenges with a significant number of defective
product outputs. To facilitate the development of a tiny island located on the northern coast of
Papua Province, Numberi et al. undertook comprehensive research to assess the feasibility of
utilizing sea wind as a renewable energy resource for the purpose of powering local power plants.
Syaripuddin et al. conducted a study investigating the impact of the number of Shielded Metal Arc
Welding (SMAW) layers on many factors, including distortion, increased thickness, microstructure,
hardness, and corrosion. Another notable example is the work by Fikri et al., who have utilized a
biodegradable material derived from shell skin as a composite disc brake material for motor
vehicles. In the interim, Febriansyah developed the Arduino microcontroller, which is characterized
by its affordability and utilization of an open-source framework. The shape of the prototype electric
car chassis constructed from hollow aluminum 6061 was examined by Bahasyim et al., using the
Inventor 2016 program to assess the suitability of the profiles and materials employed for the
chassis. Zariatain et al. undertook the construction of a data collecting system on an Arduino-based
pull test machine for composite materials with the aim of enhancing its use to produce precise data.
Sihombing et al. did a reliability analysis of micro hydropower plants in the Orya-Genyem region of
Papua. The study focused on optimizing these plants by assessing the load loss probability. Samosir
et al. conducted a Landgem modeling study to assess the possibility for utilizing alternative energy
sources, specifically methane gas, in the Koya Koso TPA of Jayapura city. Furthermore, in order to
further progress the development of Papua, Evenly et al., devised a 26 kW pelton turbine for
implementation at the micro-hydro power plant located in Kampung Nehibe. In a similar vein,
Lefaan et al., conducted an analysis on power usage in the province of Papua, examining its
relationship with investment, regional spending, the human development index, and population.
Iswandi et al., conducted a study on the utilization of bamboo fiber andong in combination with
glass fiber reinforcement for the development of composite materials suitable for body speed
boats. Similarly, Zariatin et al. also investigated the properties and applications of bamboo material
in their research.
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Abstract

Received: Vehicles are a means of transportation. Most vehicles use fossil fuels as an energy source.
28/05/2023 Fossil fuels will run out, so electricity is used as a substitute. Electric fuel is
Revised: environmentally friendly and does not emit pollution. Making a prototype electric car,
07/06/2023 one of which is preparing a design and simulating it using software. This study aims to
Accepted: find the best 6061 hollow aluminum chassis model through static analysis using Autodesk
13/06/2023 Inventor software with the finite element analysis (FEA) method. This study compares
three chassis models, namely chassis patterns H, X, and Y, which will be subjected to a
static load test of 900 N, including the driver's load of 600 N. The values obtained are
von Mises stress, displacement, and the safety factor. The dimensions of the chassis are
2,160 mm by 750 mm by 500 mm, with a thickness of 2 mm. The results can be concluded:
the H-pattern chassis is the best and easier to design compared to the X and Y chassis.
This chassis has a von Mises stress value of 84.47 MPa, a displacement value of 0.89 mm,
and a safety factor of 3.20. Based on these results, the model H chassis is safe.
Keywords: prototype, von mises stress, displacement, safety factor, Inventor.
SDGs: Abstrak

Kendaraan adalah sarana transportasi. Umumnya kendaraan menggunakan bahan bakar
fosil sebagai sumber energi. Bahan bakar fosil akan habis, maka dijadikan bahan bakar
listrik sebagai pengganti. Bahan bakar listrik ramah lingkungan dan tidak mengeluarkan
polusi. Pembuatan mobil listrik prototype salah satunya menyiapkan desain dan
disimulasikan menggunakan software. Penelitian ini bertujuan untuk menemukan model
chassis berbahan aluminium hollow 6061 yang terbaik melalui analisis statik menggunakan
software Autodesk Inventor dengan metode finite element analysis (FEA). Penelitian ini
membandingkan tiga model chassis, yaitu chassis pola H, X, dan Y yang akan diberikan
pengujian beban statis sebesar 900 N termasuk beban pengemudi yaitu 600 N. Nilai yang
didapatkan, yaitu von mises stress, displacement dan safety factor. Dimensi chassis yang
dibuat adalah 2.160 mm x 750 mm x 500 mm dengan ketebalannya adalah 2 mm. Hasilnya
dapat disimpulkan, chassis pola H yang terbaik dan lebih mudah dalam proses
perancangannya dibandingkan chassis X dan Y. Chassis ini memiliki nilai von misses stress
84,47 MPa, nilai displacement 0,89 mm dan safety factornya adalah 3,20. Berdasarkan
hasil tersebut chassis model H aman.

Kata Kunci: prototipe, von mises stress, displacement, faktor keamanan, Inventor.
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1. INTRODUCTION

Vehicle is a means of transportation that is
very necessary for everyday life. At this time the
development and innovation of a vehicle is quite
rapid, with the technologies that have been
realized as well as the newly discovered
technologies (Keliky, 2014; Setiawan, Sujana and
Taufigurrahman, 2021). Vehicles now use
innovation that is different from before, namely
the renewal of energy from Ignition Combustion
Engine Vehicles (ICEVs) to vehicles that use
electric energy or Electric Vehicles (Evs). This
development is very important to develop,
because of that in Indonesia also held an
Indonesian Electric Car Contest for students for a
research development (Toteles and Alhaffis,
2021).

The electric car is an innovative vehicle,
because it has an electric motor that moves to
generate power, then the electric power is stored
in the battery (Daryanto and Tyassmadi, 2016). In
addition, the purpose of replacing fossil fuels into
electric fuel is to reduce air pollution in order to
create environmentally friendly vehicles and also
efforts to reduce the percentage of the
greenhouse effect that occurs in Indonesia by 26%
(Mulyadi et al., 2022).

The material used in several previous studies
uses carbon steel because it has strong properties
and is more economical in the manufacturing
process, but the disadvantages are that it is
susceptible to rust, prone to fracture and difficult
to weld (Dwinanto and Muhammad, 2015;
Hasanuddin et al., 2019; Efendi, 2020).

Chassis is the main component in a car. The
chassis itself has several types, namely ladder
frame, tubular space frame, aluminum space
frame, monocoque and backbone chassis
(Shantika, Firmansjah and Naufan, 2017; Syinta,
Aprizal and Suripto, 2021). On the other hand, the
chassis must have a light weight and be strong as
a support for the engine, car body, suspension
system, electrical system and driver (Ellianto and
Nurcahyo, 2020). This study uses a type of ladder
frame chassis called two long bars that support
the vehicle and provide strong support from the
weight of the load and are generally based on a
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transport design, and are generally called ladder
frames.

This study has a formulation of the problem,
namely, what are the results of Von Mises Stress,
displacement and safety factor from the three
existing chassis patterns and which model is the
best chassis pattern theoretically and analytically
(Toteles and Alhaffis, 2021; Dudescu, Bere and
Neamtu, 2022; Weriono and Siregar, 2023). This
study aims to determine the comparative analysis
value of 3 different chassis constructions with the
same material and using the same aluminum
hollow. This can be used as a reference before
starting the embodiment of a prototype electric
car. The analysis carried out in this study uses the
Autodesk Inventor 2016 software with a basis so
that it can be computationally adjusted to
achieve a high level of accuracy. Analyzing a
chassis shape in which there are three shapes,
namely, X, H and Y shapes. The results of the
three patterns will later look for the Von Mises
Stress, displacement and safety factor values.

2. METHODOLOGY

The research method carried out has 5
stages, namely literature review, data collection,
ladder frame chassis design modeling, frame
design simulation and analysis, and analysis
results.

The literature review is intended to obtain
numerical results that will be used as a reference
for the framework feasibility test. In this case the
type of frame used is the ladder frame. This frame
has many advantages and harmony in the design
of electric car prototypes. This research uses
Finite Element Analysis through Autodesk Inventor
2016 software.

Then data collection was carried out, data
collection techniques were carried out by
systematic observation, namely observation
within the boundaries of a study, the values
needed in the research. The author discusses the
analysis which is limited only to basic research on
three chassis patterns, analyzing Von Mises stress,
displacement, and safety factor with Aluminum
Hollow 6061 material. Chassis analysis is given a
load of 900 N with these parts, the driver's foot
load is 100N, the driver's back load 300N, driver



Bahasyim et al. / Jurnal Asiimetrik: Jurnal Ilmiah Rekayasa Dan Inovasi, 5 (2), July 2023 : 315-330

waist load 200N, engine component load 200N and
front wheel drive component load 100N.

Next is to model the staircase frame chassis
design which is done by making a model with the
initial stages of drawing a chassis sketch and then
entering the type of material into the sketch
according to the material to be used, then do it
until the actual chassis model is formed. After
that, do a double check so that the results can be
maximized. Furthermore, the simulation must
have completed the chassis design modeling
stage.

The simulation will get visual results of the
strength of the chassis construction and the
numerical results that will be obtained from this
simulation. Then the analysis of the simulation
results is an analysis that will bring up detailed
numerical results and an explanation of the
simulation results. The simulation results will get
three values, namely Von Mises Stress,
displacement and safety factor related to the
research, the results of the analysis of the ladder
frame type electric car chassis will be obtained.

2.1. The Equipment and Materials Spesifications
for the Research

2.1.1.Hardware

The hardware used is a laptop with the
following specifications, system model nya HP
Laptop 15s-fq2xx, RAM 8GB, operating system
Windows 11 Home Single Language 64-bit.

2.1.2. Software

The software to be used is Autodesk Inventor
2016 software, this software can meet the needs
of a static analysis simulation to be carried out to
get the best results from the three chassis models.

i

AUTODESK"
INVENTOR" 2016 A

Figure 1. Software Autodesk Inventor 2016
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2.2. Chassis Modeling and Design

2.2.1. Chassis Modeling

This study examines 3 types of models on the
middle side of the chassis, especially the driver's
support section. With these 3 types designed using
the Inventor software using Aluminum 6061
material and having an alloy of hollow material
shapes. The estimated size of the chassis to be
used is 2, 160 mm x 250 mm x 651 mm. The
pattern on the chassis will use three patterns
namely H, X and Y which will be varied in the
middle position of the chassis, as shown in Figure
2, Figure 3 and Figure 4.

Figure 4. Chassis Y
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2.2.2. Material Data Input

This stage includes the required material
data in accordance with the research. Material
data entry can be arranged in the Autodesk
Inventor 2016 software in the material tool. It is
necessary to determine the constraints area as a
seat that will be related to the suspension. Then
it is necessary to assume that the seat is rigid with
the suspension and does not experience
displacement because of loading.

To facilitate a calculation, loading groups are
needed which must be adjusted to the desired
loading point. Loading on the chassis requires a
unit change from kg to N, so it takes a
multiplication of gravity to the loading of kg.

Loading points are an attempt to group a load
so that it can be properly assumed to get
maximum results from the results of the testing
process. This loading must be adjusted according
to its position, each chassis pattern is given the
same loading value, which only calculates the
weight of the driver as an effort to get static
chassis simulation results. The loading is given the
same value so that the best chassis can be
determined for the same loading variable. The
following is the loading that applies to the 6061
aluminum chassis.

e Load point on Chassis H
The driver's foot loading point is 10 kg, then
multiplied by the gravity value of 10 m/s%. The
following is Figure 5 of the loading point on the
chassis.

Figure 5. Foot load point on chassis H

The following is the calculation:
F1 = Footload x g
F1 = 10 kg x 10 m/s?
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F1 =100N

The driver's waist loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 6 of the loading points on the chassis.

Figure 6. Waist point on chassis H

The following is the calculation:
F2 = Waistloadx g
F2 =20kg x 10 m/s?
F2 = 200N

The driver's back loading point is 30 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 7 of the loading points on the chassis.

Figure 7. Back load point on chassis H

The following is the calculation:
F3 = Backloadx g
F3 = 30kgx 10 m/s?
F3 =300N

The machine loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 8 of the loading points on the chassis.
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Figure 8. Machine load point on chassis H
The following is the calculation:
F4 = Engine load x g
F4 = 20 kg x 10 m/s?
F4 = 200N

The loading point for the front wheel drive
components is 10 kg, then multiplied by the
gravity value of 10 m/s2. Here is Figure 9 of the
loading points on the chassis.

Figure 9. Wheel drive component load point on chassis
H

The following is the calculation:
F5 = Wheel drive components x g
F5 = 10 kg x 10 m/s?
F5=100N

¢ Load Point on Chassis X
The driver's foot loading point is 10 kg, then
multiplied by the gravity value of 10 m/s%. The
following is Figure 10 of the loading point on the
chassis.

-319-

Figure 10. Foot load point on chassis X

The following is the calculation:
F1 = Footloadx g
F1 = 10 kg x 10 m/s?
F1 =100N

The driver's waist loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 11 of the loading points on the chassis.

Figure 11. Waist point on chassis X

The following is the calculation:
F2 = Waistloadx g
F2 =20kgx 10 m/s?
F2 =200 N

The driver's back loading point is 30 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 12 of the loading points on the chassis.
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Figure 12. Back load point on chassis X
The following is the calculation:
F3 = Backloadx g
F3 = 30kgx 10 m/s?
F3 =300N

The machine loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 13 of the loading points on the chassis.

Figure 13. Machine load point on chassis X

The following is the calculation:
F4 = Engine load x g
F4 = 20kgx 10 m/s?
F4 = 200N

The loading point for the front wheel drive
components is 10 kg, then multiplied by the
gravity value of 10 m/s2. Here is Figure 14 of the
loading points on the chassis.
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Figure 14. Wheel drive component load point on
chassis X

The following is the calculation:
F5 = Wheel drive components x g
F5 = 10 kg x 10 m/s?
F5 =100 N

Load Point on Chassis Y

The driver's foot loading point is 10 kg, then
multiplied by the gravity value of 10 m/s2. The
following is Figure 15 of the loading point on the
chassis.

Figure 15. Foot load point on chassis Y

The following is the calculation:
F1 = Footload x g
F1 =10 kg x 10 m/s?
F1 =100 N

The driver's waist loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 16 of the loading points on the chassis.
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Figure 16. Waist point on chassis Y

The following is the calculation.
F2 = Waistloadx g
F2 =20kg x 10 m/s?
F2 =200 N

The driver's back loading point is 30 kg, then
multiplied by the gravity value of 10 m/s?. Here is
Figure 17 of the loading points on the chassis.

Figure 17. Back load point on chassis Y

The following is the calculation:
F3 = Backloadx g
F3 =30kgx 10 m/s?
F3 =300N

The machine loading point is 20 kg, then
multiplied by the gravity value of 10 m/s?. Here is
Figure 18 of the loading points on the chassis.
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Figure 18. Machine load point on chassis Y
The following is the calculation:

F4 = Engine loadx g

F4 = 20 kgx 10 m/s?

F4 =200 N

The loading point for the front wheel drive
components is 10 kg, then multiplied by the
gravity value of 10 m/s%. Here is a picture of the
loading points on the chassis.

Figure 19. Wheel drive component load point on
chassis Y

The following is the calculation:
F5 = Wheel drive components x g
F5 = 10 kg x 10 m/s?
F5 =100N
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2.2.3. Static Analysis Simulation

After completing the 3-dimensional modeling
of the ladder frame chassis with Aluminum 6061
material using the Inventor Software. This
simulation produces the value of the maximum
and minimum stress for the loading carried out at
the points that have been determined to support
the driver's load and the engine's load. It can be
seen in the simulation that there are dark blue to
red colors which affect the stress concentration.
Deflection in the chassis is affected by a
predetermined force against each side of the
chassis (Sihombing, Jokosiworo and Adietya,
2019).

This simulation will also obtain safety factor
results for the chassis from a safety perspective.
Static analysis on the chassis with three patterns
H, X and Y can be seen which pattern is the best
according to Von Mises Stress, the calculation of
displacement and safety factor that has been
obtained (Fauzi and Marsono, 2021).

Aluminum material has the basic properties
of this material, in this study the value of the
properties of the Aluminum material must be
considered to get maximum results. The following
are specifications for the Aluminum 6061 material
shown in Table 1.

Table 1. Physical properties of aluminum 6061

Name Aluminum 6061

General Mass Density 2.7 g/cm?
Yield Strength 275 MPa
Ultimate Tensile 310 MPa
Strength

Stress Young's Modulus 68.9 GPa
Poisson's Ratio 0.33 ul
Shear Modulus 25.9023 GPa

2.3. Validation of Design Results

Validation of the design results is a reference
to ensure that the data obtained from the design
results is proven accurate with the help of
Autodesk Inventor 2016 software. Validation is a
standard form in a design so that the design
results can be ensured that the design results are
feasible or not according to predetermined
standards.
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The standard obtained as a reference in the
calculation of the results of the von miss stress
must be below the yield strength value and the
safety factor must be adjusted to the standard.

2.3.1. Chassis Design Validation
The following are the steps taken in the stage

of validating the prototype electric car chassis

design using the Autodesk Inventor 2016 software,

along with the stages:

1) Pre-Process Design

The pre-design process is an effort to prepare

a chassis shape that will be designed

according to the needs and desires to

maximize the results of chassis analysis using

hollow 6061 aluminum.

Design Process

The design process is divided into 3 stages to

make it easier to understand the modeling

process, this process uses Autodesk Inventor

2016 software. The following are the stages:

a) Design Part Process

The sketch results will be made in 3D
by entering the type of frame needed
according to the shape of the frame to
be made. The three chassis patterns H,
X and Y will be made according to I1SO
standard sizes. This chassis uses the
same frame type with the same
dimensions. the type of frame used is
ISO 4019 (Square) - Structural steels -
Cold-formed, welded, structural
hollow sections with dimensions of
30mm x 30mm x 2mm. This
information is contained in Figure 20
and Figure 21.

0,00
wctural hollow sections

eeeeeeee

Figure 20. Material type
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b) Chassis Design Process
The Chassis Design Process is
something that must be done so that
the chassis parts can be maintained to
form one chassis component that is
intact and strong in material structure.

Change -
Frame Member Selection Orientation
Standard D) _I_
0 0,000 mm
Family )‘_'
1S0 4019 (Square) - Struc © O 0.000mm
size ¢
- - o o 0,00 deg
Material O Aign
Aluminum 6061
Appearance Select
@ Aluminum Cast v @ [ muiti-select
@ 5 B85 o s oK Cancel [E i

Figure 21. Material spesification

Here are the steps:

(1) Insert Frame
Insert frame is the process of inserting the
type of material into the chassis (see Figure
22).

=

T T

Figure 22. Insert frame

(2) Miter Process
The miter process is to thread the corners on
an aluminum bar. Figure 23 is the process
before the miter and in Figure 24 is the result
after the miter.

Figure 23. Before miter process
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Figure 24. After miter process

(3) Trim/Extend
Trim/extend is the process of trimming and
adding materials to make them fit perfectly
(see Figure 25).

Figure 25. Trim/Extend Process

2.3.2. Validation of Chassis Analysis Results
This validation includes the pre-process
analysis and the analysis process itself. validation
analysis is carried out on the simulation that will
be carried out on the ladder frame chassis.
a) Pre-process Analysis
The pre-process analysis procedure is the
preparation for the chassis design analysis by
verifying the material, setting constraints
(support), constacts and determining the
proper loading. Here are the steps:

(1) The first stage is to simplify a chassis
model. The chassis is adjusted according
to the type, the type of chassis used in
this study is the ladder frame type (see
Figure 26).

(2) Then click environments - stress analysis
- create simulations- static analysis - ok
(see Figure 27).

(3) Determine the Assign material to enter
the type or type of material used. The
material used is aluminum 6061 (see
Figure 28).
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(4) Define constraints points (fulcrum) and
define contacts automatically (see
Figure 29).

T T TR T T

Figure 26. Create simulation

‘E S Midsutace
2 Otset
Find Thin

8odies

7 Moment | o Manual

o
Assign | Fixed = Fddiodless | Lo

Mesh View

Pressure Simulate
%) Gravity
Material Constraints

Assign Materials

Loads ~ Contacts Prepare Mesh

Solve

Component Overnge Materal Safery Foctor -

(As Defined)

| s Defned)
(As Defined)
(As Defined)

1 (asDefines)

| (As Defneq)

it S
e ireegn
Yield Strength
Yield Strength
el Strengn
Veld Srengh
[ (haoelet) Veid St
[ (he ety | v Srengtn
T T
ey i

<>

O

Figure 28. Constrains automatic

(5) Determine the gravity value in a design
so that it can be adjusted to the results
of research that has a real appropriate
chassis placement (see Figure 29).

Figure 29. Enter the gravity value
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(6) Determine the loads, namely the load of
the driver, engine components and front
wheel drive components of 900N with
the points adjusted to the pattern of
each chassis (see Figure 30).

T ===

Figure 30. Load point

b) Process Analysis
The analysis process includes meshing view,
simulate and simulation results.

(1) Meshing View, carry out a meshing
process that is used as an observer of the
flatness of a surface against the object
to be analyzed (see Figure 31).

Im VIA _ us 'l
e e |

Figure 31. Meshing automatic

(2) Then click simulation to get the
simulation process and click "Run” to
start the simulation according to Figure

Figure 32. Start the simulating process
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(3) The process that runs in the simulation
is shown in the following Figure 33.

Figure 33. Simulation process

(4) The results obtained from the simulation
are in the form of von misses stress,
displacement and safety factor values
(see Figure 34).

T i i e 1

Figure 34. Simulation results
3. RESULT AND DISCUSSION

The design results obtained are based on the
results of research by simulating chassis static
analysis which is designed using a ladder frame
type with a different model, namely the H model
which is shown in Figure 35, then the X model
which is shown in Figure 36 and the results of the
Y model are shown in Figure 37. Design The ladder
frame chassis uses ISO standard 6061 hollow
aluminum.

Figure 35. H chassis results
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Figure 37. Y chassis results

The following is the result of testing the
prototype electric car chassis using a ladder frame
type with the help of Autodesk Inventor 2016
software:

e H Pattern Chassis

The following is the result of the analysis of
the H chassis. The analysis is in the form of the
results of the value of Von Misses Stress,
Displacement value and Safety Factor value
obtained from a static analysis simulation using
the Autodesk Inventor 2016 software.

The values obtained from the simulation
results show that the von misses stress value has
a minimum value of 0 MPa and a maximum value
of 84.47 MPa. The following is shown in Figure 38.

The values obtained from the simulation
results show that the minimum displacement
value is 0 mm and the maximum value is 0.8944
mm as shown in Figure 39.

The values obtained from the simulation
results show a minimum safety factor value of
3.26 and a maximum value of 15 as shown in
Figure 40.
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Figure 40. Results of safety factor on H chassis

e X Pattern Chassis

The following is the result of the analysis of
the X chassis. The analysis is in the form of the
results of the value of Von Misses Stress,
Displacement value and Safety Factor value
obtained from a static analysis simulation using
the Autodesk Inventor 2016 software.

The values obtained from the simulation
results show that the von misses stress value has
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a minimum value of 0 MPa and a maximum value
of 86,5 MPa. The following is shown in Figure 41.

7

Figure 41. Result of von misses stress on X chassis

The values obtained from the simulation
results show that the minimum displacement
value is 0 mm and the maximum value is 0.8122
mm as shown in Figure 42.

Type Disdazemirt

Figure 42. Results of displacement on X chassis

The values obtained from the simulation
results show a minimum safety factor value of
3.18 and a maximum value of 15 as shown in
Figure 43.

Figure 43. Results of safety factor on X chassis
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e Y Pattern Chassis

The following is the result of the analysis of
the H chassis. The analysis is in the form of the
results of the value of Von Misses Stress,
Displacement value and Safety Factor value
obtained from a static analysis simulation using
the Autodesk Inventor 2016 software.

The values obtained from the simulation
results show that the von misses stress value has
a minimum value of 0 MPa and a maximum value
of 84.79 MPa. The following is shown in Figure 44.

Type: Von Mises Stress
Unit: MPa
24/05/2023, 19:35:08

84,79 Max

Figure 44. Results of von misses stress on Y chassis

The values obtained from the simulation
results show that the minimum displacement
value is 0 mm and the maximum value is 1.109 mm
as shown in Figure 45.

Type: Displacement

Unit: mm

24/05/2023, 19:35:10
1,109 Max

0,887

Figure 45. Results of displacement on Y chassis

The values obtained from the simulation
results show a minimum safety factor value of
3.24 and a maximum value of 15 as shown in
Figure 46.
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Type: Safety Factor
Unit: ul
24/05/2023, 19:35:09

15 Max

Figure 46. Results of safety factor on Y chassis

The results of the analysis of the pictures
above are the aim of this study, these results will
be compared in a table to make it easier to
identify the values of the three chassis patterns.
The following are in Table 2.

Table 2. Chassis pattern analysis results

Model Classification Result
Pattern ChassisH  Von mises 84,47 MPa
stress
Displacement 0,89 mm
Safety factor 3,26 ul
Massa 6,31 kg
Pattern Chassis X  Von mises 86,50 MPa
stress
Displacement 0,81 mm
Safety factor 3,20 ul
Massa 7,12 kg
Pattern Chassis Y  Von mises 84,79 MPa
stress
Displacement 1,11 mm
Safety factor 3,24 ul
Massa 6,70 kg

The discussion is based on the results of a
simulation analysis of a prototype electric car
chassis using hollow aluminum 6061 with the help
of Inventor 2016 software, namely to find the
values of von misses stress, displacement and
safety factor in the three chassis patterns H, X and
Y. The results of the analysis of Pattern H, namely
the value of von misses stress of 84.47 MPa with a
displacement value of 0.89 mm and a safety factor
of 3.26 ul. Then the von misses stress value for
the chassis pattern x is obtained, which is 86.50
MPa with a displacement value of 0.812 mm and a
safety factor value of 3.20 ul. This analysis results
in the von misses stress on the y pattern chassis of
84.79 MPa with a displacement value of 1.11 mm
and a safety factor value of 3.24 ul.



Analysis of Prototype Electric Car Chassis Construction using Aluminum Hollow 6061 Profiles using Inventor Software 2016

This analysis also gets the results from the
mass of the chassis, namely the chassis pattern H
has a chassis mass of 6.31 kg, the x chassis has a
mass of 7.19 kg and the y chassis has a chassis
mass of 6.70 kg. The difference in the shape of
the chassis on the prototype electric car results in
a difference in the results of the static analysis
simulation. The value of von misses stress with
safety factor is inversely proportional.

4. CONCLUSION

Based on the results of research conducted
using Autodesk Inventor 2016 software, with the
aim of analyzing three chassis models made of
hollow 6061 aluminum which have different
patterns with loading at the same fulcrum. The
900N load on three chassis models can be well
received according to the analysis results.

The results of the static analysis simulation
stated that the three chassis models obtained
close analysis results and the best was the H
pattern chassis because it had a Von misses stress
value of 84.47 MPa, a displacement value of 0.89
mm and a safety factor of 3.26 ul. The value of
the von Mises stress is still relatively safe because
it is still far below the yield stress value, which is
275 MPa. The value of the safety factor is above
1, so it is classified as safe in terms of safety and
the displacement value is below number 1. This
value is not much different from the pattern
chassis Y but seen from other aspects, namely,
modeling is easier to design, then the best
category of the three chassis models is the chassis
model H.
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Analisis Bentuk Kontruksi Chassis Mobil Listrik Prototype Tipe Hollow
Alumunium 6061 Menggunakan Software Inventor 2016

Analysis of Prototype Electric Car Chassis Construction using Aluminum Hollow 6061
Profiles using Inventor Software 2016

Muhammad Zahir Bahasyim, Riyan Ariyansah® dan Oktarina Heriyani
Universitas Muhammadiyah Prof. Dr. HAMKA, Jl. Tanah Merdeka, No.6, Ciracas, Jakarta Timur, Jakarta 13830, Indonesia

Article information: Abstract

Received: Vehicles are a means of transportation. Most vehicles use fossil fuels as an energy source.
28/05/2023 Fossil fuels will run out, so electricity is used as a substitute. Electric fuel is
Revised: environmentally friendly and does not emit pollution. Making a prototype electric car,
07/06/2023 one of which is preparing a design and simulating it using software. This study aims to
Accepted: find the best 6061 hollow aluminum chassis model through static analysis using Autodesk
13/06/2023 Inventor software with the finite element analysis (FEA) method. This study compares

three chassis models, namely chassis patterns H, X, and Y, which will be subjected to a
static load test of 900 N, including the driver's load of 600 N. The values obtained are
von Mises stress, displacement, and the safety factor. The dimensions of the chassis are
2,160 mm by 750 mm by 500 mm, with a thickness of 2 mm. The results can be concluded:
the H-pattern chassis is the best and easier to design compared to the X and Y chassis.
This chassis has a von Mises stress value of 84.47 MPa, a displacement value of 0.89 mm,
and a safety factor of 3.20. Based on these results, the model H chassis is safe.

Keywords: prototype, von mises stress, displacement, safety factor, Inventor.

SDGs: Abstrak

Kendaraan adalah sarana transportasi. Umumnya kendaraan menggunakan bahan bakar
fosil sebagai sumber energi. Bahan bakar fosil akan habis, maka dijadikan bahan bakar
listrik sebagai pengganti. Bahan bakar listrik ramah lingkungan dan tidak mengeluarkan
polusi. Pembuatan mobil listrik prototype salah satunya menyiapkan desain dan
disimulasikan menggunakan software. Penelitian ini bertujuan untuk menemukan model
chassis berbahan aluminium hollow 6061 yang terbaik melalui analisis statik menggunakan
software Autodesk Inventor dengan metode finite element analysis (FEA). Penelitian ini
membandingkan tiga model chassis, yaitu chassis pola H, X, dan Y yang akan diberikan
pengujian beban statis sebesar 900 N termasuk beban pengemudi yaitu 600 N. Nilai yang
didapatkan, yaitu von mises stress, displacement dan safety factor. Dimensi chassis yang
dibuat adalah 2.160 mm x 750 mm x 500 mm dengan ketebalannya adalah 2 mm. Hasilnya
dapat disimpulkan, chassis pola H yang terbaik dan lebih mudah dalam proses
perancangannya dibandingkan chassis X dan Y. Chassis ini memiliki nilai von misses stress
84,47 MPa, nilai displacement 0,89 mm dan safety factornya adalah 3,20. Berdasarkan
hasil tersebut chassis model H aman.

Kata Kunci: prototipe, von mises stress, displacement, faktor keamanan, Inventor.

* @ @ This work is licensed under a Creative Commons
Corrgspo_ndence_ Author . L@M Attribution-NonCommercial 4.0 International License

email : riyan_ariyansah@uhamka.ac.id
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1. INTRODUCTION

Vehicle is a means of transportation that is
very necessary for everyday life. At this time the
development and innovation of a vehicle is quite
rapid, with the technologies that have been
realized as well as the newly discovered
technologies (Keliky, 2014; Setiawan, Sujana and
Taufiqurrahman, 2021). Vehicles now use
innovation that is different from before, namely
the renewal of energy from Ignition Combustion
Engine Vehicles (ICEVs) to vehicles that use
electric energy or Electric Vehicles (Evs). This
development is very important to develop,
because of that in Indonesia also held an
Indonesian Electric Car Contest for students for a
research development (Toteles and Alhaffis,
2021).

The electric car is an innovative vehicle,
because it has an electric motor that moves to
generate power, then the electric power is stored
in the battery (Daryanto and Tyassmadi, 2016). In
addition, the purpose of replacing fossil fuels into
electric fuel is to reduce air pollution in order to
create environmentally friendly vehicles and also
efforts to reduce the percentage of the
greenhouse effect that occurs in Indonesia by 26%
(Mulyadi et al., 2022).

The material used in several previous studies
uses carbon steel because it has strong properties
and is more economical in the manufacturing
process, but the disadvantages are that it is
susceptible to rust, prone to fracture and difficult
to weld (Dwinanto and Muhammad, 2015;
Hasanuddin et al., 2019; Efendi, 2020).

Chassis is the main component in a car. The
chassis itself has several types, namely ladder
frame, tubular space frame, aluminum space
frame, monocoque and backbone chassis
(Shantika, Firmansjah and Naufan, 2017; Syinta,
Aprizal and Suripto, 2021). On the other hand, the
chassis must have a light weight and be strong as
a support for the engine, car body, suspension
system, electrical system and driver (Ellianto and
Nurcahyo, 2020). This study uses a type of ladder
frame chassis called two long bars that support
the vehicle and provide strong support from the
weight of the load and are generally based on a
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transport design, and are generally called ladder
frames.

This study has a formulation of the problem,
namely, what are the results of Von Mises Stress,
displacement and safety factor from the three
existing chassis patterns and which model is the
best chassis pattern theoretically and analytically
(Toteles and Alhaffis, 2021; Dudescu, Bere and
Neamtu, 2022; Weriono and Siregar, 2023). This
study aims to determine the comparative analysis
value of 3 different chassis constructions with the
same material and using the same aluminum
hollow. This can be used as a reference before
starting the embodiment of a prototype electric
car. The analysis carried out in this study uses the
Autodesk Inventor 2016 software with a basis so
that it can be computationally adjusted to
achieve a high level of accuracy. Analyzing a
chassis shape in which there are three shapes,
namely, X, H and Y shapes. The results of the
three patterns will later look for the Von Mises
Stress, displacement and safety factor values.

2. METHODOLOGY

The research method carried out has 5
stages, namely literature review, data collection,
ladder frame chassis design modeling, frame
design simulation and analysis, and analysis
results.

The literature review is intended to obtain
numerical results that will be used as a reference
for the framework feasibility test. In this case the
type of frame used is the ladder frame. This frame
has many advantages and harmony in the design
of electric car prototypes. This research uses
Finite Element Analysis through Autodesk Inventor
2016 software.

Then data collection was carried out, data
collection techniques were carried out by
systematic observation, namely observation
within the boundaries of a study, the values
needed in the research. The author discusses the
analysis which is limited only to basic research on
three chassis patterns, analyzing Von Mises stress,
displacement, and safety factor with Aluminum
Hollow 6061 material. Chassis analysis is given a
load of 900 N with these parts, the driver's foot
load is 100N, the driver's back load 300N, driver

Submission ID trn:oid:::1:3248401221



waist load 200N, engine component load 200N and
front wheel drive component load 100N.

Next is to model the staircase frame chassis
design which is done by making a model with the
initial stages of drawing a chassis sketch and then
entering the type of material into the sketch
according to the material to be used, then do it
until the actual chassis model is formed. After
that, do a double check so that the results can be
maximized. Furthermore, the simulation must
have completed the chassis design modeling
stage.

The simulation will get visual results of the
strength of the chassis construction and the
numerical results that will be obtained from this
simulation. Then the analysis of the simulation
results is an analysis that will bring up detailed
numerical results and an explanation of the
simulation results. The simulation results will get
three values, namely Von Mises Stress,
displacement and safety factor related to the
research, the results of the analysis of the ladder
frame type electric car chassis will be obtained.

2.1. The Equipment and Materials Spesifications
for the Research

2.1.1.Hardware

The hardware used is a laptop with the
following specifications, system model nya HP
Laptop 15s-fq2xx, RAM 8GB, operating system
Windows 11 Home Single Language 64-bit.

2.1.2. Software

The software to be used is Autodesk Inventor
2016 software, this software can meet the needs
of a static analysis simulation to be carried out to
get the best results from the three chassis models.

I

AUTODESK"
INVENTOR" 2016 N

Figure 1. Software Autodesk Inventor 2016
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2.2. Chassis Modeling and Design

2.2.1. Chassis Modeling

This study examines 3 types of models on the
middle side of the chassis, especially the driver's
support section. With these 3 types designed using
the Inventor software using Aluminum 6061
material and having an alloy of hollow material
shapes. The estimated size of the chassis to be
used is 2, 160 mm x 250 mm x 651 mm. The
pattern on the chassis will use three patterns
namely H, X and Y which will be varied in the
middle position of the chassis, as shown in Figure
2, Figure 3 and Figure 4.

Figure 4. Chassis Y
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2.2.2. Material Data Input

This stage includes the required material
data in accordance with the research. Material
data entry can be arranged in the Autodesk
Inventor 2016 software in the material tool. It is
necessary to determine the constraints area as a
seat that will be related to the suspension. Then
it is necessary to assume that the seat is rigid with
the suspension and does not experience
displacement because of loading.

To facilitate a calculation, loading groups are
needed which must be adjusted to the desired
loading point. Loading on the chassis requires a
unit change from kg to N, so it takes a
multiplication of gravity to the loading of kg.

Loading points are an attempt to group a load
so that it can be properly assumed to get
maximum results from the results of the testing
process. This loading must be adjusted according
to its position, each chassis pattern is given the
same loading value, which only calculates the
weight of the driver as an effort to get static
chassis simulation results. The loading is given the
same value so that the best chassis can be
determined for the same loading variable. The
following is the loading that applies to the 6061
aluminum chassis.

e Load point on Chassis H
The driver's foot loading point is 10 kg, then
multiplied by the gravity value of 10 m/s%. The
following is Figure 5 of the loading point on the
chassis.

Figure 5. Foot load point on chassis H

The following is the calculation:
F1 = Footload x g
F1 = 10 kg x 10 m/s?
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F1 =100N

The driver's waist loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 6 of the loading points on the chassis.

Figure 6. Waist point on chassis H

The following is the calculation:
F2 = Waistloadx g
F2 =20kg x 10 m/s?
F2 = 200N

The driver's back loading point is 30 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 7 of the loading points on the chassis.

Figure 7. Back load point on chassis H

The following is the calculation:
F3 = Backloadx g
F3 = 30kgx 10 m/s?
F3 =300N

The machine loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 8 of the loading points on the chassis.
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Figure 8. Machine load point on chassis H Figure 10. Foot load point on chassis X

The following is the calculation:
The following is the calculation:
F4 = Engine load x g
F1 = Footloadx g
F4 = 20 kg x 10 m/s?
F1 = 10kgx 10 m/s?
F4 =200 N
F1=100N
The loading point for the front wheel drive

components is 10 kg, then multiplied by the
gravity value of 10 m/s2. Here is Figure 9 of the
loading points on the chassis.

The driver's waist loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 11 of the loading points on the chassis.

Figure 9. Wheel drive component load point on chassis Figure 11. Waist point on chassis X

H
The following is the calculation:

The following is the calculation: F2 = Waist load x g

F5 = Wheel drive components x g F2 = 20 kg x 10 m/s?

F5 = 10 kg x 10 m/s?

F2 =200 N
F5=100N The driver's back loading point is 30 kg, then
¢ Load Point on Chassis X multiplied by the gravity value of 10 m/s2. Here is
The driver's foot loading point is 10 kg, then Figure 12 of the loading points on the chassis.

multiplied by the gravity value of 10 m/s%. The
following is Figure 10 of the loading point on the
chassis.
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Figure 14. Wheel drive component load point on

Figure 12. Back load point on chassis X
chassis X

The following is the calculation: The following is the calculation:

F3 = Back]1
3 ackload x g F5 = Wheel drive components x g

— 2
F3 =30kgx10m/s F5 = 10 kg x 10 m/s?

F3=300N F5 = 100 N

The machine loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
e Figure 13 of the loading points on the chassis.

¢ Load Point on Chassis Y
The driver's foot loading point is 10 kg, then
multiplied by the gravity value of 10 m/s2. The
following is Figure 15 of the loading point on the
chassis.

Figure 13. Machine load point on chassis X

The following is the calculation:

F4 = Engine loadx g Figure 15. Foot load point on chassis Y
— 2
F4 =20kgx10m/s The following is the calculation:
F4 =200N F1 = Footloadx g
The loading point for the front wheel drive F1 = 10 kg x 10 m/s?

components is 10 kg, then multiplied by the

gravity value of 10 m/s2. Here is Figure 14 of the

loading points on the chassis. The driver's waist loading point is 20 kg, then
multiplied by the gravity value of 10 m/s2. Here is
Figure 16 of the loading points on the chassis.

F1 =100N

-320- Submission ID trn:oid:::1:3248401221
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Figure 16. Waist point on chassis Y

The following is the calculation.
F2 = Waistloadx g
F2 =20kg x 10 m/s?
F2 =200 N

The driver's back loading point is 30 kg, then
multiplied by the gravity value of 10 m/s?. Here is
Figure 17 of the loading points on the chassis.

Figure 17. Back load point on chassis Y

The following is the calculation:
F3 = Backloadx g
F3 =30kgx 10 m/s?
F3 =300N

The machine loading point is 20 kg, then
multiplied by the gravity value of 10 m/s?. Here is
Figure 18 of the loading points on the chassis.
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Figure 18. Machine load point on chassis Y
The following is the calculation:

F4 = Engine loadx g

F4 = 20 kgx 10 m/s?

F4 =200 N

The loading point for the front wheel drive
components is 10 kg, then multiplied by the
gravity value of 10 m/s%. Here is a picture of the
loading points on the chassis.

Figure 19. Wheel drive component load point on
chassis Y

The following is the calculation:
F5 = Wheel drive components x g
F5 = 10 kg x 10 m/s?
F5 =100N
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2.2.3. Static Analysis Simulation

After completing the 3-dimensional modeling
of the ladder frame chassis with Aluminum 6061
material using the Inventor Software. This
simulation produces the value of the maximum
and minimum stress for the loading carried out at
the points that have been determined to support
the driver's load and the engine's load. It can be
seen in the simulation that there are dark blue to
red colors which affect the stress concentration.
Deflection in the chassis is affected by a
predetermined force against each side of the
chassis (Sihombing, Jokosiworo and Adietya,
2019).

This simulation will also obtain safety factor
results for the chassis from a safety perspective.
Static analysis on the chassis with three patterns
H, X and Y can be seen which pattern is the best
according to Von Mises Stress, the calculation of
displacement and safety factor that has been
obtained (Fauzi and Marsono, 2021).

Aluminum material has the basic properties
of this material, in this study the value of the
properties of the Aluminum material must be
considered to get maximum results. The following
are specifications for the Aluminum 6061 material
shown in Table 1.

Table 1. Physical properties of aluminum 6061

Name Aluminum 6061

General Mass Density 2.7 g/cm?
Yield Strength 275 MPa
Ultimate Tensile 310 MPa
Strength

Stress Young's Modulus 68.9 GPa
Poisson's Ratio 0.33 ul
Shear Modulus 25.9023 GPa

2.3. Validation of Design Results

Validation of the design results is a reference
to ensure that the data obtained from the design
results is proven accurate with the help of
Autodesk Inventor 2016 software. Validation is a
standard form in a design so that the design
results can be ensured that the design results are
feasible or not according to predetermined
standards.
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The standard obtained as a reference in the
calculation of the results of the von miss stress
must be below the yield strength value and the
safety factor must be adjusted to the standard.

2.3.1. Chassis Design Validation
The following are the steps taken in the stage

of validating the prototype electric car chassis

design using the Autodesk Inventor 2016 software,

along with the stages:

1) Pre-Process Design

The pre-design process is an effort to prepare

a chassis shape that will be designed

according to the needs and desires to

maximize the results of chassis analysis using

hollow 6061 aluminum.

Design Process

The design process is divided into 3 stages to

make it easier to understand the modeling

process, this process uses Autodesk Inventor

2016 software. The following are the stages:

a) Design Part Process

The sketch results will be made in 3D
by entering the type of frame needed
according to the shape of the frame to
be made. The three chassis patterns H,
X and Y will be made according to I1SO
standard sizes. This chassis uses the
same frame type with the same
dimensions. the type of frame used is
ISO 4019 (Square) - Structural steels -
Cold-formed, welded, structural
hollow sections with dimensions of
30mm x 30mm x 2mm. This
information is contained in Figure 20
and Figure 21.

0,00
wctural hollow sections

eeeeeeee

Figure 20. Material type

Submission ID trn:oid:::1:3248401221



z"-.l turnitin Page 13 of 20 -Beiegsiimubritsioyurnal Asiimetrik: Jurnal llmiah Rekayasa Dan Inovasi, 5 (2), July 2023 : 315-334gpmission ID trn:oid:::1:3248401221

b) Chassis Design Process
The Chassis Design Process is
something that must be done so that
the chassis parts can be maintained to
form one chassis component that is
intact and strong in material structure.

Change -
Frame Member Selection Orientation
Standard D) _I_
0 0,000 mm
Family )‘_'
1S0 4019 (Square) - Struc © O 0.000mm
size ¢
- - o o 0,00 deg
Material O Aign
Aluminum 6061
Appearance Select
@ Aluminum Cast v @ [ muiti-select
@ 5 B85 o s oK Cancel [E i

Figure 21. Material spesification

Here are the steps:

(1) Insert Frame
Insert frame is the process of inserting the
type of material into the chassis (see Figure
22).

=

T T

Figure 22. Insert frame

(2) Miter Process
The miter process is to thread the corners on
an aluminum bar. Figure 23 is the process
before the miter and in Figure 24 is the result
after the miter.

Figure 23. Before miter process
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Figure 24. After miter process

(3) Trim/Extend
Trim/extend is the process of trimming and
adding materials to make them fit perfectly
(see Figure 25).

Figure 25. Trim/Extend Process

2.3.2. Validation of Chassis Analysis Results
This validation includes the pre-process
analysis and the analysis process itself. validation
analysis is carried out on the simulation that will
be carried out on the ladder frame chassis.
a) Pre-process Analysis
The pre-process analysis procedure is the
preparation for the chassis design analysis by
verifying the material, setting constraints
(support), constacts and determining the
proper loading. Here are the steps:

(1) The first stage is to simplify a chassis
model. The chassis is adjusted according
to the type, the type of chassis used in
this study is the ladder frame type (see
Figure 26).

(2) Then click environments - stress analysis
- create simulations- static analysis - ok
(see Figure 27).

(3) Determine the Assign material to enter
the type or type of material used. The
material used is aluminum 6061 (see
Figure 28).
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(4) Define constraints points (fulcrum) and
automatically

define contacts
Figure 29).

(see

T T TR T T

Figure 26. Create simulation
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Figure 28. Constrains automatic

(5) Determine the gravity value in a design
so that it can be adjusted to the results
of research that has a real appropriate
chassis placement (see Figure 29).

Figure 29. Enter the gravity value
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(6) Determine the loads, namely the load of
the driver, engine components and front
wheel drive components of 900N with
the points adjusted to the pattern of
each chassis (see Figure 30).

Figure 30. Load point

b) Process Analysis
The analysis process includes meshing view,
simulate and simulation results.

(1) Meshing View, carry out a meshing
process that is used as an observer of the
flatness of a surface against the object
to be analyzed (see Figure 31).

2 R @

Figure 31. Meshing automatic

(2) Then click simulation to get the
simulation process and click "Run” to
start the simulation according to Figure

Figure 32. Start the simulating process
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(3) The process that runs in the simulation
is shown in the following Figure 33.

Figure 33. Simulation process

(4) The results obtained from the simulation
are in the form of von misses stress,
displacement and safety factor values
(see Figure 34).

T i i e 1

Figure 34. Simulation results
3. RESULT AND DISCUSSION

The design results obtained are based on the
results of research by simulating chassis static
analysis which is designed using a ladder frame
type with a different model, namely the H model
which is shown in Figure 35, then the X model
which is shown in Figure 36 and the results of the
Y model are shown in Figure 37. Design The ladder
frame chassis uses ISO standard 6061 hollow
aluminum.

Figure 35. H chassis results
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Figure 37. Y chassis results

The following is the result of testing the
prototype electric car chassis using a ladder frame
type with the help of Autodesk Inventor 2016
software:

e H Pattern Chassis

The following is the result of the analysis of
the H chassis. The analysis is in the form of the
results of the value of Von Misses Stress,
Displacement value and Safety Factor value
obtained from a static analysis simulation using
the Autodesk Inventor 2016 software.

The values obtained from the simulation
results show that the von misses stress value has
a minimum value of 0 MPa and a maximum value
of 84.47 MPa. The following is shown in Figure 38.

The values obtained from the simulation
results show that the minimum displacement
value is 0 mm and the maximum value is 0.8944
mm as shown in Figure 39.

The values obtained from the simulation
results show a minimum safety factor value of
3.26 and a maximum value of 15 as shown in
Figure 40.
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a minimum value of 0 MPa and a maximum value
of 86,5 MPa. The following is shown in Figure 41.

S Figure 41. Result of von misses stress on X chassis

The values obtained from the simulation
results show that the minimum displacement
value is 0 mm and the maximum value is 0.8122
mm as shown in Figure 42.

Type Disdazemirt

Figure 42. Results of displacement on X chassis

The values obtained from the simulation
results show a minimum safety factor value of
3.18 and a maximum value of 15 as shown in
Figure 43.

Figure 40. Results of safety factor on H chassis

e X Pattern Chassis

The following is the result of the analysis of
the X chassis. The analysis is in the form of the
results of the value of Von Misses Stress,
Displacement value and Safety Factor value
obtained from a static analysis simulation using
the Autodesk Inventor 2016 software.

The values obtained from the simulation
results show that the von misses stress value has Figure 43. Results of safety factor on X chassis
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e Y Pattern Chassis

The following is the result of the analysis of
the H chassis. The analysis is in the form of the
results of the value of Von Misses Stress,
Displacement value and Safety Factor value
obtained from a static analysis simulation using
the Autodesk Inventor 2016 software.

The values obtained from the simulation
results show that the von misses stress value has
a minimum value of 0 MPa and a maximum value
of 84.79 MPa. The following is shown in Figure 44.

Type: Von Mises Stress
Unit: MPa
24/05/2023, 19:35:08

84,79 Max

Figure 44. Results of von misses stress on Y chassis

The values obtained from the simulation
results show that the minimum displacement
value is 0 mm and the maximum value is 1.109 mm
as shown in Figure 45.

Type: Displacement
Unit: mm
24/05/2023, 19:35:10
1,109 Max
0,887

0,665,

0,444

Figure 45. Results of displacement on Y chassis

The values obtained from the simulation
results show a minimum safety factor value of
3.24 and a maximum value of 15 as shown in
Figure 46.
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Type: Safety Factor
Unit: ul
24/05/2023, 19:35:09

15 Max

Figure 46. Results of safety factor on Y chassis

The results of the analysis of the pictures
above are the aim of this study, these results will
be compared in a table to make it easier to
identify the values of the three chassis patterns.
The following are in Table 2.

Table 2. Chassis pattern analysis results

Model Classification Result
Pattern ChassisH  Von mises 84,47 MPa
stress
Displacement 0,89 mm
Safety factor 3,26 ul
Massa 6,31 kg
Pattern Chassis X ~ Von mises 86,50 MPa
stress
Displacement 0,81 mm
Safety factor 3,20 ul
Massa 7,12 kg
Pattern Chassis Y  Von mises 84,79 MPa
stress
Displacement 1,11 mm
Safety factor 3,24 ul
Massa 6,70 kg

The discussion is based on the results of a
simulation analysis of a prototype electric car
chassis using hollow aluminum 6061 with the help
of Inventor 2016 software, namely to find the
values of von misses stress, displacement and
safety factor in the three chassis patterns H, X and
Y. The results of the analysis of Pattern H, namely
the value of von misses stress of 84.47 MPa with a
displacement value of 0.89 mm and a safety factor
of 3.26 ul. Then the von misses stress value for
the chassis pattern x is obtained, which is 86.50
MPa with a displacement value of 0.812 mm and a
safety factor value of 3.20 ul. This analysis results
in the von misses stress on the y pattern chassis of
84.79 MPa with a displacement value of 1.11 mm
and a safety factor value of 3.24 ul.
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This analysis also gets the results from the
mass of the chassis, namely the chassis pattern H
has a chassis mass of 6.31 kg, the x chassis has a
mass of 7.19 kg and the y chassis has a chassis
mass of 6.70 kg. The difference in the shape of
the chassis on the prototype electric car results in
a difference in the results of the static analysis
simulation. The value of von misses stress with
safety factor is inversely proportional.

4. CONCLUSION

Based on the results of research conducted
using Autodesk Inventor 2016 software, with the
aim of analyzing three chassis models made of
hollow 6061 aluminum which have different
patterns with loading at the same fulcrum. The
900N load on three chassis models can be well
received according to the analysis results.

The results of the static analysis simulation
stated that the three chassis models obtained
close analysis results and the best was the H
pattern chassis because it had a Von misses stress
value of 84.47 MPa, a displacement value of 0.89
mm and a safety factor of 3.26 ul. The value of
the von Mises stress is still relatively safe because
it is still far below the yield stress value, which is
275 MPa. The value of the safety factor is above
1, so it is classified as safe in terms of safety and
the displacement value is below number 1. This
value is not much different from the pattern
chassis Y but seen from other aspects, namely,
modeling is easier to design, then the best
category of the three chassis models is the chassis
model H.
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