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Abstract — Monitoring the performance of a three-phase distribution transformer is an effort to improve the performance of
the transformer under the standards specified in the SPLN. The indicators used are the efficiency and regulation of the three-
phase transformer voltage, current, power, and transformer loading, as well as the transformer loading, which is sought to be
a maximum of 80 % for maintaining the transformer lifetime. The three-phase distribution transformer is one of the assets
of PT. PLN (Persero) deals with the smooth distribution of electricity to customers where this transformer reduces medium
voltage (20/11,5 kV) to low voltage (400/231 V) with the same power. Therefore, the continuity of electricity distribution to
the customer is highly dependent on the condition and performance of the transformer. This reason underlies the importance
of monitoring the performance of three-phase distribution transformers. Some elements that need to be monitored include
voltage (sensor ZMPT101B), current (sensor ACS712 30 A), power, and transformer loading for electrical and temperature
indicators (sensor DS18B20) and oil level (sensor HC SR04) for mechanical indicators. The sensors are then processed
and programmed using the Arduino Mega 2560, which has been given an additional module in the form of an Ethernet
shield and a router. The results of monitoring the performance of distribution transformers are the results of calculations
by sensors that have a small difference so that the information sent from the sensor to the Arduino Mega 2560 and then
to SCADA can be used as a benchmark for transformer performance. The monitoring results are then transmitted by the
WiFi network and displayed by SCADA. The monitoring results displayed by SCADA will later be used as the basis for
transformer maintenance.

Keywords — monitoring equipment, monitoring process, SCADA, the three-phase distribution transformers

Copyright ©2023 JURNAL INFOTEL
All rights reserved.

I. INTRODUCTION based on the outside air temperature or the temperature
of the intake coolant. At the transformer’s working
point, the air’s temperature should not exceed 40 °C

or with a daily and annual average temperature of 30

The reliability and the continuity of an electric
power distribution system are closely related to the

transformer because this equipment is directly con-
nected to the customer. The general problem that may
occur in a transformer is the condition of the voltage
cannot be detected early whether the transformer is
faulty or not. The damage to the transformer causes the
continuity of service to consumers to be disrupted [1],
[2]. This condition certainly affected system average
interruption duration index (SAIDI) and system aver-
age interruption frequency index (SAIFI). One of the
elements that must be monitored is the overloading of
the transformer, which causes the temperature of the
transformer to increase and will reduce the life of the
transformer. The temperature rise in the transformer is

°C.

Transformers in Indonesia for distribution networks
usually have specifications (20 kV - 400 V) for three
phases and (11.5 kV — 231V) for one phase [3],
[4]. Based on data from the temperature rise test of
transformers conducted at the Electricity Laboratory
of PT. PLN (Indonesia’s State Owned Enterprise), at
the Center for Electricity Research and Development,
it can be estimated that the life of transformers oper-
ated in Indonesia at 100 % load conditions of rated
load assuming continuous loading and a normal life
expectancy of 20 years, i.e. distribution transformer
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Fig. 1. Wiring diagram.

with continuous loading with an ambient temperature
of 20 °C and a winding temperature of 98 °C [5], [6].

So far, PT. PLN (Persero) only performs routine
maintenance according to schedule at certain times,
and in the event of a failure abroad, it is very difficult
to know the status of the problematic transformer
maintenance schedule [7] Based on these conditions,
a real-time transformer condition monitoring system
is needed. With this concept, PT. PLN (Persero) can
find out early on which transformers are faulty. This
monitoring is very necessary for connection with the
need for a sustainable and guaranteed distribution of
electrical energy [8]. The main challenge in the Internet
of Things (IoT) is bridging the gap between the phys-
ical world and the information world. Such as how
to process data obtained from electronic equipment
through an interface between the user and the equip-
ment. Sensors collect raw physical data from real-time
scenarios and convert it into a machine-understandable
format so that it will be easily exchanged between
different data formats [9]. Therefore, the author aims
to develop tools and devices that can monitor the
performance of the IoT and SCADA-based three-phase
distribution transformers [10]-[12].

In 2016, Odhekar er al. [13], propose viable solu-
tions for SCADA systems, including applications such
as water level monitoring, transformer temperature
monitoring, capacity control, and oil level monitoring.
This system is capable of running these industrial ap-
plications. It provides an excellent web-based solution
for accessing all collected data and devices. It uses
web-based applications to allow users to access data
or devices across organizations within the industry via
the Internet. It also overcomes the problem of weak
cryptography used in SCADA [14], [15].

Our research proposed the three-phase distribution

transformers, equipment for stepping down the voltage
from medium to low voltage network with constant
power, is a type of PT. PLN (Persero) assets that have
a direct relationship with customers. The condition
and the performance of the transformer affect how
the continuity of the electricity is distributed. Hence,
the monitoring process of the three-phase distribution
transformer’s condition and performance should be
done. Some elements which have to be monitored, such
as voltage (ZMPT101B sensor), current (ACS712 30
A sensor), power, and transformer load.

II. RESEARCH METHOD

This three-phase distribution transformer device
uses Arduino Mega 2560 as the main component. It
uses an Ethernet shield and router to control sensors,
receive data from sensors, and send data to SCADA.
Arduino Mega is a microcontroller board based on the
ATmega2560. There are 54 digital I/O pins, 16 analog
inputs, 4 UARTs (hardware serial ports), a 16MHz
crystal oscillator, a USB connector, a power jack, an
ICSP header, and a reset button. Contains everything
needed to support the microcontroller. First, connect
it to your computer with a USB cable, or power
it on with an AC-DC adapter or battery [16], [17].
These boards are inexpensive, reliable, and versatile
advanced electronic platforms, wired or wireless at the
hardware level, for manipulating analog and digital
data and controlling and monitoring electrical devices.
This board has an interface function. The Arduino IDE
programming environment offers flexibility, simplicity,
and library customization capabilities. It features a
serial monitor to display data transmitted or collected
by system sensors on a connected computer termi-
nal [18]. The converter reading being monitored is
the voltage from the voltage converter voltage sensor,
the ZMPT101B sensor. ZMPT101B has excellent per-



formance with high voltage accuracy and consistency.
This sensor can measure voltages up to 250 V AC.
The ZMPT101B sensor is easy to use and features a
multi-turn trimming potentiometer to adjust (calibrate)
the ADC output. The ADC output is set the same
as the reference input [19]. The ACS712 30A sensor
is a Hall sensor developed by Allegro MicroSystems,
an American electronics company specializing in in-
tegrated circuits for monitoring and control in various
fields.

The ACS712 is a relatively inexpensive, compact,
and accurate AC and DC sensor suitable for industrial
and commercial use. It has 2100 VAC insulation and
low-resistance power conductors. Operates up to 8 V
DC and has an output voltage comparable to 66mV/A
during operation Temperature using the DS18B20 sen-
sor, a temperature sensor that can measure temperature
from -55 °C to +125 °C with +-5 % accuracy. Based
on the 1-wire protocol that revolutionized the digital
world. Its 1-wire protocol allows it to control multiple
sensors from a single pin on the microcontroller [20],
and the transmitter and receiver are HC SR04 ultra-
sonic rangefinders labeled T and R, respectively. You
can control the levels. The rangefinder produces sound
waves with a frequency of 40 kHz. Objects reflect
sound waves and return them to the receiver. The
sensor provides information about how long sound
waves can propagate from the sensor to the object and
back [21].

A. Wiring Diagram

Fig. 1 shows how to connect each part of the
sensors to Arduino Mega 2560. Temperature sensor
(DS18B20) connected to A8 pinout, voltage sensor
ZMPT101B (R phase) connected to AO pinout, voltage
sensor ZMPT101B (S phase) connected to Al pinout,
voltage sensor ZMPT101B (T phase) connected to A2
pinout. Then the current sensor ACS712 (R phase) is
connected to the A3 pinout, the current sensor ACS712
(S phase) is connected to the A4 pinout, current sensor
ACS712 (T phase) is connected to the AS pinout.

The IP+ of each current sensor input is connected in
series into the secondary side of the transformer with
the maximum range (without current transformer) is
30 A. Then the IP- of each current sensor input is
connected to the IP+ of each voltage sensor input with
the maximum range is 250 V, and each IP- side is
connected into the ground (connected Y). Last, the oil
level sensor HC SR04 is connected to the A9 pinout.
VCC and ground of each part parallelized. But all those
pinouts are connected to the Ethernet Shield module
plugged into Arduino Mega 2560. The input power to
activate Arduino Mega 2560 and each sensor uses an
adaptor 220 V AC to 9 V DC with a maximum current
of 4 A. Then the RJ45 cable connected from Ethernet
Shield to the router.

Fig. 2 is the architecture of the monitoring system
of a three-phase distribution transformer. Inputs that
are processed are voltage, current, oil temperature,
and transformer oil level. This data will be sent to
VTSCADA via the ethernet shield network by the
router to be displayed by the SCADA system.

B. Arduino Mega 2560 Communication with SCADA

SCADA is the basis of distribution automation
systems. A typical SCADA system consists of I/O
signaling hardware, controls, software, networking,
and communications [24]. The SCADA system also
provides a host control function for supervisors to
control predefined settings. A SCADA system typically
implements a distributed database, commonly called
a tag database, containing data items called tags or
points. A dot represents a single input or output value
that is monitored or controlled by the system [25].
The ability to monitor and control electrical equipment
remotely was first used in the generation and transmis-
sion sector of the electric power industry [26].

The Modbus TCP/IP protocol is used for communi-
cation between SCADA and Arduino Mega 2560. The
Modbus/TCP protocol is generally used in SCADA
systems for communication between Human Machine
Interfaces (HMI) and Programmable Logic Controllers
(PLCs) [27], [28]. Communication is done by equating
the name/TCP/IP address of the VISCADA IP address
with the Modbus IP encoding of the Arduino IDE
application. An Arduino Mega 2560 connected to an
Ethernet shield is connected to a router configured as
an access point using an RJ45 cable. The PC-SCADA
server is connected to the radio signal sent by the
router. The IP address between the router and the PC
server is set differently from the IP address used for
Modbus encoding in the Arduino IDE application [17],
[29]. The Ethernet shield is based on the Wiznet
W5100 ethernet chip. The Ethernet library is used
in writing programs so that the Arduino board can
connect to the network using an Ethernet shield. On the
ethernet shield, there is a micro-SD slot, which can be
used to store files that can be accessed via the network.
The onboard micro-SD card reader is accessed using
the SD library.

C. Data Logger

A data logger (data recorder) is an electronic device
that records data from time to time both integrated with
sensors and instruments in it as well as external sensors
and instruments. Or briefly, a data logger is a tool for
logging data [30].

III. TESTING MONITORING EQUIPMENT AND
RESULT

The monitoring equipment was tested and carried
out at the generator house of Semarang State Polytech-
nic on October 1 until October 5, 2020. The test cannot
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be carried out on the original and the working trans-
former because the transformer can not be temporarily
deactivated to install monitoring equipment. Therefore
the equipment testing is carried out on a generator,
with the load used in the experiment being the three-
phase asynchronous motor with a capacity of 1500
watts. The monitoring is divided into two parts, the
electrical and the mechanical. The electrical indicator
(voltage, current, power, and transformer load) uses
a generator that has an output of 220/380 V with a
capacity of 250 kVA. The mechanical one uses an
oil level on the generator and the temperature. The
results were obtained in the form of data on whether
the equipment can truly be used and reliable to monitor
the performance of three-phase transformers or not.

Fig. 3 is a flowchart for the monitoring process
of a three-phase distribution transformer. Inputs that
are processed are voltage, current, oil temperature, and
transformer oil level. This input will be processed to
calculate the transformer loading factor, oil tempera-
ture, and transformer oil level. This data will be sent
to VISCADA via the ethernet shield network by the
router to be displayed by the SCADA system.

Trihedral Engineering released version 11, and
the VTS and VISCADA products were merged into
one product which is now known as VTSCADA.
VTSCADA can connect a large number of I/O devices.
Trihedral Engineering has developed a VTSCADA of
more than 100 I/O drivers that can be used to interact



with I/O devices. The following is a list of drivers
available by VTSCADA [31].

Fig. 4 shows a wiring diagram when testing moni-
toring equipment with a load of more than 30 A so that
CT is needed to reduce the high current with a certain
ratio and then connected to the ACS712 current sensor.
In this way, adjusting the CT ratio in the programming
code on Arduino IDE is necessary. Whereas in Fig. 5,
the load is less than 30 A so that it can be directly
connected in series with the current sensor, and neither
CT nor ratio adjustment is needed.

Fig. 6 shows the documentation of monitoring ac-
tivities for three-phase distribution transformers carried
out at the Semarang State Polytechnic Powerhouse
starting from installing voltage and current sensors, oil
temperature, and transformer oil level.
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Fig. 6. Testing monitoring equipment.

From the results of the experiments conducted,
we get data with an accuracy level that follows the
characteristics of the sensors and transducers used. The
sensors used include:

1) Voltage sensor module ZMPT101B is a volt-
age sensor made of a voltage transformer.
ZMPT101B has excellent performance with high
voltage accuracy and consistency.

2) Current sensor module has been equipped with
an operational amplifier circuit so that the cur-
rent measurement sensitivity increases and can
measure small changes in current.

3) Temperature sensor using the DS18B20 sensor,
which can measure temperature from -55 °C to
+125 °C with +-5 % accuracy.

4) Level sensor HC SR04 ultrasonic has the trans-
mitter and receiver rangefinders labeled T and
R, respectively. You can control the levels. The
rangefinder produces sound waves with a fre-
quency of 40 kHz.

IV. DISCUSSION

The test is carried out by applying the wiring
diagram shown in Fig. 5. The circuit was chosen
because the load on the experimental test was less
than 30 A. The experimental test results are divided
into two indicators, i.e., electrical indicators shown in
Table 1 (voltage, current, power, and transformer load)
and mechanical indicators (oil level on generator and
temperature) shown in Table 2.

From the measurement results in Table 1, it is
found that the voltages in the R, S, and T phases are
those standardized by PT. PLN (Persero), namely +5
% and -10 % of the nominal voltage of 220 V. while
the transformer loading, apparent power, current and
loading ratio in each phase are relatively the same.

Table 2 shows that the oil level is in the range of
72 % and the oil temperature is around 25 °C, and the
highest is 41 °C.
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Fig. 8. Voltage monitoring data.

The result of the monitoring process is shown in
Fig. 8. The phase voltage R-N ranges between 208,491
— 226,636 V, phase S-N voltage ranges from 208,008
— 223986 V, and phase T-N voltage has a range
of 219,972 — 234,073 V. The various voltage data
are caused by the alternate current sinusoidal wave
that converted to DC wave is not perfect. The low



Table 1. Electrical Monitorin,

Result

Date Time VR VS VT IR | IS | IT SR SS ST %
Oct 5, 2020 | 13:13:00 | 224,697 | 216.542 | 225,384 2 2 2 634.098 618.01 598.392 | 0.0072
Oct 5, 2020 | 13:13:05 | 219.436 | 220.882 | 234.073 2 2 2 616.243 | 616.354 | 648.148 | 0.0072
Oct 5, 2020 13:13:10 | 217.836 208.87 225.301 2 2 2 611.159 | 592.639 | 666.699 | 0.0072
Oct 5, 2020 13:13:15 | 226.636 | 208.008 | 224.390 2 2 2 640.014 586.07 626.986 | 0.0072
Oct 5, 2020 | 3:13:20 228 222.829 | 229.650 2 2 2 646.391 | 626.993 | 652.487 | 0.0072
Oct, 5 2020 13:13:25 22.587 222.020 231 2 2 2 632.235 | 629.285 | 650.967 | 0.0072
Oct 5, 2020 13:13:30 208.22 218.68 221.195 2 2 2 587.277 | 626.315 | 623.038 | 0.0072
Oct 5, 2020 | 13:13:35 | 219.671 | 222.539 | 229.46 2 2 2 614.993 | 628.088 | 649.022 | 0.0072
Oct 5, 2020 13:13:40 | 219.619 | 220.275 | 219.972 2 2 2 608.524 | 623.320 | 620.003 | 0.0072
Oct 5, 2020 | 13:13:45 | 222.958 | 223.986 | 226.770 2 2 2 625.245 | 634.905 | 647.056 | 0.0072
Oct 5, 2020 | 13:13:50 | 225.146 | 221.792 | 223.403 2 2 2 626.542 | 618.531 | 626.255 | 0.0072
Oct 5, 2020 | 13:13:55 | 213.576 | 216.752 | 232.833 2 2 2 612.644 | 618.283 655.52 | 0.0072
Oct 5, 2020 | 13:14:00 | 208.491 | 216.594 | 230.419 2 2 2 591.376 | 608.134 | 649.865 | 0.0072

Table 2. Mechanical Monitoring Result ’ 3,7 %7 %7

Date Time % Level | Temp. (°C) 25
Oct 5, 2020 | 12:40:00 | 72.3916 25 . 2 - 2
Oct 5, 2020 | 12:40:05 72 25.82615 — 2
Oct 5, 2020 | 12:40:10 72 23.9017 % ® Monitoring
Oct 5, 2020 | 12:40:15 | 72.1018 30.7171 515 Equipment Result
Oct 5, 2020 12:40:20 72.5146 33.44945 % .

Oct 5, 2020 | 12:40:25 72 357476 < 1 Calculation Result
Oct 5, 2020 12:40:30 72 38

Oct 5, 2020 | 12:40:35 | 72.0728 38 0.5

Oct 5, 2020 12:40:40 72.5292 38 0

Oct 5, 2020 | 12:40:45 72 39.30895 RPhase  SPhase T Phase

Oct 5, 2020 12:40:50 72 41 Current Current Current

Oct 5, 2020 | 12:40:55 72.072 40.20519

Oct 5, 2020 | 12:41:00 723214 20 Fig. 9. Average current comparison data.

Oct 5, 2020 | 12:41:05 72 40

Oct 5, 2020 | 12:41:10 72 40

Oct 5, 2020 | 12:41:15 | 72.0698 41 in (2).

Oct 5,2020 | 12:41:20 | 72.1156 41

Oct 5, 2020 12:41:25 72 41 Imonitm*in — dcalculation

Oct 35,2020 | 124130 | 72 4 [AI%] = i R % 100%

Oct 5, 2020 | 12:41:35 72 a1 Leatculation

Oct 5,2020 | 12:41:40 | 71.7874 41 272 —-2)VA 2
Oct 5, 2000 | 12:41:43 7 a1 [AI%] = % x 100% @
Oct 5, 2020 | 12:41:50 72 41

Oct 5, 2020 | 124155 | 72 a [AI%] = 35%

Oct 5, 2020 | 12:42:00 | 72.0194 41

voltage, according to Indonesian Electrical Standard,
has a maximum voltage rise of +5 % and a maximum
voltage drop of -10 % [32]. Therefore, maximum rising
voltage can be calculated, and the value is 231 V, then
the maximum voltage drop is 209 V.

Then the current sensor indicates the load current
has the same value in R-phase, S-phase, and T-phase,
which is 2 A. Therefore, if using calculations, the
three-phase 1500 W motor has a current [33]:

P [W]=3xV xIXcosp
1500[W] = 3 x 220[V] x I x 0.85

,_ _ 15000W] (1)
~220[V] x 0.85
I =2.7[A]

The comparison between the monitoring equipment
average data and the calculation in (1) also the calcu-
lation result can be seen in Fig. 9.

The calculation of the percentage difference be-
tween the three-phase currents in each phase is shown

Table 3. Average Current Comparison and % Difference

Phase Result Avg. (A) Diff. (%)
Monitoring | Calculation
R 2 2.7 35
S 2 2.7 35
T 2 2.7 35

From the measurement results in Table 3, the current
flowing in the load for each phase is 2.7 A. Then
the current for each phase displayed on the SCADA
is 2 A. This 0.7 A difference is due to the use of
the Modbus function, the medium of communication
between the Arduino Mega 2560 and SCADA, not
being able to use the comma (integer function) and
the power factor cos ¢ on the motor, which is different
from the calculation.

The power shown in SCADA has various values in
each phase. For example, the R-phase has a value be-
tween 591.376 — 646.391 VA, the S-phase has a value
between 586.07 — 634.905 VA, and the T-phase has a
value between 620.003 — 628.148 VA. To calculate the
power of a three-phase asynchronous motor for each
phase (R, S, T), use (3) [31].

P5 [W] =3 x S[VA] X cosp (3)
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Fig. 10 shows the comparison between the mon-
itoring result and calculation results for one minute.
Fig. 11 shows the comparison between the monitoring
result and calculation result by using the average data
of each phase. Using (3), the calculation of a three-
phase 1500 W motor (each phase) has the power:

1500[W
SiVAl= 2= E).s}

S1~[VA] = 625V 4]
The comparison between the monitoring equipment

average data and the calculation in (5) also the calcu-
lation result can be seen in Fig. 12.

To calculate the percentage difference between ap-
parent power and monitoring results, use (5):

[AS%] _ Smonitoring - Scalculation % 100% (5)

Scalculation

Table 4. Average Power Comparison and % Difference

Phase Result Avg. (VA) Diff. (%)
Monitoring | Calculation
R 618.98 625 0.96
S 617.45 625 1.20
T 639.57 625 2.33

The difference between the monitoring and power
calculation results is caused by the calculation in the
programming code where the power displayed on the
SCADA is the product of the multiplication between
the varying voltage (from the voltage sensor) and the
constant current (from the current sensor).

The transformer load percentage has the same value,
which is 0,0072 %. Therefore, the calculation of the

transformer load with a power of 250 kVA and a load
of 625 VA per phase based on (6) and the calculation
results of the previously calculated power per phase
are as follows:

S3

3[%) = ——— x 100%
Snameplate
3 x 625V Al ©6)
O = 350 000pva) < 100%

3[%) = 0.0075%

The calculation result of the transformer loading
based on the data that has been displayed and calcu-
lated previously is 0.0075 %. Then the data displayed
by the SCADA data logging averages 0.0072 %. There-
fore, calculation and monitoring result loading has a
difference of 0.0003 %.

The SCADA shows oil levels on various values but
is still in the 72 % range. The temperature always
seems to rise from 25-41 °C because the temperature
sensor detected a temperature rise when the generator
was started.

V. CONCLUSION

The three-phase distribution transformer monitoring
equipment based on the IoT and SCADA is used to
monitor the condition of the transformer, which con-
sists of voltage with a ZMPT101B sensor. The sensor
shows the results of the voltage monitoring, where
it can read the phase-neutral voltage with variable
measurement results but is still within the specified
voltage standard range. The ACS712 current sensor
shows the difference in electric current from the mea-
surement results with the calculation results of 0.6 A
with a percentage difference of 35 %. This difference
will shrink if the measured current is large, since the
calculation difference is only found in the comma (the
integer function cannot read a comma). The power
calculation shows a small percentage difference be-
tween the monitoring equipment and calculations. The
difference in power in the R phase is 0.96 %, the S
phase is 1.2 %, and the T phase is 2.33 %. And the
transformer load has a very small percentage difference
of 0.003 %. Temperature with DS18B20 sensor and
oil level with HCSRO04 sensor can show the values
in SCADA obtained from the experimental results of
monitoring generator mechanical indicators. However,
the mechanical indicator monitoring equipment should
be tested directly on the real transformer to determine
the accuracy of the sensor readings. The result shows
if this monitoring equipment can be installed on a
new three-phase distribution transformer before it is
installed on the network so that the condition and
performance of the transformer can be identified and
prevent detrimental damage. SCADA also allows the
transformer to be monitored remotely and in real time.
This equipment is used as the basis for whether the
transformer needs to be maintained.



0,0075

Ampere [A]

0.00725
0.0072
0.00715
0,0071

0,00705
Trafo Load

Monitoring Equipment Result

Calculation Result

Fig. 12. Average transformer load comparison data.
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