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ABSTRAK

Salah satu teknik optimasi yang dapat dilakukan oleh seorang Insinyur dalam mendesain sasis kendaraan adalah
dengan mengurangi bobot sasis itu sendiri dengan tetap mempertimbangkan beberapa target kinerja yang harus dipenuhi
terutama dalam hal keamanan kendaraan. Pada artikel ini penulis menggunakan Metode Elemen Hingga (FEM) untuk
mengetahui kekuatan suatu komponen yang berperan penting dalam menentukan keamanan kendaraan yaitu Bracket
Suspensi axle Belakang menggunakan Ansys dan Inventor untuk membuat model 3D komponen tersebut, kemudian
penulis membandingkan 2 model bracket dengan jenis bahan dan ketebalan yang sama yang telah dibuat untuk mengetahui
tegangan material. Salah satu parameter yang penulis gunakan dalam menentukan Design safety dari kedua model bracket
adalah nilai Factor of Safety, Deformasi, dan nilai tegangan Equivalent Elastic Stress. Hasil yang penulis dapatkan
menunjukkan bahwa nilai Factor of Safety bracket Model 1 dengan material yang sama dengan model bracket 2 yakni plat
tebal 6 mm adalah 1,48 atau masih dalam nilai yang disyaratkan oleh PT. INKA yaitu 1,4 hingga 1,8, dan untuk nilai
tegangan Equivalent Elastic Stress sebesar 166 MPa atau masih dibawah batas nilai maksimal material SS400 yakni 250
MPa.

Kata kunci: sasis, Metode Elemen Hingga (FEM), Von Mises, Equivalent Elastic Stress, bracket, axle.

ABSTRACT

One of the optimization techniques that can be carried out by an engineer in designing a vehicle chassis is
to reduce the weight of the chassis itself while still considering several performance targets that must be met,
especially in terms of vehicle safety. In this article the author uses the Finite Element Method (FEM) to
determine the strength of a component that plays an important role in determining vehicle safety, namely the
Rear Axle Suspension Bracket using Ansys and Inventor to create a 3D model of the component, then the author
compares the 2 bracket models with the type of material and thickness which was made to find out the stress of
the material. One of the parameters that the author uses in determining the Design safety of the two bracket
models is the Factor of Safety, Deformation, and Equivalent Elastic Stress values. The results that the authors
get showed that the value of the Factor of Safety of bracket Model 1 with the same material as the bracket Model
2, that is 6 mm thick plate is 1.48 or still within the value required by PT. INKA is 1.4 to 1.8 and for the
Equivalent Elastic Stress value of 166 MPa or still below the maximum value limit for SS400 material, which is
250 MPa.

Keywords: chassis, Finite Element Method, Von Mises, Equivalent Elastic Stress, bracket, axle.
1. INTRODUCTION

In designing a vehicle, not only the comfort aspect but also safety is one aspect that is quite crucial for
mechanical engineers to pay attention to. One component with a fairly high failure rate in terms of safety is the
bracket. There are tens or even hundreds of bracket types integrated with a vehicle with different levels of design
complexity and manufacturing processes. In this study, the authors tried to analyze the strength of the tension in
2 models of suspension brackets that rest on the rear axle of a 12-meter electric bus. The model to be analyzed is
the design result of authorl while attending an internship program at PT. INKA Madiun for about five months.
Then take the following research topics to be packaged in a journal.

The various types of loading and the complexity of the design require further study regarding this bracket.
The finite element method has helped many engineers determine the safety of an AC bracket design and analyze
the number of fatigue life cycles using the finite element method operated through Ansys Workbench [1]. [2]
They analyzed 2 types of chassis models using Ansys, their research concluded that the effect of loading on the
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chassis can be determined through a computer simulation. [3] They planned to build the axle of a cargo truck,
and they did by building and evaluating two models of cargo trucks with and without trailers. Besides that, they
also looked at the impact of any existing limitations on axle feasibility.

[4] Analyzed the design of the 30 Ton Capacity Fall Block Deck Crane, optimization was achieved by
optimizing the topology of the technique where the design shape is made based on the stress at which the loading
point occurs.

[8] They use the finite element and ADDIE methods for their experimental learning program (analysis,
design, development, implementation, and evaluation). The results of applying this method are used as a basic
learning plan based on Kolb's cycle, namely Concrete Experience, Reflective Observation, Abstract
Conceptualization, and Active Experiment.

The finite element method can also help [9] in comparing the best husk mill designs by differentiating them
based on several parameters, such as materials and design models.

[10] a static stress test was conducted on a bicycle frame to determine its safety level by applying varying
loads. With the help of Solidworks software, [11] designed a city car-type electric car frame using a ladder-type
frame with a C-section cross-section with dimensions of 100x130x3 mm. Based on static simulation tests via
Solidworks, the ITENAS Bandung student design did not fail as long as the Stress value was still far below the
permitted limit for the material used, namely 46.96 MPa. In contrast, the allowable stress value for the material
was around 275 Mpa, and the maximum deflection was 2.096 mm, and for Factor of Safety by 6.

[12] They successfully identified turbine vibration through Solidworks to project several supporting
parameters in analyzing vibration, strain elasticity, deformation, and stress at the center of the turbine shaft.

This study aims to find out which models meet the criteria and are suitable for an application not only
based on safety aspects but several important aspects in other manufacturing processes, such as costs and the
complexity of the design itself.

2. METHODOLOGY

In this study, the authors used the Finite Element Method to determine stress, deformation, and the Factor of Safety
that occurred in the 2 suspension bracket models. In practice, Finite Element Analysis usually consists of three main steps,
Preprocessing, Analysis, and Post Processing. Furthermore, in this section, we will discuss the tools, materials, load
distribution, and the dimensions and shape of the model used by the author this time.

2.1 Tool
To support this research, the following are the specifications of the tools and software that the author uses:
1) A laptop that has installed supporting software with System Model: ROG Strix G512LI:

2) Solidwork Software 2020
3) Ansys Workbench 2022 software will be used to run the finite element analysis.

2.2 Size and Dimension

Figure 1 shows the details and dimensions of the suspension bracket along with the supporting parts of the
monocoque chassis.
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Figure 1. (a) Details of the section the author will be analyzed (b) Support bracket shape and dimensions
(c) The two bracket models that the author will compare

2.3 Material

Table 1 is the specification of the SS400 material that the author uses. The author's reasons for choosing
this material are in terms of quality, such as good resistance to rust and lightweight, convenience in the
manufacturing process (welding, bending, cutting), and availability in PT. INKA.

Table 1. Specification of material SS400

Properties Value
Ultimate strength 400 MPa
Yield strength 245 MPa
Elastic modulus 210 GPa
Poisson ratio 0.3
Density 7.850 kg/m3

2.4 Boundary Conditions and Load

The loading Boundary condition is the range of the force applied to the component. The loading value is
estimated based on the specification of the weight of the bus, the weight of the bus itself includes all the
components integrated in it. Table 2 estimates the weight of a 12-meter red and white electric bus.

Table 2. Integrated components weight estimation

No Components Mass (kg) Quantity Total (kg)
1 Battery Pack Rear (BLMP) 310 5 1.550
2 Four in One Distribution 30 1 30
3 Traction Motor 260 1 260
4  Cooling System (Radiator) 21 1 21
5 Compressor 46 1 46
7  Steering System 150 1 150
8 Cardan Shaft 45 1 45
9 Spare Tyre 95 1 95
10 Battery Water Cooler 45 1 45
11 Uninterruptible Power Supply 28.5 2 57
12 Motor Controller 48 1 48
13 Power Distribution Unit 20 1 20
14 Harnest 133 1 133
15 Fastener 25 1 25
16 Ac Unit 290 2 580
17 Driver Seat 60 1 60
18 Bracket for Component 300 1 300
19 Rolling Chassis 1.989 1 1.989
19 Passenger 60 50 3.000
Total 8.754
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No Components Mass (kg) Quantity Total (kg)
Axle + Wheels and integrated components
1 Front Axle 821 1 821
2 Rear Axle 1.562 1 1.562
3 Brake System 300 1 300
Total 2.383
Total overall load 11.137

2.5 Calculating Axle Load Distribution

Determining the proportion of load distribution received by the front and rear axle is one of the most
important steps before determining the amount of load received by the Bracket. The following is a formula for
determining the proportion of front and rear axle load distribution involving the Center of Gravity (CoG) and
Wheelbase.

Wr — W+CoG

Wh

1

Wf=WwW—-Wr
wf = front axle load (kg)
Wr = rear axle load (Kg)
W = overall bus weight (KQg)
CGf  =distance of cog from front axle (cm)
WB = wheelbase length

Because the test will only be applied to the chassis, the calculation results do not include the weight of the
front or rear axle. Referring to the available data, the following is the result of the calculation from the formula
above.

1y _ 8754395
= T 604
Wr = 5724

Wf =8.754 — 5724
Wf = 3.030

From the above results, the load received by the rear axle is 5.724 kg or around 65% of the total load, and
for the front axle it is 35% or 3.030 kg.

Figure 2. Top view, 4 main platform of air suspension
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Then to determine the amount of force received by the suspension bracket and because the main load rests
on the 4 air suspension support platforms, we can calculate it by dividing by 4 the total load received by the rear
axle as shown as Figure 2. Then,

5.724 1431
—— L

Each of the main air suspension platforms receives a load of 1,431 kg. As long as there is another
supporting component, namely the rear suspension bracket, then based on the data above, the rear suspension
bracket receives an assumed estimated load of 300 kg, taking into account the gravity value of 9.81 m/s?

2.6 Mesh Quality

One of the other important stages in carrying out the Elemental Method simulation process is to produce a
net or break an object into small parts such as a net. Producing a mesh that meets the criteria is an acquisition in
engineering simulation science that is engineered because computers solve problems based on formulas and
various glass and mathematical equations through mesh forms, therefore, the more regular, uniform, and smaller
the resulting mesh, the computer will process data with available, but the simulation process that is run also takes
a longer time. Both Figures 3 show the average recommended quality of the mesh spectrum according to Ansys
experts based on the Skewness and Orthogonal Quality mesh criteria [13].

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:

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 3. Recommendation of mesh specification [13]

In this section, the author determines the target specifications for the quality of the mesh from the
recommendations of Ansys experts as shown in Figure 3 based on the skewness value, namely the good mesh
value for the finite element method simulation process is spanned <0.80 when viewed from the skewness value,
and >0.20 for orthogonal quality. The type of mesh that | use is tetrahedron, the reason I use this type of mesh is
its excellent ability to adjust complex geometric shapes that tend to involve shapes.

The mesh specifications are shown in Figure 4 (a) after the manual meshing process is not the default from
Ansys, the average Skewness value is 0.39, or when referring to the mesh quality recommendations, the mesh
results are in the "very good" range so that the simulation process can be executed with the potential for accurate
results.

Details of "Mesh" viex
= Display
Display Style Use Geometry Setting
=| Defaults
Physics Preference Mechanical
Element Order Program Controlled
Element Size Default
+ | Sizing
= Quality
Check Mesh Quality Yes, Errors
Error Limits Aggressive Mechanical
Target Element Quality | Default (5.6-002)
Smoothing High
Mesh Metric Skewness
Min 3.7241-003
Max 2579
Average 039572
Standard Deviation 0.17083
+ Inflation
+ Advanced
- Statistics
Nodes 485056
Elements 262630
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Figure 4. (a) Mesh spesification (b) Fixed support (c) Vertical load point

3. RESULTS AND DISCUSSION

Based on the stages in carrying out structural analysis through Ansys, namely Preprocessing, Analysis, and
Post Processing, this section will show the results of the above tests, namely the Post Processing stage.

After the whole process is carried out, at this stage the results of the research objectives will be known,
namely there are several benchmarks that can be used as parameters in determining the safety model design,
some of which are the Deformation value, equivalent stress, and Factor of Safety. Based on the simulation
results, the values for the three parameters tend to be small and still meet the required numbers. Figures 5, 6, 7,
and 8 show these parameters' importance.

3.1 Finite Element Method Simulation Results

Time:S s Time: 55

4/4/2023 11:59 PM 4/5/2023 12:58 AM

. 0.26094 Max
023194
0.20295
0.17396

0.14436
. 011597
0.086379
0057986
I 0028993

0 Min

0.16169 Max
014372
0.12576
0.1077¢
0089828
0071862
0.053857
0.035931
0.017986
0 Min

0.00
75.00

@) (b)
Figure 5. (a) Bracket model 1 deformation value, (b) Bracket model 2 deformation value

Figure 5 shows the deformation values in models 1 and 2, respectively, from Ansys, with a relatively small
difference of 0.26 mm and 0.16 mm. These figures are classified as safe because these values have not yet
reached the point where plastic deformation occurs.

Then the following Figure 6 shows the results of the maximum stress or equivalent stress for the two
bracket models.
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A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 5 ¢
4/5/2023 12:58 AM

A: Static Structural
Equivalent Stress
Type: Equivalent (von Mises) Stress
Unit: MPa
Time:5s

4/4/2023 11:58 PM
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92212
73772
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125.78
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94334
78613
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- 4771
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1573
0.0090191 Min
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Figure 6. (a) Bracket model 1 stress value, (b) Bracket model 2 stress value

The range of maximum values of stress or equivalent stress on the two types of brackets is 166 MPa and
141 MPa and is located in the hole where the suspension is connected, and for calculations using the stress
theory formula, there is a fairly small difference.

As shown in Table 1 regarding the specifications of the SS400 material used in the bracket, the maximum
yield strength value of the material is displayed at 245 MPa, which means that the stress that occurs in the
bracket is still safe because it is still far below the yield strength value of SS400 material.

The next outcome is the Factor of Safety (FoS). The use of Factor of Safety aims as a security guarantee
from a mechanical problem. The safety factor is used because of the release of a load under real conditions, so a
correction factor is needed to ensure that the mechanical components are safe under these conditions in Figure 7.

= Buka dengan Google

KA SUMNzw.
Structure Bogie & Carbody Calculation

fa

[ Load type Safety factor |
| obstacle 14516
braking to the limit of adhesion 1L.1+18

cornering to the limit of adhesion 14+ 175

torsion 1.3+18

Figure 7. Allowed FoS value of PT. INKA

Figre 8 shows the results of the Factor of Safety Simulation by Ansys from this model.

A: Static Structural
Safety Factor

Type: Safety Factor

Time:

4/4/2023 11:58 PM

-

A: Static Structural

Safety Factor

Type: Safety Factor

Time: 5

4/5/2023 12:57 AM
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10 10
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o
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Figure 8. (a) Bracket model 1 safety factor value, (b) Bracket model 2 safety factor value
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Based on the results of the Factor of Safety shown sequentially for models 1 and 2 of 1.48 and 1.72 for
both bracket models, the authors say it is safe because the Factor of Safety value still meets the minimum value
required by PT. INKA, namely 1.4 to around 1.7.

3.2.1 Calculation analysis based on the theoretical formula of the 12-meter electric bus suspension
bracket.

Load Force

Considering the gravity value of 9.81 m/s?, the following is the loading value applied to the bracket shown
in Figure 9.

F=m=g
= 300 = 9.81 m/s?

=2.943N

Axial Deformation

Manual calculation based on the theory of axial deformation.

PL
§=— ?
o )
o) = Deformation (mm)
P = Load (N)
L = Length of beam (cm)
E = Elastic Modulus (Gpa)
A = Area on Applied Load (cm?)
2.943 % 0.6
210279
981
0 =——
70 = 465
981
© 3255
327
©1.085
d =0.301
Max Stress (Equivalent Stress)
Manual calculation based on the theory of stress.
ag = F 3
a @)
Note:
o = Stress (MPa)
F = Load (N)
Ag = Area on Applied Load cm?
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Figure 9. Area of applied stress

F

(TZA—O

4.905
9= %70

o =175.8 Mpa
Factor of Safety

Manual calculation based on the theory of Factor of Safety.

FoS — Stressp gy

stressgpp

FoS = Factor of Safety
Stress,, . = Maximum for Material Stress Allowed (Mpa)
Stress = Applied Stress (Mpa)

Model 1

Fo§ =147

Model 2

245
Fo§ = ——
141.5

Fo§=1.73

Ansys analysis comparison results with theory

(4)
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In order to know the validity of the results, each researcher can validate their research in various ways,

such as testing the results physically, and by using theoretical calculations. In this section, the researcher will
compare the results of theoretical calculations with the results from the Ansys software. To determine the error
difference in the validation method, obviously in Table 3.

Table 3. Result comparison

No Fﬁ:\ ?;gestfr Ansys Theoretically  Error
1  Deformation 0.26 0.3 13.3%
2 Stress(Mpa) 166 175.8 5.5%
3 Fos *1 148 1.47 0.68%
*2 172 1.73 0.57%
Note:
* = model

4. CONCLUSION

The following is a description of some of the conclusion points that the writer got based on the research

results regarding the Suspension Bracket above:

1. The results of the structural analysis for the model 1 bracket have a deformation value of 0.26, an equivalent
stress of 166 MPa, and a factor of safety of 1.48.

2. The results of the structural analysis on the model 2 bracket have a deformation value of 0.16, equivalent
stress of 141.5 MPa, and a factor of safety of 1.72.

3. In considering several important aspects such as cost and convenience as well as speed in the bracket
manufacturing process, the authors suggest using the first bracket model as long as the difference in the
deformation value, the factor of safety, and stress equivalent stress of the two models is relatively small.
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