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Abstract

This research aims to design and build a steering system for electric cars at the Padang State Polytechnic. This design is focused
on meeting the minimum turning radius requirement of 6 meters in accordance with the KMHE 2023 regulations, with the aim
of demonstrating compliance with expected safety and maneuverability standards. The steering system used is Rack and
Pinion, which has proven to be effective in controlling the turning angle of the wheels with the turning angle of the inside front
wheel being 15.74° and the outside front wheel being 13.71°. This ensures that the vehicle can make turns with optimal
smoothness and stability. Ackerman Angle Analysis for a Tire Slip Angle of 7.35° confirms that this steering system design
is successful in optimizing vehicle performance in various turning conditions. Overall, the design of this steering system
satisfies the essential technical requirements for urban electric vehicles, increasing efficiency and effectiveness in energy use
and ensuring user safety.

Keywords: Steering systems, electric car, marapi

INTRODUCTION

The 2023 Energy Efficient Car Contest (KMHE) is a prestigious event in the development of energy
efficient vehicle technology in Indonesia, organized by the Talent Development Center (BPTI) of the Ministry of
Education, Culture, Research and Technology of the Republic of Indonesia, in collaboration with higher education
institutions ashosts[ 1]. One important aspect that is focused on in this competition is the development of steering
systems for electric vehicles. The steering system is not only a vital component in the vehicle's drive system,
especially in the car chassis, but also plays animportantrole in optimizing vehicle maneuverability and stability.
In this context, Padang State Polytechnic has taken steps to design and build an innovative steering system for
electric vehicles, with the aim of increasing energy efficiency and overall vehicle performance.

The background to this research arises from the need for increasing development of electric vehicle
technology, in line with global effortsto reduce carbon emissionsand utilize cleanerenergy sources. Padang State
Polytechnic chose to focus on the steering system because of its crucial role in controlling the direction and
stability of the vehicle, which is a key factorin achieving optimalperformance and drivingsafety. By considering
various technical aspectsand applicable regulations, this research aims to design a steering system thatnotonly
meets strict technicaland safety standards, but can also significantly improve the operational efficiency of urban
electric vehicles
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Inthe design of the steering system, it is a vital componentin the vehicle drive system, especially in the
carchassis, which functionsto change the direction and speed of the vehicle by movingor turning the front wheels
[2]. Apart from that, the steering system also plays animportant role in maintaining the stability of the car's
position. The main function of the steering system is to regulate the direction of the vehicle according to the
driver's wishes by turning the front wheels [3].

In the context of this research, the Marapi Electric Urban Car vehicle, the steering system plays an
importantrole in determining the overall performance of the vehicle. Much research hasbeen carried out regarding
steering systems in electric urban car chassis. One of them is research by Daris Ibnu Fajar which discusses the
design and calculation of turningangles in the steering system of the ITSUrban Concept Car[4], [5]. This research
shows thatthe 18° angle configuration is the best to be applied theoretica lly becauseit is close to the Ackerman
principle, while the 16° configuration is the most likely to be applied considering the available chassis geometry
limitations.

This research aimsto planand create anoptimal steering system forthe Padang State Po lytechnic Electric
Car. The main objective is to design a steering system that complies with the basic principles of vehicle direction
control, calculate and determine the most optimal turning angle to be applied to urban electric vehicles, and
identify and overcome problemsthat mayarise in the process of designing and implementingthe steering system.
The problem faced is ensuring compatibility between the movement input from the driver and the wheel
movement output, so that the steering system can produce a turning radius that suits the driver's wishes, supporting
performance, safety, efficiency and comfortin driving the Padang State Polytechnic Electric Car.

RESEARCH METHODOLOGY

This research begins with a very important stage, namely the research scheme. A research scheme serves as a
systematic guide to planning, implementing, and managing research effectively. This helps ensure each stage of
the research is carried out correctly, facilitates clear communication with relevant parties, organizes resources and
time well, identifies and resolves potential problems, and documents the process and findings well. With this
scheme, research can run according to schedule, reducing the risk of errors and increasing the credibility of
research results. This can be seen in the research scheme in Fig. 1.
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Fig. 1. Research scheme

1. Study of literature
At this stage, a search and collection of information were carried out from various literature sources
relevant to the steering system in urban electric vehicles. The aim of the literature study is to
understand the basic principles, technological developments, and solutions that have been
previously developed regarding electric vehicle steering systems. The information collected will be
the basis for designing an optimalsteering system.

2. Chassis Design
This stage involves the design process of the vehicle chassis, which will integrate the steering
system. Chassis design is carried out by paying attention to varioustechnicaland geometric aspects
to ensure that the chassis is able to support the steering system well. This process also includes
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calculating turning angles and determining the best configuration based on the results of literature
studies. Inthis design, several componentscan be calculated, such as:
a. Turning radius (wheel angle and turning angle)

If the turning angles of the left and right front wheels are the same, both will have the same
turning radius (r1 = r2), which causesthe vehicle to have different turning centers (O1 and O2).
This results in the vehicle not being able to turn smoothly and causing uneven tire wear.
Equationsused Turning radii 1 and 2 [6]

- -1__L
a = tan RiTr)2 @)
— -1
B = tan s )]
Where:
o =Quter wheel turning angle (°)
§ = Innerwheel turning angle (°)
R = Vehicle turning radius (m)
Tf = Front wheel track width (m)

b. Turning angle calculations use the Ackerman principle.
Ackerman's principle is based on the concept of turning angle. When a vehicle turns, the outside
wheels (the wheels on the outside of the curve) must follow a greater path than the inside wheels
(the wheels on the inside of the curve) [7], [8]. This differentturning angle on each wheel ensures
thatall wheels have the same turning radius.
In its application, the Ackerman system has equation 3.

B =arc sinRjj(3)
After calculating the Ackermann (Rack) angle, the calculation for the tire slip angle can be
done using equation 4 [9]
B = arc sin RL(4)
ack

Information:
a = distance from center of gravity to front wheel axle
b = distance fromcenter of weight to the rear axle
Rack = Ackermann angle
B = Slip angle
of = Front wheel turning angle

3. Chassis Manufacturing
After the design stage is complete, the next step is to manufacture the chassisaccordingto the design
that hasbeen designed. Chassis manufacturinginvolvesa precision manufacturingprocessto ensure
all components are installed correctly and according to specified specifications. The quality and
durability of the chassis materialare also tested at this stage to ensure optimalperformance.

4. Installation on Car
The chassis thathasbeen completed is then installed on an urban electric car, which is the object of
research. This installation is carried out carefully to ensure all components are connected and
functioning properly. In addition, the steering system that has been designed and installed on the
chassis is also tested to ensure compatibility between design and actualimplementation.

5. Testing
After installation, a series of tests were carried out to evaluate the performance of the steering
system in urban electric cars. This test includes turning tests, stability tests, and comfort tests to
ensure thatthe steering system works according to predetermined expectationsand specifications.
Test results are used to identify areasthat require improvement oradjustment.
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6. Results
The final stage is the analysis of test results and the preparation of reports. The research results are
interpreted to assess the success of the steering system that has been designed and implemented.
The research report includes the main findings, conclusions, and recommendations for further
development. These results also form the basis for scientific publications and the dissemination of
knowledge to the academic and industrialcommunities.

DISCUSSION AND RESULTS

The chassis design of the urban electric car that was made can be seen in Fig. 2 and Table 1. The
dimensions and sizes in the figure have been adjusted based on the results of previous calculations. This design
includes all the necessary technical aspects to ensure optimal integration with the steering system, as well as
supporting overall vehicle stability and performance.

Fig. 2 — Electric Urban Car steering system design

Table 1. Vehicle Specifications

Vehicle height 113.237cm
Vehicle track width 125.616cm
Height ratio 6.9cm
The distance between the front and 162.202cm
rear wheels

Overall length of vehicle 273cm

Analysis of Turning Radius and Ackerman Calculations

In this research, the analysis of turning radius calculations and the Ackerman principle is important to
understand the Ackerman slip angle, namely the angle between the longitudinal angle of the vehicle body and the
direction of body movement. The first step in this analysis is to determine the vehicle's steering angle. The author
analyzesthissteerangle and then usesit to calculate the Ackerman slip angle. For this research, the vehicle turning
radius was set at 6 meters, in accordance with KMHE 2023 regulations. The calculation of the steering angle of
the outer and inner wheels was carried out using equations [7, 10]. Thus, this analysis can provide a deeper
understanding of the vehicle's turning dynamics and ensure that the steering system design meets expected
performance and safety standards.
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a. For the outer corner of the front wheel

Then the calculation of the inside frontwheel angle becomes:
) 1,622

=t T —

=t 12562

a = arctan 0,244

a = 13,71°
b. For the inside front wheel angle it becomes:
-1 1622
p=tan s 25672
B = arctan 0,282
B = 15,74°

c. Ackerman's corner
After getting the angle of the outer front wheel in the previous equation, you can find the Arkermann

angle.
a+bx (57,29)
Ror = — o
1622 mm x (57,29)
Rark = 13

Ricr = 7148 mm
Ryer = 71,48 m
d. Tire Slip Angle

. 920 mm
B = arcsin——
7148

arc sin = (0,128
B =735°

This research shows thatthe results of the analysis of the vehicle's outer front wheel angle are calculated
at13.71°, while the inner frontwheel angle is 15.74°. By using the previous equation to calculate the outer front
wheel angle, an Ackermann angle value of 71.48 m is obtained. In addition, the tire slip angle is obtained at 7.35°.
This research compares the analysis results of the outer front wheel angle of 13.71° and the inner front wheel
angle of 15.74°, as well asthe Ackermann angle of 71.48 m, with previous research. For example, research by
Smith et al. [11] goes into depth, focusing on the steering system in urban electric vehicles. They found thatthe
use of Rack and Pinion technology can improve vehicle maneuverability and significantly reduce tire wear. This
is in line with current research findings, which demonstrate the effectiveness of the steering system in optimizing
turning angles and meeting applicable regulatory standards.

In Johnson's research [12], he paid attention to the ratio of vehicle height to stability and turning
performance. They found thata lower height ratio could improve turning stability and reduce the risk of accidents
in urban vehicles. The results of this study are consistent with current research, which emphasizesthe importance
of design that considers optimalvehicle height ratios to improve turning performance and stability.

In their research opinion, Lee et al. [13] review the use of Ackerman steering in various turning
conditionsin electric vehicles. They found thatthis system was effective in minimizing tire slip angle and ensuring
smooth turning. These findings are in line with the Ackermann Angle analysisin the current study, which confirms
that steering system design can significantly improve vehicle performance in variousturning situations. Thus, this
study strengthens previous findings by confirming that the Rack and Pinion steering system, height ratio
optimization, and the use of Ackerman steering are effective approaches to improving the efficiency, stability,
and safety of urban electric vehicles.
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CONCLUSION

This design successfully meets the minimum turning radius requirement of 6 meters in accordance with

the KMHE 2023 regulations, demonstratingcompliance with expected safety and maneuverability standards. In
addition, the use of the Rack and Pinion steering system hasproven to be effective in controlling the turning angle
of the wheels, with the turning angle of the inside front wheel being 15.74° and the outside front wheel turning
angle being 13.71°. This ensures that the vehicle can make turns with optimalsmoothness and stability. Ackerman
Angle Analysis fora Tire Slip Angle of 7.35° confirmsthat this steering system design is successful in optimizing
vehicle performance in various turning conditions. Overall, the design of this steering system satisfies the essential
technicalrequirements for urban electric vehicles, increasing efficiency and effectivenessin energy use.
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