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Abstract—The development of technology at this time has
an important role for all human needs and needs. One of the
technologies that are currently developing is technology in the
field of transportation. The development of electric vehicles is
very relevant to be developed. However, in electric vehicles on
the market, the control system used is less than optimal to
respond to the load given to electric vehicles, resulting in a
decrease in performance and waste of electrical energy. In
general, BLDC motors which are often used as control systems
use a position sensor (Hall effect sensor) in determining driver
commutation. The use of position sensors often results in
errors in configuration with the controller, difficulty in
installation in case of damage, sensitivity of the sensor to
temperature increases and the price of the sensor is relatively
expensive. The use of sensorless method with Back EMF
detection is an alternative solution to determine inverter
commutation on BLDC motors. In this thesis, a BLDC motor
speed control is developed which provides optimal, efficient
and safe performance. This control system uses driver IC
IR2101 and power switching MOSFET IRFZ44N. As a
prototype, a 1000KV BLDC motor is used, controlled by an
Arduino microcontroller and an ESP32 which is monitored by
Blynk. The result achieved is that this system is able to control
the rotation of the motor and stabilize the speed when there is
a change in load. The efficiency of the no-load system reaches
46.48% and at maximum loading it reaches 36.98%, the best
efficiency is obtained in the propeller Il loading variation with
an efficiency of 86.34%.

Keywords—Transportation, Electric vehicles, BLDC Motors,
Efficiency

I. INTRODUCTION

The development of technology at this time has an
important role for all human needs and needs. Among them
are the needs in the field of information, transportation,
communication or in other fields. Many technologies were
created to help human work. With the development of
technology, this does not only have a positive impact on
human life, because the invention, creation, and development
of technology brings humans in everything that is instant.
One of the technologies that are currently developing is
technology in the field of transportation. At this time the
transportation system continues to be demanded to improve
its quality and reliability in supporting community mobility.

There are more and more types of fuel oil transportation
systems in Indonesian society. Based on data from the
Central Statistics Agency, in 2017, the number of motorized
vehicles in Indonesia was 138,556,669 units [1]. This causes
the emission to increase following the increase in the number
of vehicles and congestion that occurs in various regions.
According to the Regulation of the State Minister for the
Environment of the Republic of Indonesia Number 10 of
2012, exhaust gas emissions produced by motorized vehicles
include carbon dioxide (CO2), carbon monoxide (CO),
nitrogen oxides (NOx), hydrocarbons (HC), and oxygen (
02) [2]. All of these exhaust gases are compounds that are
harmful to the environment. * Corresponding Author. Tel:
+62-812-28028845 E-mail: nadaazizah@student.uns.ac.id
To overcome the pollution problem, an alternative
transportation system is needed that is environmentally
friendly, but still reliable to be used as a means of
transportation. An alternative transportation system that is
currently being developed is an electric vehicle, which is
considered very effective and does not contribute to
emissions for the environment. Electric vehicles use an
electrical energy source that comes from a battery and is
connected to an electronic control system that regulates the
rotation of the electric motor so that it can operate. An
electric motor is a device that is able to convert electrical
energy into mechanical energy, where the conversion
generally occurs through electromagnetic media [3]. One
type of electric motor used as a driving force in electric
vehicles is a brushless DC motor (Brushless Direct Current
(BLDC)). BLDC motor is a DC motor that has the
characteristics of large torque with small power [4]. This
type of DC motor does not have brushes and commutators,
so BLDC motors require little maintenance and can operate
more quietly than other DC motors [5]. BLDC motors are
divided into 2 types, namely sensored and sensorless. The
difference between the two lies in the sensor used, where
sensored BLDC uses a Hall effect sensor to monitor the rotor
position. Meanwhile, the sensorless BLDC type does not use
sensors to monitor the rotor position. However, it uses back
EMF (Back Electromotive Force) detection. In general,
BLDC motors that are often used use a position sensor (Hall
effect sensor) in determining driver commutation. However,
by using a position sensor, errors often occur during
configuration with the controller, difficulty in installation in
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case of damage, sensitivity of the sensor to temperature
increases and the price of the sensor is relatively expensive
[6]. From these problems, the use of a sensorless method that
uses back EMF detection is an alternative solution to
determine inverter commutation on BLDC motors. In order
to operate, the BLDC motor requires a driver to be able to
move and control the speed. Motor drivers generally consist
of a collection of electronic components such as ICs,
transistors and diodes. This motor driver is a circuit that
modifies the DC voltage using the PWM method, resulting in
a squaref/trapezoidal 3-phase DC voltage. Conventional
BLDC motor drivers mostly use 6 inverter switches for
electronic switching and back EMF detection to get the rotor
position [7]. To be able to do the switching on the MOSFET.
The BLDC motor driver circuit uses a MOSFET driver IC.
One of them is IR2101. IR2101 is an IC that is used to
control the MOSFET by providing a HIGH or LOW input to
the MOSFET. This motor driver can operate with an input
voltage between 0-20 V and is capable of turning on a
MOSFET powered by a voltage of up to 600 V [8]. In its
application, electric vehicles have several weaknesses,
namely the development of technology in electric vehicles is
not sustainable, each component is independent, both
construction and design, charging supply is not optimal,
requires a lot of batteries, speed is still low, and production
costs are relatively expensive. ]. In addition, the control
system used in electric vehicles on the market is fixed, or
cannot be reprogrammed. This causes the control system to
be less than optimal, when electric vehicles are given a large
load or extreme terrain conditions. The application of
extreme loads and field conditions to electric vehicles will
result in a decrease in the rotational speed of the BLDC
motor, resulting in very large torque. The BLDC motor will
respond by drawing high current from the inverter, to
achieve steady state speed. This high current will cause a
large energy consumption to the BLDC motor. Control
systems on electric vehicles on the market generally provide
a long enough response to reach steady state speed, resulting
in wastage of battery consumption during the time to reach
the steady state speed. Seeing the problems above, in this
study a design was carried out to produce a BLDC motor
speed control system in electric vehicles. The method used in
this research is to design a BLDC motor driver. The control
system that will be designed is a programmable control
system, where the system can later be reprogrammed
according to the terrain and loading conditions. The design
of this system uses 2 microcontrollers, namely Arduino Nano
as the brain of the speed control circuit and ESP32 as sensor
readings as well as communication in sending monitoring
data to the Blynk application. This circuit utilizes the IR2101
MOSFET driver IC to be NIGD to adjust the high/low
switching on the MOSFET. NIGD receives HIGH/LOW
input from the Arduino microcontroller which is then
forwarded to the inverter. Control through the Arduino
microcontroller is carried out using the PWM (Pulse Width
Modulation) principle. The parameters of the system
condition are monitored using the speed value reading and 3
sensors, namely the current sensor, voltage sensor and
temperature sensor. The information data is then forwarded
to the ESP32 microcontroller to be processed and sent to the
Blynk application.

Il. METHODS

A. BLDC Motor Speed Control System

The BLDC motor control system uses several electronic
components that are arranged so that they can perform the
switching process on the three motor phases alternately with
accuracy. The control system is composed of several parts
that are integrated with each other to produce a good control
performance. The control system used in this system is a
speed control system. In this system, the speed of the BLDC
motor is regulated through the opening of the potentiometer.
This value is processed into a PWM value by the
microcontroller to be sent to the driver circuit as a regulator
of the BLDC motor speed value.
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Fig 1. Open Loop Control System on BLDC motor

The Open Loop system is a control system whose output
has no effect on the controlling action and there is no
feedback to the microcontroller. In this type of control
system, the motor speed value is purely regulated by a
potentiometer without any feedback error to the
microcontroller for processing. This system is quite simple
and is usually applied to electric vehicles. This type of Open
Loop system has a construction that is simple and easy to
understand, but has several drawbacks such as less than
optimal performance and decreased efficiency in extreme
terrain conditions or overloading.

B. BLDC Motor Driver

The BLDC motor driver is a control circuit consisting of
several electronic components that are integrated with each
other to be able to perform the switching process on the
MOSFET so that the BLDC motor can rotate properly. This
circuit consists of a microcontroller, driver IC, MOSFET,
and other supporting components. All components are
integrated to be able to perform switching so that it can
rotate the BLDC motor.

C. Design of BLDC Speed Control System

Control is done by providing a variation of the PWM
signal to the driver circuit. The PWM value is taken from
the potentiometer opening value which is converted to the
PWM value.

This circuit uses several main components, including
IC IR2101 and IRFZ44N mosfet. Three IR2101 motor
driver circuits are arranged into a 3-phase motor driver
circuit, by utilizing 6 IRFZ44N MOSFETs to perform
switching on each phase based on information processing
from Back-EMF. In the monitoring section, a current
sensor module is used, a voltage divider circuit as a
voltage sensor, a temperature sensor which is then
connected to the ESP32 to be sent to the interface
application created on Blynk. The figure below isa design
of a BLDC motor speed control  system.
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Fig 2. Design of BLDC Speed Control System

D. BLDC Motor

Brushless DC motor (BLDC) is a type of permanent
magnet synchronous motor, which has a permanent magnet
in the rotor and a trapezoidal back-electromotive force
(EMF) [20]. The BLDC motor is supplied by a DC power
source at the control, and requires a three-phase AC power
source to drive the rotor parts of the motor. In contrast to
conventional DC motors, this motor uses an electric
commutation system or often called an electronically
commutated motor. The BLDC motor has the characteristics
of a DC engine by replacing the mechanical commutator
and brush with a solid state switch and there is no electrical
connection between the stator and the rotor [21]. Figure 3.
shows the construction of a BLDC motor.
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Fig 3. BLDC Motor

There are 2 types of BLDC motors, namely In- Runner
Motors and Out-Runner Motors. As seen in Figure 4. the
difference between the two lies in the location of the
permanent magnet, where the In-Runner motor has a
permanent magnet located inside the electromagnetic
terminal, while the Out-Runner motor is located on the
outside. These two types of BLDC motors have their
respective characteristics as shown in the following table:

No In-Runner Motor Out-Runner Motor

1 High RPM, low torque | Low RPM, high torque

2 More efficient due to | Lower efficiency than In-
high rotation speed Runner

3 Requires gearbox No need for gearbox

No sound

4 A bit noisy

C IUF)
N

Inrunner Outrunner

Fig 4. Inrunner Motor and Outrunner Motor

BLDC motors are widely used in various electronic
components, especially in electric vehicles. This is because
BLDC motors have various advantages compared to other
motors, namely wide torque range, high speed, high
efficiency, good dynamic response, strong, no slip, and
others. BLDC motors are generally controlled using a 3-
phase inverter, which requiresa rotor position sensor element
to start and supply the commutator sequence to then control
the inverter.

E. Three Phase Motor Power Efficiency

Efficiency is defined as a measure of the efficiency of
the motor to convert electrical energy into mechanical
energy, which is expressed as a ratio / ratio of output power
to input power. The NEMA definition of energy efficiency
is that efficiency is the ratio or ratio of useful output power
to total input power, expressed as a percentage. Usually also
expressed by the ratio of input and output power to loss.

M

n = Efficiency (%)
Pout = The output power of an induction motor (Watt)
Pin = Induction motor input power (Watt)

F. Back EMF (Back Electromotive Force

An emf voltage is generated when a wire moves through
a magnetic field. As the rotor rotates, a back EMF waveform
is generated from each coil winding, which can be used for
position detection typically applied to pumps, fans and
similar applications with low torque variations at startup and
normal operation. In practice, a 60° window will be applied
to the face coil which is not actuated

and the comparator is used to detect the zero crossing
which is equivalent to a signal change inthe Hall sensor one
of the coils is given positive energy the other is negative
energy, after that the comparator can compare the Back
EMF of the open coil to have a DC bus voltage after
detecting the zero crossing, it will index the sequence
energizing to the next step [27]. At the time of thetrapezoidal
wave, the Back EMF motor will change the polarity and
amplitude as it rotates, because the Back EMF is
proportional to the speed, so the waveform will have low
amplitude at startup and slow speed, making it difficult to
detect zero crossing.

So the solution, the motor rotates in open loop mode
(open loop) until the speed produces sufficient Back EMF
for measurement. The emergence of EMF depends on the
strength of the magnetic flux line, the number of turns of the
conductor, the angle of intersection of the magnetic flux
with the conductor, and the speed at which the conductor cuts
the magnetic flux line. There is no induced current that
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occurs in the dynamo conductor, if the armature or generator
isstationary (not rotating).

At the time of the motor startup process, a startup
detection process is needed on the motor, namely IPD
detection. IPD is used to detect the initial position when the
motor is stationary. Rotor align aligns the rotor to a known
position, before starting to switch, often causing reverse
rotation atstartup.

The return EMF is czuzed
by the constzntly changing

The fisld that must changs is
e=nerzted by the use of EMF

£ cutting fisld in the
n "/ \"' o coqeductor
. - —ee {:\
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Fig 5. Back EMF llustration

I1l. RESULTS AND DISCUSSIONS

A. Simulation experiment

Simulation testing is done using Proteus software. The
tests carried out at this stage are only limited to testing the
PWM waveform reading and the output waveform from the
driver circuit, then testing the voltage on the phase and input
current of the circuit. Observation of the output waveform is
carried out to determine the waveform in each phase which
will be compared with the output waveform from the
hardware. The simulation results that have been carried out
can be seen in the following image
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Fig 6. Driver Output Simulation Test Graph

B. Design Tool

This stage is simulated by creating a simulation circuit on
Proteus, after the simulation circuit is complete, it is
continued by making a PCB layout based on the circuit that
has been made in Eagle. After the PCB layout is finished,
check the path and then print it to the PCB board. Then the
component assembly is carried out using solder. The results
of making the tool can be observed in Figure 4.3. The
schematic circuit is then converted into a PCB layout using
Eagle. The arrangement of components is made as neat as
possible with the appropriate path and minimizes the
presence of jumper cables. The PCB board design uses a
single sided layer with a size of 155 x 12 cm. The
components used in this circuit are DIP components.
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Fig 7. Design Tool (Master) on Proteus
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Fig 10. Layout PCB (Slave)

C. Hardware Implementation

The next step is to try it in the real hardware situation, in
this testing we use 2 different color landing pad with 2
different testing area, which is in the grass field and asphalt
field.
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Fig 13.DIY ESC

As shown in figure 13, hardware is a combination of the
Arduino Nano microcontroller, a 3-phase mosfet driver
circuit, as well as several circuits for the monitoring system.
it can be observed that the hardware is composed of
components according to the design made.

The following is a description of the hardware circuit that
has been made:

Potensiometer 10k

Arduino Nano

Driver motor BLDC

IC LM339 and Voltage Divider
Port input Supply Voltage

Port output 3-phase

Stepdown LM39

ESP32

Sensor ACS712 and ADS1115

© oo N o g~ w D P

10. Voltage Sensor
11. LM35 Sensor

PROPELLER |
Size : 80 x 40

PROPELLER Il
Size : 90 x 50

PROPELLER Il
Size : 10 x 60

Tanpa Beban
Motor BLDC saja

Fig 14 Load Variation
1.  PWM Value Reading Test
a.  PWM Wave

The test is carried out to determine the signal generated
on the three Arduino Nano PWM pins that enter the driver
circuit. The PWM signal from the microcontroller will
regulate the switching in each phase so that the motor
rotational speed can be adjusted. In this test a sample of the
PWM value of 50 is taken where the motor rotates at a speed

of 2456 rpm, then observed using an oscilloscope as shown
in Figure 14. In this condition, the voltage that flows to the
motor is 6.34V and the current is 0.25A. The resulting PWM
signal corresponds to the reference, where there is a 120°
difference between the phases. The voltage level of the
PWM is HIGH for 5V and LOW for QV.

Fig 15 PWM Wave
b.  No-Load ABC Phase Output Waveform

@ Lag 0 X

Fig 16. No-Load ABC Phase Output Waveform

TABLE I. NO-LOAD DRIVER MEASUREMENT
PWM | Duty Cycle | Voltage (V) [Current (A) | Frequency (kHz)| RPM
50 25% 57 0,25 6,25 2456

c.  Phase Output Waveform ABC Propeller Load (1)

o X

Fig 17. Phase Output Waveform ABC Propeller Load (I)

TABLE II. PROPELLER LOAD (I) DRIVER MEASUREMENT
PWM | Duty Cycle | Voltage (V) [ Current (A) | Frequency (kHz) | RPM
50 66,67% 591 0,52 8,33 2894

d. Phase Output Waveform ABC Propeller Load (II)
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Fig 18. Phase Output Waveform ABC Propeller Load (I1)

3. Testing Current Sensors, Connection Sensors, and
Temperature Sensors

Testing this sensor is done by reading the output value of
the current, voltage, and temperature sensors in the circuit.
The sensor connected to the ADS1115, serves as a substitute
for the digital analog converter on the ESP32. By forwarding
through the SCL and SDA ports on the ESP32, further
calibration is carried out to adjust sensor measurements by
adding regression calculations in each sensor calibration.

TABLE V. CURRENT, CONNECTION, AND TEMPERATURE SENSOR

TEST RESULTS

TABLE 11l PROPELLER LOAD (“) DRIVER MEASUREMENT Potentiometer Ratio | PWM Value | Voltage A(V) | Voltage B (V) | Voltage C (V) [Current (A) | Temperature (C)
0 0 0 0 0 0 30,34
PWM | Duty Cycle | Voltage (V) [ Current (A) | Frequency (kHz) | RPM 0 27 552 5.36 578 0.8 .36
50 | 33,33% 6,12 0,83 8,33 3588 2 52 6,34 6.27 6.22 035 3791
30 78 6,83 6,61 6,75 0,39 38,12
40 103 7,45 7,29 7,18 0,41 39,04
e.  Phase Output Waveform ABC Propeller Load (I11) = =0 778 76 752 05 3061
60 155 8,26 8,03 8,15 0,49 39,35
70 179 8,42 8,37 8,29 0,52 38,1
80 205 8,76 8,92 8,64 0,56 37,6
90 232 9,16 9,27 9,36 0,61 37,2
100 255 10,08 9,96 10,12 0,65 37,14

Shidden chanveis

Fig 19. Phase Output Waveform ABC Propeller Load (I11)

TABLE IV. PROPELLER LOAD (I11) DRIVER MEASUREMENT
PWM | Duty Cycle | Voltage (V) [ Current (A) | Frequency (kHz) | RPM
50 33,33% 6,48 2,18 8,33 3986

2.  PWM Value Reading Test
a. PWM Value Reading Results

The reading of the PWM value is carried out through
observations on the Arduino serial monitor, where the
potentiometer value is changed so that the value of the
resulting PWM also changes. Changes in the potentiometer
will produce a varying voltage with a range of 0V to 5V
which is forwarded to port A0 on the Arduino. The input
value read from the port is then processed into a PWM value
with a range from 0 to 255.

Table 5. PWM response to changes in potentiometer
opening

Fig 21. Current, Voltage, and Temperature Sensor Test Results

Driver Voltage Output VS PWM
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Fig 22. PWM value and Phase Voltage
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Potentiometer Ratio | PWM Value 0 alueand nput =rren
0 0 Temperature Vs PWM
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50 130 .
S 15
60 155 T 10
70 179 s
o]
80 205 0 50 100 150 200 250 300
90 232 PWM
100 255
Fig 24. PWM Value and Temperature
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4. BLDC Motor Speed Reading Test

The reading of the motor speed value is carried out using
an infrared sensor on the motor rotation. The speed value is
sought by recording the rpm in each PWM value in 10%
increments and a regression equation value is made from the
speed. The reading of the regression results is then processed
by the microcontroller to be displayed as an RPM value on
the Arduino serial monitor.

TABLE VI. PWM VALUE CHANGES TO MOTOR ROTATIONAL SPEED
Potentiometer (%) | PWM |[No Load (rpm)
0 0 0
10 27 1328
20 52 2558
30 78 3887
40 103 5019
50 130 6397
60 155 7528
70 179 8906
80 205 10087
90 232 11416
100 255 12548
TABLE VII.  ERROR PERCENTAGE OF MOTOR RPM
Potentiometer (%) | PWM | Original RPMs | Arduino RPM [ % Error
0 0 0 0 0
10 27 1459 1328 8,978
20 52 2469 2558 3,64
30 78 3672 3887 5,855
40 103 4695 5019 6,9
50 130 1641 6397 4,168
60 155 7354 7528 2,366
70 179 8656 8906 2,888
80 205 10327 10087 2,325
90 232 11198 11416 1,946
100 255 12827 12548 2,175
BLDC Motor Speed Regression Graph
14000
12000
10000
s 8000
o
= 6000
4000
2000
0
0 50 100 150 200 250 300

PWM

Fig 25. BLDC Motor Speed Regression Graph

The results of the BLDC motor rotation speed test above are
then processed into a regression graph as shown in Figure 25
to find out the equations of the tools made. From the graph it
can be seen that the increase in the motor rotation speed is
quite stable. So that the regression equation can be seen as
follows:

y = 49.224x - 2.4765

The regression equation above is an equation that shows
the relationship between the PWM value and the motor
rotational speed value. X is the PWM value and Y is the

rotating speed value. From these equations it can be used to
find the value of the motor speed at a certain PWM

BLDC Motor Speed G raph on Potentiome ter Aperture Variation

Tirme =)

Fig 26. Speed tracking on BLDC motors This test is carried out to determine
the level

of precision of the motor rotation to the given PWM
value. The PWM value is given through the potentiometer
opening from 0% to 100%. Readings were carried out on
each variation for 1 minute and resulted in 66 data to be
processed and compared.

5. Testing of Load Variations on BLDC Motors

The test is carried out by adding a load variation in the
form of no load and using a load in the form of a propeller
with 3 types of sizes. Propeller | with a length of 8 inches
and a pitch of 4 inches. Propeller 11 with a length of 9 inches
and a pitch of 5 inches. Propeller 111 with a length of 10
inches and a pitch of 6 inches

a.  No-load Driver Test

The test was carried out 4 times by changing the PWM
value in each experiment. The resulting RPM value
continues to increase according to the rotation of the motor.

Table 9. No-load Driver Testing

Voltage | Voltage | Voltage Driver | Driver Temperature
PWM | REM A(téﬁg B;ﬁ cct:% C?;ent Cug?ut l(’g)
30 | 2436 5.7 5.7 5.7 0,48 023 33,19
75 | 3740 63 6.3 6.3 075 | 037 36,71
100 | 4863 74 74 74 082 | 042 3813
130 | 6233 82 82 82 0.91 0.49 3338

b.  Driver Testing on Propeller Load (1)

In testing the loading using propeller 1, it is done by
adding a load in the form of a propeller of 80x40 size to the
motor to determine the responsegiven by the motor.

TABLE VIII. DRIVER TESTING WITH PROPELLER LOAD (|)
Driver | Driver
PWM | RPM Voltage | Voltage | Voltage Current | Current Temperature
AV) | BV | €W (A) (B) ©)
50 | 2894 | 5091 5,91 591 0,61 0,52 36,87
75 | 5465| 668 | 668 | 668 | 085 | 081 39,18
100 | 6299 | 7,25 7,25 7,25 1,6 1,3 40,41
130 | 7388 | 7,79 7,79 7,79 2.1 1,8 38,75

c.  Driver Testing on Propeller Load (II) The test is
carried out by providing a propeller

Il load, adding a load in the form of a 90x60 propeller
to the motor to determine the response given by the motor.
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TABLE IX. DRIVER TESTING WITH PROPELLER LOAD (||)
Driver | Driver
PWM | RPM Voltage | Voltage | Voltage Current | Current Temperature
AV) | B(V) | C(V) (A) (B) (9]
50 | 3588 6,12 | 6,12 6.12 0,9 0.8 39,42
75 | 4543 6,75 6,75 6,75 1.8 1.6 40,05
100 | 5343 7.34 7.34 7.34 2,5 2.4 39,21
130 | 6487 | 7.86 | 7.86 | 7.86 3.8 32 38,32

d.  Driver Testing on Propeller Loading Il The test is
carried out by providing a propeller Il load, adding a load in
the form of a 10x60 propeller to the motor to determine the
response given by the motor.

TABLE X. DRIVER TESTING WITH PROPELLER LOAD (l11)
Driver | Driver
PWM | RPM Voltage | Voltage | Voltage Current | Current Temperature
AV) | B(V) | €(V) (A) (B) (©)
50 |3986| 648 6,48 6,48 3,54 2,18 29,95
75 |14985| 7,15 7,15 7,15 5,0 4,61 27,22
100 0 0 0 0 0 0 0
130 0 0 0 0 0 0 0

In this variation of loading, the current is very large, so it
cannot continue the testing process in PWM 100 and 130.
This is because the circuit cannot work at currents above 5A,
so that it goes above 5A, the cut off system causes the system
to shut down immediately and cannot perform measurement
process again.

RPM to Variation of Loading
8000
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6000
5000
—8— No Load
4000
Propeler 1
3000

2000
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Propeler 2

Propeler 3
1000

50 70 90 110 130
PWM

Fig 27. Comparison Graph of Speed Response on Variation of Loading
6. Blynk Monitoring Test

Testing the monitoring system of the Blynk application
displayed on a smartphone. Testing is done by providing
sample data from the monitoring system from several
existing sensors. On Blynk will display PWM data, current,
supply voltage, and temperature. The read delay of the Blynk
application is set to 1 second to keep the data transmission of
the ESP32 stable.

Fig 28. Motor Control System with Monitoring Blynk
7.  System Efficiency Analysis

This analysis was carried out to determine the
performance of the BLDC motor driver under no-load
conditions and conditions with variations in loading.

a.  Calculation of 50 PWM  System
Efficiency
TABLE XI. SYSTEM EFFICIENCY ANALYSIS TABLE ON PWM 50
Driver Motor Efisiensi
Condition v I P v 1 P (%)
No Load 6.68 075 501 [ 0.37 222 [4431%
Propeller] | 6.75 083 57375 | 628 0.81 5.0868 | 88.63%
PropellerII | 681 1.78 121218 | 658 16 10.528 | 86.85%
Propeller I | 7.15 3 3575 6.80 461 31.7620 | 88.84%
b.  Calculation of 75 PWM System
Efficiency
TABLE XIl.  SYSTEM EFFICIENCY ANALYSIS TABLE ON PWM 75
Driver Motor Efisiensi
Condition v 1 P v I P (%)
No Load 6.68 075 501 6 037 222 [ 4431%
Propeller] | 675 083 57375 | 628 0.81 5.0868 | 88.65%
Propeller IT | 6.81 178 121218 | 638 16 10528 | 86.85%
Propeller I | 7.15 5 3575 6.80 461 31.7620 | 88.84%
c.  Calculation of 100 PWM System
Efficiency
TABLE XIIl.  SYSTEM EFFICIENCY ANALYSIS TABLE ON PWM 100
Driver Motor Efisiensi
Condition v 1 P v 1 P (%)
No Load 725 0.82 5045 637 042 27504 | 46.41%
Propeller] | 734 16 11744 | 687 13 §031 | 76.04%
Propeller I | 742 15 1855 7.19 24 17.256 | 93,02%
Propeller [T 0 0 0 0 0 0 0%
d.  Calculation of 130 PWM System
Efficiency
TABLE XIV. SYSTEM EFFICIENCY ANALYSIS TABLE ON PWM 130
Driver Motor Efisiensi
Condition — — (%)
V 1 P v i P
NoLoad | 7.79 091 70880 | 711 0.49 34830 | 49,14%
PropellerI | 7386 21 16506 | 739 18 13302 | 80,58%
Propeller Il | 794 38 30172 | 771 32 24672 | 8L77%
Propeller [T 0 0 0 0 0 0 0%

e.  Calculation of Average Efficiency from Changes in
PWM

TABLE XV. TABLE OF AVERAGE EFFICIENCY OF PWM CHANGE
Efisiensi N
Condition 50 7 100 130 :;;ii:aigsf
No Load 46,00% | 4431% | 46.41% | 40.14% |  46.48%
Propeller I 78.60% | 88.65% | 76.04% | 80.58% 1%
Propeller 11 83.75% | 86.85% | 93.02% | 81.77% |  86.34%
Propeller 11T 50.11% | 88.84% | 0% 0% 36.08%

The results of the efficiency calculations show different
values in each variation of loading, given the many test
errors, both from the quality of the components used and the
readings from the sensor which are less accurate due to the
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very fast switching of the motor. It can be seen that to be
able to operate a BLDC motor, the motor driver consumes
2.8 W of power at no-load conditions and 22.9 W at the
largest loading condition, namely the 10x60 propeller. The
efficiency of this circuit is quite good where the load
variation of the propeller 1 is 81% and the variation of the
loading of the propeller 11 is 86.34%. This test obtained good
results where the motor can rotate with relatively small
power consumption and has a fairly stable speed value.

IVV. CONCLUSION

From the results of the experiment and discussion above,
it can be concluded:

1. A BLDC motor speed control system has been
successfully developed using the Back EMF method
which provides optimal and safe performance, using a
BLDC motor and monitored by the Blynk application.

2. The performance of the system is indicated by the
efficiency results obtained from each load variation. The
power efficiency of the no-load system reaches 46.48%,
while at maximum loading it reaches 36.98%. The best
efficiency is obtained in the propeller 1l loading
variation with an efficiency of 86.34%.
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