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                                                               Abstract  

This paper describes the design and implementation of a computer-based system 

for protecting power system equipment with emphasis on 33kV, 200MVA power 

transformer. The design is implemented using PIC16F690 microcontroller. The 

system was subjected to varying kind of fault conditions such as internal and 

external fault current, magnetizing inrush current, over voltage and under voltage 

conditions. The result obtained was presented in a graphical form which shows 

accuracy in response to fault and better protection in comparison to 

electromagnetic and solid-state relay protection schemes that have recorded slow 
response rate and cost effectiveness. 

Keywords: microcontroller, electromagnetic, power transformer, Loss sensitivity factor 

(LSF) 

 

1.0 INTRODUCTION 

An electric power system refers to a network that constitute electrical components 

used in electrical power generation, transmission and distribution to various 

categories of consumers [1]. Fault is hazardous to power system components, 

therefore to avoid destruction and system losses, protective devices with different 

protection schemes are used. Protection against fault occurrence is required to 

ensure stable and healthy working of power system components [2]. Protection of 

power system can be achieved electromechanically using relaying system or 

digitally using smart monitoring system such as microcomputer. Various relaying 

principles have been proposed and used to protect power system equipment. 

Transformers are protected against overloads and externally applied fault 

mailto:amenandy@gmail.com


LAJAST: Journal of Engineering, Science and Technology  

ISSN: 2545 - 5583 (online) Vol. 4 No.3, October, 2020.  

www.asuplafia.org.ng/journal 
 

37 | P a g e  

 

conditions using differential and solid-state relays [3]. Power transformers used in 

high voltage, extra high voltage and ultra-high voltage should be protected against 

destruction and losses. The protection scheme not only protect the equipment but 

also preserve human life and secure the system from impairment. The transformer 

is the backbone of electrical power systems, hence high reliability of the 

transformer is essential because the effect of fault on a transformer is usually 

severe and the damages caused by a transformer is proportional to the fault time 

[3]. Due to technological improvement and digital accuracy, microcomputer smart 

monitoring system is better use for electrical power system protection [4]. Smart 

monitoring system contribute to improvement of system reliability and cost 

reduction on electric power system. 

The smart monitoring system used in this article is PIC16F690 Microcontroller. 

This is an 8-bit, 20 pins microcontroller available from Axiom manufacturing [5]. 

The system hardware consists of isolation and analog scaling block, data 

acquisition block and microcomputer block. The isolation and analog scaling block 

consist of two identical modules for processing current and one module for 

processing voltage. The module for processing current signal consists of Hall 

Effect Current Transducer. The advantage of using this type of current transducer 

is that it has better performance and wide frequency operation in comparison to 

electromagnetic current Transformer (C.T). It directly gives voltage signal 

equivalent to the current signal. The microcontroller use voltage signal as the input 

signal. Hence no need to use current to voltage converter. The data acquisition 

block of the system consists of hardware circuit that samples and quantizes signal 

at a specified rate for the interface of analog signals to the microcontroller. This 

analog signal must first be converted to a digital value then processed by the CPU. 

The Data Acquisition System (DAS) has three inputs channels for sampling analog 
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signals and converting them to equivalent digital numbers. The PIC16F690 has a 

central processing unit, working memory (RAM), program memory (EPROM) and 

20 input/output ports [6]. The work of the CPU is to execute instructions stored in 

the program memory. It can also store and retrieve data from the working memory. 

 

 

Figure 1: PIC16F690 controller pin diagram. 

1.1 Electrical Power System   

An electric power system refers to a network that constitutes electrical components 

used in electric power generation, transmission and distribution [7]. It involves 

generation, transmission and distribution of electric power to various categories of 

consumers. There are different levels of electric power consumption depending on 

the purpose of power consumption. Power consumers could be industrial, 

commercial or domestic with different power supply levels. In order to meet their 

specific needs, microcontroller regulatory device is used. It also serves as a 

protective device. The main concern of the system is to ensure a stable supply of 

electric power to consumer and to ensure that the electrical components do not get 

destroyed [8]. 
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Figure 2 Power system Architecture 

 

1.2 Liquid Crystal Display (HD44780 LCD)  

The LCD display makes use of two layers of polarizing material having solution of 

liquid crystal between them. When an electric current pass through the liquid 

crystal, it causes them to align and cause light not to pass through them. Each 

crystal acts like a shutter to either allow or not allow light to pass through. 

Monochrome LCDs produce either dark or blue images while color LCDs use 

passive matrix or thin film transistor to display many colors. In this design, a 

monochrome LCD is used because the aim of LCD usage is basically to display 

numerical figures and characters. LCDs consume little power thus they can be 

powered using battery. This design makes use of HD44780 LCD. It is a 16x2 line 
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LCD with 8-bit wide data bus (D0-D7). It has three power pins (pins1-3), and three 

control pins (pins 4-5). The LCD can be operated either in 4-bit or 8-bit interface. 

8bit interface makes use of all the pins while 4-bit mode uses only 4 data lines plus 

the other remaining pins. In this design, 8-bit mode is used. 

Carrying out any operation on the LCD requires that instructions be sent via the 

data lines. This means that the RS pin has to be set low. The LCD can be used in 

either of the following configurations, 8-bit configuration: all the eight data pins 

are used (D0 – D7), 4-bit configuration: only four of the data lines are used (D4 – 

D7). There are two more pins (anode and cathode) that enable data written when it 

is dark to be seen. 

2.0 MICROCONTROLLER INTERFACING 

2.1 Interfacing LCD Display to PIC16F690 Controller 

The HD44780 LCD display device has been employed in the system implementation. The 

LCD operates as a medium for communicating the amount of current flowing in the 

electric conductor at any given time. The logical process that avails the readings takes 

place within the microcontroller using a program and displayed on the LCD.  The LCD 

operates in 8-bit mode, so 8 pins from the microcontroller have been connected to the 8 

data pins on the LCD. Since PORTC of the PIC16F690 is 8-bit wide, it is used for this 

purpose. So, RC0- RC7 pins of PIC microcontroller have been connected to D0-D7 of the 

LCD. The register select (RS) pin has been connected to pin 12 (RB5) on the 

microcontroller. Enable pin has been connected to RA1 (pin 12). At all times, the R/W 

line is connected to ground (kept low) since data in this case is always written into the 

LCD. A potentiometer of 10KΩ has been used to vary the brightness contrast of the LCD.  

In order to indicate the state of the power line, two Light emitting diodes have been used. 

One LED emits red light and the other one green light. The green LED is set to blink 

when the current flowing through the power system is at a normal level. The red LED 

should blink at an interval of half a second whenever the current builds up approaches the 

overload level through to the point when the relay gets energized. This acts as a visual 
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warning when a fault occurs. The green LED has been connected to the pin RB4 (pin 13) 

via a current limiting resistor (220Ω) to ground. The red LED has been connected to pin 

RA5 (pin 2) also through a current limiting resistor (220Ω) to ground.  The 

microcontroller pins can give a maximum of 5.3V.  LEDs typically have a forward 

voltage drop ranging between 1.8V and 3.3V subject to the LED color. The value for red 

LED is about 1.8V. The forward voltage drop is a function of the LED color frequency. 

For the LED to light, it needs around 20mA of current. The calculation below justifies the 

resistor values chosen for the design of this system. According to Ohm’s law, resistance is 

a function of voltage and current, as shown in the equation below  

  
     

  
 :   (       )  

    

  
     

Where: VS = Supply Voltage from the pin to the LED 

VF = Forward voltage drop 

 IS = LED current 

175Ω is not a standard resistor value, so a value close to it can be chosen. In order to 

ensure that the current sourced is as little as possible, the 220Ω resistor has been chosen 

such that the maximum current sourced becomes;  

     
     

 
 = 
       

   
       

2.2 Interfacing an Audio Alarm to PIC16F690 Controller 

In order to provide an audio warning in case of a transformer overload, a piezoelectric 

buzzer has been used. The buzzer rating is between 2V-5V with a current rating of 

approximately 9mA. In order to achieve the 9mA rating, a resistor of value 

 R= 5V/9mA = 550Ω is required. A standard 560Ω resistor has been used. In order to allow for 

varied range of buzzers to be used, a Darlington transistor is used as a switch. It is connected to 

pin RB6 of the microcontroller. The microcontroller produces 5V that drives the transistor thus 

allowing current flow in the transistor. The buzzer is connected between the transistor VDD and 

the collector. It goes on whenever the microcontroller pin controlling it is set to high. This result 

due to an instance of a fault occurring in the system which is unsuitable for the transformer. This 
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piezoelectric buzzer serves to give a warning to users to cease overloading the transformer or for 

a mitigation process to be conducted. 

2.3 Interfacing Sensor to PIC16F690 Controller 

 Since the PIC16F690 microcontroller can take a maximum of 5V DC input, it cannot be 

connected directly to an AC line with high voltages.  A current transformer and an ACS75x 

series sensor will be used for current transformation. The current transformer stepped down the 

line current to measurable level of 25A. The current sensor converts the current to a maximum of 

5V. The current transformer is connected to the pins 4 and 5 of the current sensor. The sensor 

output is connected to the pin RA0 of the microcontroller. 

 

3.0 WORKING PRINCIPLES OF PIC16F690 AS A PROTECTION 

SCHEME 

In this article, PIC16F690 protection scheme will be used to provide real time fault 

detection and protection of a power transformer against inrush current, internal 

fault discrimination, instantaneous over current protection, differential protection 

and finally over voltage and under voltage protection.   

3.1 Inrush Current and Internal Fault Discrimination Protection 

The protection of 11/33kV, 200MVA transformer is achieved by the 

implementation of a mathematical model using application program. The 

programming scheme is divided into two parts. The first part is for instantaneous 

over current protection, which operates when external fault happens on the network 

while the second part is for instantaneous protection when internal magnetizing 

inrush fault current occurs. System stability during external fault is achieved using 

percentage differential relay. 

3.2 Over voltage and Under Voltage Protection 

PIC16F690 protect the transformer against over voltage and under voltage using a 

programing system software. 
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4.0 RESULT 

4.1 Inrush and Internal Fault Discrimination Test 

The Microcontroller-based relay recorded the inrush current waveform and actuate 

the relay should the current change exceed the threshold value by starting the 

differential relay software that sends informing signal to the operator through an 

indication LED informing the operator the situation of the system.  The relay sends 

tripping signal to the circuit breaker at the occurrence of an internal fault and 

display it to the operator 

 

 

 

Figure 3: Inrush Current Waveform recorded by the Microcontroller 

Internal fault control 
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Figure 4: Primary, Secondary and differential current wave in internal fault of 

transformer. 

4.2 Under voltage and Over voltage Protection 

The microcontroller relay sends trip signal to the circuit breaker and gives 

indication on LED to inform the operator on the nature of the trip caused by the 

voltage imbalance 

5. CONCLUSION 

The design of a computer-based power system protection scheme has been 

described. The major emphasis of this paper is on fast and accurate protection of 

power system equipment subject to both internal and external fault conditions with 

concern on 33kV, 200MVA power transformer. 
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