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Abstract— In this, a new method is proposed that can be 

used to discriminate faults from switching transients. The 

method is mainly intended for use in systems where fast fault 

recognition and rapid fault clearing before the first peak of 

the fault current are required. An industrial system, in which 

high short-circuit power is most wanted but in which high 

short-circuit currents cannot be tolerated is an example of 

such a system. A phase-locked loop (PLL) is used to perform 

the discrimination. Computer simulations have been 

performed and it has been demonstrated that the output of the 

PLL is completely dissimilar for a fault compared to a 

switching transient. This difference can be used for 

discrimination between a fault and a switching transient. 
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I. INTRODUCTION 

Generally a power system should be protected from 

abnormal conditions such as faults, transients etc. In power 

system protection both the fault detection as well as fault 

discrimination has equal importance. In some type of system 

the discrimination of fault is very much essential one. In this 

paper, it has been demonstrated that a PLL can be used to 

determine whether a current transient is due to a fault in the 

system or due to a switching transient. High short-circuit 

power is often desired in an industrial system in order to 

connect and disconnect loads without causing disturbances 

to sensitive equipment or processes. With the high short-

circuit power; a high fault current develops in case there are 

faults in the system. This high fault current has to be 

considered when designing the switchgear and other 

components that build up the power system. This is easily 

done in new installations but can be problematic when there 

is a need for higher short-circuit power in an existing 

system. In these cases, the installation of a fault current 

limiter could be an alternative to rebuilding the switchgear. 

The installation of a fault current limiter can also 

provide the opportunity to make connections in the power 

system that otherwise would not be possible due to fault 

currents that exceed the rating of the switchgear. an 

alternative to rebuilding the switchgear. The installation of a 

fault current limiter can also provide the opportunity to 

make connections in the power system that otherwise would 

not be possible due to fault currents that exceed the rating of 

the switchgear. Power system protection is another 

important issue. It is essential for safe operation of the 

power system that faults are detected and cleared 

automatically in a fast and reliable manner so that the 

operation of the power system is not disturbed. A typical 

fault protection system is built from circuit breakers (CBs), 

protection relays, and primary transducers, such as voltage 

and current transformers and auxiliary equipment.  

In this project, the need for fast and reliable 

protection is discussed. Fault-current limiters are an 

essential building block in many systems as well as the need 

for fast and reliable fault detection. It is demonstrated that a 

phase-locked loop (PLL) can be used for power system 

protection purposes as an alternative to other methods. An 

investigation on how to use a PLL for the purpose of 

discriminating between a fault and a switching transient has 

been performed. Furthermore, the combination of protection 

relays and PLLs is discussed. It is proposed that the 

protection relay will detect the current transient and that the 

PLL will determine whether the current transient is caused 

by a fault or a switching transient. 

Switching transients can, under certain 

circumstances, give rise to high currents, which are much 

larger in magnitude than normal load currents. In existing 

relay protection, capacitor energization and transformer 

energization have been detected by analyzing the measured 

current to find certain characteristics of the two types of 

current transient. A current transient caused by a transformer 

energization typically contains a superimposed dc 

component and a superimposed second harmonic 

component. A current transient caused by a capacitor 

energization typically contains higher frequency harmonic 

components. The harmonic components in the measured 

current can be identified with Fourier-based methods, but 

that typically requires more time. So to minimize the fault 

discrimination time PLL logic has been applied. 

II. POWER SYSTEM PROTECTION 

Generally a power system should be protected from 

abnormal conditions such as faults, transients etc. In power 

system protection both the fault detection as well as fault 

discrimination has equal importance. In some type of system 

the discrimination of fault is very much essential one. The 

discrimination can be done by various types of techniques 

such as time domain analysis, wavelet transform, equivalent 

instantaneous inductance technique, absolute difference of 

active power technique for discrimination in various 

equipments as well as in whole power system. A typical 

fault protection system is built from circuit breakers (CBs), 

protection relays, and primary transducers, such as voltage 

and current transformers and auxiliary equipment. 

Strong Power System: The system which has low 

impedance between source and load and cause very less 

disturbance to the source during the faults, called strong 

power system. Most of the industrial systems are strong 

power systems. In this paper, an alternative method to 

perform the discrimination is proposed. The harmonic 

components in the measured current can be identified with 

Fourier-based methods, but that typically requires more 

time. For fast fault detection purposes, other methods have 

to be investigated. The method that is proposed in this paper 

uses a PLL for that purpose. 

They desire high short circuit power to connect and 

disconnect loads without causing disturbances to sensitive 

equipment or processes. With the high short-circuit power, a 

high fault current develops in case there are faults in the 
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system. There are many methods and algorithms available to 

detect short-circuit current in a power system. One simple 

(but yet efficient) method is to estimate the current from 

measured current samples. If the magnitude of the estimated 

current is larger than a predetermined threshold it is 

assumed that a fault has occurred (magnitude relay). In 

general, if more information is available, the estimation will 

become more accurate. On the other hand, if faster fault 

detection is required, the estimation becomes less accurate 

since less information is available.  

This short detection time is needed for the fault-

current limiters as mentioned in the previous section. Some 

methods that have been suggested for use in transmission 

systems have the potential of being fast. These methods 

could be based on traveling waves, neural networks, wavelet 

transforms, and fault-generated noise. 

III. PROPOSED METHOD 

PLL is a feedback loop which locks two waveforms with 

same frequency but shifted in phase. The fundamental use of 

this loop is in comparing frequencies of two waveforms and 

then adjusting the frequency of the waveform in the loop to 

equal the input waveform frequency. The heart of the PLL is 

a phase comparator which along with a voltage controlled 

oscillator (VCO), a filter and an amplifier forms the loop. If 

the two frequencies are different the output of the phase 

comparator varies and changes the input to the VCO to 

make its output frequency equal to the input waveform 

frequency. The locking of the two frequencies is a nonlinear 

process but linear approximation can be used to analyze 

PLL dynamics.  

A. PLL 

The PLL has been an important device in electronics and 

power system applications. A PLL is a circuit that is used to 

synchronize an input signal with a reference signal (an 

output signal that is generated by the PLL) with respect to 

phase and frequency. The function of the PLL can be 

explained from the block diagram of a simple PLL, as 

shown in Fig. 1. 

 
Fig. 1: Block diagram of a PLL. 

The input signal u1(t) is compared with the 

reference signal u2(t) in the phase detector (PD). The output 

of the phase detector is zero as long as the input signal and 

the output signal is equal in phase and frequency. 

If the phase or frequency of the input signal 

changes, the output of the phase detector will deviate from 

zero. The error signal is passed through a low-pass filter 

(LF) and then to a voltage-controlled oscillator (VCO), 

which generates a reference signal (the output signal). If the 

error signal deviates from zero, the VCO will adjust the 

frequency of the reference signal so that the phase error 

becomes zero and the two signals are in phase. 

When the input signal is in phase with the reference 

signal, the PLL is in its locked state; hence the name phase 

locked. 

Recent research related to PLLs has been from 

several research fields: general descriptions of PLLs, 

distributed generation applications, active power-line 

conditioner applications, servo controllers, as well as 

protection and control. 

B. PLL implementation 

The PLL design which has been proposed for fault 

discrimination is drawn in the below figure. A vector 

implementation, as shown in Fig. 3, of a PLL is described in 

this paragraph. Compared to the block diagram of Fig. 2, the 

error signal e(t) corresponds to the output of the PD, 

whereas the proportional-integral (PI) regulator and the 

integrator corresponds to the loop filter and the voltage-

controlled oscillator (VCO). 

 
Fig. 2: PLL implementation 

Once the error is zero, the input signals are in phase 

with the reference frame. 

If it is assumed that the system is in steady state 

and that the power system is completely balanced, the phase 

currents can be written as 

Ia = I. sin(ωt) 

Ib = I. sin (ωt − 2 ∗
π

3
) 

Ic = I. sin (ωt + 2 ∗
π

3
)   (1) 

Then, the Clarke’s components    and   equate 

to 

Iα =
(2. Ia − (Ib + Ic))

3
= I. sin(ωt) 

     Iβ =
(Ib−Ic)

√3
= −I cos(ωt)   (2) 

Now, with reference to Fig. 2, the error signal is 

given by 

e(t) = Iα. cos(θ) + Iβ. sin(θ) = I. sin(ωt − θ)  (3) 

Depending on the characteristics of the transient, 

the deviation will have different magnitude and frequency 

Thus, the error is zero exactly when the output angle of the 

PLL is in phase with the current of phase a. When a 

transient occurs in the system, the error signal will deviate 

from zero. Since a fault is typically an ac fundamental 

power frequency character, the deviation will be different 

than for a switching transient that contains non fundamental 

power frequency components. The behavior of the error 

signal of the PLL will also depend on the tuning of the PLL. 
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C. Tuning of the PLL 

PLLs have been used for many years in HVDC transmission 

in order to synchronize the firing of the thyristors to the 

phase angle of the connected ac system. The PLL will be 

tuned to the power system frequency. It is thus a well-

known procedure and it is advisable to use parameters from 

such an installation as a starting point for the tuning. 

D. Fault Detection and Discrimination Using a PLL 

To detect a fault and discriminate the fault from a switching 

transient the method that is used. Two algorithms are 

executed in parallel. The first algorithm is based on the 

estimation of the magnitude of the current. If the estimated 

magnitude is higher than a preselected threshold, a flag is 

set. 

The second algorithm is as previously mentioned, 

monitoring the error signal of a PLL. If this error signal 

exceeds a preselected threshold, a second flag is set. If both 

flags are set, it is determined that a fault has occurred. 

IV. MODELING OF CASE STUDY FAULT-CURRENT LIMITERS 

AND FAULT-CURRENT DIVERTERS 

Regarding the short-circuit power of a supply network is 

that whereas there are obvious advantages with a stronger 

network (less voltage dips, more and larger loads can be 

connected, less switching transients), there are also obvious 

disadvantages (high-fault currents in case of short-circuit 

faults in the system). 

A. Fault-Current Limiters 

One way of solving this contradiction is to use a fault-

current limiter. During normal operating conditions a fault-

current limiter is a device that allows a strong network but 

when a fault occurs, introduces enough impedance in the 

circuit so that the fault current is limited. The current 

limiting functionality can be achieved in several ways (e.g., 

current limiting reactors; fuses; triggered fuse; 

superconductive fault–current limiters; and fuses and power-

electronic-based current limiters. 

The purpose of a fault-current limiter is to limit the 

fault current so that its prospective peak value never is 

reached.  

B. Fault-Current Diverters 

Fault-current diverters can be used as an alternative to fault 

current limiters. A current diverter consists of a switch that 

is in open position under normal operating conditions. When 

a fault is detected, the switch closes and short circuits the 

phases of the power system to earth at a predetermined 

location. The fault current must be limited before the first 

peak of the fault current. Taking into account that some of 

the fault-current limiters described before contain 

mechanical systems that require a certain time to operate, it 

can be concluded that fault detection is an essential 

prerequisite for a system containing a fault-current limiter. 

This predetermined location is preferably chosen as close to 

the source as possible. The voltage drop across the arc 

becomes practically zero, making the arc extinguish. 

One common feature of the described fault–current 

limiters and current diverters is that they must be able to 

operate within a few milliseconds after fault inception. The 

fault current will still flow from the source through the 

current diverter to earth and will continue to do so until the 

main circuit breaker (CB) clears the fault current. The 

benefit of a fault-current diverter is that the load that is 

connected to the system does not see the full short-circuit 

current once the switch has been closed. is the change in 

error and u is the control variable 

V. SIMULATION RESULT 

A. Case 1 

 
Fig. 3: Phase fault simulation circuit 

 
Fig. 4: Three phase voltages Vabc 

 
Fig. 5: Three phase currents Iabc 

 
Fig. 6: Error signal due to three phase fault 
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1) Block diagram of fault_pll case 1 double phase fault 

 
Fig. 7: 2 phase fault simulation circuit 

 
Fig. 8: Phase voltages due to the phase to phase fault 

 
Fig. 9: Phase currents due to the phase to phase fault 

 
Fig. 10: Error signal due to a phase to phase fault 

B. Case2 

 
Fig. 11: Transformer Energization. Simulation Circuit 

 
Fig. 12: Phase voltages due to transformer energization. 

 
Fig. 13: Phase currents due to transformer energization. 

 
Fig. 14: Error signal due to transformer energization 

C. Case 3 

 
Fig. 15: Capacitor Energization Simulation Circuit 

 
Fig. 16: Phase voltages due to capacitor energization 

 
Fig. 17: Phase currents due to capacitor energization 
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Fig. 18: Error signal due to capacitor energization 

VI. CONCLUSION  

In this paper, a new method is proposed that can be used to 

discriminate faults from switching transients. In this paper, 

it has been demonstrated that a PLL can be used to 

determine whether a current transient is due to a fault in the 

system or due to a switching transient. In FLC, basic control 

action is determined by a set of linguistic rules. These rules 

are determined by the system. Since the numerical variables 

are converted into linguistic variables, mathematical 

modeling of the system is not required in FC. The method is 

primarily intended for use in systems where fast fault 

detection and fast fault clearing before the first peak of the 

fault current are required. Transformer and capacitor 

switching have been specifically studied due to the large 

occurrence of these switching transients in the power 

system. Simulations have been performed using a test 

system where faults and switching transients have been 

simulated. using the fuzzy controller for a nonlinear system 

allows for a reduction of uncertain effects in the system 

control and improve the efficiency. For all of these events, a 

large difference was observed in the error signal of the PLL 

when a fault or a switching transient was applied. This 

difference can be used to discriminate faults from switching 

transients. In this paper, high impedance faults must also be 

considered.  A phase-locked loop (PLL) is used to perform 

the discrimination. By using simulation results we have been 

demonstrated that the output of the PLL is completely 

different for a fault compared to a switching transient. 
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