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Abstract: Electric vehicles generally use a Brushless DC (Direct Current) motor as the main
motor of the vehicle. Brushless DC Motor is not an instrument with a perfect level of efficiency.
Brushless DC motors can still overheat at certain times, thus damaging the insulating material of the
motor. Damaged motorcycles are obtained when the vehicle continues to operate over long distances
and for long periods. In these conditions, the motor efficiency will drop significantly. This paper
proposes designing a cooling system on a Brushless DC casing by applying a hollow fin that is
continuously flowing with water. A Brushless DC motor casing design is simulated using software
to determine the actual conditions of water circulation that occur in the design. Furthermore, this
study uses an empirical and comparative approach to evaluate the efficiency of a cooling system.
The results showed that the design of a hollow fin cooling system with water media tended to
experience an efficiency of 43.410% and an increase in the average efficiency of the previous study
of 17.348%.
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1. Introduction

Energy efficiency is becoming more popular as global
environmental protection is improved. In a situation like
this, the electric motorbike is a mainstay to replace fossil
resources in the automotive industry?, and Indonesia is
one of the competitors in the massive development of
electric vehicles. Currently, many electric vehicle
manufacturers rely on the primary driving device, namely
the electric motor ¥. The electric motor is part of a
government project to reduce fossil fuels 9. The use of
electric motors can reduce air pollution, which positively
impacts globally 7. Electric motors are generally capable
of producing power as the prime mover but can also be
used as a producer of electrical energy !V, Based on the
demand for electric motors, which is estimated to increase
every year, a series of planning in the form of cost
estimates is required '?, design planning according to
environmental requirements '¥, and planning the life of
the electric motor 4,

A drive with better performance efficiency with high
torque rotation and a motor rotation speed that can be
controlled easily will be very much needed as the main
driving force for electric vehicles to fulfill the automotive
market, especially in Indonesia. Electric motors that are
commonly used are direct current (DC) motors and
induction motors. DC motors have high efficiency with
high maintenance costs. In contrast, induction motors

have low maintenance costs with low efficiency and heat
easily '9. Usually, induction motors are widely used by
industry because of their simplicity in construction '©),
Although brushless DC (BLDC) electric motors are often
used in electric vehicles.

The daily use of an electric motor is a BLDC motor
which has several advantages. These advantages include:
without the use of a brush/brush, a barely audible motor
sound, and compact maintenance ''®, and regular
maintenance aimed at maximizing the performance of the
BLDC motor '». The BLDC motor is also a type of
synchronous motor with minimal slip on the induction
motor. In a BLDC motor, the magnetic field generated by
the rotor rotates at the same frequency 2, in addition to
these advantages, electric motors are also inseparable
from the dangers of overuse, such as the use of BLDC in
electric vehicles when used continuously and when they
have a vehicle load that exceeds the usage limit of a BLDC
motor. These things will have an impact on increasing heat
at the motor temperature of the BLDC so that there will
be a decrease in the quality of performance on the BLDC
motor, which is due to vibrations caused by vehicle shocks
2D, so that the insulation of the motor dynamo windings is
damaged which can burn in its worst condition 22,

The need for a motor that has a more efficient
performance with high torque rotation and has a
controllable motor rotation speed 2, Excessive power
factor values can result in a waste of current, so a control
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system is needed 242, utilization of control systems will
reduce maintenance costs with accurate detection 2, and
can increase motor torque. Whereas in a vehicle with a
constant speed controller, motor phase current, motor
torque increases with increasing temperature 27,

A motor has a bad heat dissipation condition due to
several factors such as the installation space, work
environment, and a high increase in operating temperature,
and obstacles to increasing power density and torque
density. BLDC motors have two types of rotors based on
the location of the rotors, namely the inner rotor and the
outer rotor. Increasing motor efficiency is the most
influential thing and must be considered in BLDC electric
motors. Efficiency is always related to heat transfer and
performance on BLDC motors 2¥, so that the better the
heat transfer efficiency, the better the cooling system 23D,
One of the benchmarks of efficiency in a BLDC motor is
heat transfer to the motor caused by the load received by
the motor and the use of maximum speed, so it is one of
the crucial factors in an electric motor design 2.

The type of BLDC motor material also has a significant
effect on the cooling process of the BLDC motor, where
the type of material will affect heat transfer and accelerate
cooling 3. Copper in electric motors has an insulating
material. When there is damage, it will result in excessive
heat dissipation so that symptoms of overheating in the
BLDC motor and a decrease in motor efficiency in terms
of age can occur quickly 3. The speed control system also
significantly reduces heat due to an unstable speed pattern
that causes excess energy ).

Some studies refer to reducing excessive heat in BLDC
motors, including using a cooling fan 7. However, the
researcher can still be developed by utilizing water media
as a cooling BLDC motor. A cooling system with water
media is not the primary basis, especially in this study,
accompanied by the design development on the BLDC
motor casing. The output of this study aims to minimize
the impact of excess heat on the BLDC motor by applying
the design and simulation method to a series of cooling
fins that are designed to be hollow as water flow in the
BLDC motor casing design and also discuss the type of
material used in the BLDC motor casing in this study.

2. Literature Review

This study was conducted based on gap research based
on several previous studies. In several studies, in previous
studies, the cooling system on BLDC motors still applies
a system that focuses on cooling media such as water, air,
fluid, and oil. Vu & Hwang (2013) ® conducted a study
where at 35,805 meters per second, the average
temperature of the fins decreased from 80.356 to 69.437
OC. If converted in Celsius, the heat reduction in the
BLDC motor using numerical analysis methods was
10,919 degrees. Celsius. Research is not only on motor
coil but on the motor casing is also needed; if the
temperature reaches 50 degrees Celsius, the circulation of
the cooling system fluid causes the casing temperature to

drop 24 °C in one second and return to an ambient
temperature of 23.2 °C 3. In increasing optimal cooling,
an appropriate method is needed; the application of the
thermodynamic method has a significant effect in
reducing excess heat by 25.0 degrees Celsius *?.

Permana (2016) *V suggests the effect of cooling air,
liquid fluid, and a combination of air-liquid cooling on a
10 KW BLDC motor aims to determine the temperature
distribution that occurs from a BLDC motor using the
Solidworks Flow simulation application. Heat in a BLDC
Motor that is not disposed of properly can cause Overheat
by applying a numerical approach to Computational Fluid
Dynamic (CFD)*?. The winding temperature at Axial
BLDC at 100 km/hour is 105 °C + 6.93% with a magnetic
temperature of 57.8 °C £ 6.93% *¥.

Based on research conducted by Koren et al. (2018) ¥
emphasizes the analysis of BLDC motor drive systems at
high temperatures by building mathematical models of
fuzzy-PID control systems, waveforms, time-domain
simulation, and frequency. The results showed that the
performance of the double close-loop simple control
system deteriorated with increasing temperature. When
the vehicle is stationary until it reaches constant speed, the
control current, motor phase current, and motor torque
decrease with temperature. The Urban Assault (UADC)
driving cycle was evaluated under various conditions to
obtain a cooling efficiency value of 40.3% *. Water
cooling media and fans have a positive effect on cooling
the BLDC motor. The oil cooling method has an excellent
cooling effect on the stator core and works longer at rated
conditions; the effect of cooling on windings with a
temperature of 130.3 degrees Celsius gives an efficiency
of 30.6% *. Typical motors have poor heat dissipation
conditions and are limited by installation space, working
environment, and increased high operating temperature
and resistance to increase power density and torque
density. The development of the cooling system aims to
reduce heat on the outside and inside of the BLDC motor.
Development can also be done by designing fans and
water as cooling systems 7, liquid cooling systems can
also increase efficiency by 33% *®. Heat transfer depends
on the relative orientation of the heated cavity and the
magnetic field lines. The convection heat transfer in direct
current motors affects the rate of shrinkage of the
magnetic field cavity when the surface is hot 4.

Material selection affects the rate of temperature
change®®>) and resistance to heat in the BLDC motor
casing. Material 6061-T6 is a type of aluminum material
from the cast made in the form of billets. The billet is a
metal that has a round or square cross-section which is
made by casting because the 6061-T6 material is
considered homogeneous. The percentages of the
chemical composition of aluminum 6061-T6 are: Si
0.649%; Fe 0.677%; Cu 0.248%; Mn 0.112%; Mg
0.929%; Zn 0.119%; Ti 0.181%; Cr 0.101%; Pb 0.007%;
A197.135% and the mechanical properties of the material
6061-T6, namely: Tensile Strength (cu) 310 Mpa; Yield
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Strength (cys) 276 Mpa; Modulus of Elasticity Shear (E)
68.9 Gpa; Strenght (T) 207 Mpa; Poison Ratio (v) 0.33
and; Elongation (8) 12% 2. Referring to the results of the
literature review, which can see in Table 1 that it is found
that there is a research gap for a more optimal cooling
system, namely by designing a hollow fin so that water

can flow as a cooling medium. The design of the BLDC
motor fin is simulated using the 6061-T6 material, thus
providing positive results in accelerating heat transfer and
heat dissipation compared to the design in previous

studies.

Table 1. A previous study of the cooling system in BLDC

Researchers Electric Motor Cooling Software Method Findings
Type System
Vu & Hwang, BLDC Cooling Air  Computational Numerical At a speed of 35,805 meters per second, the
20133 Fluid Dynamics ~ Method average temperature on the fins decreases
from80.356 to 69.437 °C.
Abdul Karim &  Electric Motor Cooling CATIA Thermodynamic Electric motor liquid cooling at an operational
Mohd Yusoff, System analysis temperature of 65 °C to 40 °C
2014 4
Paine & Sentis,  Electric Motor Air-Cooled - Experimental on the motor case, the temperature reaches 50
20153 and Liquid- Analysis degrees Celsius, the circulation of the cooling
Cooled system fluid (fluid) causes the casing
temperature to drop by 24 °C in one second and
return to the ambient temperature of 23.2 °C
Permana, 2016 BLDC Air and Solidworks Modeling The cooling system applies water cooling and
4D Liquid liquid cooling resulting in the highest 85.83 °C
Water and the lowest of 57.01 °C.
Mukhlisin et al.,  Axial BLDC Thermal Computational Simulation At 5000 RPM, the winding temperature is 105
2018+ Camera Fluid Dynamics OC + 6.93 percent, and the magnetic temperature
FLIR T420 is 57.8 °C + 6.93 percent.
Koren et al., Electric Motor Air Cooling  Computational Modeling Fluid Based on concept 3.1 reduced the temperature of
2018 * Standard Fluid Dynamics ~ Flow the magnets by almost 40%, and the loss value
was still smaller.
Huang et al., Electric Motor Hybrid Finite Element Numerical The hybrid cooling system offers that the liquid
2019 %9 Cooling Analysis Method removes 40.3% of heat at 25 °C ambient
System temperature.
Uta Nugraha et Brushless DC Water and  Ansys Maxwell — Design and The main housing has a temperature of 75 °C.
al., 2019 47 Fan Simulation The average decrease temperature was 65 °C
while using water and a fan.
Guo & Zhang, Permanent Air Cooling  ANSYS Simulation at winding temperature, 130.3 °C result of
2019 40 Magnet system efficiency is 30.6%.
Tarsius et al., BLDC Liquid MAXWELL Numerical The use of liquid cooling can increase efficiency
2020 *® Cooling Method by up to 33%.
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Researchers Electric Motor Cooling Software Method Findings
Type System
Choi et al., BLDC Air Cooling - Experimental The temperatures at points A and B for 30 L/min
2020 * Study were 26.5 and 25.1 °C, respectively. The

temperatures were 21.2 °C and 18.5 °C for 50

L/min at points A and B.

3. Research Method

In the early stages, that carried out this research by
designing the BLDC motor casing, where this casing is the
central part of the BLDC motor cooling system. The
casing fins are designed to be hollow for cooling water
flow. The method used in this research is the simulation
and analysis method to determine the cooling calculations
on the BLDC motor casing with water cooling media.

‘ Literature Review ‘
!
Design

[}

Dezign Details —

!

Testing and
Refinement

‘ Result and Conclusion ‘

Fig. 1: Flowchart of methodology

Fig 1. shows the flowchart of the writing method in the
cooling system research on the BLDC motor. This
research begins with collecting data based on literature
review journals to get gaps used as ideas in developing
cooling efficiency in BLDC motors. The development of
the ideas obtained is compiled in a design draft which is
further developed down to the level of design detail. The
design details are final, then testing and refinement are
carried out using the simulation method in each detail
section of the BLDC motor casing design. In the testing
simulation, if the test results show a malfunction or design
failure that cannot be meshed, then a refinement is carried
out to the design stage where that will carry out the design

details and if the test simulation results are appropriate and
the results are obtained, a conclusion is made. Writing
conclusions is the final stage and is declared complete. In
determining the heat transfer in the BLDC motor, the
method used is the mathematical method; one can see the
calculation results of the mathematical method in Table 2.
The calculation results show different speeds starting from
1000 RPM, 1500 RPM, 2000 RPM, 2500 RPM, 3000
RPM, 3500 RPM, and 4000 RPM; the calculation results
of the Current Phase thermal energy output at 1000 RPM
are 32,890 A, Core loss of 42.8890 watts and Winding
Loss of 115.3790 watts while the heat generation for the
core value is 58110.29725 W/ m® and for winding
119173.86700 W/m’.

The current Phase output of heat energy at 1500 RPM
is 33,920 A, Core loss 62.7920 watts and Winding Loss
156.1120 watts, for heat generation for core values is
128662.10549 W/m? and for Winding 239463.39657
W/m3. The current Phase output of 2000 RPM speed
energy is 36,370 A, Core loss 82.8370 watts and Winding
Loss 198.4070 watts, for heat generation for core values
is 230692.69819 W/m?* and for Winding 404030.16596
W/m?.

The current Phase output of heat energy at a speed of
2500 RPM is 37.530 A, Core loss 102.7530 watts and
Winding Loss 239.2830 watts, for heat generation for core
values is 360911.32529 W/m® and for Winding
607187.92020 W/m?. The current Phase output of heat
energy at 3000 RPM is 38,690 A, Core loss 122.6690
watts and Winding Loss 280.1590 watts, for heat
generation for core values is 521643.85915 W/m?® and for
Winding 851316.50677 W/m’.

The current Phase output of heat energy at 3500 RPM
is 41.010 A, Core loss 142.7010 watts and Winding Loss
322.3110 watts, for heat generation for core values is
720470.37851 W/m® and for Winding 1141306.65501
W/m3. At a speed of 4000 RPM, the calculation of the
current phase energy output of heat is 45,650 A, for the
core loss is 16.9650 watts and for winding 367.0150 watts,
while the heat generation at the core is 972956.61330
W/m? and winding 1484814.44149 W/m’. The results
obtained on the change in the parameters for each RPM
look very significant, so it is necessary to improve the
existing system design.
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Table 2. Calculation of heat generation

Speed Specification

Internal Parameter

Calculation Energy Output

Heat Generation

Celcius / Current Core loss Winding
Rpm m/s km/jam Watts Core (W/m®) Winding (W/m?®)
Minutes Phase (A) (watt) loss (watt)
1000  10.7905 38.8457 105.8186 3.3432 32.890 42.8890 115.3790 58110.29725 119173.86700
1500  16.1857 58.2686 158.7274 5.0148 33.920 62.7920 156.1120 128662.10549 239463.39657
2000  21.5810 77.6914 211.6373 6.6864 36.370 82.8370 198.4070 230692.69819 404030.16596
2500  26.9762 97.1143 264.5461 8.3580 37.530 102.7530 239.2830 360911.32529 607187.92020
3000 32.3714 116.5371 317.4549 10.0296 38.690 122.6690 280.1590 521643.85915 851316.50677
3500 37.7667 135.9600 370.3648 11.7012 41.010 142.7010 322.3110 720470.37851 1141306.65501
4000  43.1619 155.3829 423.2736 13.3728 45.650 162.9650 367.0150 972956.61330 1484814.44149

4. Result and Discussion

Based on the parameters collected from mathematical
calculations, an output indicator is obtained in the form of
hot air through the BLDC motor fins. It is necessary to
make an idea for the casing design to reduce the
temperature of the motor. Previously, the casing design,
which was designed to be hollow on the fin, was carried
out. Then the simulation was carried out under constant
speed conditions with a range of 3000 RPM, 3500 RPM,
and 4000 RPM, while the type of material used is
aluminum 6061-T6. Aluminum 6061-T6 has advantages
such as good formability, relatively high tensile strength,
corrosion resistance, and light metal. For the initial
simulation stage, an experiment was carried out by
applying the simulation method to the BLDC motor
design. The initial stage is data meshing to determine the
meshing model specifications of the BLDC motor fin
elements. This stage is a determination to get the detailed
parts and characteristics of the BLDC motor casing.

In Fig 2.(a), the simulation results are displayed at a
constant and gradual speed ranging from 3000 RPM, 3500
RPM, and 4000 RPM. The simulation results can be
shown at a speed of 3000 RPM, the lowest hot spot of
31.25 °C and the highest heat of 34.81 °C. The simulation
results at 3500 RPM, the highest heat of 42.56 °C. The
simulation at 4000 RPM the highest is 51.44 °C. Things
that need to be known for the temperature tolerance
allowed on the motor depend on the insulation where each
insulation class is different, or it can be said that the
dimensions and thickness of the motor stator also affect
the temperature increase. The cooling system is
inseparable from the fins as a heat transfer medium with
the convection heat transfer method, which can be seen
through simulation software. The simulation is aimed at
the hollow fin, which functions as a water-cooling
medium.

Fig 2(b) shows the simulation results by convection
under specific heat conditions. Convection Value on the
lattice is 82.84 W/(m?> C) maximum condition cooling

system between 45-130 °C. The simulation results by
convection produce cooling using water media 47.16
W/(m? C). Simulation of water flows in the fin cavity of
the BLDC motor casing and the flow of 2500 mm, with
the simulation results in graphical form. The study results
are based on simulations that show several flow results
that have a good or bad impact on the cooling system
design of the BLDC motor. Flow turbulence intensity is
one factor that affects the quality of cooling on the BLDC
motor casing. The very irregular motion of particles in a
water flow in the casing fin cavity is challenging to predict
motion.

Empirical CDF of 3000 RPM, 3500 RPM, 4000 RPM

100 Varizble
3000
— — 3500
---- a000
a0
Mezn StDev N
3288 1200 10
@ 3665 3912 10
b3 4151 6955 10
g
@
'}
20
0
T T T T T T T T
25 30 35 AR 45 50 55 o0
Data
(a)
[C] 45.17 IO W 81.58

Fig. 2: (a) Result Empirical on 3000 RPM, 3500 RPM
and,4000 RPM and, (b) Result simulation on Lattice
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The level of turbulence fluctuation in the flow causes
the intensity of turbulence to impact heat absorption. The
higher the turbulence intensity value, the greater the
velocity fluctuation. The intensity of the turbulence
simulation shown in Fig 3(a) is obtained at the idle speed
trajectory of the water circulation in the casing fin cavity
functioning correctly, with relative heat and at the
trajectory length of -547.3300108 mm, the temperature on
the casing occurs at the highest level of turbulence of
198.9811646% and the trajectory length of 1425.900193
mm level. The percentage of turbulence began to subside
with a percentage of 152.6531639%. At this level, the
cooling system in the BLDC motor casing is relatively
stable. The bottleneck of water flow makes the simulation
on the bottleneck number of BLDC motor design, on the
sides of the flow obstruction can be seen in the trajectory
line at the highest level of 654.9594685 mm with the
achievement of a bottleneck number of 0.044673935 and
returning to stability at a trajectory length of 1038.499659
mm with a bottleneck number of 0.01575084 this result
can be seen in Fig 3(b).

Flow Simulation at Turbulence Intensity

Turbukre Inersiy
SRR,

(a)

Flow Simulation at Bottleneck Number

ot neck Number [

Trajectory Length (mm]

(b)

Fig. 3: (a) Flow simulation at Turbulence Intensity and, (b)

Flow Simulation at Bottleneck Number

Fig 4(a) shows the water temperature in the casing fin
cavity with temperature specifications in hot conditions
reaching 20.05107451 °C at a trajectory length of -
1056.753358, and heat can be muted or returned to
stability at a trajectory length of 1501.169566 mm with a
water temperature of 20.0497077 °C. Density simulation
is shown in Fig 4.(b), where the resulting trajectory length
1301.106113 mm density water is 9.97562E-07 [kg/mm?].

Based on the simulation there is a reduction efficiency in
the hot water temperature (20.0497077 °C/ 20.05107451
0C) * 100% = 0.99993%. The cooling system on a BLDC
motor with Water media is discussed in detail on the
transfer of water from one side to another using a
simulation method in software. The simulation is carried
out on the cooling system design on the BLDC motor,
which can be seen in Fig 5., showing the overall
simulation of the water transfer process; you can see the
red indicator shows the condition of hot water, while the
blue color shows the condition of cold water. In the
cooling system simulation, the role is water, but the type
of material is very influential in giving a positive effect on
the cooling system.

Flow Simulation at Temperature (Water)

Temperature (waw ) rc)
S we—
P— |
< _-IT—-
=
-

2500 2000 -1s00 1000 oo o 00
Trajectary Length [mm]

(a)

Flow Simulation Density (Water)

2500 2000 1500 1000 500 ] 500 1000 1500 2000 2500

Trajectory Length [mm]

Fig. 4: (a) Flow simulation at Temperature (Water), (b) Flow
simulation at Density (Water)

Table 3. shows that the results of the overall research
simulation simultaneously result in 3-speed phases,
namely: 3000 RPM, 3500 RPM, and 4000 RPM, and the
grid conditions at the highest speed (4000 RPM) for each
speed produce different cooling estimates at a speed of
3000 RPM with an average value of heat generated of
32.880 OC, with the condition of the water experiencing a
cooling acceleration of 6.592% and the estimated cooling
of the BLDC motor casing by convection using 6061-T6
material obtained 0.697%. At 3500 RPM, the average
calorific value of the casing is 40,500 °C, and the cooling
acceleration is 8,120%, while the 6061-T6 lattice
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condition material experiences heat transfer with an
acceleration of 0.859%. At a speed of 4000 RPM with an
average calorific value on the BLDC casing 49.105 OC,
cooling is accelerated with 9.845% water media. On the
cooling grid, conditions are accelerated and can reduce the
heat temperature to a percentage level of 1.041%. The
simulation of the highest velocity conditions on the
average heat grating is 63.375 OC, cooling is accelerated
with 12.706% water media. In the lattice, conditions
accelerate cooling and reduce heat temperatures to a
percentage level of 1.344%.

T s sy P

Fig. 5: Result simulation water flow

Based on Table 4, the results of the cooling system
efficiency on the BLDC motor casing are shown. The
resulting efficiency is 43.410% and an increase in
efficiency compared to the previous literature review, the
result is an increase in efficiency of 32.491% compared to
Vu & Hwang, (2013) 3; an increase of 18.410%
compared to Abdul Karim & Mohd Yusoff, (2014) “0;
42.610% increase in efficiency compared to Paine &
Sentis, (2015) 3”; 14.590% increase in efficiency
compared to research Permana, (2016) *9; The results of
the comparison of efficiency -3.790% to the research
Mukhlisin et al., (2018) *, are negative because in the
study they simulated at a speed of 5000 RPM while in this
study the parameters were only 4000 RPM An increase in
efficiency of 33.410% compared to Uta Nugraha et al.,
(2019) 47; an increase in efficiency of 40.710% compared
to Choi et al., (2020) 3¥; 3.410% efficiency results against
comparison Koren et al., (2018) *¥; 3.110% efficiency
results against comparison Huang et al, (2019) *;
12.810% increase in efficiency compared to research Guo
& Zhang, (2019) 9 and; 10.410% increase in efficiency
compared to studies Tarsisius et al., (2020) *®. Thus the
results of the study experienced an increase in the average
efficiency of the previous study of 17.348%.

Table 3. Calculation of heat generation

Result Result
Current Upper Average
Core loss Winding Lower Water Convection
Condition Phase Heat Range
(watt) loss (watt) Heat Condition Lattice
@) 0 O
(%) Condition (%)
3000 RPM 38.69 122.669 280.159 31.250 34.510 32.880 6.592 0.697
3500 RPM 41.01 142.701 322311 38.44 42.560 40.500 8.120 0.859
4000 RPM 45.65 162.965 367.015 46.77 51.440 49.105 9.845 1.041
Lattice Condition 45.65 162.965 367.015 45.17 88.580 63.370 12.706 1.344
Average Condition 42.75 147.825 334.125 40.408 52.523 46.465 9.316 0.985

Table 4. The results of the comparison value efficiency analysis

Lower Heat Upper Heat Increased efficiency
Literature Efficiency (%)
0 (V) %)

Vu & Hwang, 2013 39 69.44 80.36 10.919 32.491
Abdul Karim & Mohd Yusoff, 2014 40 40 65 25.000 18.410
Paine & Sentis, 2015 39 23.2 24 0.800 42.610
Permana, 2016 4V 57.01 85.83 28.820 14.590
Mukhlisin et al., 2018 43 57.8 105 47.200 -3.790
Uta Nugraha et al., 2019 47 65 75 10.000 33.410
Choi et al., 2020 49 18.5 21.2 2.700 40.710
Koren et al., 2018 49 40.000 3.410
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Huang et al., 2019 49
Guo & Zhang, 2019 40

Tarsius et al., 2020 49

40.300 3.110
30.600 12.810
33.000 10.410

5. Conclusion

This research applies the design and simulation method
to the BLDC motor casing, which is designed with a hole
in the casing fin, and the material used is aluminum 6061-
T6. In determining the calculated value of the material
testing, mathematical calculation methods and material
meshes are used. Research and simulations were carried
out at speeds of 3000 RPM, 3500 RPM, and 4000 RPM.
From the results of each simulation, the value of heat
transfer is effective and relatively fast in cooling the
BLDC motor elements with water media. The simulation
results show an efficiency level of 43.410%, which results
from an increase in efficiency compared to previous
studies to provide the latest information from this study.
The highest efficiency was 42.61% compared to Paine &
Sentis (2015) [32]. Thus the average percentage of the
cooling system with water media is 9.316%, and the
average heat absorption value with the 6061-T6 material
is 0.985%.

The comparative value efficiency analysis results are
the final step in determining the novelty of this study,
where from the comparison results, the average efficiency
increase is 17.348%. According to that result, the design
of the hollow fin cooling system with water media tended
to experience an efficiency of 43.410% and an increase in
the average efficiency of the previous study. This shows
that the design of a cooling system with a hollow fin is
considered feasible.
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