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Abstract: The aim of this study was to design a new upper and lower suspension arm for
INTTI International University’s Formula Society of Automotive Engineers (FSAE) car
with the purpose of off-road usage. The new suspension arm was designed in accordance
to regulations of an intercollegiate design competition, BAJA Society of Automotive
Engineers (Baja SAE). The material selected for the suspension arms were the 4130-alloy
steel. The specifications of the new suspension arms were determined by the size of the
bush, inner diameter of 20mm and the position of the mounting on the existing INTI
International University’s FSAE car. The study had focused solely on the overall structural
strength of the upper and lower suspension arms for off-road usage. The 3D models of the
arms were developed using Computer-Aided Design (CAD) via SpaceClaim software.
Finite element analysis (FEA) via ANSY'S Workbench software was used to determine the
structural performance of both suspension arms. The FEA carried out on the designs was
bump-force assessment where the vehicle would have jumped and landed on one wheel.
For the upper suspension arm, the Maximum Equivalent (von-Mises) Stress (MPa),
Maximum Total Deformation (mm) and Minimum Safety Factor were 340.39MPa,
0.42155mm and 1.3514 respectively. Whereas, the lower suspension arm recorded the
value of 55.124MPa, 0.12918mm and 8.3448 respectively. These results indicated that the
with respect to the design and in using the 4130-alloy steel, both suspension arms will not
yield as the Equivalent (von-Mises) Stress value is under the yield limit of 460MPa. The
safety factor of the respective designs was also above 1, thus, the safety aspect is indeed
ensured for bump force. Nonetheless, the lower suspension arm could be rated as over-
designed in accordance to the Safety Factor. Thus, further optimization could be made with
respect to the lower arm in future studies.
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Introduction

FSAE are participated by teams of university undergraduate and graduate students to
develop and compete in a small, formula style vehicle (Shazwan et al., 2020). FSAE cars are
lightweight and have lower center of gravity making it nimble when taking corners (Nor et
al., 2019). But with this setup, it is only suitable for racing it in tracks. INTI International
University has a tube chassis designed and built by students. This tube chassis is designed
according to FSAE technical regulations. Nevertheless, the vehicle constructed by the
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students is only limited to the usage at the track. The background of this study is to improve
the coverage of utilization of the INTI International University’s FSAE race car where the
vehicle could now cater for both track and off-road, hence, it is now multipurpose and unique
to the university only. With the multipurpose credential, the FSAE race car — now an off-road
buggy car, can be used for other automotive projects.

Figure 1.  Boundary Conditions Applied Replicating Bump Force

In off-road racing, suspension system is a significant component for the car to perform
well in off-road races. Good off-road suspension system has longer travel than road track
car’s suspension system. This is to allow the car to absorb bumps in higher speed. The aim
of this study was to design a new set of rear suspension arms for INTI International
University’s FSAE car for off-road use the study only focuses on the design and analysis of
the suspension arm for the vehicle’s suspension system.

The newly designed rear off-road suspension arms is semi-permanent so that it can be
swapped out to install FSAE tech regulation’s suspension arm. This is to ensure if INTI
International University wants to participate in FSAE, the car still complies to FSAE rules
and regulation. In designing the new suspension arms, the BAJA SAE requirement will be
referred. Figure 1 showed the bump force applied on one end of suspension arm. The force
applied was 3 times the mass of a car. The other end of suspension arm was set as frictionless
support and shock absorber bracket was set as fixed support.

The aim of this study was to design a new upper and lower suspension arm for INTI
International University’s FSAE car with the purpose of off-road usage. The new suspension
arm was designed in accordance to the BAJA SAE regulations. The material selected for the
suspension arms were the 4130-alloy steel. The specifications of the new suspension arms
were determined by the size of the bush and the position of the mounting on the existing INTI
International University’s FSAE car. The study had focused solely on the overall structural
strength of the upper and lower suspension arms for off-road usage.

Methodology
Table 1. Variables of the ANSYS Simulation
Constant Variable Manipulated Variable Responding Variable

Material Design Equivalent (von-Mises)
Stress

Length Total Deformation

Width Safety Factor

Mass

The 3D models of the arms were developed using Computer-Aided Design (CAD) via
SpaceClaim software. Finite element analysis (FEA) via ANSYS Workbench software was
used to determine the structural performance of both suspension arms. There FEA carried out
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on the designs was bump force assessment where the vehicle would have jumped and landed
on one wheel.

The benchmark was designed using 1.25inch 4130 tube based on literature review. Due
to design limitation of the shock absorber bracket, a cross member was needed to connect the
left and right side of the suspension arm to house the shock absorber bracket.

There were two scenarios that required stress analysis. The first was vertical loading.
This scenario happens when the car jumps off a surface having airtime and lands on one wheel.
Table 1 shows the variables set for this study. Material, length and width of the suspension
arms were set as constant variables. The designs of suspension arms were set as manipulated
variables. Equivalent (von-Mises) Stress, Total Deformation, Safety Factor and Mass of
suspension arms were set as responding variables.

Result and Discussion
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Figure 2.  Finite element analysis for the upper suspension arm (bump force)
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Figure 3.  Finite element analysis for the lower suspension arm (bump force)

Table 2. Example of the caption for the table

Table 1 Maximum Equivalent Maximum Total Minimum Safety
(von-Mises) Stress Deformation (mm) Factor
(MPa)
Upper suspension 340.39 0.42155 1.3514
arm
Lower suspension 55.124 0.12918 8.3448
arm

Figures 2 and 3 show finite element analysis for the upper and lower suspension arms,
respectively. For the upper arm, the Maximum Equivalent (von-Mises) Stress (MPa),
Maximum Total Deformation (mm) and Minimum Safety Factor were 340.39MPa,
0.42155mm and 1.3514 respectively (See Table 2). Whereas, the lower arm recorded the value
of 55.124MPa, 0.12918mm and 8.3448 respectively. These results indicated that the with
respect to the design and in using the 4130-alloy steel, both suspension arms will not yield as
the Equivalent (von-Mises) Stress value is under the yield limit of 460MPa. The safety factor
of the respective designs was also above 1, thus, the safety aspect is indeed ensured for bump
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force.

The design of benchmark was based on “Design of Double Wishbone Suspension
System of BAJA Vehicle” of International Journal of Advance Engineering and Research
Development. According to the results in the journal, the highest equivalent (von-Mises) stress
was 369MPa. The benchmark has an Equivalent (von-Mises) Stress of 340.39MPa. It has a
similarity of 92.50%. Due to the design of benchmark was designed for INTI’s FSAE car, there
are design limitations to ensure it is suitable according to the specific application. Hence, the
benchmark was validated.

The critical region of suspension arm under load was compared with “Design of Double
Wishbone Suspension System of BAJA Vehicle” of International Journal of Advance
Engineering and Research Development. The critical regions where it has highest equivalent
(von-Mises) stress was the shock mount brackets. The region that has highest total deformation
was also the similar when the new designs were compared to the total deformation of “Design
of Double Wishbone Suspension System of BAJA Vehicle” of International Journal of
Advance Engineering and Research Development. The region that has highest total
deformation which was at the end of suspension arm that houses bush which attaches to the
upright and wheel hub. Hence, with the results of simulation of bump force was indeed
confirmed.

From the result of the of the simulation the safety factor did not fall below 1. Although
the deformation did happen which is 0.42155mm and 0.12918mm on the upper suspension arm
and lower suspension arm, respectively. The upper suspension arm and lower suspension arm
is indeed safe and will not break down easily as the deformation is small, as the minimum
safety factor is 1.3514 and 8.3448, respectively.

Conclusions

To conclude the analysis of upper suspension arm, when the FSAE car jumps and lands
on only one wheel, the new designs will not yield as the equivalent (von-Mises) stress value
is under the yield limit of 460MPa. The safety factor of all the designs were all above 1,
making the new designs safe when bump force was applied. Nonetheless, the lower arm could
be rated as over-designed in accordance to the Safety Factor. Thus, further optimization could
be made with respect to the lower arm in future studies.
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