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Abstract— Transformer is an important device in electrical 
field that used to transfer electricity from one circuit to another 
with changing the voltage level. The transformer will be having 
a problem such as increasing in temperature and make a lot of 
noise. Typical transformer measurement system will take time 
for testing and less accurate. The aim of this project is to design 
the IoT system for monitoring and evaluate the performance of 
the transformer current, sound and temperature. The 
monitoring system using three types of sensors to sense the 
current, sound and temperature. ESP32 is being used to keep 
and process the data before sending to the Blynk application to 
show the value by using internet. Two different conditions are 
being tested to the transformer which are transformer without 
load and with load. Ammeter and ACS712 current sensor are 
used to get the current value. Besides, for temperature value 
used two equipment which are using thermometer and 
MLX90614 temperature sensor. The transformer sound 
obtained from the sound sensor. The data will be display in 
Blynk application. The result obtained show the health 
monitoring system for transformer by using Internet of Things 
is acceptable because has low error and save time to measure the 
parameters. 

Keywords—Blynk, Arduino IDE, Internet of Things (IoT), 
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I. INTRODUCTION  
In power system, a distribution transformer is an 

electrical device that provides the final voltage transition in 
the electrical power distribution side that stepping down the 
voltage used in distribution lines to the voltage that will use 
by the consumers.  A distribution transformer is a complex 
piece of equipment with a complex electromagnetic circuit 
inside of it. The selection of specific transformer auxiliaries, 
as well as the proper design of a magnetic circuit, structure 
and insulation system makes transformer more reliable 
equipment [1]. 

The key causes of a transformer’s health degradation are 
problems such as overburdening and insufficient heating. 

Gathering data from transformer is very important to monitor 
and control the entire of the transformer in efficiently and 
reliably [2]. The health and safe operation of transformer in 
electrical distribution is important due to unexpected fault 
that will occur [3]. Therefore, transformer health monitoring 
and accurate fault diagnosis are beneficial in reducing 
equipment harm economic loss and impacts on the reliability 
of electric power systems [4]. The transformer monitoring for 
problem before may help avoid expensive repairs and a 
reduction in service life [5]. This method allows to track the 
transformer’s health on a regular basis and take the 
appropriate steps to ensure that it is properly maintained [6]. 

Wireless monitoring system by using Internet of Things 
(IoT) has been around for a while and mostly used in industry 
to track key performance from remote locations [7,8,9]. It 
provides useful information about the health of the 
distribution transformer and will facilitate the services of the 
transformer and increase the lifetime of a transformer [10]. 
The output data is stored in a database after processing so that 
the report can be viewed using mobile applications [11]. As a 
result, an online measurement device is used to collect and 
analyze various types of data from sensors over time [12]. 

 

II. METHODOLOGY 

A. Circuit of Monitoring System 
A circuit diagram for monitoring system needs to be 

developed by using Fritzing software. The microcontroller 
which is ESP32 need to be connected to all the three sensors 
that related to this project. The sensors are current sensor, 
sound sensor and temperature sensor. ESP32 require a supply 
to turn it on so that the ESP32 is connected to the 5.5V power 
supply. The power supply from the plug is connected with 
Vin pin for positive and GND pin for negative that has been 
stated at the ESP32. The circuit diagram can be show in 
Figure 1 as below: 
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Fig.1. Circuit of Monitoring System 
 

Table I below shows the components pin connection in 
monitoring system circuit. All the connection is from ESP32 
and connected with each of the sensors to make sure the 
sensor can be functioning well. 

 
Table I. Components pin connection 

 

 

B. Prototype 
The prototype in Figure 2 below is consisted of three 

sensors which are ACS712 act as current sensor, MLX90614 
act as temperature sensor and sound sensor. All the sensors 
are connected with the microcontroller that has been 
programmed with C++ language or coding by using Arduino 
software. The microcontroller used is ESP32 that have been 
built in WI – fi module in it. So, it can be connected to the 
device to monitor the health of the transformer by using 
Internet. 

 

 
 
Fig.2. Prototype for the monitoring system of the transformer 

III. RESULT AND DISCUSSION 
All the result obtained through the testing on hardware 

had shown in this part. Besides, this part had analyzed and 
discussed the findings from the measurement instruments and 
measurement by using Internet of Things (IoT). 

A. Transformer without Load Testing 
Figure 4 shows the connection of the monitoring system 

to the transformer without load while Figure 5 shows the 
result obtained from the testing in Blynk application. 

 

 
 

Fig.4. Prototype connection without load 
 

 
 
Fig.5. Result obtained from Blynk application 
 
     Table II, Table III and Table IV shows 10 samples testing 
on each of the parameters that has been test on the 
transformer without load to see the performance of the 
transformer.  The result in Table II obtained from current 
sensor and ammeter. It is to make a comparison between the 
value of the current when tested with ammeter and current 
sensor. The highest current value obtained from ammeter is 
0.36A and for tested with current sensor is 0.38A. The value 
of current is small because no load connected to the 
transformer. Electromagnetic force will limit the current flow 
to maintain enough magnetic field to produce the required 
back of electromagnetic force.  The average error is below 
10% which is 7.10%. It is because of the instrumental error 
due to operation of the device used. 
 

From pin  To pin  

ESP32 Current Sensor Temperature 

Sensor 

Sound Sensor 

GND GND GND GND 

Vin  Vin VCC 

3V3 5V   

D35   OUT 

D34 Vo   

D22  SCL  

D21  SDA  



Received: Jan 27, 2022 | Revised: Feb 20, 2022 | Accepted: Feb 28, 2022 
 

21 

Table II. 10 samples testing on current of the transformer without load 
 

No. of 
testing 

Current by 
Ammeter (A) 

Current by IoT 
(A) 

Error (%) 

1. 0.19 0.21 5.00 
2. 0.23 0.25 8.70 
3. 0.36 0.38 5.56 
4. 0.26 0.27 3.85 
5. 0.23 0.25 8.70 
6. 0.28 0.29 3.57 
7. 0.23 0.24 4.35 
8. 0.32 0.35 9.38 
9. 0.29 0.32 10.34 

10. 0.26 0.29 11.54 

 Average Error  7.10 
 

 
Table III. 10 samples testing on temperature of the transformer without load 
 

No. of 
testing 

Temperature by 
Thermometer (°C) 

Temperature by 
IoT (°C) 

Error (%) 

1. 29.50 30.30 2.71 

2. 29.99 30.35 1.20 

3. 30.00 30.37 1.23 

4. 30.10 30.42 1.06 

5. 30.30 30.71 1.32 

6. 30.40 30.79 1.28 

7. 30.60 31.11 1.67 

8. 30.70 31.24 1.76 

9. 31.10 31.25 0.48 

10. 31.20 31.25 0.16 
            Average Error  1.29 

 
The result in Table III shows the highest temperature that 

obtained from temperature sensor is 31.25°C and by using 
thermometer is 31.20°C. It shows the monitoring system by 
using Internet of Things (IoT) can sense the temperature of 
the transformer better than thermometer. The average error 
shows below 2% which is 1.29%. It can be assumed the small 
value of error and temperature of the transformer still in a 
good condition. 
 
Table IV. 10 samples testing on sound of the transformer without load 
 

No. of testing Sound (dBm) 

1. 130 

2. 133 

3. 184 

4. 140 

5. 140 

6. 152 

7. 146 

8. 150 

9. 141 

10. 144 

 
The highest sound obtained is 184dBm due to the 

vibration that occur between the windings of the core 
material. The sound that occurs during this testing is because 
the transformer has an inherent sound level with the size and 

style of the coil assembly. It gives a small value of noise 
because the transformer is not connected with any load. 

 

B. Transformer with Load Testing 
Figure 6 shows the connection of the monitoring system 

to the transformer with load while Figure 7 shows the result 
obtained from the testing in Blynk application. 

 

 
 
Fig.6. Prototype connection with load 
 
 

 
 
Fig.7. Result obtained from Blynk application 
 
    Table V, Table VI and Table VII shows 10 samples testing 
on each of the parameters that has been test on the 
transformer without load to see the performance of the 
transformer. 
 
Table V shows the result when the transformer is connected 
to the load, the current is exceeded 0.40A compared to 
without load which is below 0.40A. The highest current value 
obtained from ammeter is 0.69A and from current sensor is 
0.75A. It shows the current value is starting to increase when 
connected to the load. When electrical load is connected to 
the transformer, a current will flow in the secondary winding 
and out to the load, The average percentage error is 9.54% 
which is below 10%. 
 
 



Received: Jan 27, 2022 | Revised: Feb 20, 2022 | Accepted: Feb 28, 2022 
 

22 

Table V. 10 samples testing on current of the transformer with load 
 

No. of 
testing 

Current by 
Ammeter (A) 

Current by IoT 
(A) 

Error (%) 

1. 0.42 0.46 9.52 
2. 0.55 0.50 9.10 
3. 0.63 0.69 9.52 
4. 0.68 0.72 5.88 

5. 0.57          0.50 12.28 
6. 0.56 0.62 10.71 
7. 0.48 0.52 8.33 

8. 0.69 0.75 8.70 

9. 0.62 0.68 9.68 
10. 0.43 0.48 11.63 

     Average Error  9.54 
 
       
Table VI. 10 samples testing on temperature of the transformer with load 
 

No. of 
testing 

Temperature by 
Thermometer (°C) 

 

Temperature by 
IoT (°C) 

Error (%) 

1. 30.90 31.77 2.81 
2. 31.10 31.83 2.35 
3. 31.50 31.99 1.56 
4. 32.90 33.19 0.88 
5. 33.10 33.41 0.93 
6. 33.50 33.83 0.99 
7. 33.80 34.53 2.15 
8. 30.10 31.35 4.15 
9. 35.10 35.58 1.37 

10. 35.90 36.13 0.64 
 Average Error  1.78 

 
      Table VI shows the temperature of the transformer getting 
warmer time by time when it connected to the load. The 
highest temperature that obtained from this testing is 
36.13°C. It is sense by the temperature sensor in the 
monitoring system. By using thermometer, the highest 
temperature is 35.90°C. The value is not same because of the 
equipment used could give precise value or because of the 
place that the thermometer and the MLX90614 was located. 
The average error of the temperature is below 2% which is 
1.78%. It can be assumed that the monitoring system can 
sense the temperature of the transformer approximately with 
the thermometer. 
 
Table VII. 10 samples testing on sound of the transformer with load 
 

 

Table VII shows the sound of the transformer starts to 
increase which is 160dBm until 184dBm when the 
transformer is connected with the load. A transformer is 
magnetically excited by an alternating current so that it 
becomes extended and contracted twice during a full cycle of 
magnetization. The load noise is different cause the 
vibrations in the transformer tank walls and magnetic shields 
due to the electromagnetic force produces by the load 
currents. The presence of harmonic in load current can 
produce vibrations and increase the sound level of the 
transformer. 
 

IV. CONCLUSION 
      For the conclusion, the health of the transformer is 
important to develop the good electricity in our country in 
order to keep the electrical supply in a good condition without 
having any disturbance because of the destruction happened 
to the transformer. The monitoring system consisting of 
ESP32 as a microcontroller and other three sensors which are 
current sensor, sound sensor and temperature sensor. The 
health of the transformer can be monitor by using Internet of 
Things (IoT) after make a testing on the transformer that 
connected with the load and without connected to the load. 
The performance of the transformer which are the current, 
sound and temperature was shown in the Blynk application. 
The highest value of current obtained from ammeter is 0.69A 
and the highest value of current obtained from ACS712 is 
0.75A which the average error for all the samples of testing 
is 8.32%. Furthermore, the highest value of temperature for 
both conditions obtained from thermometer is 35.90°C while 
MLX90614 temperature sensor is 36.13°C which average 
error for all the samples of testing is 1.54%. Lastly, the sound 
of the transformer obtained is 184dBm and it is the highest 
humming sound of the transformer obtained from 
the testing for both conditions. 
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