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ABSTRACT

In the race conditions of the Energy Saving Car Contest, urban
concept vehicles must comply with the special rules that have
been set, namely 'stop & go driving'. Therefore, the designed
car must have the toughness to accelerate and decelerate
safely. Chassis is a fundamental part of the vehicle that
functions to support the overall load that works on the car,
keeps the car's condition rigid, does not experience excessive
deformation and is safe when used. For that chassis design
planning must be considered. The selection of a strong but still
lightweight material was carried out, using 6061 aluminum
material. In this research, an analysis will be carried out on the
design of the TITEN EV-2 car chassis. TITEN itself is the
name of the Jember University research team that focuses on
developing energy-efficient electric vehicles. In this study the
analysis is focused on the chassis that experiences dynamic
loading when braking with variations in the shape of the
chassis profile, namely profiles in the shape of a square and
hollow rectangle and the braking distance is varied. from 20m,
15m, 10m. By using the Finite Element Method (FEM), the
strength analysis of the chassis structure design can be
determined by looking at the maximum stress and total
deformation acting on the chassis. From the simulation results,
the rectangular hollow chassis profile has a mass of 7.6 kg
which is lighter than the square hollow chassis which has a
mass of 9.4 kg. Rectangular hollow chassis has a maximum
stress that is superior to square hollow chassis at loading
distances of 20 m and 15 m, but at a braking distance of 10 m,
square hollow chassis is superior in terms of total deformation
and maximum stress.

Key words: Chassis, Finite Element Method, Aluminum
6061.

1. INTRODUCTION

Highlight a section that you want to designate with a certain
style, then select the appropriate name on the style menu. The
style will adjust your fonts and line spacing. Data from the
Central Statistics Agency noted that in 2020 the growth of
passenger cars reached 15,797,746, increasing 2-fold in just 9
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years since 2008 which only reached 7,489,852 cars [1].
Energy demand in the transportation sector is still dominated
by materials from unsustainable sources. The highest demand
for energy in the transportation sector is fuel (96%), the
remainder is supplied by biodiesel and natural gas, while
electric car users are not too influential because the number of
electric cars assumed is still small compared to conventional
vehicles [2].

The 2021 Energy-Saving Car (KMHE) is a national-level
economical car competition organized by the National
Achievement Center (Puspresnas) of the Ministry of
Education, Culture, Research and Technology
(Kemdikbudristek) of the Republic of Indonesia in
collaboration with university hosts. This activity aims to test
students' ability to build and design vehicles that are safe,
economical and environmentally friendly. The KMHE
competition requires each team to design, build and test
vehicles that can travel long distances with the least energy
consumption [3].

In the conditions of the urban concept vehicle race must
comply with special regulations set by KMHE. namely 'stop &
go driving. This requires the vehicle to stop every lap.
Therefore, the designed car must have the toughness to
accelerate and be able to decelerate safely. Chassis is one
important component that functions as a support for the overall
load acting on the vehicle, so that the manufacture and design
of a chassis is the most important factor in a vehicle.

Finite Element Method is a numerical method for obtaining
solutions to differential problems, both ordinary differential
equations (Ordinary Differential Equation) and partial
differential equations (Partial Differential Equation). The
principle of the finite element method is to divide the problem
domain, be it the spatial domain or the time domain, into
smaller sub domains or elements [4].

Vehicle weight reduction is one of the most effective means of
reducing fuel consumption and greenhouse gases for vehicles.
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It has been estimated that for every 10% weight removed from
the total vehicle weight, fuel economy increases by 7%. To
achieve lightweight construction, without compromising
rigidity, automakers have investigated replacing steel with
aluminum, magnesium, composites and foam [5].

From this background it is important to study and analyze the
design of the TITEN Ev-2 urban car chassis under dynamic
loading when braking. The material used in this research is
aluminum 6061 series with the variation used in this research
is the Chassis profile shape variation, namely square and
rectangular hollow profiles. The purpose of this study is to
determine the effect and optimal conditions of the design
parameters in the form of a profile on an electric car chassis
using the Finite Element Method and to obtain a chassis that is
light yet safe when used.

2. RESEARCH METHODS
2.1 Chassis Material Properties

Aluminum is a light metal and the use of aluminum offers
considerable potential for reducing the weight of a car
specifically on the chassis. Aluminum 6061 has an alloy of
magnesium silicon (Al-Mg-Si) belonging to the group that can
be heat-treated (heat treble) Aluminum offers the fastest,
safest, most environmentally friendly, and value added way to
reduce mass and improve vehicle performance, increasing fuel
efficiency, extending battery range and reducing emissions [6]
In more detail the characteristics of this material can be seen in
Table 1. namely the value of the material properties of
aluminum 6061.

Table 1. Aluminum 6061 Material Properties

Properties Value
Ultimate Tensile Strength 310 Mpa
Tensile Yield Strenght 276 MPa
Modulus of Elasticity 68,9 GPa
Density 2,7 glcc
Shear Modulus 26 GPa

2.2 Chassis Design

As a basis for the design of the chassis, in addition to the main
dimensions of the chassis must be determined. Chassis
dimensions refer to competition regulations for the
Energy-Saving Car Contest (KMHE) and shell eco marathon
[7]. In this study, two profile shape variations were used,
namely a chassis with a rectangular hollow profile and a
chassis with a square hollow profile with a thickness of 1.2
mm. which is shown in Figure 1.
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Figure 1. (a) Rectangular Profile Chassis Design, (b) Square
Profile Chassis Design

2.3 Braking Load

In race conditions, the car is assumed to be able to decelerate
(brake) within a distance of 20 meters, 15 meters and 10
meters at a speed of 50 km/hour. Then the value of
deceleration (deceleration) can be obtained from each distance
t by calculating using equation (1) as shown in Table 2.

2 2
=1

2.5 (1)

a=

Where:

s = Distance (m)

Vo = Initial Speed (m/s)
vi = Final Speed (m/s)

t = Time (Sekon)

a = Acceleration (m/s?)

Table 2. Calculation of Deceleration With Variation of Braking

Distance
Distance 20 m Distance 15 m Distance 10 m
Vi — 1 - -

a=

2.5 )
0 —(13,889)
a=

a= a=

2.5 . 2.5 .
0—(13.889) 0—(13.889)

2.20 @ 2.15 @ 2.10
192,504 192,504 192,504
T T, “= 70
a=—4822 m/s" a=—643 m/s" a=—-964m/s"
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At the time of braking there is a load in the vertical and
horizontal directions which is supported by the chassis. With a
gravity value of 9.81 m/s2 and a known deceleration due to
braking. then the load data during braking is obtained as
shown in Table 3 and Table 4 below:

Table 3. Load When Braking On Chassis
Vertical loading Braking Load
(a=4,822m/s™)

1l A, =FK.g 1 Fy =F.a

= 0,25 kg .9.8Lm/s" =025 kg .4.822 m/s*
=245 N =1205N

2. F.,=E .g 2. F. =F .a

= 6kg.9.81 m/s* =6kg.4822 mfs"
=58.86 N = 28,932 N

3. FEx=E.g 3. Fs =F.a
=03kg.9.81 m/s’ = 0.3 kg .4.822 m/s”
=204 N = 1446 N

4. Fpy = Fy priver +chassisec - 8 4. Fy = ‘E-"‘I-Di’l'l.'?i'+f|".'|:.9.§|l's Rec <@
=77.6kg.9.81 m/s = 77.6 kg. 4,822 m fs-
= 760,48 N = 374,032 N

Fys = Fy priver +chassiz square + @

= 79,4 kg.9,81 m/s>

F_‘-’A = E&Drl’upr+ chassis Square * §

=794 kg .9.81 m/s*

=778,12N = 382,708 N

5. Fs=FK.g 5. Fs =F.a

= 6kg.9.81 m/s* = 6kg .4822 m/s"
=58.86 N = 28,932 N

6. Fs=F.g 6. Fyg =F;.a
=3kg.981 m/s° =3 kg .4.822 m/s"
=2043 N = 14,466 N

7. F.;=F.g 7. F; =F.a
=8kg .98l m/s° =Bkyg.4822 m/s”
=7848 N = 38576 N

Table 4. Load When Braking On Chassis
Braking Load Braking Load
(a=6,43 m/s™) (a=9,64 m/s%)

L Fy=Ff.a 1. F,=F.a

Z0Bkg o/ = 0,25 kg .9,64 m/s?

= 1,6075 N
= 241N

2. F, =F .a 2 szze.ﬂ

= 6 kg .6,43 m/s” _ 5

= 3838 N =6kg.964m/s
=57,84N

3. F_r:l =F3.t1 3. F_rgng-ﬂ.

= 0.3 kg .6.43 m/s” _ 5

=1929N =03kg.964m/s
= 2,892 N

4. FI4 = aﬂrl'u?r+r?:c.s.sfsﬂ?r a4 qu. = Fmﬂ'vw_‘_rhcs‘gl-sﬂﬁ .a

= 77.6 kg .6.43 m/s*
= 408,068 N

=776 kg .9.64 m/s’
= 748,064 N

Fx—'& = -El Driver +chassis square + &

=794 kg .9.81 m/s’

Fx—'& = -El Driver +chassis square + &

= 794 kg .9.81 m/s’

= 510,542 N = 763,416 N

5 Fy =F;.a 5 Fy =F;.a

= 6 kg .6,43 m/s” = 6 kg .9.64 m/s”
= 3838 N =57.84 N

6. Fpg =F;, . 6. Fpy =F;,.a

= 3 kg .643 m/s” =3 kg .9.64 m/s”
=19.29N = 28.92N

7. F =F .a 7. F =F .a

= Bkg .6.43 m/s” = 8Bkg .9.64 m/s”
=SL4N = 77,12N
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3. RESULTS AND DISCUSSION
3.1 Modeling Discretization (FEA Method)

Determination of frame structure domain discretization refers
to the validation model, which is based on the type of meshing
and the quality of the meshing used. The type of meshing used
is completely uniform using a tetrahedron element [8]. The
size of the elements used is 4.5 mm as shown in Figure 2.

Figure 2. Tetrahedron Element Mesh (a) Chassis Rectangular
hollow, (b) Chassis Square Hollow

Based on these parameters the quality of the mesh structure of
the chassis can be determined. From the discretization results
shown in Figure 3. The quality of the formed mesh has a good
majority value as shown in uniform colors and good element
quality values. The discretization in this model has a good
distribution of element quality so that the difference in element
quality between the formed parts occurs uniformly or does not
contrast.
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(b)
Figure 3. Average Element Quality (a) Chassis Rectangular Hollow,
(b) Chassis Square Hollow

The chassis structure modeled in this study has the
discretization results shown in Table 5. By using uniform
parameters during the meshing process, the results obtained in
the geometric discretization process between chassis models
are also uniform. The resulting mesh values used in modeling
the two chassis models used show average skewness and
orthogonal quality in the range of good meshing quality.

Table 5. Discretization Results of the Chassis Structure

Model
1 - - = EF w2 = = =
EZ S¢ 53 $E ¥ $E ¥RT £
£ B B 5§ 3§, 8 8 §% 5§85 %
9] = SEoOEL WER ]S mE g A
fan-
Reg Good
gular 1460895 726.419 45 067929 047561 032052 .
(baik)
Holiow
Square Good
1379018 687.639 45 067674 046671 032308 .
Holiow (baik)

The results of discretization can be seen in the spectrum
contained in Figure 4. The average meshing quality produced
shows results in the good range based on the skewness
parameter values and orthogonal quality output from the
discretization process.

Skewness mesh metrics spectrum:
Excellent Very good Good Acceptable Bad Unacceptable
0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00
Orthogonal Quality mesh metrics spectrum:
B -
Unacceptable Bad Acceptable Good Very good Excellent
0-0.001 0.001-0.14 0.15-0.20 0.20-0.69 0.70-0.95 0.95-1.00

Figure 4. Range of Mesh Quality Parameter Levels

3.2 Chassis Structure Design of Rectangular Hollow
Profiles

Test results for the design of the rectangular hollow profile
chassis structure when simulated in the Ansys Workbench R1
software with variations in braking distance loading (20m,
15m, 10m). This simulation produces maximum stress data
and total deformation that occurs in the rectangular profile
chassis structure. The data is shown in Table 6 for the
maximum stresses and for the total deformation of the chassis
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shown in Table 7. The simulation results show the magnitude
of the maximum stress value and the total deformation that
occurs in the chassis. The location of this value can be known
by visualization which is shown by the color gradation in the
simulation results in the Ansys software, starting from the blue
color to show the result of the smallest stress or deformation
up to the largest value which is shown by the red color.

Table 6. Maximum Stress of Rectangular Hollow Profile Chassis

Structure
Braking Maximum
Distance Stress Visual Image
(m) (MPa)
20 53,9
15 56,37
10 67,81

Table 7. Total Deformation Chassis Structure Rectangular
Hollow Profile

Braking Total
Distance Deformation Visual Image
(m) (Mpa)
20 1,97
15 2,1
10 2,6
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3.3 Chassis Structure Design of Square Hollow Profiles

The results of testing the design of the square hollow profile
chassis structure with the same method produce the maximum
data stress and total deformation that occurs in the square
profile chassis structure. The data is shown in Table 8 for the
maximum stresses and for the total deformation of the chassis
shown in Table 9. The simulation results show the magnitude
of the maximum stress value and the total deformation that
occurs in the chassis.

Table 8. Maximum Stress of Rectangular Hollow Profile Chassis

Structure
Braking Maximum
Distance Stress Visual Image
(m) (MPa)
20 53,9
15 56,37
10 67,81

Table 9. Total Deformation Chassis Structure Square Hollow

Profile
Braking Total
Distance  Deformation Visual Image
(m) (MPa)
20 1,97
15 2,1

10 2,6

3.4 Chassis Mass Comparison and Analysis

With the material properties, namely the density of the 6061
aluminum material used in the chassis structure, the mass of
the chassis with rectangular and square hollow profiles can be
known. Following is the mass of the chassis with rectangular
and square hollow profiles after the design process is carried
out according to the dimensions of the chassis and the material
parameters used are shown in Table 10.

Table 10. Mass Comparison of Chassis Rectangular Hollow and
Square Hollow

. Massa .
Chassis Chassis Visual Image
Rectang
ular 7,6 kg
Hollow
Sty
=
Square
Hollow 94kg
’%l‘\ A
i e > |

4. CONCLUSION

Based on the research and analysis, it can be concluded that
the chassis with a rectangular hollow profile has a maximum
stress to braking loading with a distance of 15 m, which is
56.37 MPa, which is smaller than the square hollow profile,
which is 57.51 MPa. The rectangular hollow chassis has a
mass of 7.6 kg which is lighter than the square hollow chassis
which has a mass of 9.4 kg.
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