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INTRODUCTION 
 
 

Under normal conditions, a power system operates under 
balanced conditions with all equipments carrying normal load 
currents and the bus voltages within the prescribed limits. This 
condition can be disrupted due to a fault in the system. A fault 
in a circuit is a failure that interferes with the normal flow of 
current. A short circuit fault occurs when the insulation of the 
system fails resulting in low impedance path either between 
phases or phase(s) to ground. The transients in power system 
unlike other faults LF, LLG, LLL, and LLLG
sense that along with interruption in power supply it is also 
responsible for the power quality issues. This paper aims at 
providing an insight of the transient recorded by the numeric 
relay in 220/400 kV lines. The analysis of the transi
been done using FFT analysis. 

 

Necessity for Protection 
 

Electrical power system operates at various voltage levels from 
415 V to 400 kV or even more. A tree falling or touching an 
overhead line may cause a fault. A lightning strike can cause 
insulation failure. Pollution may result in degradation in 
performance of insulators which may lead to breakdown. 
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ABSTRACT 

An electric power system comprises of generation, transmission and distribution of electric energy. 
Transmission lines are used to transmit electric power to distant large load centers. The rapid growth 
of electric power systems over the past few decades has resulted in a large increase of 
lines in operation and their total length. These lines are exposed to faults as a result of lightning, short 
circuits, faulty equipment, mal-operation, human errors, overload, and aging. The un
reliable power supply in the need of the today world. Faults cause short to long term power outages 

stomers and may lead to  significant losses especially for the manufacturing industry and 
nation`s  economy as a whole . Fast detecting, isolating, locating and repairing of these faults are 
critical in maintaining a reliable power system operation.  The s
LLL/LLLG and transients) are most commonly occurring faults in power system. Amongst the all the 
faults discussed above the behavior of the transient in power system is most unpredictable. This paper 
aims to provide an insight for the recognition of the transients fault  in the power system using FFT 
analysis. 
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Under frequency or over frequency of a generator may result in 
mechanical damage to its turbine requiring tripping of an 
alternator. Even otherwise, low frequency operation will 
reduce the life of a turbine and hence it should be avoided.
necessary to avoid these abnormal operating regions for safety 
of the equipment. Even more importa
personnel which may be endangered due to exposure to live 
parts under fault or abnormal operating conditions.
every electrical equipment has to be monitored to protect it and 
provide human safety under abnormal operating co
This job is assigned to electrical protection systems. It 
encompasses apparatus protection and system protection.
 
Types of Protection: Protection systems can be classified into 
two types: 
 

 Apparatus protection  
 System protection 
 

Apparatus Protection 
 

Apparatus protection deals with detection of a fault in the 
apparatus and consequent protection. Apparatus protection 
with reference to the power system can be further classified 
into following: 
 

 Feeder protection 
 Transformer Protection 
 Generator Protection 
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 Motor Protection 
 Busbar Protection 

 
Transients in power system 

 

From electric circuit theory point of view “transient” originates 
whenever there is transition in voltage and current component 
during transition from one  steady-state to another steady state. 
Switching are the main cause of such transients in the circuits. 
Whereas in power systems the term transient is used in a 
slightly different way: it denotes those phenomena in voltage 
and current with a short duration. There is no clear limit, still 
phenomena with a duration of less than one cycle (of the 
power-system frequency are referred as transients. The interest 
in power system transients has traditionally been related to the 
correct operation of circuit breakers (Greenwood, 1991), (Van 
Der Sluis, 2001) and to over voltages due to switching of high-
voltage lines (Hileman, 1999). Relations have to be established 
between waveform characteristics and equipment performance; 
methods have to be developed to extract information on the 
cause of transient waveforms; and methods are needed to 
quantify site and system performance. Power system transients 
are due to a range of causes, the main ones being lightning 
strokes to the wires in the power system or to ground and 
component switching either of network components or of end-
user equipment.  

 
MATERIALS AND METHODS  
 
 Data collection from three different location (220/400 kV 

sub-station). 
 Separation of the different faults recorded by the Numeric 

relay. 
 Numeric relay provides all the information of the faulty 

signals like amplitude, phase ,frequency etc 
 Numeric Relays records Disturbance signal in MiCom 

platform  (software) 
 FFT analysis of signal in MatLab platform. 
 

 
 

Figure 1. Waveform of transient  in transmission line as recorded 
by numeric relay 

 

RESULTS 
 
The transient fault recorded by the numeric relay is shown in 
figure1. The FFT response of the recorded signal during 
healthy and faulty condition is shown in figure 2-7 below. The 
comparison between the Kurtosis and the RMS values of the 
voltage and current during faulty and healthy condition was 

minutely observed is shown as bar graph in figure 8-11. These 
values were helpful in finding the important conclusion 
regarding the performance of the Numeric relay during 
transients in 220 / 400 kV lines.  
 

 
 

Figure 2. FFT response of Voltage during healthy condition 
 

 
 

Figure 3. FFT response of Voltage (Faulty phase Va) during 
transient fault 

 

 
 

Figure 4. FFT response of current during healthy condition 
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Figure 5. FFT response of current (Faulty phase Ia) during 
transient fault 

 
 

 
 

Figure 6. FFT response of the Neutral Current during healthy 
condition 

 
 

 
 

Figure 7. FFT response of the Neutral Current during transient 
fault 

 

 
 

Figure 8. Comparison of the Kurtosis value of current during 
transient 

 

 
 

Figure 9. Comparison of  RMS values of Current 
 
 

 
 

Figure 10. Comparison of  Kurtosis values of Voltages  
 

 

 
 

Figure 11. Comparison of  RMS values of Voltages  
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Conclusion 
 
On the basis of the FFT analysis of the signal recorded by 
numeric relay during transient following conclusion are drawn. 
The bar graph was plotted for the comparison of the Kurtosis 
valueans RMS values of voltage and current signal during 
healthy and faulty condition 
 

 No change in the magnitude of neutral current ( IN ) was 
seen during transient condition where as huge variation are 
observed in the magnitude of neutral current (IN ) during  
LG, LLG,LLL and LLLG faults. 

 Variation in the kurtosis values of voltage during faulty 
condition is prominent as compared to RMS values for LG, 
LLG, LLL and LLL-G fault. 

 The increment in the kurtosis values of the current is also 
observed as compared to the RMS value of the current 
during transients in power system.  

 For the similar nature of the fault the corresponding 
changes in the Kurtosis values of the voltage and current 
are also same during transients in power system. 

 Switching and loading are the main causes for transients in 
power system. 

 The kurtosis value of voltage increases during switching 
phenomenon changes. 

 The kurtosis value of current increases during loading 
phenomenon changes. 

 
Finally it is concluded that on the basis of the kurtosis value of 
voltage and current the transient in the power system can be 
identified.   
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