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ABSTRACT 
Fault classification is the recognizing of the type of the 

fault & fault phase(s). It is a special operation 

requirement our transmission system as for the 

determination of fault location algorithm & for proper 

operation of protective relays the correct fault type is 

required. The Distance characteristics help to check the 

performance of Distance relays that are already 

installed in power systems and also to train 

inexperienced engineers and technicians how distance 

relay works. Impedance and Mho Characteristics are 

implemented. By using Fast Fourier transform block in 

PSCAD. The developed characteristics are tested for 

various shunt faults at different length over the 

transmission line and Fault data generated by PSCAD 

has been analysed. 
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I. INTRODUCTION 

Transmission lines are used to transmit electrical 

energy from one place to another place, specifically from a 

source to load end. Transmission line protection is most 

important factor in power system because 85-87% of 

power system faults are occurring in transmission lines. In 

early days fault clearing was administrated by visual 

inspection. As the fault currents become larger and the 

operating requirements of power system become more 

severe, the need for automatic fault clearing become 

necessary. A protective relay is a device designed to trip 

circuit breakers when a fault is detected. The most common 

form of protection on high voltage transmission systems is 

distance relay protection. As the power systems become 

more complex and the fault current varies with changes in 

generation and system configuration, directional 

overcurrent relays become difficult to apply and to set for 

all contingencies, whereas the distance relay setting is 

constant for a wide variety of changes external to the 

protected line. 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 [1]. 

  

 

 

PSCAD represents a family of simulation products, which 

eventually encompass all types of power systems studies, 

including load flow and transient stability solution engines. 

EMTDC represents and solves differential equations for 

the entire power system in the time domain. It is a 

simulator of electric networks with the capability of 

modeling complex power electronics, control systems and 

non-linear networks. When run under the PSCAD 

graphical user interface, the PSCAD/EMTDC combination 

becomes a powerful means of visualizing the transient 

performance of electric power systems. Together they 

provide a fast, accurate and flexible solution for the 

simulation of virtually any electrical equipment or system. 

The user can select time step, which can be varied from 

nanoseconds to seconds.  

 

        Simulation of Distance characteristics helps to check 

the performance of Distance relays that are already 

installed in power systems and also to train inexperienced 

engineers and technicians how distance relay works.  This 

paper deals with Simulation of distance characteristics 

using PSCAD software. Impedance and Mho 

Characteristics are implemented. By using Fast Fourier 

Transform block in PSCAD software apparent impedance 

is calculated. The developed characteristics are tested for 

various shunt faults at different length over the 

transmission line in PSCAD.  

 

II. PSCAD SIMULATION MODEL 
 

To test the effectiveness of the proposed fault 

classification scheme, a large number of fault simulation 

studies have been carried out in the two-area study system 

shown in Fig. 4.1 using the PSCAD/EMTDC software. The 

transmission line has been represented using the Bergeron 

line model in PSCAD/EMTDC. To test the robustness of 

the developed algorithm, the fault simulation studies have 

been carried out under wide variation of pre fault power 

angle, FIA (fault inception angle) and fault resistance. The 

different values of FIA and which have been chosen for 

this study are as follows:  

1. ∂ (delta) = 10°,  20° , 30° 

2. FIA = 10° , 30° , 60°, 90°  180°  and 

3.  Ohm. = 0.0, 5.0, 25.0, 50.0 

  Thus, a total of 3×5×4 = 60 combinations of ∂, R, 

f, FIA and have been chosen for fault simulation studies. 

For each of these combinations, all ten types of short-

circuit faults can be applied at any point on the 

transmission line. In this work, the fault distances for 
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application of faults have been chosen as 0.2L, 0.4L, 0.6L, 

and 0.8L from the relaying point, where L is the total 

length of the line. Hence, in aggregate, 60 × 40 = 2400 

different fault simulation studies are possible. The 

performance of the proposed scheme has been checked for 

all of these 2400 test cases. The output values (which 

indicate the fault type) obtained from the FLS (fault logic 

scheme) results. Fault is detected and then classified by the 

PSCAD software which is an advanced tool for modelling 

and simulating faults on transmission line. The 

transmission line model has been developed on the basis of 

simulation studies carried out on Bergeron line model of 

transmission line PSCAD/EMTDC software. The total 

transmission line length is 300km. Ammeters are placed at 

both ends of the transmission line to measure instantaneous 

currents. Voltage sources are also applied at both the ends. 

However the value of phase angle at one end is varied 

while at the other it is kept constant. A multirun block is 

used in which the values of fault inception angle, phase 

angle, fault resistance and type of the fault are kept as 

variable quantities. The currents at both the ends are 

plotted. The faults are applied at different locations on the 

transmission line. A total of 600 files are generated for 

different types of faults at a particular location. The worst 

case faults are generated at 90% of the total transmission 

line length. 

III. DISTANCE RELAYS 
 

 Power lines have set impedance per kilometre and 

using this value and comparing voltage and current the 

distance to a fault can be determined. Distance relay is the 

most common protective relay for non-radial transmission 

lines. It has fast and consistent trip times, instantaneous trip 

for faults within zone 1 and its operating speed is little 

affected by changes in source impedance. Distance relays 

are effective at detecting multiphase faults. Different 

formulas should be adopted when calculating the fault 

impedance due to different fault types. Table I indicates 

fault impedance calculation formula for all of the fault 

types. 

FAULT IMPEDANCE CALCULATION ON  

DIFFERENT FAULTS 

 

Fault type Formula 

AG ZA = VA ̸ (IA + 3kI0) 

BG ZB = VB ̸ (IB + 3kI0) 

CG ZC = VC ̸ (IC + 3kI0) 

AB or ABG ZAB = VAB  ̸ (IA− IB) 

BC or BCG ZBC = VBC  ̸ (IB− IC) 

CA or CAG ZCA = VCA  ̸ (IC− IA) 

Table: I 

A. Zones of Protection 

 

 To limit the extent of the power system that is 

disconnected when a fault occurs, protection is arranged in 

zones. Ideally, the zones of protection should overlap, so 

that no part of the power system is left unprotected.  If the 

fault takes place in the overlapped section, more than the 

minimum number of circuit breakers will trip. Normally, 

three protection zones in the direction of the fault are used 

in order to cover a section of line and to provide back-up 

protection to remote sections as shown in the Fig. 1. In the 

majority of cases the setting of the reach of the three main 

protection zones is made in accordance with the following 

criteria: 

Zone 1: This is set to cover between 80 and 85 per cent of 

the length of the protected line; 

Zone 2: This is set to cover all the protected line plus 50 

per cent of the shortest next line 

Zone 3: This is set to cover all the protected line plus 100 

per cent of the second longest line, plus 25 per cent of the 

shortest next line. 

 
 

Figure1. Distances relay protection zones. 

  

In addition to the unit for setting the reach, each zone unit 

has a timer unit. The operating time for zone 1, t1, is 

normally set by the manufacturer to trip instantaneously 

since any fault on the protected line detected by the zone 1 

unit should be cleared immediately without the need to 

wait for any other device to operate. The operating time for 

zone 2 is usually of the order of 0.25 to 0.4 s, and that of 

zone 3 is in the range of 0.6 to 1.0 s. In the case of zone 3, 

when the settings of relays at different locations overlap, 

then the timer for the zone 3 of the furthest relay should be 

increased by at least 0.2 s to avoid incorrect co-ordination. 

However, the operating time for the zone 3 unit should also 

be set at a value that will ensure that system stability is 

maintained and therefore, if necessary, consideration may 

have to be given for reducing zone 3 operating time in such 

circumstances. 

 Since the tripping signal produced by zone 1 is 

instantaneous, it should not reach as far as the busbar at the 

end of the first line so it is set to cover only 80-85 per cent 

of the protected line. The remaining 20-15 precent provides 

a factor of safety in order to mitigate against errors 

introduced by the measurement transformers and line 

impedance calculations. The 20-15 per cent to the end of 

the line is protected by zone 2, which operates in t2 

seconds. Zone 3 provides the back-up and operates with a 
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delay of t3 seconds. Since the reach and therefore the 

operating time of the distance relays are fixed, their co-

ordination is much easier than that for overcurrent relays. 

It is clear that the operating time of the relay is not 

the only factor to be considered while selecting a distance 

protection for real-world transmission line applications. 

The setting of distance relays should ensure that they are 

not going to operate when not required and will operate to 

trip when necessary. 

 

 Fault is detected and then classified by the 

PSCAD software which is an advanced tool for modeling 

and simulating faults on transmission line. The 

transmission line model has been developed on the basis of 

simulation studies carried out on Bergeron line model of 

transmission line PSCAD/EMTDC software. The total 

transmi000ssion line length is 300km. Ammeters are 

placed at both ends of the transmission line to measure 

instantaneous currents. Voltage sources are also applied at 

both the ends. However the value of phase angle at one end 

is varied while at the other it is kept constant. A multirun 

block is used in which the values of fault inception angle, 

phase angle, fault resistance and type of the fault are kept 

as variable quantities. The currents at both the ends are 

plotted. The faults are applied at different locations on the 

transmission line. A total of 600 files are generated for 

different types of faults at a particular location. The worst 

case faults are generated at 90% of the total transmission 

line length. 

  

 PSCAD Simulation of the transmission line 

model protection of power system protects from the 

deleterious effects of a sustained fault. A fault (meaning in 

most cases a short circuit, but more generally an abnormal 

system condition) occurs as a random event. If some 

faulted power system component (line, bus, transformer, 

etc.) is not isolated from the system quickly, it may lead to 

power system instability or break-up of the system through 

the action of other automatic protective devices. A 

protection system must therefore remove the faulted 

element from the rest of the power system as quickly as 

possible. 

The fault classification algorithm is based on the angular 

differences among the sequence components of the 

fundamental during fault current as well as on their relative 

magnitudes. As an example, for a phase-a-to-ground bolted 

fault in an unloaded system, the phasor diagram of 

sequence components of fault 

 
Figure2. phasor diagram for a-g fault 

 

 

In this figure, the zero–, positive-, and negative-sequence 

components of the post fault currents relative to phase “a” 
are denoted as  ,  and  , respectively. Similarly, 

the sequence components for phases “b” and “c” are 
denoted as  ,  , , and  ,  ,  , 

respectively. In Fig.4.1, the symbol “a” stands for the 
complex operator Ang_a = 120  From Fig.4.1, the angles 

between the positive- and negative sequence components 

of phase a, b, and c are given by 

 

Ang_A=ǀArg( -Arg( )ǀ=0°                            (1) 
Ang_B=ǀArg( -Arg( )ǀ=120°                        (2) 
Ang_C=ǀArg( -Arg( )ǀ=120°                         (3) 

Also, for this type of fault (i.e., a-g fault), the magnitudes 

of   ,  and  are related by 

= =1and = =1 

Similar relationships as in (1) and (2) can also be 

 

 

Written for other type of asymmetrical faults (i.e., b-g, c-g, a-b, 

b-c, c-a, a-b-g, b-c-g, and c-a-g) 

 

On performing the above calculation the given table is 

extracted 

                           

Similar relationships as in (1) and (2) can also be written 

for other type of asymmetrical faults (i.e., b-g, c-g, a-b, b-c, 

c-a, a-b-g, b-c-g, and c-a-g) 

On performing the above calculation the given table is 

extracted 
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IV. IMPEDANCE RELAY MODEL 

ALGORITHM  
 

 When a fault occurs on transmission line, the 

voltage and current signals are severely distorted. The 

higher frequency components can be eliminated using low 

pass anti-aliasing filters with appropriate cut-off frequency, 

but the anti-aliasing filters cannot remove decaying dc 

components and reject low frequency components. This 

affects the performance of digital relay. Therefore, the 

Discrete Fourier transform is usually used to remove the 

dc-offset components [9].  The Fast Fourier Transform is a 

fast algorithm for efficient computation of DFT.  FFT 

reduces the number of arithmetic operations and memory 

required to compute the DFT. Fig. 2 shows impedance 

relay modeling algorithm, which uses FFT block in 

PSCAD/EMTDC for extracting the fundamental 

component. 

 

Table: II 

 

 
 

Figure3. Distance relay modeling Algorithm 

 

  
Figure4. Impedance relay characteristics for two zones of 

protection. 

 

Types 

of 

Faults 

Ang_A Ang_B Ang_C   

a-g    1.0 1.0 

b-g    1.0 1.0 

c-g    1.0 1.0 

a-b 60  60  180  0.0 1.0 

b-c 180  60  60  0.0 1.0 

c-a 60  180  60  0.0 1.0 

a-b-g 60  60  180  K  
b-c-g 180  60  60  K  
c-a-g 60  180  60  K  
Sym. - - - 0.0 0.0 
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Figure5. Mho relay characteristics for two zones of                

protection. 

 

 

V. TRANSMISSION LINE MODEL 
 

 A Single line diagram of the transmission line 

network operating at 220kV 50 Hz is shown in Fig. 4. The 

transmission line has been represented using the Bergeron 

line model in PSCAD/EMTDC. To study the performance 

of the impedance relay model for forward faults and 

reverse faults, relay is located at Bus B. The data for the 

transmission line system are given in Appendix [1]. 

 

 
 

Fig. 6. Single line diagram of Transmission line 

 

Setting of the relay is 

Zone-1 = 18.17 Ω (80 % of protected line BC). 
Zone-2 = 34.07Ω (100 % of protected line BC + 50 % of 
the protected line CD). 

Impedance relay characteristics for two zones of protection 

is shown in the Fig. 3.Impedance settings for the two zones 

are given in Table II. 

  

SETTINGS OF ZONES OF PROTECTION 

 

 

Zone R X 

1 1.936 Ω 18.068 Ω 

2 3.631 Ω 33.877 Ω 

 

 

 

VI.  SIMULATION RESULTS 
 

 To study the behaviour of the developed 

impedance relay model, fault at different locations on the 

220kv, 100km transmission line with different fault 

resistances were simulated in PSCAD. The behavior of the 

impedance relay is as explained herein after.   

 

Case 1: - L-G fault at different distances from the relay 

location. 

 

 
 

a) Fault at 5 Km from Bus-B, Zone 1         

 

 

 
 

b) Fault at 10 km from Bus-C, Zone 2 

 

Figure7. Impedance trajectory of the relay for LG fault at 

different locations. 
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Case 2: L-L fault at different distances from relay location 

 

 
 

a) Fault at 15 Km from Bus-B, Zone 1      

 

    

 
 

b) Fault at 5 km from Bus-C, Zone 2 

 

Figure8. Line Impedance trajectory of the relay for LL 

fault at different locations. 

Case 3: LL-G fault at different distances from relay 

location 

 

 
 

a) Fault at 15 Km from Bus-B, Zone 1        

 

 

 
 

 b) Fault at 10 km from Bus-C, Zone 2 

 

Figure9. Impedance trajectory of the relay for  LL-G fault 

at different locations. 
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Case 4: Reverse L-G fault 

 

 

 
 

a) Fault at 40 Km from Bus-A, Zone 1 

 

 
 

b) Fault at 20 km from Bus-A, Zone 2 

Figure10. Impedance trajectory of the relay for  reverse LG 

fault at different locations. 

Case 5: Single line to ground fault with fault resistance 

 

 Single line to ground fault with different fault 

resistance were applied on the transmission line at a 

distance 15km from bus B.  Fig. 9 shows the behavior of 

the relay when fault resistance is 0.1 Ω and 15 Ω. Increase 
in fault resistance causes the relay under reach.  

 

 
 

a) Fault resistance of 0.1Ω    
 

 
 

b) Fault resistance of 15Ω 

Figure11. Impedance trajectory of the relay for AG fault 

with different fault resistances. 
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From  the  PSCAD  simulation  of  various  faults  as  

depicted  in  the  above  graphs certain parameters  have  

been  calculated  for  the  given  values. Using PSCAD 

model load angle between sending end and receiving end, 

fault inception angle, fault resistance are varied by PSCAD 

simulation model for 10 different types of faults. By 

varying all these parameters faults are classified. For each 

of these combinations, all types of short circuit faults are 

applied.  The proposed method is tested at distances 10%, 

20%, 40%, 60%, 80%, 90% of total length of transmission 

line 

 

Table :IV 

For  each  fault  given  above  600  files are  generated each  

defining various possibilities in the occurrence of the fault. 

These  files  are  generated with the respect of  the  given 

parameters i.e. Load Angle (δ) , Fault Inception Angle 

(FIA) ,  Fault Resistance (Rf).  These files are further 

uploaded into the MATLAB for fault classification. 

 

VII. CONCLUSIONS 
 

 In this paper Impedance relay model is 

developed using PSCAD/EMTDC software.  The 

performance of Impedance relay model characteristics 

evaluated at different locations with various types of faults 

and different fault resistances. Main conclusion of this 

work is as follows.  

 Different case studies have been presented in 

order to illustrate the response of the developed 

distance relay model at different operating 

conditions, i.e. non-resistive faults and resistive 

faults. Resistive fault causes the relay to under-

reach.  

 The developed distance relay model may be used 

as a training tool to help users understand how the 

relay works. 

APPENDIX  
 

Source Data at both Sending and Receiving Ends 

 

positive –sequence impedance = 0.819+j7.757 Ω; 
zero sequence impedance = 3.681+j24.515 Ω; 
frequency = 50Hz. 

Transmission line data 

 

voltage = 220kV; 

positive sequence impedance=0.09683+j0.903 Ω/km; 
zero sequence impedance = 0.01777+j0.4082 Ω/km; 

frequency = 50Hz. 
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PARAMETER VALUES 

Load Angle (δ) 10°, 15°, 20° 

Fault Inception Angle 

(FIA) 
0°, 30°, 45°, 60°,90 

Fault Resistance (Rf) 0.1, 5, 15, 25(Ω) 

Types of Fault (Ftype) 
A-G, B-G, C-G, AB-G, BC-G, 

CA-G, AB, BC, CA, ABC 
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