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Abstract— In this paper a new method is proposed that can be used to differentiate faults from switching transients. 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. An industrial system, in which high short-circuit power is desired but in which high short circuit currents cannot
be tolerated is an example of such a strong power system. A phase-locked loop (PLL) with FLC is used to perform the
discrimination. Computer simulations have been performed and it has been demonstrated that the output of the PLL is
completely different for a fault compared to a switching transient. This difference can be used for discrimination between a fault
and a switching transient. The simulation work has been performed using MATLAB software.
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I. INTRODUCTION

The protection is very much important task in a power system to get uninterrupted power supply. 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. Thus the protection of power system is very much essential to avoid the block out of power supply and
avoid losses due to the unnecessary power disconnectivity. 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. 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 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. 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. 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). The estimation of the current can be performed using several
different techniques, such as, for example, by calculating the root mean square (rms) value, or by a Fast Fourier transform (FFT)
method, or by a least-square (LSQ) method. The accuracy of the estimation and the amount of information that is available for the
estimation are correlated. 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. Even though the
detection of faults is the primary concern for fault protection devices (dependability), the ability to distinguish between a fault and a
switching transient (security) is also important. 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
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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 as a proposed
algorithm. A large number of papers were referred for the implementation of fault discrimination technique in power system and
many papers were referred for the implementation of PLL for the desired action. In [6], a new method proposed for high-precision
positioning servomechanisms. The servo controller uses a two-phase-type phase-locked loop (PLL) to detect position tracking error
and speed fluctuation with high resolution. Because the two-phase-type PLL has a wide frequency range and high noise suppression
performance. In [17] — [19], a novel synchronization algorithm robust to grid faults. The novelty of the proposed Phase Looked
Loop system consists in the employment of a repetitive controller to eliminate the unbalance effect when this exists in the grid
voltages. Analogies and differences with the conventional PLL system have been highlighted. In [20], a new synchronization
method which employs an enhanced phase-locked loop (EPLL) system. The operational concept of the EPLL is novel and based on
a nonlinear dynamical system. As compared with the existing synchronization methods, the introduced EPLL-based synchronization
method provides higher degree of immunity and insensitivity to noise, harmonics and other types of pollutions that exist in the
signal used as the basis of synchronization. In [9], Operation of a three phase-phase locked loop-system under distorted utility
conditions is presented. In [7], Analysis and design of a phase-locked loop (PLL) is presented for the power factor control of grid-
connected three-phase power conversion systems. The dynamic characteristics of the closed loop PLL system with a second order
are investigated in both continuous and discrete-time domains, and the optimization method is discussed.In [8], Phase-Locked Loop
(PLL) systems have been used in several equipment used in power conditioning applications.In [15], A three-phase phase locked
loop (3-® PLL) for control and protection in power system applications is presented. The 3- ® PLL is a frequency adaptive digital
system that consists of a positive sequence detector and a single-phase predictive phase locked loop (PPLL). The 3-® PLL is fully
adaptive in extracting frequency, amplitude, and phase angle in time variant systems. and disturbances. The 3- ® PLL is
implemented on a field programmable gate array (FPGA).In [24], a new high-resolution interpolator for incremental encoders based
on the quadrature phase-locked loop method proposed by Emura. The paper [3] , presents the analysis and software implementation
of a robust synchronizing circuit, i.e., phase-locked loop (PLL) circuit, designed for use in the controller of active power line
conditioners.The fundamentals of the PLL circuit are discussed. It is shown that the PLL can fail in tracking the system voltage
during startup under some adverse conditions. Moreover, it is shown that oscillations caused by the presence of sub harmonics can
be very critical and can pull the stable point of operation synchronized to that sub harmonic frequency. Oscillations at the reference
input are also discussed.In [2], various applications of a nonlinear adaptive notch filter which operates based on the concept of an
enhanced phase-locked loop (PLL).

Il. PROPOSED POWER SYSTEM

The test system, as shown in Fig. 1, consists of an infinite source, an impedance load, a shunt capacitor (with an associated circuit
breaker), a transformer (with an associated CB), and a fault selection arrangement. The data of the system are summarized as
follows: The infinite source is modeled with a voltage source that is connected in series with impedance. The supply voltage of the
source has been chosen as Us= 12 kV. The series impedance has been chosen so that the power system will have a shortcircuit
power of approximately Sk=831MVA (R=12.2mQ, L= 0.55 mH). The supply frequency of the voltage source is selected to f= 50
Hz. A short-circuit power of 831MVA will give a short-circuit current of approximately k=40 kA. The impedance load is modeled
by impedance consisting of a resistor and an inductance. Their values are chosen so that the load current is approximately 630 A.
The shunt capacitor is modeled by a capacitance of C=90.19uF. The shunt capacitor gives a reactive power supply of 4.08 MVAr at
nominal voltage. The shunt capacitor is connected to the power system by a CB which, at the start of the simulation, is open. The
capacitor is uncharged at the start of the simulation. The transformer is connected in delta on the primary side and in Y on the
secondary side. The winding voltages of the transformer are 12 kV at the primary side and 240 V at the secondary side. The leakage
reactance is 0.122 p.u. on a transformer rating of 10.2 MVA. The residual flux in the transformer is also modeled.
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Fig. 1 Test Power System

111.PROPOSED PLL

The PLL (Phase Locked Loop) has been an important device in electronics and power system applications ever since the first
implementation in the 1930s by de Bellescize.The first PLLs were analog devices but following the development in solid-state
electronics and computer technology, the PLL has developed from an analog device via digital implementations to pure software
implementations.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. In getting the PLL to lock the proper selection of
the filter is essential and it needs some attention. If the filter design is understood from control theory point-of-view then the design
becomes quite simple.

A. Basics Of PLL

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.2. The input signal ul(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 signals 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.

((i]

e(l)

PHASE LoOP
Uy(t)__| DETECTOR FILTER

VOLTAGE
CONTROLLED
OSCILLATOR

Fig. 2 Basic Block diagram of PLL.

B. Description Of PLL For Discrimination Between Faults And Transients

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). The inputs to the PLL are the three phase-currents (Ia ,Ib , and Ic ), which are first transformed to off
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quantities (Io and If) using Clarke’s transformation.

Mabe ¢

Fig. 3 PLL implementation

Then, the of quantities are projected onto a reference frame. Depending on the proximity of the aff quantities to the reference frame,
an error signal is formed. This error signal is fed through a PI regulator so that the error is controlled to zero. Once the error is zero,
the input signals are in phase with the reference frame. 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. Depending on the
characteristics of the transient, the deviation will have different magnitude and frequency. Since a fault is typically an ac
fundamental power frequency character, the deviation will be different than for a switching transient that contains no fundamental
power frequency components. The behaviour of the error signal of the PLL will also depend on the tuning of the PLL.

C. Tuning Of The PLL

The PLL will be tuned to the power system frequency. 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. 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. Finetuning of the parameters can then be
made by, for example, computer simulations or any other standard tuning method.

D. Fault Detection And Discrimination Using A PLL

The method that is used to detect a fault and discriminate the fault from a switching transient is described here. 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.DESIGN OFFLC
A. Design Of FLC
The FLC which is shown in above diagram has to be designed using fuzzy toolbox.The design starts with assigning the mapped
variables inputs/output of the fuzzy logic controller (FLC). The first input variable to the FLC is the error e(t) and the second is
change in error Ae(t). The output variable to the FLC is the current.

B. Membership Functions

After choosing proper variables as input and output of fuzzy controller, it is required to decide on the linguistic variables. These
variables transform the numerical values of the input of the fuzzy controller to fuzzy quantities. The number of linguistic variables
describing the fuzzy subsets of a variable varies according to the application. Here five linguistic variables for each of the input and
output variables are used to describe them. Table 1 shows the Membership functions for fuzzy variables.
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NB NEGATIVE BIG
NM NEGATIVE MEDIUM
NS NEGATIVE SMALL
ZE ZERO
PS POSITIVE SMALL
PM POSITIVE MEDIUM
PB POSITIVE BIG

Table. 1 Membership functions for fuzzy variables
The membership function maps the crisp values into fuzzy variables. The triangular membership functions are used to define the
degree of membership. Here for each input variable, seven labels are defined namely, NB, NM, NS, ZE, PS, PM and PB. Each
subset is associated with a triangular membership function to form a set of seven membership functions for each fuzzy variable.

R () NS zr = P L ]

VAN

Fig.4 Membershlp functlon for e(t)

ru

DX

Fig.5 Membership function for Ae(t)

Ny

DX

Fig. 6 Membership function for current
The membership function for e(t),Ae(t) and voltage are shown in Figure 6.11,Figure 6.12 and Figure 6.13 respectively. Knowledge
base involves defining the rules represented as IF - THEN rules statements governing the relationship between input and output
variables in terms of membership functions. In this stage the input variables speed deviation and acceleration are processed by the
inference engine that executes 7x7 rules represented in rule Table 2.

MFI" | MF2 | MF3 | MF4 | MF5 | MF6 | MF7
E NB NM [NS | ZE PS PM ([ PB
AE
MFI | NB NB |NB |NB |NM | NS |ZE
NB
MF2 | NB NB |NM |NM |NS |ZE |PS
NM
MF3 | NB NM | NS | NS ZE PS PM
NS
MF4 | NB NM [ NS | ZE PS PM | PB
ZE
MF5 | NM | NS | ZE PS PS PM | PB
PS
MF6 | NS ZE PS PM |PM |PB |PB
PM
MF7 | ZE PS PM | PB PB PB | PB
PB

T;bl_e- 2._ D;-:cision T;bié
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The procedure for calculating the crisp output of the Fuzzy Logic Controller for some values of input variables is based on the
following three steps.

Determination of degree of firing (DOF) of the rules The DOF of the rule consequent is a scalar value which equals the minimum of
two antecedent membership degrees.

Inference Mechanism The inference mechanism consists of two processes called fuzzy implication and aggregation. The degree of
firing of a rule interacts with its consequent to provide the output of the rule, which is a fuzzy subset. The formulation used to
determine how the DOF and the consequent fuzzy set interact to form the rule output is called a fuzzy implication. In fuzzy logic
control the most commonly used method for inferring the rule output is Sugeno method.

Defuzzification to obtain a crisp output value from the fuzzy set obtained in the previous step a mechanism called defuzzification is
used. In this example output U is defuzzified according to the membership functions shown in Figure 6.13. Here center of gravity
(COA) or centroid method is used to calculate the final fuzzy value.

V. SIMULATION OF PLL FOR E(T)
A. Under Transformer Energisation
The error signal has got from the scope ERROR e(t) while the breaker1 of fig 6.1is connected with a three phase transformer.

Fig .7 e(t) under transformer energisation
B. Under Capacitor Energisation
The error signal has got from the scope ERROR e(t) while the breaker1 of fig 6.1is connected with a three phase capacitor bank

Fig .8 e(t) under capacitor energisation.
C. Under 3-¢ Fault
The Error Signal has got from the scope ERROR e(t) while the breaker 1 of fig 1 is connected with a fault and which is set to 3-¢
fault.

Fig.9 e(t) under 3® fault
D. Under LG Fault
The error signal has got from the scope ERROR e(t) while the breakerl of fig 6.1is connected with a fault and which is set to LG
fault.
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Fig.10 e(t) under LG fault

E. Under LL Fault
The error signal has got from the scope ERROR e(t) while the breakerl of fig 6.1is connected with a fault and which is set to LL
fault

Fig .11 e (t) under LL fault

VI.SIMULATION OF POWER SYSTEM
A. Under Fault Condition
The power system model is simulated after designing PLL with FLC under the fault condition. The main consideration of work of
CB is the line current in the power system. The current waveform is shown in the below fig. The fault has been created at 10 ms
using the property window of fault as well as breakerl in the model. The CB got open at time when the current become zero. The

resultant waveform is shown in fig.
i fu.,f”mh'“” LY 1||'1" Hil l””p ‘h
I
i

[]I ll' ”{H}“”m:! “”I {llh I'l U'l”w”lrm f |||‘
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O VT O v
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Fig.12 current waveform during fault
B. Result
The current waveform shown in above fig describes that the time taken to make the current value to zero is 16.7 ms and the
occurrence of fault is 10 ms. So the time duration need to open the CB is around 7 ms. Thus the operating time is considerably
reduced by using the FLC in the proposed PLL logic.

VII. CONCLUSION
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. 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. 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. The PLL (with FLC)
is discriminating the fault and transients in a fast manner than the previous one and also the operating time is considerably reduced
to 7ms. Thus the FLC shows an improved performance than the conventional one. In this paper the discrimination between
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transients and low impedance fault has performed. For future work, high impedance faults must also be considered.
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