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Abstract 

The power transformer is the most important and expensive element in the power 

system. It is used to change the voltage levels at different stages in a power system. The 

foremost responsibility of the utility grid is to ensure smooth and reliable availability 

of power through the transformer. But there are different abnormal conditions that can 

occur in the transformer such as overheating, overexcitation, abnormal frequency, 

overload, abnormal voltage, open circuit, and breaker failure. These abnormal 

conditions reduce the life, efficiency, and performance of the transformer, as a result, 

the overall reliability of the power system gets decreased. Moreover, in case of any 

failure of the power transformer, the consumers will suffer a severe power outage and 

consequently, a massive economic loss will occur. During abnormal conditions, the 

health of a transformer is deteriorating, and it is very important, that the operator 

should act quickly and accurately in terms of any abnormality occurred. For this 

purpose, need a proper health monitoring system that should properly monitor the 

health of the transformer and take proper action to prevent it from greater damages. 

The proposed system is user-friendly, flexible, reliable, and presents more 

functionalities at almost 10 times lower cost than the existing system. This research 

work has developed a low-cost GSM and internet of things (IoT) based indigenous 

prototype for transformer monitoring that will be able to early inform the relevant staff 

through SMS and web data for the different abnormal conditions. 

Keywords: Transformer, Health, Monitoring, GSM, IoT 

I.     Introduction 

Electrical energy is the prime need of our daily life and more essential for 

stimulating economic activities in the world. A reliable Electrical power system is 

required, to generate, transmit, and distribute electrical power to the utilities. For a 
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smooth supply of electrical power to the consumer, the power system must be reliable, 

stable, and secure [Ⅵ]. The power system consists of different equipment, each 

component has its own function, but the power transformer is the most significant and 

most expansive part of the power system. It is used to step up or step down the voltage 

level for transmission and distribution of electrical power, as result copper losses and 

voltage drop will be decreased, so the efficiency and voltage regulation will be 

improved, besides this the overall power system becomes more economical in terms of 

conductors cost, towers cost and losses of energy in the line, this work is done by a 

transformer [Ⅴ]. But during operation, the transformer is facing different faults such as 

external and internal faults, which lead the transformer to damage, as a result, property 

loss, interruption in power supply to different consumers, stop of revenue, stop of 

production from industries will be affected [Ⅰ]. Every transformer has a specified range 

for different parameters like frequency, voltage, load current, oil temperature, and 

winding temperature. It is very important to operate it within these specified limits [XI]. 

During operation, if any parameter crosses the defined limit, it will deteriorate the 

health of the transformer as a result its life will be reduced. Besides this, there, there 

are different axillary equipment like a current transformer, potential transformer, circuit 

breaker, lighting arresters, protective relays, cooling system, and DC circuit, which is 

used for the protection of the transformer. Failure of these protective devices can 

destruct the transformer and interrupt the power supply. In sense, it is cleared from the 

above discussion that any damage to a power transformer will decrease the power 

system reliability, as well as treating the economy of the country. Therefore, a proper 

online transformer health monitoring system is required to monitor the transformer and 

inform the concerned staff through SMS when any abnormality occurred [Ⅳ]. 

Ⅱ.   Literature review 

Different researchers have designed various transformer health monitoring 

systems, a few of them are overview below. 

To initiate a proper monitoring system from greater damage from over-current, over-

voltage, overheating. G. Arun et al perform research work and discover a system based 

on the Arduino microcontroller and the reason for selecting Arduino based system is 

low cost, high speed, and active performance. Arduino microcontroller senses current, 

voltage, oil temperature sequentially at a specific time. When instability occurs i.e. 

current, temperature, and voltage increase from their predefined limit then the 

protective system will operate and the load will be disconnected. Moreover, the oil 

temperature was controlled by an automatic fan through the Arduino microcontroller 

[Ⅲ].  

Likewise, Mercy et al performed a study for wireless protection and continuously 

monitoring power transformers through a PIC microcontroller. PIC microcontroller 

checks the temperature and quality of transformer oil and the level of transformer oil. 

He says that the protection system is very important for a transformer. Otherwise, the 

Consumer will appear to have very worse consequences. For this perfuse he made a 

protective system for transformer who’s based was on a PIC microcontroller, LM35 

temperature sensor, level sensor, LCD, and GSM module. When an abnormal condition 

occurs, the system will be sent an SMS to the control room about the abnormality. His 

system was simulated in Lab VIEW and obtain the hardware on a prototype [IX] 
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Ravikumar V and Jadhav have done their research for monitoring of a transformer 

based on the internet of things. They said that it is a very useful technique for 

monitoring and controlling the transformer. They also continuously monitor and note 

the parameter of the transformer and control them according to the program installed 

in the memory of the microcontroller [X]. 

Furthermore, CK Chang and AM Elmashtoly, have designed the transformer health 

management system using the internet of things. The proposed system measured the 

different parameters of a transformer and estimating the transformer health index on 

the analysis based on the parameters and forecasting the reaming life [Ⅱ]. 

Ⅲ.     Proposed system 

A power transformer is the most important and expensive element in the power 

system. The foremost responsibility of the utility grid is to ensure smooth and reliable 

availability of power through the transformer. There are different abnormal conditions 

on the transformer side such as over excitation, overloading, overheating, under 

frequency and over-voltage operation, if the transformer is operated for a long time in 

these abnormal conditions it leads to a severe fault and as a result transformer will be 

damage. Besides this, these abnormal conditions reduce the life, efficiency, and 

performance of the transformer and as a result, the overall reliability of the power 

system will be threatened. Moreover, in case of any failure of the power transformer, 

the consumers will suffer from the continuous and smooth supply of power. Similarly, 

any fault on the power transformer could result in severe load shedding and 

consequently, it could hamper the economic operation of the power system. The 

protection against abnormal conditions of the transformer is very important to prevent 

it from further damages. For this purpose, need a proper health monitoring system that 

could properly monitor the health of the transformer and take proper action to prevent 

it from health deterioration and greater damages. 

The system developed by HEC costs around 1.0 million PKR does not offer all 

functionalities. The system should be cost-effective and the communication of 

information does not require human intervention. The transmission needs to be highly 

accurate and maintains History of Alarm conditions automatically for future reference. 

It must be easily Re-configurable and Flexible and can be retrofitted to any transformer. 

The system shall have extremely reliable hardware and software. This applied research 

project in collaboration with HEC aims to develop a low-cost indigenous prototype for 

transformer monitoring that will be able to inform the manager through GSM and Wi-

Fi module for different alarms, different relays status, DC source, and cooling system. 

The information will indicate the Grid name, Transformer number, and the type of 

Fault. The proposed system consists of different devices such as Arduino mega, GSM 

sim900, temperature sensor, voltage sensor, display, keypad, and Wi-Fi module. The 

main function of the system is to monitor different relays status, cooling system, 

different alarming situations, and various parameters like oil temperature, winding 

temperature, and DC voltage of batteries used for relays and circuit breaker operation. 

The system has three main parts, such as data processor, data collector, and 

communication. The data is collected by Arduino with the help of different sensors 

from the transformer side. Next, the Arduino controller processes the data and decides 

according to the conditions. Furthermore, the communication system consists of a 



 
 
 
 
 
 

J. Mech. Cont. & Math. Sci., Vol.-16, No.-9, September (2021)  pp 59-73 

Jehan Parvez et al  

 

 

62 

 

GSM and Wi-Fi module, when any abnormal condition occurs the communication 

system sends the data to the authorized person. Next, the authorized person receives 

information about abnormality and they will take preventive action before any accident. 

The most interesting benefit is it will not only provide information to the operator at 

the grid but also inform the manager of the grid and also send information to the central 

control dispatch center. 

Ⅳ.    System Architecture 

 The complete block diagram of the overall process of the online monitoring system 
of a power transformer is shown in Fig 1.  
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Fig 1. The architecture of the system 

The proposed system accurately monitors the power transformer installed in the power 
grid substation and quickly informs the concerned staff of the abnormal situation. In 
this module, Arduino is used as the main controller which takes input from sensors and 
different relays of the power transformer and processes the values. The Arduino further 
does communication with GSM and Wi-Fi modules. Furthermore, the information is 
sent by GSM and Wi-Fi module to the concerned officer so that possible action should 
be taken. In this module, a message is sent to three concerned officers' cell phones. The 
duty of officers can be changed with time so there is an option to change the cell phone 
numbers. Besides this, the status of different relays and different parameters are also 
shown on the display. If all relays are in normal condition, then display will show 
normal condition and Message of normal condition will be sent to concern officers, but 

Wi-Fi 

Module 
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when an abnormal condition occurs then the abnormal condition information is sent to 
authorized person and shown on display. 

Algorithm 

Step 1: Initially relays (sensors) will sense the transformer condition 

Step 2: The sense data will be read by a Real-time monitoring system  

Step 3: Depending on the sensed information monitoring board will take a decision  

Arduino to act. 

Step 4: The sensed data which contains information about the system will send to the 

operator through GSM and Wi-Fi module for further action  

System flow chart  

The flow chart diagram shows, how the system program takes a decision. At the first, 

the Arduino, GSM, and Wi-Fi modules will be initialized. After that, the Arduino will 

measure the data from different sensors and control circuits. Next, the controller will 

check the status of the relays and compare the values with pre-defined values saved in 

controller memory. Finally, when any parameter crosses their limit from pre-defined 

values or any relay status is on, the controller sent the information to GSM and Wi-Fi 

module and next to the authorized person. If the measured values within their safe limits 

and relays status are normal then the controller will jump to their initial position and 

the controller will execute the next loop. The complete workflow is shown in Fig 2. 

 

Fig 2.  Program Flow Chart 
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Working flow chart and taking preventive action 

The health monitoring system continuously monitors different relays status and various 

parameters of a power transformer and the system takes preventive action in the 

following steps.  

● When the system is installed on the transformer side, first the system will be 

power on.  
● The second three phones’ numbers of authorized persons will be entering the 

system,  
● In the third, the system automatically sent initialization SMS to the concerned 

persons by showing that the phone number is saved in the system memory and 

you will be informed in case of any abnormality occurred.  
● After that, when the above process is completed, the system will monitor the 

different relays' status, cooling system, and various parameters.  
● Next, the system is in normal condition, the display will show normal 

condition. However, if any abnormality occurred the display will show the 

abnormal condition.  
● Finally, the information will be sent to authorize person through GSM and Wi-

Fi module for quick and precise action to save the transformer from damage. 

The main working diagram is shown in Fig 3.  

 

Fig 3. Working diagram 
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Health monitoring system control board 

It consists of a group of different sensors like voltage sensor, current sensor, 

temperature sensors, and a group of switches. All the circuit breaker which are installed 

in the grid is operated on 24V DC. When any relay is tripping it give 24V DC to the 

circuit breaker for operation.  The switches are used to represent the different relays on 

and off status in the laboratory, to represent that a fault occurred on a particular relay 

press the corresponding button it gives 24V DC to the voltage divider circuit, then a 

status of abnormality is shown on an LCD screen and the information is sent through 

GSM and Wi-Fi module. These switches are connected to Arduino through a voltage 

divider circuit. The main function of the voltage divider circuit is to divide the voltage 

by a ratio of 4:1. This monitoring board monitor condition of these relays and give a 

signal to Arduino microcontroller, the switching board as shown in Fig 4. 

 

Fig 4. Switching board 

Temperature measurement 

To monitor transformer oil and winding temperature, they need a proper system for 

temperature measurement. For the sake of this, a circuit is designed for temperature 

measurement as shown in Fig 5. The key component of this circuit is the temperature 

sensor (PT 100 sensor). This PT100 sensor is further connected in series with a fixed 

resistor along with an operational amplifier circuit. The increase in oil temperature 

causes an increase in the resistance of the PT100 sensor and as a result voltage drop 

across the PT100 also increases. For accuracy, this voltage drop is amplified with help 

of an operational amplifier. The output voltage of the PT100 sensor is connected to 

Arduino. 
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Fig 5.  Operational amplifier circuit 

Monitoring of batteries array voltage  

In every grid station, there is a DC voltage source for the operation of circuit breakers. 

DC voltage source means an array of batteries that are interconnected with each other. 

Different types of relays and circuit breakers require different operating voltages. When 

the operating voltages of these relays and circuit breakers get lower from a certain limit 

then it becomes unable to trip the circuit breakers. If this sort of situation occurs when 

the circuit breakers and do not operate when any abnormal condition occurs then the 

transformer will get damage. So, to avoid this situation, they need a continuous 

monitoring system to monitor the DC voltage source (batteries array). For the sake of 

this, a proper monitoring system is designed. The monitoring system consists of a 

circuit that will regulate voltage level to Arduino readable voltage. If this DC voltage 

level gets lower from a specified value the system will inform a concerned person. A 

voltage divider rule is used to convert a voltage level of 110v to Arduino readable 

voltage level of 5v and then proper programing is done in Arduino programing that it 

can measure the proper voltage level as shown in Fig 6. 

 

Fig 6. Voltage Divider Circuit 
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Monitoring of different Relays Status 

To keep the concerned person updated about the status of different relays i.e. 

differential relays, overcurrent relays, thermal overload relay, overexcitation relay, and 

Buchholz relay.  It needs a proper system for proper monitoring. Whenever an 

abnormal condition occurs the concern relay will trip and 24 volts will appear on the 

output of the relays, this 24V is given to the circuit breaker. For the sake of this, a 

circuit has been designed as shown in Fig 7. To regulate the output voltage of these 

relays to Arduino readable voltage which is 5 volts. A circuit senses and regulate the 

parameters coming out from the relay that is installed at the transformer site. The 

threshold of every parameter is defined in Arduino. The output of the relay is connected 

to resistors that will take the parameters and resistors are connected to the Arduino 

through pins. When a Relays operating on 24 volts, while Arduino operates on 0-5 

volts, which requires some transformation from 24 volts to Arduino readable voltage. 

The installed resistors in a model will divide the voltage through the voltage divider 

rule and sets the voltage to be easily fed by Arduino. The already programmed Arduino 

will take the parameters from voltage dividend resistors and will check with the 

threshold parameters. If a fault occurs at the power transformers side, then the Arduino 

will sense that fault through these parameters or the output of the relay and will generate 

an alarm/message for further action. 

 

Fig 7.  Voltage divider circuit for relays 

Monitoring of cooling system 

There are three groups of fans install in the grid station when loads on the power 

transformer increase it produces heat which is heated by the transformer oil so its 

temperature increases when this temperature reaches 45 degrees centigrade then group1 

fans become on and will cool down the temperature of the oil. But if the temperature 

further increases and reaches 60 degrees centigrade then another group of fans will 

operate and an SMS is received that the temperature of the oil has reached 60 degrees 

centigrade. If the temperature further increases and crosses 80-degree centigrade then 

another group of fans will operate, and information is sent to the focal person that the 

temperature of the system reaches 80 degrees centigrade, these fans groups process as 

shown in Fig 8. But when it has further increased to 95 degrees centigrade, then an 

alarm is activated and information will be sent.  When the value of temperature is 
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further increased to 100 degrees centigrade, then this can cause a heavy failure to the 

transformer. Therefore, the transformer will be completely shut down and the data will 

be sent to the focal person that the transformer is isolated. 

 

Cooling Fans for 

Temperature Control

Group 1

Group 3

Group 2

 

Fig 8. Group of fans for cooling purposes 

V.    Results and Discussions  

Normal condition operation 

When the system is operating under normal conditions then the status of different 

relays along with various parameters will be displayed normally on the LCD screen 

which will show that the system is in normal condition. The system's normal conditions 

as shown in Fig 9, show that all relays and parameters are at normal condition.  

Display                        SMS                 IoT Data 

 

Fig 9.  Normal condition 

Abnormal condition operation 

When an abnormal condition occurs then a specific relay will operate and also data will 

be sent to the concerned person through GSM and Wi-Fi module. Likewise, the status 

of the abnormal condition will also be displayed on the LCD screen as shown in Fig 

10. 
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Fig 10.  Abnormal condition 

Monitoring of different relays status 

To protect the transformer from various faults different relays are installed on the 

transformer side. Whenever any fault occurs in the transformer then the concern relay 

will trip and its status will be shown on the TFT screen and also an SMS will be sent 

to the concerned person. It shows the following relay conditions when the system is 

normal or abnormal: 

● Main Differential relay  

● REF differential relay 

● HV differential relay 

● LV differential relay 

● Rough balance differential relay 

● LV Overcurrent relay 

● HV Overcurrent relay 

● Neutral Overcurrent relay 

● Tertiary overcurrent relay 

● Thermal Overload relay 

● Over excitation relay 

● Buchholz relay 

Differential relays monitoring 

Similarly, differential relays are used to protect the transformer from internal faults. 

There are five different differential relays such as main differential relay, low voltage 

side differential relay, high voltage side differential relay, rough balance differential 

relay, restricted earth fault differential relay. All of the above-mentioned relays are used 
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to protect the transformer from internal faults. Any of the above relays when trips then 

it will give 24 volts to the circuit breaker for operation. To create an abnormal condition 

in the lab 24 volt provide through a DC power supply to the system by turning on the 

switch. The abnormal condition of the above relays will be shown on the TFT screen 

and also a message of the abnormalities will be sent to the concerned person as shown 

in Fig 11. 

 

Fig 11. Different Differential Relays Tripping 

Overcurrent relays 

Overcurrent relays are used to protect the transformer from over current. There are four 

types of overcurrent such as high voltage overcurrent relay, low voltage overcurrent 

relay, neutral overcurrent relay, tertiary overcurrent relay. Any of the above relays 

when trips than 24 volts will appear on its output which is connected to the circuit 

breaker. When an abnormal condition occurred, the system will be sent data to 

authorized persons through GSM and Wi-Fi module as shown in Fig 12. 

 

 

Fig 12.  Different Over Current Relays Tripping 
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Cooling system monitoring 

To remove the heat from the transformer there is a special cooling system which 

consists of three different groups of fans. These groups of fans are installed at the power 

transformer site for cooling purposes which are activated when the temperature of oil 

or winding increases. These fans are activated for different temperatures of the 

transformer. When the temperature reaches an extremely high level and touches the 

maximum threshold the alarms are activated and after that, the system will trip. The 

online monitoring system will receive/read the value of this threshold and generates a 

message. Fig 13 shows different groups of fans installed are as follow: 

● Group 1 (Activated for temperature 45°) 
● Group 2 (Activated for temperature 60°) 
● Group 3 (Activated for temperature 85°) 

 

Fig 13.  Different groups of Fan for Cooling Purpose 

When oil temperature reaches 100° of temperature, alarms are activated. At 110° 

temperature, the system gets tripped. The same is for the winding temperature of the 

transformer but the temperature is slightly less than the oil temperature as shown in  

Fig 14. 

 

 

Fig 14.  Oil and winding Temperature Sensing 
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Battery array voltage 

Battery array voltage is used to operate the circuit breakers. It is very important to 

continuously monitor the battery array voltage. Because when this voltage level gets 

down from a certain limit then it will be unable to operate the circuit breaker. For this 

purpose, the system monitors the battery array voltage. If the voltage level gets lower 

than 110V then this abnormal condition will be shown on the TFT screen and also an 

SMS will be sent to the concerned person as shown in Fig 15. 

 

 

Fig 15.  Batteries Array Monitoring 

Ⅵ.     Conclusion   

 It is concluded that a reliable power transformer operation, is required in the 

electrical power system for stimulating economic activities in the world. In order, to 

save, the transformer health from deteriorating and greater damage due to fault, a real-

time transformer health monitoring system are designed based on GSM and Wi-Fi 

module, which is continuously monitoring the transformer health and early inform the 

concerned staff of the grid station before a massive accident occurred. With the help of 

this system, the grid station operator acts more quickly and precisely where the power 

transformer health is deteriorating due to abnormal operation.  

The proposed system continuously monitors different relay statuses, if any relay is 

tripped due to fault, the system notifies the relevant operator for quick alternate 

preventive action in case of circuit breaker failure occurred. Moreover, the system 

uninterruptedly monitors the transformer oil temperature and cooling system, either the 

oil temperature is raised from the normal value or the cooling system fans group is turn 

ON, the system sent data to authorized staff for taking action to safe transformer health 

from deterioration and greater damage. Furthermore, the system also monitors the 

battery's array voltage, when this voltage crosses their minimum threshold value the 

system sent SMS to the concerned person for resolving the fault.                 
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