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ABSTRACT 

Protection of electrical power systems is the major issue in power industry and for the protection of these 

electric power systems, current distance relays are widely applied due to their inherent simplicity, excellent 

sensitivity on internal faults and high stability on external faults. This work represented the problems on 

transmission line in different type of zones. The conventional digital distance relay used for the protection of 

transmission lines fed from one end. Therefore, algorithm for digital distance relaying is presented for the 

station of errors produced by the conventional digital distance relay during a high resistance single line to 

ground fault or line to line fault. In this paper the algorithm is based on digital computation of impedance, 

which uses symmetrical components of three- phase currents and voltages measured at the local end only. The 

distance is divided into zone 1,zone 2 and zone 3. This paper may help to identify the fault on a transmission 

line and also help to improve the power factor of the system. The proposed algorithm has been tested usings 

software for a single line-to-ground and line-to-line fault which consider wide variations in fault resistance, fault 

location, power factor, and short-circuit capacity of the source, the Power Systems Computer Aided Design 

(PSCAD) simulation environment. A 132 kV transmission line model was developed in PSCAD, and different 

fault conditions including Single Line-to-Ground (LG), Line-to-Line (LL), Double Line-to-Ground (LLG), and 

Three-Phase (LLL) faults were simulated and analyzed. The performance of the distance relay was evaluated 

based on voltage, current, impedance, fault location, and relay operating time under different fault conditions. 

The simulation results demonstrate that the proposed protection scheme accurately detects and classifies faults, 

identifies the fault location, and operates effectively within the predefined protection zones (Zone-1, Zone-2, 

and Zone-3). Among the analyzed faults, the Line-to-Ground fault was found to be the most frequent, whereas 

the Three-Phase fault produced the highest fault current. The study confirms that PSCAD is an effective tool 

for transmission line fault analysis and relay performance evaluation, thereby improving the reliability, 

selectivity, and security of modern power transmission systems. 

INTRODUCTION 

A power system is a complex network consists of generators, transformers, transmission and distribution lines 

and their protection system [1-3]. Different types of problem such as short circuit, noise effect and others are 

occurring in power system networks and due to this short circuit heavy current flow through the equipment 

working in the system causing damage of equipments [4-5]. Most of the equipments are very expensive in power 

system, so the whole power system can be considered as a very large capital investment. In power system 

terminology short circuits are commonly known as „Fault‟. To protect those equipments from such problems 

we need some protective arrangements. 

These arrangements consist of protective relays and circuit breakers. If a fault occurs in the system, automatic 

protective device is required to isolate the faulty section and keep the healthy section in operation.  

to the operation of protective relays, an accurate fault analysis can verify whether the operation of relay was 

correct. Incorrect and unwanted relay trips of healthy lines are called relay mis-operations [4]. Distance relay 

mis-operation can happen due to incorrect first zone setting, false trip of the second zone, false trip of the third 

zone after a power swing in the network, etc. Moreover, in the case of fault, it can provide the operator with an 
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accurate estimation of the fault location to facilitate the restoration process. The confirmation and isolation of 

the faulted sections by the operator, as well as evaluating the relay operation by protection engineer is also 

possible by utilizing such fault analysis tools [5]. There are several benefits of the use of automated fault data 

analytics such as increased reliability, personnel productivity, redundancy, all of which enhance timely support 

to the operations during the restoration or other critical decision making processes during disturbances. 

When a short-circuit fault occurs on a transmission line, distance relays gives protection and trips the circuit 

breaker by disconnecting the faulty portion from the healthy section. To study the behavior of a distance relay 

during short-circuits, for designing new prototypes, to check and optimize the performance of relays that 

already installed in power system, to design new relaying algorithms and to check the performance of the new 

relay equipment it is necessary to model the distance relay. Relay models helps engineers and consultants to 

select the relay types suited for a particular application and to analyze the performance. Researchers use relay 

model to investigate and improve protection design and algorithms. Instead of using actual prototypes, 

manufacturers use relay models to expedite and economize the process of developing new relays. Electric 

power utilities use relay models to confirm how the relay would perform during systems disturbances and 

normal operating conditions and to make the necessary corrective adjustment on the relay settings. The 

software models could be used for training young and inexperienced engineers and technicians. Thus, 

Computer models of relays permit investigators to observe in a very detailed way the performance in each 

internal module of the relay 

General Background 

Relays are the protective devices are used in the power system protection. In the faulty condition relay operate 

and send the trip wave to breaker. In electrical fault condition the disturbance occurs in generated power and 

required power or may not full fill. So, to maintain the power system balance and reduce the damaged due to the 

faults we need to find the fault, isolate the faulty part is required. Maintaining continue electric power supply to 

customers is a main work for the power generation stations. In the power system, protective relays are 

responsible for discriminating between normal and  fault conditions. The relays should detect the faults in 20 to 

40 ms. Measurement of distance from the current and voltage waveform during the fault condition may have 

some errors and it is affect the stability of the relays. We must have to be careful when consideration of the output 

requirement of the current and voltage transformer. Cascade operation of the protective devices can raise the 

disturbance in the electricity supply system. 

Protective Relay 

Protective relays act as the brain of any protective system that help to sense the problems in power system 

network and provide a command to the circuit breaker weather to trip or not. In this way the work of relay is to 

detect and locate a fault and provide a trip signal to the circuit breaker. Distance protection provides an 

excellent way of obtaining discrimination, selectivity, and speed of operation by allowing trip operation up to a 

certain range of distance. For protection of transmission line the distance type relay is used and this protection is 

managed in overlapping area. There is whole area is covered by the distance protection. A relay decides which 

zone contains the faults from the comparison of voltage and current signals. So, a distance measured from the 

relay location to the fault location. The main objective of this work is to analyze line-to-ground and line-to-line 

fault detection, impedance calculation and protection in different zone considering wide variations in system 

and fault parameters. Finally, feasibility of the proposed scheme has been tested using software. 

Transmission line faults have to be confirmed and located quickly and accurately in order to restore power 

delivery as quickly as possible.  

schemes for different faults is analyzed. 

Power System Fault 

Faults in Transmission Line 2.2.Series (Open Conductor Fault)  One Open conductor  Two Open conductor 

2..3. Shunt (Short Circuit Fault) Asymmetrical fault 2.4 LG Fault 2.5 LL Fault 2.6. LL-G Fault Symmetrical 
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Fault 2.7. LLL Fault 2.8 LLLG Fault.Historical events show that most of the large scale blackouts occurred due 

to a series of transmission lines experiencing disturbances2leading to relay mis- operations [1-3]. When a 

transmission line is tripped due [6]. Such analytic tools can also be very useful in support of reliable 

implementation of new applications such as transmission line switching (topology) control [7]. Different fault 

analysis methods have been proposed in the literature either as a separate fault detection, classification, and 

location functions or as a complete fault analysis tool [8-24]. A group of methods are developed, 

considering line impedance calculation [8-17], while several others are based on high-frequency transients, 

traveling waves, and wavelet-based methods [18 21]. Regardless of different schemes presented in these works, 

the advantages of high-frequency based methods are the high accuracy and fast decision making. However, the 

majority of these methods demand very high measurement sampling rate in the order of tens of kilohertz, which 

is still not extensively available in utilities. 

LITERATURE REVIEW 

1- Fault Detection and protection of transmission line by distance relay-: o maintain the power system balance 

and reduce the damaged due to the faults we need to find the fault, isolate the faulty part is required. 

Maintaining continue electric power supply to customers is a main work for the power generation stations. In 

the power system, protective relays are responsible for discriminating between normal and fault conditions. 

The relays should detect the faults in 20 to 40 ms. Measurement of distance from the current and voltage 

waveform during the fault condition may have some errors and it is affect the stability of the relays. We must 

have to be careful when consideration of the output requirement of the current and voltage transformer. 

Cascade operation of the protective devices can raise the disturbance in the electricity supply system.( Volume 

9, Issue 9, May-2024) 

2-Research on the analysis method of power system relay protection action characteristics based on fault 

recording data-: hether the relay protection device can operate correctly is directly related to the safe operation 

of the power system (Juan et al., 2021). Periodic inspection of protective devices is the key means to verify the 

logical performance of protective devices and ensure the correct operation of protection (El-Naily et al., 2022). 

3-Whether the relay protection device can operate correctly is directly related to the safe operation of the power 

system (Juan et al., 2021).Periodic inspection of protective devices is the key means to verify the logical 

performance of protective devices and ensure the correct operation of protection (El-Naily et al 

4-Pscad-Based Analysis of Short-Circuit Faults and Protection Characteristics in a Real BESS–PV Microgrid-

:he rapid growth of distributed energy resources (DERs), especially photovoltaic (PV) generation and battery 

energy storage systems (BESSs), is transforming conventional distribution networks into more flexible and 

decentralized microgrids. Microgrids can operate either grid-connected or in islanded mode and are expected to 

enhance reliability, resiliency, and local utilization of renewable energy. However, as inverter-based resources 

replace synchronous machines, the short-circuit behavior and protection requirements of these systems become 

fundamentally different from those of traditional distribution Energies 2026, 19, 598 

https://doi.org/10.3390/en19030598 Energies 2026, 19, 598 2 of 16 systems. Recent review papers consistently 

point out that reduced fault levels, bidirectional power flows, and frequent changes in topology and operating 

mode complicate protection coordination in microgrids(23 January2026) 

5-Transmission Line Relay Mis-operation Detection Based on Time-Synchronized Field Data-:Transmission 

line faults have to be confirmed and located quickly and accurately in order to   restore power delivery as 

quickly as possible. Historical events show that most of the large scale  blackouts occurred due to a series of 

transmission lines experiencing disturbances leading to relay  mis- operations [1-3]. When a transmission line 

is tripped due to the operation of protective relays, an accurate fault analysis can verify whether the operation 

of relay was correct. Incorrect and unwanted relay trips of healthy lines are called relay mis-operations [4]. 

Distance relay mis-operation can happen due to incorrect first zone setting, Analysis of Distance Protection 

Scheme for Detecting HIF and Various Faults in Power System 

6-A fault location and detection technique for STATCOM compensated transmission lines using game theory-

:Transmission lines (TL) have been recently designed for exten sive power transfer capability. The flexible AC 
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transmission sys tem (FACTS) Device can be regarded as a flexible approach to provide an exclusive 

combination of rapid compensation by series and shunt devices. The static synchronous compensator 

(STATCOM) introduces a new area for the system parameter control. The utilization of this device increases 

the system sta bility, improves transferring capability of the power, and other problems occurring during power 

system protection [1]. How ever, the SPSCAD controllers in the fault loop have signif icant effects on the 

steady stateand transient components of current and voltage signals. 

7- Pscad-Based Analysis of Short-Circuit Faults and Protection Characteristics in a Real  BEPV  Microgrid-:his 

paper presents a PSCAD-based analysis of short-circuit faults and protection character istics in a real 

distribution-level microgrid that integrates a 1 MWh battery energy storage system (BESS)   with a 500 kW 

power conversion system (PCS) and a 500 kW photovoltaic (PV) plant connected to a 22.9 kV feeder. While 

previous studies often rely on simplified inverter models, this paper addresses the critical gap by integrating 

actual manufacturer defined control parameters and cable impedances.  

8-Simulation of HVDC control and transmission lines protection based on PSCAD/EMTDC-protection system 

was introduced in this paper. The control generally use fixed-current controlin rectifier and fixed arc angle 

controlin inverter. The short circuit intransmission line is one of the most common faults in HVDC, so this 

paper choose HVDC bus differential protection as research object,introduce the mechanism of bus differential 

protection and use PSCAD software for simulation. This paper is mainly about thebus differential protection 

and auto-reclosing after the breaker action. 

9- Distance Protection for Long Transmission Line Using Pscad-:When a short-circuit fault occurs on a 

transmission line, distance relays gives protection and trips the circuit breaker by disconnecting the faulty 

portion from the healthy section. To study the behavior of a distance relay during short-circuits, for designing 

new prototypes, to check and optimize the performance of relays that already installed in power system, to 

design new relaying algorithms and to check the performance of the new relay equipment it is necessary to 

model the distance relay. Relay models help engineers and consultants to select the relay types suited for a 

particular application and to analyze the performance. 

- Analysis of Distance Protection Scheme for Detecting HIF and Various Faults in Power System-: This paper 

explains the operation of distance relays. The primary protection used in transmission lines is the distance 

protection scheme. Whenever a symmetrical or unsymmetrical fault occurs in the transmission line, the 

distance relay operates if the fault occurs within the designed range of the relay. 

11- Performance Investigation and Protection of Transmission line Using Digital Distance Relay-: This chapter 

covers the general background of the power system network and its protection scheme. The reliable protection 

of electrical power systems against faults such as short circuits is the cornerstone of the electrical system's 

reliability. It covers the requirements and importance of the protection system. The detection and 

discrimination of various faults quickly is the prerequisite of the modern power system. This chapter outlines 

the different protective schemes used for transmission line networks. This chapter concludes with research 

opportunities in the area of digital protection of interconnected power systems for different types of severe 

simultaneous faults. It also covers opportunities in terms of the stability of the power systems by suggesting a 

new technique for quick detection and discrimination of faults 

Author                                              Method     Software Gap 

Author 1           Distance Relay       MATLAB Only LG fault 

Author 2              PSCAD                         PSCAD validation 

Present Work             Distance Relay                          PSCAD LG, LL, LLG, LLL Validation 

PROBLEM STATEMENT 

A Line to Ground (L-G) fault occurs when one phase conductor comes into direct contact with the ground or 

earth. It is the most common fault in a power system transmission line. The magnitude of fault current depends 

on the system voltage, sequence impedances, and grounding conditions.      
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Various types of faults occur in transmission lines, i.e. symmetrical, unsymmetrical faults and high impedance 

faults.3.1 power system fault( Short citcuit Analysis for HV three phase system, Ref 

Power System Fault:- as shown in Figure 1. In this paper behavior of distance protection schemes for 

different faults is analyzed. 

Faults in Transmission Line 1.1.. Series (Open Conductor Fault)  One Open conductor  Two Open conductor 

1.2. Shunt (Short Circuit Fault) Asymmetrical fault 1. LG Fault 

 

Fig. 3.1 Power Fault In High Voltage Transmission Line. 

Power fault in high voltage power transmission line Simulation System for Estimating Hazardous Voltages 

Induced in Telecommunication Cables in the Event of Power Faults) ref. 

Power faults in high-voltage power transmission lines can be caused by lightning, typhoons, and power-line 

insulation breakdown, as shown in Fig. 3.1. Figure 1(a) shows a power fault current flowing to the ground after a 

power fault was caused by lightning. Figure 1(b) shows induction between a power line and a 

telecommunication cable running parallel to it. When a power fault occurs, a high electromagnetic field can be 

generated by the power fault current. This field also generates electromagnetic induction ac (alternating current) 

voltages in the telecommunication cable. When a maintenance operator touches the telecommunication cable, as 

shown in Photo 3.2, after a power fault has occurred, the operator receives a shock from the ac voltage induced 

in the telecommunication can the mechanism of power Figure3. 

 

Figure 3.2 fault condition (DC link voltage of PV-VSC in RTDS Dspace during temperature. 
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Fig. 3.3 Classification of Power System Fault(Symmetrical and Unsymmetrical Faults)                       

Aouther-:Ashish Shorma Dipta For Engineering And Productivity 

RESEARCH METHODOLOGY 

Pscad System: (Power Systems Computer Aided Design) is a time- domain software used for analyzing 

electromagnetic transients in power systems. it is a set of programs, which provide a graphical interface to the 

electromagnetic transients program. Also known as EMTDC. In 1976 the analysis of DC electromagnetic 

transient. (EMTDC),were evolve and also rapidly developed with capability as well as possibility. To set up the 

whole software there are some library in power system models already given in this. So this library gives a 

proper and rapid solution in the provided time for calculate and making program of power system and the 

network. In this model the more intelligent methods used for customize the quality of the supply for improve 

accuracy and efficiency and manual analysis takes time  its required special kind of knowledge (ref.power 

system computer aided design) 

PSCAD is widely used in areas such as power system protection, control system design, renewable energy 

integration and high-voltage engineering studies. It helps engineers predict system behavior, improve design 

reliability, and prevent potential failures before actual implementation. 
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Fig.4.1 PSCAD Simulation Model of Power System/Substation. 

In summary, PSCAD is a powerful and reliable tool that plays a crucial role in modern power system 

engineering by enabling accurate simulation and analysis of complex electrical phenomena.it provided the exact 

location and identifies the types of fault in a short time with high accuracy.  

Parameter Value 

System Voltage 132 kV 

Frequency 50 Hz 

Transmission Line Length 100 km 

Positive Sequence Impedance (Z₁) j0.25 Ω/km 

Negative Sequence Impedance (Z₂) j0.25 Ω/km 

Zero Sequence Impedance (Z₀) j0.60 Ω/km 

Fault Resistance 0–10 Ω 

CT Ratio 100/1 A 

PT Ratio 132/110 V 

             Resistance                        0–10 Ω 

Simulation Time                                 1 s 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VII July 2026 

 

 

Page 3213 www.rsisinternational.org 

 

 

Time Step                                           50 μs 

Fault Start Time                                0.20 s 

Fault Clearing Time                          0.40 s 

Zone-1 Setting                                   80% 

Zone-2 Setting                                120% 

Zone-3 Setting                                200% 

Researcg Flow- 

Problem Identification 

        ↓ 

Literature Review 

        ↓ 

Transmission Line Modeling 

        ↓ 

Distance Relay Design 

        ↓ 

PSCAD Simulation 

        ↓ 

Apply Different Faults 

        ↓ 

Measure Voltage & Current 

        ↓ 

Impedance Calculation 

        ↓ 

Zone-1, Zone-2, Zone-3 Operation 

        ↓ 

Result Analysis 

Transmission Line Parameters 

Parameter Value 

System Voltage 132 kV 

Frequency 50 Hz 

Line Length 100 km 

Fault Resistance 0–10 Ω 

PSCAD Model Description 

• Generator  

• Transformer 
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• 132 kV Transmission Line  

• Circuit Breaker  

• Distance Relay  

• Fault Block  

• Load  

•  Relay Settings 

Zone Setting 

Zone 1 80% 

Zone 2 120% 

Zone 3 200% 

Transmission Line Model 

A 132 kV, 100 km three-phase transmission line was modeled in PSCAD using distributed line parameters. The 

model consists of a three-phase source, step-up transformer, transmission line, circuit breaker, distance relay, 

fault block, and load. The transmission line operates at a frequency of 50 Hz. Different fault conditions were 

applied at various locations along the transmission line to evaluate the relay performance. 

Fault Simulation Procedure 

Different fault conditions including Line-to-Ground (LG), Line-to-Line (LL), Double Line-to-Ground (LLG), and 

Three-Phase (LLL) faults were applied at different locations of the transmission line. The fault resistance was 

varied from 0 Ω to 10 Ω to study its effect on relay performance. During each simulation, voltage, current, 

impedance, relay operating time, and fault location were recorded and analyzed. 

Distance Relay Operating Principle 

The distance relay continuously measures the voltage and current at the relay location and calculates the apparent 

impedance of the transmission line. When the measured impedance becomes lower than the preset zone 

impedance, the relay detects the fault and sends a trip signal to the circuit breaker. Zone-1 provides instantaneous 

protection for 80% of the line, Zone-2 provides backup protection up to 120%, and Zone-3 provides remote 

backup protection up to 200% of the transmission line length. 

Performance Evaluation Criteria 

The performance of the proposed protection scheme was evaluated based on the following parameters: 

• Fault current (kA)  

• Voltage drop during fault  

• Measured impedance  

• Relay operating time (ms)  

• Fault location accuracy  

• Protection zone identification (Zone-1, Zone-2, and Zone-3)  
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Parameter Value 

Simulation Time 1 s 

Simulation Time Step 50 µs 

Fault Starting Time 0.20 s 

Fault Clearing Time 0.40 s 

Fault Types 

• Single Line-to-Ground (LG)  

• Line-to-Line (LL)  

• Double Line-to-Ground (LLG)  

• Three Phase (LLL)   

Performance Evaluation 

• Fault Current  

• Voltage Drop  

• Measured Impedance  

• Relay Operating Time 

Distance Relay Setting and Protection Zones 

• The distance relay settings were configured according to the transmission line impedance and protection 

requirements. The total transmission line length considered in this study was 100 km operating at 132 kV 

and 50 Hz. The relay was divided into three protection zones to ensure fast  

• fault clearance and backup protection. Zone-1 was set to cover 80% of the protected transmission line 

and operated instantaneously without intentional delay. Zone-2 covered 120% of the transmission line 

with a short time delay to provide backup protection for the remaining line section. Zone-3 was adjusted 

to 200% of the transmission line length to provide remote backup protection for adjacent transmission 

lines. 

• The relay continuously measured the three-phase voltages and currents through the CT and PT installed at 

the sending end. The apparent impedance was calculated using the measured voltage and current signals. 

Whenever the measured impedance entered the predefined relay characteristic, the relay generated a trip 

signal to isolate the faulty section through the circuit breaker. 

Fault Location and Simulation Procedure 

• Different fault conditions were applied at various locations of the transmission line to evaluate the relay 

performance. The fault locations were selected at 20%, 50%, and 80% of the total transmission line 

length in order to investigate the relay response under different operating conditions. Four different fault 

categories were simulated, namely Single Line-to-Ground (LG), Line-to-Line (LL), Double Line-to-

Ground (LLG), and Three-Phase (LLL) faults. The fault resistance was varied from 0 Ω to 10 Ω to 

study its influence on relay operation and fault current. 

• Each simulation was carried out for 1 second with a simulation time step of 50 μs. The fault was initiated 

at 0.20 s and cleared at 0.40 s by the distance relay through the circuit breaker. 
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Data Collection and Performance Evaluation 

• During each simulation, the relay continuously monitored the transmission line voltage and current 

signals. The measured data were used to calculate the apparent impedance, identify the fault type, 

determine the protection zone, and generate the trip command. The performance of the proposed 

protection scheme was evaluated using the following parameters: 

• Fault Current (kA)  

• Voltage Drop (kV)  

• Apparent Impedance (Ω)  

• Relay Operating Time (ms)  

• Fault Location Accuracy (%)  

• Protection Zone Identification  

• Percentage Error between Analytical and PSCAD Results  

• The analytical calculations obtained from the theoretical equations were compared with the PSCAD 

simulation results to validate the proposed transmission line protection model. 

• Parameter • Value 

• System Voltage • 132 kV 

• Frequency • 50 Hz 

• Line Length • 100 km 

• Fault Locations • 20%, 50%, 80% 

• Fault Types • LG, LL, LLG, LLL 

• Fault Resistance • 0–10 Ω 

• Simulation Time • 1 s 

• Time Step • 50 μs 

• Fault Start Time • 0.20 s 

• Fault Clearing Time • 0.40 s 

• Zone-1 • 80% 

• Zone-2 • 120% 

• Zone-3 • 200% 

CALCULATION 

Line to Ground Fault Calculation  

Formula 

𝐼𝑓 =
3𝑉𝑝ℎ

𝑍1 + 𝑍2 + 𝑍0 + 3𝑍𝑓
 

Line-to-Ground (LG) Fault Calculation 

Given Data 

Parameter Value 

System Voltage (Line-to-Line) 132 kV 

Frequency 50 Hz 
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Line Length 100 km 

Positive Sequence Impedance (Z₁) j0.25 Ω/km 

Negative Sequence Impedance (Z₂) j0.25 Ω/km 

Zero Sequence Impedance (Z₀) j0.60 Ω/km 

Fault Resistance (Rf) 10 Ω 

Formula 

The Line-to-Ground (LG) fault current is calculated using: 

𝐼𝑓 =
3𝑉𝑝ℎ

𝑍1 + 𝑍2 + 𝑍0 + 3𝑅𝑓
 

Where: 

• 𝐼𝑓= Line-to-Ground Fault Current (A)  

• 𝑉𝑝ℎ= Phase Voltage (V)  

• 𝑍1= Positive Sequence Impedance (Ω)  

• 𝑍2= Negative Sequence Impedance (Ω)  

• 𝑍0= Zero Sequence Impedance (Ω)  

• 𝑅𝑓= Fault Resistance (Ω) 

Step 1: Calculate Phase Voltage 

The phase voltage is calculated as: 

𝑉𝑝ℎ =
𝑉𝐿𝐿

√3
 

Substituting the values: 

𝑉𝑝ℎ =
132000

1.732
 

𝑉𝑝ℎ = 76199  𝑉 

𝑉𝑝ℎ = 76.2  𝑘𝑉 

Step 2: Calculate Sequence Impedance 

Positive Sequence Impedance 

𝑍1 = 𝑗0.25 × 100 = 𝑗25Ω 

Negative Sequence Impedance 

𝑍2 = 𝑗0.25 × 100 = 𝑗25Ω 

Zero Sequence Impedance 

𝑍0 = 𝑗0.60 × 100 = 𝑗60Ω 
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Step 3: Calculate Total Fault Impedance 

𝑍𝑡𝑜𝑡𝑎𝑙 = 𝑍1 + 𝑍2 + 𝑍0 + 3𝑅𝑓 

Substituting the values, 

𝑍𝑡𝑜𝑡𝑎𝑙 = 𝑗25 + 𝑗25 + 𝑗60 + 30 
𝑍𝑡𝑜𝑡𝑎𝑙 = 30 + 𝑗110 

Magnitude of impedance, 

∣ 𝑍 ∣= √302 + 1102 

∣ 𝑍 ∣= √900 + 12100 

∣ 𝑍 ∣= √13000 
∣ 𝑍 ∣= 114.02Ω 

Step 4: Calculate Fault Current 

Using the LG fault equation, 

𝐼𝑓 =
3 × 76199

114.02
 

𝐼𝑓 =
228597

114.02
 

𝐼𝑓 = 2005  𝐴 

𝐼𝑓 = 2.01  𝑘𝐴 

Formula 

The Line-to-Line (LL) fault current is calculated using 

𝑰𝑳𝑳 =
𝑽𝑳𝑳

𝒁𝟏 + 𝒁𝟐 + 𝑹𝒇
 

Step 1: Calculate Sequence Impedance 

Positive Sequence Impedance 

𝒁𝟏 = 𝒋𝟎. 𝟐𝟓 × 𝟏𝟎𝟎 = 𝒋𝟐𝟓𝛀 

Negative Sequence Impedance 

𝒁𝟐 = 𝒋𝟎. 𝟐𝟓 × 𝟏𝟎𝟎 = 𝒋𝟐𝟓𝛀  

Step 2: Calculate Total Fault Impedance 

𝒁𝑳𝑳 = 𝒁𝟏 + 𝒁𝟐 + 𝑹𝒇 

= 𝒋𝟐𝟓 + 𝒋𝟐𝟓 + 𝟏𝟎 
= 𝟏𝟎 + 𝒋𝟓𝟎 

Magnitude 

∣ 𝒁 ∣= √𝟏𝟎𝟐 + 𝟓𝟎𝟐 

= √𝟐𝟔𝟎𝟎 
= 𝟓𝟎. 𝟗𝟗𝛀 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VII July 2026 

 

 

Page 3219 www.rsisinternational.org 

 

 

Step 3: Calculate Fault Current 

Using the LL fault equation 

𝑰𝑳𝑳 =
𝟏𝟑𝟐𝟎𝟎𝟎

𝟓𝟎. 𝟗𝟗
 

𝑰𝑳𝑳 = 𝟐𝟓𝟖𝟖𝑨 
𝑰𝑳𝑳 ≈ 𝟐. 𝟓𝟗𝒌𝑨 

𝟐. 𝟓𝟗 kA  

The Double Line-to-Ground (LLG) fault current is calculated using 

𝑰𝑳𝑳𝑮 =
√𝟑 × 𝑽𝒑𝒉

𝒁𝟏 +
𝒁𝟐(𝒁𝟎 + 𝟑𝑹𝒇)
𝒁𝟐 + 𝒁𝟎 + 𝟑𝑹𝒇

 

Step 1: Calculate Phase Voltage 

𝑽𝒑𝒉 =
𝟏𝟑𝟐

√𝟑
= 𝟕𝟔. 𝟐𝒌𝑽 

Step 2: Calculate Sequence Impedance 

Positive Sequence 

𝒁𝟏 = 𝒋𝟎. 𝟐𝟓 × 𝟏𝟎𝟎 = 𝒋𝟐𝟓𝛀 

Negative Sequence 

𝒁𝟐 = 𝒋𝟐𝟓𝛀 

Zero Sequence 

𝒁𝟎 = 𝒋𝟎. 𝟔𝟎 × 𝟏𝟎𝟎 = 𝒋𝟔𝟎𝛀 

Step 3: Calculate Equivalent Impedance 

After substituting the above values, 

𝒁𝒆𝒒 ≈ 𝟑𝟕. 𝟖𝛀 

Step 4: Calculate Fault Current 

𝑰𝑳𝑳𝑮 =
𝟕𝟔𝟐𝟎𝟎 × 𝟏. 𝟕𝟑𝟐

𝟑𝟕𝟖𝟎𝟎
 

𝑰𝑳𝑳𝑮 = 𝟑𝟒𝟗𝟎𝑨 
𝑰𝑳𝑳𝑮 ≈ 𝟑. 𝟒𝟗𝒌𝑨 

Formula 

For a balanced Three-Phase (LLL) fault, only the positive-sequence network is involved. The fault 

current is calculated using 

𝑰𝑳𝑳𝑳 =
𝑽𝒑𝒉

𝒁𝟏 + 𝑹𝒇
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Step 1: Calculate Phase Voltage 

The phase voltage is 

𝑽𝒑𝒉 =
𝟏𝟑𝟐

√𝟑
= 𝟕𝟔. 𝟐 kV 

Therefore, 

𝑽𝒑𝒉 = 𝟕𝟔 𝟐𝟎𝟎 V 

Step 2: Calculate Positive Sequence Impedance 

𝒁𝟏 = 𝒋𝟎. 𝟐𝟓 × 𝟏𝟎𝟎 
𝒁𝟏 = 𝒋𝟐𝟓𝛀 

Step 3: Calculate Total Fault Impedance 

𝒁𝑳𝑳𝑳 = 𝑹𝒇 + 𝒋𝟐𝟓 

= 𝟏𝟎 + 𝒋𝟐𝟓 

Magnitude of impedance 

∣ 𝒁 ∣= √𝟏𝟎𝟐 + 𝟐𝟓𝟐 

= √𝟕𝟐𝟓 
= 𝟐𝟔. 𝟗𝟑𝛀 

Step 4: Calculate Fault Current 

Using the Three-Phase fault equation, 

𝑰𝑳𝑳𝑳 =
𝟕𝟔𝟐𝟎𝟎

𝟐𝟔. 𝟗𝟑
 

𝑰𝑳𝑳𝑳 = 𝟐𝟖𝟐𝟗 A 
𝑰𝑳𝑳𝑳 ≈ 𝟐. 𝟖𝟑 kA 

Result 

Therefore, the calculated Three-Phase (LLL) fault current for the 132 kV transmission line is 

approximately 

𝟐. 𝟖𝟑 kA  

RESULT AND DISCUSSION 

The transmission line was analyzed under normal and fault conditions. Different types of faults such as Line-

to-Ground (L-G), Line-to-Line (L-L), Double Line-to-Ground (L-L-G), and Three-Phase (L-L-L) faults were 

studied. The fault current and voltage variations were observed and compared with normal operating 

conditions. 
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Fig.6.1.Transmission Line Normal Operating Condition. 

The results show that fault conditions cause significant changes in current and voltage parameters. The 

protection system successfully detected the faults and isolated the affected section of the transmission line 

within the required time. Among all fault types, the Line-to-Ground figure 6.1 normal condition IEEE 

Publisher 

 

Figure 6.2 Geometrical arrangement of the Transmission Line used in the simulation. 
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Ground fault was found to be the most frequently occurring fault in transmission systems. 

The analysis confirms that proper fault detection and protection techniques improve system reliability, reduce 

equipment damage, and ensure uninterrupted power supply. 

 

6.3 fig Normal operation in power system.(High voltage tranmission line  

 

Normal Operating Condition                                            

Voltage = 132 kV  

Current = Normal load current 

Relay Status = No Trip  

Explanation: 

Under normal operating conditions, the transmission line operated without any disturbance. The relay 

continuously monitored the line voltage and current but did not issue any trip signal because the measured 

impedance remained within the normal operating range. 

Discussion: 

During the LG fault, the fault current increased sharply while the phase voltage decreased significantly. The 

distance relay identified the fault within Zone-1 and issued a trip signal in a short time, preventing further 

damage to the transmission line. The simulation results demonstrate that the proposed PSCAD-based distance 

protection scheme can accurately detect and classify different transmission line faults. Among all the simulated 

faults, the three-phase fault generated the highest fault current, whereas the single line-to-ground fault was the 

most frequently occurring fault. The relay successfully identified the faulted zone and issued a trip command 

within the required operating time, thereby improving the reliability and stability of the transmission system. 

Condition  Current (kA)  Increase from Normal 

Normal                  0.50   – 

LG Fault  2.01  +1.51 kA 

LL Fault                   2.59  +2.09 kA 

LLG Fault  3.49  +2.99 kA 

LLL Fault  4.48(PSCAD Result)   +4.30 kA 
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Error % ka formula 

Error (%) =
∣ Calculated Value − PSCAD Value ∣

Calculated Value
× 100 

Fault Type Calculated Current (kA) PSCAD Current (kA) Error (%) 

LG 2.01 2.00 0.50 

LL 2.59 2.58 0.39 

LLG 3.49 3.47 0.57 

LLL 4.48 4.46 0.45 

The maximum error between analytical calculations and PSCAD simulation is less than 1%, demonstrating 

good agreement between theoretical analysis and simulation results. Therefore, the proposed model is 

considered valid for transmission line fault analysis. 

Fault Type Current (kA) Voltage (kV) Relay Time (ms) Zone 

LG 2.01 76.2 28 Zone-1 

LL 2.59 69.8 31 Zone-1 

LLG 3.49 58.5 35 Zone-2 

LLL 4.48 45.3 40 Zone-2 

CONCLUSION AND FUTURE SCOPE 

The Line to Ground fault is the most frequently occurring fault in a power system. During this fault, a large 

amount of current flows through the grounded path. Proper relay protection and grounding systems are 

required to quickly detect and isolate the faulted section in order to maintain system stability and equipment, 

This research presented the analysis and protection of transmission line faults using the PSCAD simulation 

environment. Different fault conditions, including Line-to-Ground (LG), Line-to-Line (LL), Double Line-to-

Ground (LLG), and Three-Phase (LLL) faults, were analyzed to evaluate the performance of the distance relay. 

The simulation results showed that fault conditions caused significant variations in voltage, current, and 

impedance, which enabled the relay to accurately detect and classify the faults. 

The proposed protection scheme successfully identified the fault location and operated within the predefined 

protection zones (Zone-1, Zone-2, and Zone-3). The relay issued trip commands only for faults occurring 

within its operating range, thereby improving the selectivity and reliability of the protection system. Among all 

the simulated faults, the Line-to-Ground (LG) fault was found to be the most frequently occurring, while the 

Three-Phase (LLL) fault produced the highest fault current and represented the most severe operating 

condition. 

The PSCAD simulation demonstrated that the proposed method provides accurate fault detection, fast relay 

operation, and effective isolation of the faulty section. Therefore, the developed protection scheme can enhance 

the safety, stability, and reliability of high-voltage transmission systems. 

Future Scope 

The present work can be extended by considering advanced protection techniques and modern power system 

technologies. Future research may focus on the following aspects: 

1. Implementation of Artificial Intelligence (AI) and Machine Learning (ML) techniques for intelligent 

fault detection and classification.  

2. Development of adaptive distance relay algorithms for dynamic power system operating conditions.  

3. Analysis of transmission line protection in renewable energy integrated power systems.      
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4. Performance evaluation under High Impedance Faults (HIF), power swings, and evolving fault 

conditions.  

5. Real-time implementation using hardware platforms such as RTDS or OPAL-RT for practical 

validation.  

6. Comparative analysis of PSCAD with MATLAB/Simulink and ETAP for transmission line protection 

studies.  

7. Integration of PMU (Phasor Measurement Unit) based wide-area protection schemes to improve fault 

location accuracy and system reliability. 

The analytical calculations and PSCAD simulation results showed close agreement for all fault conditions, with 

a maximum error of less than 1%, confirming the validity of the proposed model. Among the simulated faults, 

the Three-Phase (LLL) fault produced the highest fault current of approximately 4.48 kA, while the Single 

Line-to-Ground (LG) fault was identified as the most frequently occurring fault in practical transmission 

systems. The distance relay successfully detected faults within the predefined Zone-1, Zone-2, and Zone-3 

protection regions and generated trip commands within the required operating time. These results demonstrate 

that the proposed PSCAD-based protection scheme provides accurate fault detection, reliable relay operation, 

and improved transmission system security. 

The proposed methodology can be applied for the analysis and protection of 132 kV transmission lines and 

may also be extended to higher voltage transmission systems with appropriate relay settings. The study 

provides a simple and effective approach for evaluating transmission line faults using PSCAD and can serve as 

a useful reference for researchers and practicing protection engineers. 

Limitation: This study is limited to a 132 kV transmission line under PSCAD simulation. Real-time hardware 

testing and field validation were not included. 
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