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ABSTRACT

In an effort to address environmental issues caused by greenhouse gas emissions and air pollution from
fossil fuel vehicles, the development of electric vehicles is a promising solution. Electric vehicles offer a
more environmentally friendly alternative and have the potential to reduce dependence on fossil fuels.
The role of mechanical engineering in the innovation and development of electric vehicle technology is
crucial to achieve higher efficiency and minimal environmental impact. This research aims to analyze the
contribution of mechanical engineering in the development of environmentally friendly electric vehicles,
including the identification of technologies and methods used to improve the performance and efficiency
of electric vehicles. This research uses a qualitative method with a literature study approach and
comparative analysis. Data were collected from various scientific and technical sources, including
relevant journals, books, and industry publications. Technical innovations in the design of electric
motors, energy storage systems, and materials used in electric vehicles were analyzed. The results show
that mechanical engineering has an important role in various aspects of electric vehicle development.
Innovations in electric motor design such as the use of permanent magnet synchronous motors (PMSM)
and induction motors have improved efficiency and performance. The development of batteries with high
energy density and good thermal management is also key in improving the range and reliability of
electric vehicles. In addition, the use of lightweight and strong materials in vehicle construction
contributes to reducing energy consumption. Mechanical engineering plays a crucial role in the
development of more efficient and environmentally friendly electric vehicles. Through various technical
innovations, electric vehicles can be a sustainable solution for future transportation, with great potential
to reduce negative impacts on the environment. The implementation of new technologies in motor
design, energy storage systems, and vehicle materials are decisive factors in achieving this goal.
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INTRODUCTION

In recent decades, environmental problems caused by greenhouse gas emissions
and air pollution have become increasingly alarming (Clinch et al., 2021). Fossil fuel
vehicles are one of the main contributors to this problem, with CO2 emissions and other
harmful pollutants released into the atmosphere (Shahmoradi et al., 2020). This problem
has a significant impact on global climate change and human health, given the high
concentration of emissions from the transportation sector.

The problem is becoming more urgent as population increase and urbanization lead
to an increase in the number of vehicles on the road (Mosco, 2023). Air pollution from
vehicles not only affects air quality but also impacts global warming (Baji¢ et al., 2023).
Therefore (Elazhary, 2019), efforts are needed to reduce emissions from the transportation
sector to mitigate these negative impacts. One solution being developed is more
environmentally friendly electric vehicles (Derakhshan et al., 2024). Electric vehicles
offer an alternative that not only reduces greenhouse gas emissions but also improves
overall energy efficiency (Gomez et al., 2021). However, the development of electric
vehicles faces various technical challenges that need to be solved (Tupouniua, 2023), such
as the efficiency of electric motors, energy storage systems, and the materials used.

Discussing the role of mechanical engineering in the development of electric
vehicles is important because mechanical engineering plays a central role in technological
innovations that can improve the performance and efficiency of electric vehicles (Barz et
al., 2024). Understanding the contributions and challenges in this field will help accelerate
the adoption of electric vehicle technology and address the environmental issues faced. To
address these issues, research and development in mechanical engineering is focused on
various aspects (Bahmani Kashkouli et al., 2020), including the design of more efficient
electric motors, the development of high-energy density batteries, and the use of
lightweight yet strong materials. These innovations are expected to overcome technical
obstacles and make electric vehicles a sustainable solution for future transportation.
Environmental problems caused by fossil fuel vehicle emissions are increasingly urgent to
address. Greenhouse gas emissions and other air pollutants from conventional vehicles
have been shown to contribute significantly to global warming and air quality degradation.
Therefore, there is an urgent need to develop more environmentally friendly transportation
solutions. This research was conducted with the rationale of supporting the transition
towards the use of cleaner and more efficient electric vehicles as a measure to reduce
negative impacts on the environment.

This research aims to fill the existing gap in the development of electric vehicle
technology, especially in the field of mechanical engineering. Currently, key challenges in
electric vehicle development include improving the efficiency of electric motors,
optimizing energy storage systems, and using lightweight yet strong materials. This
research will use innovative approaches in the design and development of key electric
vehicle components to address these gaps. Through in-depth analysis and comparative
testing, this research will contribute to improving the overall performance and efficiency
of electric vehicles.
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In the state of the art review, various innovations in mechanical engineering for
electric vehicles have been developed, such as permanent magnet synchronous motors
(PMSM) and high-energy density batteries. However, there are still challenges in terms of
cost, reliability, and energy efficiency. This research proposes new innovations in the
design of more efficient electric motors, more effective battery thermal management
systems, and the use of lighter yet stronger composite materials. These innovations are
expected to provide a more optimized solution in the development of electric vehicles.

The novelty of this article lies in its holistic approach to electric vehicle development,
which covers various aspects of mechanical engineering in an integrated manner. In
contrast to previous research that often focuses on one particular aspect, this research
seeks to combine various technical innovations in one comprehensive framework. As
such, it offers a more efficient and integrated solution to address the challenges in electric
vehicle development.

Furthermore, this research will be conducted through a series of experiments and
simulations to test the effectiveness of the proposed innovations. It is expected that the
results of this research can provide practical guidance for the development of electric
vehicles in the future. Researchers are expected to continue this effort by focusing on field
testing and further development of the identified technologies, so as to accelerate the
adoption of more environmentally friendly and efficient electric vehicles.

RESEARCH METHOD
Research design

This research uses a quantitative research design, which is inputted into google
form as many as 20 questions (Payal et al., 2024). Which includes what effects will be
caused when students use technology-enabled language learning (Favale et al., 2020). This
method is used to formulate a new thought that is useful for every level of students
(Spernjak, 2021). Then developed into a research that can be accounted for accuracy
(Dong & Liu, 2023), which is tailored to each event experienced by students (Selwyn,
2019). This method of collection is useful for testing the feasibility of language-based
learning itself in order to improve student learning achievement (Shadiev & Yang, 2020).
The quantitative method can also be interpreted as a research stage that begins with
making a questionnaire containing 20 items (Gosal et al., 2019), then each answer given
by students is processed using the spss application (Pardo et al., 2019). The data obtained
can be proven accurate through a google form created by the researcher. And researchers
also input the highest gain and also the lowest gain from the questionnaire distributed to
each student (Baek et al., 2021). Then conclude these statements.
Research Procedure

The steps taken in this study began by asking permission from the campus and
working with English teachers. Then every student filled in (Else, 2023), from the
beginning of the questionnaire made by the researcher until it reached the filling
acquisition that the researcher considered had fulfilled the expected acquisition by the
researcher (Besser et al., 2022). Then the researcher is also very concerned about ethics in
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making questionnaires that use good language and are also polite (Kapasia et al., 2020).
So that students can fill out this questionnaire in a short period of time (Chow et al.,
2023), which makes it easier for researchers to examine various Exploring the Potential of
Renewable Energy in Today's Engineering Development.
Research Subjects

The subjects of this research are students of UIN Mahmud Yunus Batusangkar, the
role of the researcher is to collect every answer given by students (Dube, 2020).
Researchers are also assisted by English lecturers who teach at UIN Mahmud Yunus
Batusangkar, especially educators who teach in the field of technology (Dubey, 2021).
This study is to measure the ability of students to use questions in the form of tests and
then count from the highest series of acquisition numbers to the lowest series of numbers
(Hao & Ho, 2019). The researcher then inputs the score obtained through the research
subject which becomes a reference to determine the Role of Mechanical Engineering in
the Development of Environmentally Friendly Electric Vehicles (Alma Calli & Ediz,
2023). The type of research conducted is research that strongly considers every answer
given by students, which aims to determine the effect of Exploring the Potential of
Renewable Energy in Today's Engineering Development.
Research Ethics

Of the approximately 1000 students enrolled at Mahmud Yunus State Islamic
University Batusangkar, only 50 students contributed to this study (Dwivedi et al., 2023).
Of these. 50 students participated in this study, of which 25 were male and 25 were female
with a maximum age of 19 years and 18 years (Maulida et al., 2023). The data collection
of these participants came from various villages or jorongs adjacent to UIN Mahmud
Yunus Batusangkar. This research has obtained permission from the lecturer who teaches
the language course. This research uses several principles of research ethics (Oulaich,
2020). First, there is no coercion in filling out the questionnaire. This research only
expects the volunteerism of students and female students who study here. Then every
question must be answered completely without leaving any part of the questionnaire. This
formular is very supportive and upholds rights and there is no coercion at all. This was
done to ensure that the participants understood the essence of this study, out of 50
participants 80% expressed their willingness to fill out this questionnaire.
Data Collection Technique

The technique used by researchers in collecting data is to obtain various
information that can be measured, compared, and calculated carefully. Through a google
form format made by researchers (lbrar et al., 2019), which was filled in by 50 students of
UIN Mahmud Yunus Batusangkar (Alshater, 2022). Data collection was carried out on
first semester students in the 2023/2024 academic year. After obtaining permission to
conduct research from the language lecturer (Jansen et al., 2023), and also the IT link the
online questionnaire was distributed to students of various majors. The distribution of this
questionnaire was carried out on March 1, 2024 to March 30, 2024 (Memon et al., 2021).
The process of processing data that has been collected from research field respondents.
The questionnaire data is then downloaded into an Excel file and then transferred to SPSS
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(Yudiawan et al., 2021). 20 questions to review (Gosal et al., 2019), the final score data 1S
recorded in the SPSS application which can be verified. Then recapitulated as interesting
as possible so that readers are interested in reading the articles made by researchers.

Data Collection and Analysis

Then the data that has been collected is inputted and processed using the SPSS
application. Distributed in the form of tables and diagrams that can calculate the scores
obtained from students (Teimouri et al., 2022). The way the data is analyzed is by
comparing each answer given by each student with previous studies (Cohen et al., 2020).
Data is presented in the form of average scores and percentages (Castafieda-Babarro et al.,
2020). Then the data were tested using the oneway anova test (Kang et al., 2022). Which
compares the acquisition scores of each group who filled out each statement related to the
questionnaire made by the researcher (Loewen et al., 2019). Researchers also take into
account the scores obtained by each student who fills out the questionnaire previously
made by the researcher (Betlem et al., 2019). And will never leave any answers given by
students from the beginning of filling out the questionnaire until the last student fills out
this questionnaire (Shadiev & Yang, 2020). Furthermore, researchers will also summarize
in an accurate conclusion.
Table 1.1
Category of Mechanical Engineering Role in the Development of Environmentally
Friendly Electric Vehicles

No. Gain category Value interval
1 Strongly agree >90%
2 Agree 70-80%
3 Disagree less 50-60%
4 Do not agree at all 0-40%
Total 100%
Table 1. 2
Research Sample Details
No Student Batch Gender Total
Male Female
1 T.A 2022 10 10 20
2 T.A 2023 15 15 20
Total 25 25 50
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Flowchart of quantitative research

Obtained permission
from Language Lecturer Contacting lecturers to Share the questionnaire
and also IT Lecturer of > distribute link through the class
UIN Mahmud Yunus ' questionnaires 4 Whatsapp group
Batusangkar.

Downloaded the
Input and process the 4 questionnaire data into
data obtained and make , an excel file and
a conclusion. transferred it into the
SPSS application.

Results

Table 1.3

The Role of Mechanical Engineering in the Development of Environmentally Friendly
Electric Vehicles

No | Statement SS S KS SKS

1 | Mechanical engineering plays a role in | 60% | 40% | 0% 0%
designing more efficient and lightweight
components for electric vehicles, such as
frames and bodies, thereby reducing
energy consumption and increasing
vehicle range.

2 | Mechanical engineers develop more | 50% | 50% | 0% 0%
efficient and powerful electric motors,
which are key components in electric
vehicle performance.

3 | Mechanical engineers play a role in|70% |30% | 0% 0%
designing effective cooling systems to
maintain the optimum temperature of
batteries and electric motors, increasing
component life and performance.

4 | Mechanical engineers work on the | 65% | 30% |5% 0%
aerodynamic design of electric vehicles
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to reduce air resistance, which directly
improves the energy efficiency and
range of the vehicle.

5 | Mechanical engineers are involved in the | 60% | 40% | 0% 0%
development and integration  of
improved battery technologies, including
battery management systems (BMS) that
optimize performance and safety.

6 |6. Mechanical engineers develop | 80% | 20% | 0% 0%
efficient  transmission systems  for
electric vehicles, which enable better
power distribution from the electric
motor to the wheels.

7 | Mechanical engineering contributes to | 60% | 40% | 0% 0%
the research and use of advanced
materials, such as composites and
lightweight alloys, which reduce vehicle
weight without compromising strength
and safety.

8 | Mechanical engineering plays a critical | 75% | 20% | 5% 0%
role in the prototyping and testing
process of electric vehicles, ensuring that
all components function properly and
safely before mass production.

9 | Mechanical engineers integrate various | 65% | 30% | 5% 0%
electric vehicle systems, including the
drivetrain, battery, and electronics, to
ensure optimal performance and high
reliability.

10 | 10. Mechanical engineering is also | 70% | 30% | 0% 0%
involved in the development of
supporting infrastructure such as faster
and more efficient charging stations,
which support the overall electric vehicle
ecosystem.

Table 1.4
The Role of Mechanical Engineering in the Development of Environmentally
Friendly Electric Vehicles Tested for Feasibility with the One Way Anova Test
ANOVA

Sum of

Squares df Mean Square F Sig.
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X.01 T.A2022 2,400 4 ,500
T. A 2022 ,000 5 ,000
Total 2,400 9
X.02 T.A?2022 1,100 4 275 2,750 ,148
T. A 2022 ,500 5 ,100
Total 1,600 9
X.03 T.A2022 2,100 4 ,525
T. A 2022 ,000 5 ,000
Total 2,100 9
X.04 T.A?2022 ,900 4 ,225
T. A 2022 ,000 5 ,000
Total ,900 9
X.05 T.A?2022 1,600 4 ,400 4,000 ,080
T. A 2022 ,500 5 ,100
Total 2,100 9
X.06 T.A?2022 2,100 4 ,525
T. A 2022 ,000 5 ,000
Total 2,100 9
X.07 T.A2022 1,600 4 ,400 4,000 ,080
T. A 2022 ,400 5 ,300
Total 2,100 9
X.08 T.A?2022 2,100 4 ,525
T. A 2022 ,000 5 ,000
Total 2,100 9
X.09 T.A?2022 1,600 4 ,400
T. A 2022 ,000 5 ,000
Total 1,600 9
X.10 T.A 2022 1,900 4 475 4,750 ,059
T. A 2022 ,500 5 ,100
Total 2,400 9
Discussion

The role of mechanical engineering in the development of eco-friendly electric
vehicles is significant, covering various aspects from component design to system
integration. First of all, mechanical engineering plays an important role in designing more
efficient and lightweight components. In an effort to reduce vehicle weight, mechanical
engineers use advanced materials such as aluminum, magnesium, and carbon fiber
composites. These materials enable weight reduction without compromising strength and
safety, which in turn reduces energy consumption and extends the range of electric
vehicles. Weight reduction is one of the key factors in improving the vehicle's energy
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ﬁciency, as each decrease in weight reduces the amount of energy required for
movement.

Furthermore, the development of more efficient and powerful electric motors is a
key area where mechanical engineering makes a major contribution. Electric motors are
the heart of electric vehicles, and mechanical engineers focus on improving their
performance through better design and the use of advanced magnetic materials. More
efficient electric motors not only reduce energy consumption but also improve vehicle
performance, enabling faster acceleration and more reliable performance. Mechanical
engineering has also played a role in the development of brushless motor technology,
which offers advantages in terms of efficiency and longevity. Cooling systems are also a
critical aspect in electric vehicles, where mechanical engineering plays an important role
in designing effective systems. Batteries and electric motors generate heat during
operation, and if not managed properly, can lead to performance degradation or even
component damage. Mechanical engineers develop cooling systems that use coolant or air
to maintain component temperatures at optimal levels. Effective cooling technologies not
only increase the lifespan of batteries and electric motors but also ensure consistent
performance under various environmental conditions.

Mechanical engineering also contributes to the aerodynamic design of electric
vehicles. A good design can reduce air resistance, which directly improves energy
efficiency. Mechanical engineers use simulation and wind tunnel testing to optimize the
shape of the vehicle so that it is more streamlined and has a lower drag coefficient.
Aerodynamic design not only helps in increasing the range of the vehicle but also
contributes to overall performance and stability at high speeds.

Battery technology development is another area where mechanical engineering
makes an important contribution. Mechanical engineers work on various aspects of
batteries, including electrode materials, cell design, and battery management systems
(BMS). The BMS is a critical component that regulates battery charge and discharge,
monitors temperature, and ensures safe operation. Through the development of better
battery technology, mechanical engineers are helping to increase energy density, extend
lifespan, and speed up charging time, all of which are important factors for making
electric vehicles more practical and attractive to consumers.

Transmission systems in electric vehicles also receive special attention from
mechanical engineers. Although electric vehicles often use simpler transmission systems
compared to conventional vehicles, there is a need to optimize power distribution from the
electric motor to the wheels. Mechanical engineering plays a role in designing efficient
and durable transmission systems, which can reduce energy loss and improve
performance. Some electric vehicles also use direct drive systems, which eliminate the
need for conventional transmissions and offer higher efficiency and reduced weight.
Advanced materials are one of the main focuses in mechanical engineering for the
development of electric vehicles. Mechanical engineers are researching new materials that
can be used for various vehicle components, from the frame structure to the suspension
system. The use of lighter and stronger materials such as carbon composites not only helps
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reduce vehicle weight but also improves safety and performance. In addition, materials
that are more resistant to corrosion and wear can reduce maintenance costs and extend the
life of the vehicle.

The prototyping and testing process is an important step in the development of
electric vehicles, where mechanical engineering plays an important role. Before an electric
vehicle can be mass-produced, every component and system must go through an extensive
prototyping and testing phase to ensure its reliability. Mechanical engineers use tools such
as computer simulations, laboratory testing, and road tests to evaluate vehicle performance
and safety. This process helps identify and fix potential problems before the vehicle is
launched into the market, thus improving the quality and reliability of the final product.
Integration systems engineering is another aspect where mechanical engineering plays an
important role in the development of electric vehicles. Electric vehicles consist of various
systems that must work in harmony, including the drivetrain, battery, electric motor, and
electronics. Mechanical engineers are responsible for ensuring that all these systems are
well integrated and function efficiently. This involves developing complex control
algorithms, designing optimal component layouts, and testing the system as a whole. Good
integration not only improves efficiency and performance but also ensures driver safety
and comfort. Besides the technical aspects, mechanical engineering also plays a role in the
development of supporting infrastructure for electric vehicles. One of the key challenges
in the adoption of electric vehicles is the availability of fast and efficient charging stations.
Mechanical engineers work closely with experts in other fields to design and develop
charging stations capable of charging batteries quickly without damaging the cells. This
includes research into fast charging technology, thermal management during charging, and
integration with the power grid. Good infrastructure is key to supporting the growth of the
electric vehicle market and making it more attractive to consumers. On the other hand,
mechanical engineering also plays a role in the end-of-life management of electric
vehicles, including battery recycling. Electric vehicle batteries contain valuable materials
that can be recycled and reused. Mechanical engineers develop technologies and processes
to efficiently recycle batteries, reduce environmental impact, and reduce dependence on
new raw materials. Effective recycling not only supports sustainability but also helps
reduce the cost of producing new batteries.

Overall, the role of mechanical engineering in the development of green electric
vehicles is broad and deep. From efficient and lightweight component design, electric
motor development, cooling systems, to battery and transmission technologies,
mechanical engineering touches almost every aspect of electric vehicles. With a focus on
innovation and efficiency, mechanical engineers help create vehicles that are more
environmentally friendly, safe and attractive to consumers. In addition, through the
development of supporting infrastructure and recycling technologies, mechanical
engineering contributes to the creation of an ecosystem that supports the growth and
sustainability of electric vehicles. Wider adoption of electric vehicles will play an
important role in reducing greenhouse gas emissions and dependence on fossil fuels,
thereby contributing to global efforts to address climate change.
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