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ABSTRACT

A bearing is a vital machine component that supports shafts,
enabling smooth rotation and minimizing friction. The level of
friction is determined by the coefficient of friction, which varies
based on the bearing material. In this study, we evaluated two
types of bearings: steel and ceramic, with the aim of identifying the
one with the lowest frictional force and, consequently, the least
input power required. To conduct a comprehensive comparison,
we performed comparative tests on the Nogogeni Evo V vehicle,
analyzing the energy consumption impact of both steel and
ceramic bearings. The tests involved measuring the input power of
each bearing type at various throttle openings, ranging from 10%
to 100%. The results revealed that ceramic bearings exhibited
superior energy efficiency compared to their steel counterparts. At
all throttle openings, the ceramic bearings consistently demanded
lower input power, indicating their higher efficiency. For instance,
at 100% throttle opening, the input power for steel bearings was
17,939 watts, while ceramic bearings required only 17,290 watts,
representing a 3.6% reduction. Moreover, ceramic bearings
achieved higher rotation speeds, with the ceramic bearing rotating
at 598 rpm, a 3.5% increase compared to the steel bearing's 577
rpm. Based on these findings, it can be concluded that the
implementation of ceramic bearings would significantly enhance
the energy efficiency of the Mobil Nogogeni Evo V electric motor.
Therefore, for improved performance and reduced energy
consumption, we recommend the incorporation of ceramic
bearings in the vehicle's design.

This is an open access article under the CC—BY-SA license.
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INTRODUCTION

The Nogogeni Team of the Institut Teknologi Sepuluh Nopember (ITS) is an electric car
team that competed in the Shell Eco-Marathon Asia competition (SEMA). Shell hosts this
prestigious energy-efficient automobile competition. In 2017, the Nogogeni Team participated
in the Singapore Changi Exhibition Center's Battery Electric class Urban Concept category. At
the event, the Nogogeni Team placed third at the Asian level, and in 2018, the Nogogeni Team
again placed second. Students of the Department of Industrial Mechanical Engineering,
Faculty Vocation ITS developed the "Nogogeni Evo V" automobile through planning, design,
simulation, calculation, and manufacture.

Using energy-efficient automobiles is a challenge for the globe today, thus competitions
are constantly launched to promote academics' interest in developing electric cars that might
be accepted on the global market. The definition of an energy-efficient vehicle is a vehicle
whose propulsion takes just a small amount of energy yet can travel a considerable distance.
This is strongly related to the vehicle’s weight, rolling resistance, drag coefficient, and friction
(friction). However, friction is one of the most important factors in this investigation. Friction
occurs when two surfaces typically move in opposite directions contact, resulting in resistance.

Continuous friction increases heat and causes these components to deteriorate. The out-
of-control friction can harm system components and prevent regular operation. Bearings are
thus utilized to avoid excessive friction [1].

The power system is the primary distinction between electric and petrol-engine vehicles.
The fuel car system comprises numerous moving components, such as gears, pistons, valves,
crankshaft, etc. The working concept of internal combustion is that fuel combustion generates
power, with the transmission controlling the process. In contrast, an electric car system
employs the vehicle's power, is operated by an electric motor, and has a governor to control
its speed.

As is well-known, the greater the number of moving elements in the fuel system, the
greater the likelihood of wear and tear and even vehicle damage. In contrast, electric vehicle
systems have fewer moving parts, the most essential being the motor shaft's ball bearings. In
this regard, the electric vehicle system is better than the conventional gasoline vehicle system.
In addition, the performance of electric vehicles is directly influenced by the quality of the
bearings on the motor shaft.

A bearing is a component that reduces friction in the engine or other components that
move and press against each other [2]—[4]. Bearings are used to maintain or hold moving parts.
These items are typically used to support a rotating shaft where friction occurs. Alongside an
energy-efficient vehicle, the vehicle must have a low coefficient of friction. To achieve a low
frictional force, it is required to use a material with a low friction coefficient and excellent
lubrication. If the coefficient of friction is low, then the input power will also be low.

In electric vehicles, conventional motor shaft bearings are generally composed of steel.
However, superior alternatives exist. Ceramic bearings, whether hybrid ceramic bearings that
combine ceramic balls with steel tracks or pure ceramic bearings, take priority. Silicon Nitride
(Si3N4) ceramic bearings will specifically support the electric vehicle industry [5], [6].

Based on the aforementioned issues, the primary objective of this research is to assess
the bearing strength by comparing the input power of steel and ceramic bearings on the
Nogogeni Evo car across different throttle openings, ranging from 10% to 100%. The main aim
is to identify the bearing with a lower input power value, making it suitable for implementation
in the Nogogeni Evo V automobile. This, in turn, will lead to reduced energy consumption and
enhanced efficiency.

Testing ceramic bearings poses unique challenges, particularly in ensuring compatibility
with each electric car being produced. Despite various studies highlighting the advantages of
ceramic bearings for advancing electric automobiles, their practical application demands
careful consideration. Thus, the research makes a valuable contribution by selecting the most
appropriate bearings for the Nogogeni electric car and quantifying the energy-saving potential
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compared to steel bearings. This aspect is crucial for optimizing the car's performance and
minimizing energy usage.

METHOD

The test site is at the Nogogeni Workshop, Faculty of Vocation, Department of Industrial
Mechanical Engineering, Institut Teknologi Sepuluh Nopember, Surabaya. The testing period
runs from May 15, 2022, through May 30, 2022. The following are the tools and materials for
testing the Nogogeni Evo V electric car motor bearings.

a. Electric Motor dan Battery

The Nogogeni automobile is powered by a 500-watt, 48-volt Brush DC (Direct Current)
electric motor. This electric motor serves as the replacement for the car's engine as a whole.
The Nogogeni Evo V automobile uses a Lithium-ion 48-volt 10 Ah battery as the primary source
of electrical energy to power the body's electrical system (Controller) and drives motors
(electric motor).

b. Controller dan Throttle

As the central processing unit of the Nogogeni vehicle's propulsion system, the controller
regulates the amount of output in the form of a positive voltage, which rotates the electric motor
in response to foot-operated throttle input. The throttle regulates the magnitude of the input
voltage to the electric motor by sending an input signal (maximum 5 volts) to the controller,
which then supplies a voltage equal to the input voltage in the form of electric motor rotation.
This throttle has 10 throttle opening settings, ranging from 10% to 100% or full throttle. This
division is performed with the aid of Arduino software to calculate every 10% throttle opening
increase.

c. Joulemeter dan Tachometer

The role of the Joulemeter is to detect and monitor all types of power supply output
(battery). A tachometer is an instrument for testing electric motor rotational speed (rpm).

d. Steel and Ceramic Bearings

This study employs German-made "IBC" steel bearings with steel balls and a ceramic
separator of size 6002 C3. These bearings have been utilized in Nogogeni cars for four
consecutive years in all national and international contests for energy-efficient vehicles (see
Figure 1). Moreover, ceramic bearings with total ceramic Zirconia Oxide (ZrO) material and
size 6002 C5, manufactured in China under the "IMB" brand, were chosen for the 2017
Nogogeni car (see Figure 2). The difference between Figure 1(a) and Figure 1(b) is the use of
rubber cover at the top of them. This cover helps the bearing to maintain cleanliness and
prolong its life cycle. The same condition applies to Figure 2(a) and Figure 2(b). The cover was
expected to keep the minimum friction coefficient value.

e. Motor stand

A motor stand is an auxiliary tool that functions as a holder for an electric motor to ensure
that the motor shaft does not revolve throughout the data collection procedure. This motor
stand is composed of 2x1-inch metal that is hollow and is joined with rivets.

(a) without rubber cover (b) with rubber cover
Figure 1. Steel bearing with size 6002 C3
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(a) without rubber cover (b) with rubber cover

Figure 2. Ceramic bearing with size 6002 C5

1. Experimental Variables and Parameters

In performing a study, careful and planned experimentation can help find the best reliable
results and give confidence in the findings [7]. There are two types of variables in this
experiment, namely, independent and dependent variables. An independent variable is a
variable whose value is changed so that it affects other variables. The independent variables
in this experiment are the types of bearings and rotation based on valve opening. Then, the
dependent variable is input current (A), input voltage (V), motor rotation (rpm), initial and final
battery voltage (V), and initial and final temperature (°C). Furthermore, the parameter set as a
comparison is the required input power for each bearing using Equation (1).

P=V xI xCos® Q)

where P is power (Watt), V is defined as voltage (Volt), and Cos @ as power factors.
2. Installation and Test Procedures

Figure 3 depicts the installation system and testing procedure for steel and ceramic
bearings on the Nogogeni Evo V electric car motor. Then, Figure 4 displays a variety of real-
world test procedures. Those figures show the working process of the electric motor begins
with the throttle being opened to a given degree, followed by the electric current entering the
electric motor and causing it to rotate at a particular speed. After the rotation has stabilized,
the independent variables described in Section 3 are included in the data collection. Following
this, the input power and input power loss are calculated.

Joulemeter

= s ” — Electri
(A =(v ) contoter lectric
Bty =

Throttle
Figure 3. A sequence of test procedures
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Figure 4. A sequence of actual test procedures

3. Testing Procedures

Several steps are required to get the desired bearing testing data for the Nogogeni car
propulsion system. These steps are as follows:
1. Prepare the tools and materials needed
2. Ensure tools and materials are in good condition
3.  Conduct tests using ceramic bearings with the following steps:
a. Disassembling the electric motor.
b. Removing the built-in electric motor bearing with the appropriate tool (see Figure
5).

Figure 5. Removing factory default bearing.

c. Install ceramic bearings on electric motors with the appropriate tools (see Figure
6 and Figure 7).

Figure 6. The installation process of ceramic bearing.
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Figure 7. Installed ceramic bearing

d. Reassemble the electric motor.
e. Organize items in accordance with the installation and testing plan
f.  Give changes of throttle opening between 10 and 100 percent.
g. Hold each throttle opening until a stable number is obtained.
h. Obtain test data and outcomes.
4.  After that, conduct the test with steel bearings.
a. Disassemble the electric motor.
b. Remove the ceramic bearing with the appropriate tool (see Figure 8).

Figure 8. Removal of ceramic bearings

c. Install steel bearings on electric motors using the proper tools (see Figure 9 and
Figure 10).

Figure 9. The process of installing steel bearings (steel)
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Figure 10. Installed steel bearings

Reassemble the electric motor.

Organize items following the installation and testing plan

Give changes of throttle opening between 10 and 100 percent.
Hold each throttle opening until a stable number is obtained.

. Obtain test data and outcomes.

5. Compare the test results for both steel and ceramic bearings

6. Conclude with a conclusion.

se oo

RESULTS AND DISCUSSION

This section outlines the findings of input power testing on ceramic bearings and steel
bearings for the Nogogeni Evo V electric car's motor and the calculations relating to those
results. Figure 11 illustrates the dimensions and quantity of the installed bearings. The electric
motor of the Nogogeni Evo-V car is equipped with "single-row deep groove ball bearings". A
succession of balls rolls within the bearing's groove. This bearing is the most basic rolling
bearing commonly seen in machine tools. This section describes the gathering of data (current
and voltage) that inputs the electric motor when ceramic bearings and steel bearings are used.

oY

D (outside diameter) = 32 mm

d (inside diameter) = 15 mm
Y } B (width) =9 mm

D ¢ d r (minimum radius) = 0.3 mm

Figure 11. Bearing dimensions
1. Data Collection
Data was collected by comparing the bearings installed on the Nogogeni Evo V's electric

motor, which serves as the vehicle's prime mover. Through a comparison of the input power of
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steel and ceramic bearings installed on an electric motor. During the test, no load was applied
to the electric motor, which was supported by a motor stand for stability.

The data in Table 1 and Table 2 represent the results of testing electric motors with steel
and ceramic bearings after holding the throttle open every 10 percent of the throttle opening
for 5 minutes. Under each electric motor test's 10% throttle opening conditions, the battery is
fully charged to 54.5 volts.

Table 1. Test data using steel bearings

Throttle Input Input Motor Initial End Initial End

Opening Current Voltage rotation Voltage Voltage Temp Temp
(%) (A) () (rpm) V) (W) Q) Q)
10 0.02 5.85 0 54.5 545 32 32
20 0.04 12.80 30 54.5 54,5 32 32.2
30 0.08 19.50 149 545 54,5 32 324
40 0.10 27.05 251 54.4 54.4 32 32.6
50 0.14 33.70 333 54.5 545 32 32.9
60 0.17 40.00 429 54.4 54.4 32 33.3
70 0.23 43.05 509 54.4 54.4 32 33.8
80 0.27 47.80 576 545 54,5 32 34.2
90 0.32 49.10 598 54.5 54,5 32 34.9
100 0.32 53.20 598 54.5 545 32 35

Table 2. Test data using ceramic bearings

Throttle Input Input Motor Initial End Initial End
Opening  Current  Voltage rotation Voltage Voltage Temp Temp
(%) (A) M) (rpm) V) (W) () ()
10 0.02 5.90 0 54.5 54.5 32 32.0
20 0.06 13.00 29 54.5 54.5 32 32.2
30 0.08 21.40 144 54.5 54.5 32 32.4
40 0.12 27.50 243 54.4 54.4 32 32.7
S0 0.16 33.10 323 54.4 54.4 32 33.1
60 0.22 38.40 401 54.5 54.5 32 33.6
70 0.26 43.00 465 54.5 54.5 32 34.2
80 0.31 47.60 534 54.4 54.4 32 34.7
90 0.33 50.70 577 54.5 54.5 32 35.2
100 0,33 53.50 577 54.5 54.5 32 35.3

2. Input Power Calculation

This section describes the findings from calculating the motor's input power when steel
and ceramic bearings are used at particular throttle openings. Table 3 compares the input
power and electric motor rotation of steel and ceramic bearings for electric motors. Meanwhile,
Figure 12 depicts a comparison between input power (Watt) and motor rotation (Rpm) for steel
and ceramic bearings, based on Table 3.

Figure 12 (a) demonstrates that the power input for ceramic bearings is less than steel
bearings for various throttle openings. Figure 12 (b) indicates that at the same throttle opening,
the resultant motor rotation is greater with ceramic bearings than steel bearings. This is
because ceramic bearings have a lower friction coefficient than steel bearings. Due to the
smaller friction coefficient, the rotational force will be reduced. If the force is diminished, the
input power will also be diminished. Consequently, the energy required to power the motor is
used more efficiently. Less energy is the optimal solution for electric cars, a current trend in
sustainable global development [8].
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Table 3. Comparison of input power and electric motor rotation for steel bearing and ceramic bearing
Steel bearing  Ceramic bearing

Throttle n p n
No. Ope(’ﬂ}o';gs (Watt) (Rpm) (Watt) (Rpm)
1 10 0148 0 0117 0
2 20 0780 29 0512 30
3, 30 1823 144 1560 149
4. 40 3306 243 2840 251
5. 50 5461 323 4886 333
6. 60 8459 401  7.000 429
7 70 11180 465 9901 509
8. 80 15000 534 13145 576
9. 90 16.731 577 15.712 598
10. 100  17.939 577 17.290 598
20

[y
(€]

Power input (Watt)
w5

o

10 20 30 40 50 60 70 80 90 100

_Throttle Openir&gs (%) .
==@==Steal bearing ==@==Ceramic Bearing

(a) Input power vs. Throttle openings

700
600
500
400
300
200
100

Motor rotation (Rpm)

10 20 30 40 50 60 70 80 90 100

Throttle Openings (%)
==@=Steel bearing ==@==Ceramic Bearing

(b) Motor rotation vs. Throttle openings

Figure 12. Comparison between steel bearing and ceramic for power input and motor rotation

3. Lubrication of Rolling Bearings

In addition to using bearings with a low friction coefficient, lubricating oil with the proper
viscosity can reduce power input [9]. The exact viscosity depends on the inner diameter, the
rotating speed of the bearings, and the operating temperature. This section therefore
addresses the lubrication of rolling bearings. In bearings, lubrication is essential for reducing
frictional forces, wear rates, and heat generation [2], [3], [10]-[12].

The needed viscosity of lubricating oil to lubricate steel bearings can be calculated by
measuring the bearings' temperature. This temperature reading was collected with an infrared
thermometer. Then, based on Figure 13, the value of DN is obtained by multiplying the value
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of the inside diameter (D) and the rotation (N). Then, DN value can be inputted into the
viscosity-based lubricating oil selection chart (see Figure 13) to determine the lubricating oil
viscosity value based on the intersection of the inside diameter value line multiplied by rotation
and the working temperature line (°F).

For instance, multiplying an interior diameter (D) value of 32 mm by a maximum rotation
value (n) of 577 rpm yields a Dn value of 18,464 mm. rpm. This value will be plotted on the
lubricating oil selection chart, shown by the green line. In addition, the temperature of 95°F is
mapped on the graph and represented by a blue line. The junction of the green and blue lines
will produce a point that may be plotted on the viscosity line for lubricating oil, shown by the
red line. Based on the graph, the viscosity value of lubricating oil is 130 SUS at 100°F.

On a 100°F basis, viscosity 130 SUS can be translated to Society Automotive Engineer
(SAE) units. If a horizontal line (red color) is formed from the conversion table (Figure 14) on
the viscosity value of 130 SUS lubricating oil with a base of 100°F, then the optimum lubricating
oil viscosity value for steel bearings is SAE 10 W.

The findings of electric motor testing can be summarized as follows. The results of electric
motor testing with steel and ceramic bearings yielded data on input power and electric motor
rotation. When the throttle is fully opened and tested for 5 minutes, the electric motor's input
power with steel bearings is 17,939 watts and 17,290 watts with ceramic bearings. The
maximum rotation of the electric motor when using steel bearings is 577 rpm, and it is 598 rpm
when using ceramic bearings. Ceramic bearings have a higher rotation despite having a lower
input power.

Figure 13. Lubricating oil selection chart based on viscosity

Furthermore, the working temperatures of steel bearings and ceramic bearings are the
same when the throttle opening is 10% -30% and begin to differ when the throttle opening is
40% - 100%. Ceramic bearings have a lower maximum working temperature than steel
bearings, with a maximum working temperature of 35°C vs 35.3°C for steel bearings. The
difference in bearing material affects the heat generated due to friction in the bearing. As a
result, the proper lubricating oil is utilized, namely SAE 10 W lubricating oil.

4. Theoretical Analysis and Discussion

The automotive sector is undergoing a transition towards electric vehicle technology,
driven primarily by the need for cleaner energy and reduced reliance on fossil fuels. The
utilization of bearings per vehicle is expected to decrease with the introduction of electric
vehicles. Khaire [13] explores the implications of electric vehicles on the bearing industry and
discusses the new technological demands necessary for the successful development of EV
bearings. Key technical requirements for EV bearings include improved bearing lifespan,
enhanced reliability, compact size, integration of smart sensor capabilities, optimized friction
and noise reduction, as well as considerations for vibrations and harsh operating conditions.
Special attention must also be given to lubrication and sealing processes. Surface engineering
techniques and the application of specialized coatings offer potential to expand the range of
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bearing applications and optimize the cost of bearings for electric vehicles. However, it is
important to address challenges such as electrical pitting and lubricant burning, which can lead
to internal contamination and potentially reduce the lifespan of bearings. Bearing engineers
must adapt their expertise to meet the new requirements posed by electric vehicles.

Kinematic Sayboit
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Figure 14. Lubricating oil selection chart based on viscosity

In today's context, there is a significant focus on finding ways to enhance the efficiency of
electric vehicles. However, the ultimate goal of electric mobility, in addition to environmental
concerns, is to ensure affordability. Similar to conventional cars, the cost of an electric vehicle
is directly linked to its power. Every aspect of an electric car is optimized for maximum energy
conservation. A crucial requirement for the advancement of electric vehicles is the utilization of
well-designed electric motors as a key component of the electromechanical system. Currently,
induction motors are predominantly used in electric vehicles due to their superior efficiency and
well-known benefits. The motor under investigation is suitable for quick and straightforward
conversions of numerous compact front-wheel-drive vehicles by replacing their engines.
Rachev et al. [14] focuses on evaluating the combined impact of modifying the equivalent circuit
parameters and the total moment of inertia on the power losses in the dynamic operational
modes of a compact electric car drive. The study employs an appropriate mathematical model
of the electromechanical system and presents the results in both tabular and graphical formats.
Relevant conclusions have been drawn based on the findings. Apart from analysis, the
developed model can also aid in solving the inverse problem by facilitating the development of
electric motors and control systems with parameters that meet specific user-defined
requirements.

In addition, Migal et al. [15] examines the impact of various factors such as bearing
accuracy class, rotational speed, load, clearances, and fits on the vibration levels of electric
motor bearing units. It proposes methods to reduce vibrations originating from mechanical
sources. The maximum allowable vibration levels for asynchronous motors are determined to
be 40 dB at 5 Hz and 80 dB at 10,000 Hz. The influence of increased rotational speed and load
on the vibration levels of bearing units is analyzed, and potential measures to decrease
vibrations while maintaining optimal bearing preload on the shaft journal are identified. The
research reveals that the clearance between the cap and the bearing, when fixed in the housing
(primer), does not guarantee the consistency of the bearing unit assembly, leading to significant
variations in vibration levels compared to rigid and elastic fixation methods. The findings of this
study are applicable to all types of traction electric motors.

Moreover, transportation is a significant contributor to various environmental challenges,
including greenhouse gas (GHG) emissions and resource depletion. In the European Union,
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light-duty vehicles account for approximately 10% of total energy consumption and air
pollutants. Consequently, there is an urgent need for improved fuel/energy efficiency in both
conventional and electric cars. Industrial and research communities have been actively
proposing innovative solutions to address this issue. Del Pero [16] conducts a comparative Life
Cycle Assessment (LCA) of Internal Combustion Engine (ICE) vehicles and electric vehicles.
The assessment follows a comprehensive "from cradle-to-grave" approach, considering the
entire life cycle of the vehicles, including the production, use, and end-of-life stages. Primary
data is predominantly used for the inventory, and a broad range of impact categories related
to human and ecosystem health are considered. The environmental profiles of different vehicle
configurations are evaluated, and the key environmental issues affecting both conventional
and electric cars are identified and critically examined. The study also investigates the impact
dependence on life cycle mileage for both propulsion technologies and determines the break-
even point for the environmental viability of electric cars, taking into account various electricity
sources during the use phase. Furthermore, the analysis includes a comparison of GHG
emissions with the findings from previous LCA studies.

The past decade withessed a significant surge in the popularity of electric transportation,
supported by extensive government assistance. This resulted in a remarkable increase in
annual electric vehicle (EV) sales worldwide, rising from a mere 2,000 to over 753,000 units
within the span of ten years. Numerous countries and private enterprises have high
expectations for electric transport, envisioning the imminent displacement of internal
combustion engines (ICE). However, Kapustin and Grushevenko [17] reveals that as of 2018,
EVs are still unable to compete on an equal footing with conventional cars. Nonetheless, if
governments and automobile manufacturers continue their current pace of development, true
competitiveness between ICE and electric vehicles could be achieved by 2035, even in a low
oil-price environment. Our calculations indicate that by 2040, depending on the scenario, EVs
could capture an 11-28% share of the global road transport fleet. Consequently, this would
lead to an additional increase in global electricity consumption ranging from 11% to 20%.
Nevertheless, a major challenge lies in adapting the power grid to accommodate the growing
demand peaks resulting from EV charging patterns. To maintain the trajectory towards "green"
energy, global leaders in EV adoption must intensify their efforts in developing and
implementing energy storage technologies. Failure to do so could result in a rise in fossil fuel
consumption as the proliferation of electric cars expands.

Recent global interest in achieving greater energy efficiency and promoting environmental
sustainability has led to a focus on improving transportation systems and industrial practices.
Approximately one-fifth of the world's energy consumption is attributed to friction, with one-third
of energy used in transportation dedicated to overcoming friction. However, significant
progress has been made in the development of all-electric vehicles powered by advanced
batteries, offering a cleaner and more sustainable future for transportation. Holmberg and
Erdemir [18] provides a brief overview of the energy efficiency and environmental impacts
associated with current transportation, industrial, and residential systems, highlighting how
friction and wear losses in moving mechanical parts significantly impact overall efficiency.
Additionally, it discusses recent advancements in materials, lubricants, and design
modifications that could potentially reduce energy losses by 18-40%, primarily due to friction
and wear. These improvements could result in energy savings of up to 8.7% of global energy
consumption and 1.4% of the gross national product (GNP). Furthermore, the article calculates
the energy consumption and friction losses in battery-powered electric passenger cars,
demonstrating the benefits of electric vehicles with an average total energy usage that is 3.4
times lower compared to combustion engine-powered cars. When the electricity for electric
cars is sourced from renewable energy, the CO, emissions are 4.5 times lower compared to
combustion engine cars. Transitioning from fossil fuels to renewable energy sources has the
potential to reduce energy losses caused by friction in energy production by more than 60%.

Last but not least, the rise of electric vehicles drivers a significant shift away from
conventional motor vehicles. The primary motivations behind this transition are the urgent need
to reduce polluting emissions from engines and reduce dependence on costly fuels. By the end
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of 2016, the global number of electric vehicles had surpassed two million, reflecting the
increasing acceptance of electric vehicles. This acceptance can be attributed to various factors,
such as technological advancements, improved storage capacity of traction batteries at
reduced costs, and the proliferation of public and government charging infrastructure. The two
prominent electric vehicle technologies currently in the spotlight are battery electric vehicles
(BEVs) and plug-in hybrid electric vehicles (PHEVs). Pandey et al. [19] provides an overview
of these different electric vehicle technologies, outlining their characteristics, limitations, and
the challenges associated with their widespread adoption as replacements for conventional
vehicles.

In this new era, electric vehicles have garnered significant attention as environmentally
friendly modes of transportation, capturing the interest of sellers, buyers, and researchers alike.
Consequently, extensive and thorough studies have been conducted, focusing on various
aspects such as battery consumption, infrastructure development, charging point availability,
and associated challenges. This article considers the obstacles and benefits that the world will
encounter upon the full-scale adoption of electric vehicles. It successfully presents an overview
of electric vehicle aspects, encompassing government policies, charging methods, key
technologies, charging impacts, and potential solutions to related issues in a concise manner.
Taking into account the current electric vehicle landscape, this brief report compiles essential
facts pertaining to the emergence of electric vehicles.

CONCLUSION

Based on the results of the tests and calculations performed on the Mobil Nogogeni Evo
V electric motor to compare the steel and ceramic bearings, the following conclusions are
ceramic bearings have a lower input power than steel bearings; at 100% valve opening, the
input power of ceramic bearings is 17,290 Watt, and the input power of steel bearings is 17,939
Watt, resulting in a 3.618% decrease in input power. Then, ceramic bearing rotation is greater
than steel bearing rotation; with 100% valve opening, ceramic bearing rotation is 598 rpm, and
steel bearing rotation is 577 rpm, resulting in a 3.51% increase in rotation. Next, reducing
average input power by 14.51%, increasing average rotation by 4.588%. Then, the steel
bearing requires a lubricant [20]. Generally, the lubricant viscosity that can be used is 139 SUS-
1000F or SAE 10 W. This research proposes some recommendations are all-steel bearings in
the Nogogeni Evo V car should be replaced with ceramic bearings to conserve energy
depending on the type of car, including energy-efficient cars. More research is needed to
compare the life of steel and ceramic bearings. Another option for measuring input power is
using dyno test equipment.
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