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ABSTRACT

This paper presents a new method is that
Phase locked loop and synchronization
techniques are one of the most important issues
for operating grid-interfaced converters in
practical applications, which involve Distributed
Power Generation Systems, Flexible AC
Transmission Systems (FACTS), and High
Voltage Direct Current (HVDC) Transmission,
and so on. This paper presents a comprehensive
review of the recently developed phase locked loop
and synchronization methods that can be used to
discriminate faults from switching transients. It is
primarily intended for use in systems where fault
is clearing before the first peak of the fault current
are required.

Index Terms—TFault protection, phase-locked loop,
power system, fault current limiters,fault current
diverters,

I. INTRODUCTION

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.This
paper is structured in the following way: First, a
back ground on fault current limiters and fault
protection is given.

Finally, there is a section with concluding
remarks and proposal for future work. Furthermore,
a short appendix describing some methods of
estimating power system signals is added for
convenience. In [1], a trend toward increased short-
circuit power is reported, which is also illustrated by
an experience of more than 2 800 installations of
fault-current limiters throughout the world.

1. FAULT CUREENT LIMITERS &
DIVERTERS,ARC PROTECTION
SYSTEMS

a.A fault current limiter is a device that during
normal operating conditions allows a strong network
but when a fault occurs, introduces enough
impedance in the circuit so that the fault current is
limited. The purpose of a fault current limiter is to
limit the fault current so that its prospective peak
value never is reached. The current limiting
functionality can be achieved in several ways and
power-electronic-based current limiters. (e.g.,current
limiting reactors [2]; fuses [3]; triggered fuse [1];

b. 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. One example of a current
diverter is given in [4]. It is a de- vice that in case of a
short circuit involving an open arc operates quickly
and achieves a short circuit between phases and
earth, thus short-circuiting the arc. The voltage drop
across the arc becomes practically zero, making the
arc extinguish.

c. Arc protection systems. An arcing fault in an
enclosed substation environment will, if not
extinguished, lead to extensive damage and potential
harm to safety against human hazard. As the arc
develops the temperature will rise and in turn cause
the pressure to rise. After approximately a pressure
wave will travel through the substation A pressure
relief that opens when the pressure exceeds a certain
threshold can to a certain extent but not completely
mitigate the potential damages caused by the pressure
wave. If the arc is not extinguished, it will rapidly
cause severe meltdown of conductors and partitions,
hence damaging the switchgear so that extensive
repair or even replacement is necessary. An arc is
relatively easy to detect using the light from the arc
as a fault detector. The signal from the fault detector
can then be used to trip the main circuit breaker thus
extinguishing the arc.The damage to the substation is
then limited but some maintenance is required before
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the substation can be put back in service. It is
possible to achieve a shorter arc extinguishing time if
a bypass switch is used. The bypass switch is closed
thereby short-circuiting the arc by closing a parallel
path to earth. Two examples of such bypass switches
are available as an Arc Eliminator [5] or an Arc
Terminator[6] Both switches operate to extinguish
the arc .

I1.PROTECTION OF POWER
SYSTEM

As concluded in the previous section, power
system protection is another important issue. It is
essential for safe operation of the power system that
faults are detectedand clearedautomatically 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.

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
circum- stances, 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 transients
as de- scribed in, for example, [7].

IV. PROPOSED METHOD

In this section, the proposed method of
using a PLL for discrimination between faults and
switching transients will be described. First, a short
description of the basics of a PLL is given. Second, a
well-known implementation of a PLL suitable for
simulation purposes is described and the relevant
signals that are used for the actual discrimination
between a fault and a switching transient are
identified. Third, the tuning of the parameters of the
PLL implementation is discussed and suggestions
for a first selection of parameters are given.

phase phase
detector EITor Ug(t) Ionﬂg;ter
> (PD)
VCO VCO
controlled ]
output u,(t) oscillator input udt)
(VCO)

Fig. 1 Block diagram of basic PLL structure
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A. Basicsof a PLL

The PLL has been an important device in
electronics and power system applications ever since
the first implementation in the 1930s by de
Bellescize. by de Bellescize, as mentioned in [8]. A
PLL is a circuit that is used to synchronize an input
signal with respect to phase and frequency ,hence the
name phase locked.

Recent research related to PLLs has been
from several research fields: general descriptions of
PLLs [9], distributed generation applications [10],
active power-line conditioner applications [11], servo
controllers [12], as well as protection and control
[13]-[15].

B. Description of a PLL that is Suitable for the
Discrimination Between a Fault and a Switching
Transient

A vector implementation of a PLL is
described in this paragraph. 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 error signal is fed through a PI
regulator

I, =1-sin(wt)

&y =1+5n (-‘.uf:— 2 %)

L-:I-ﬁin(wﬁ-i-}r;—r). (N
Then, the Clarke’s components [, and [; equate to

I _ (2 - .I.I.u - (IIIJ +I-';|)
=Ty

(h—1) | .
——— = —Toos(wt). (2
e () )

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

= Isin(wt)

Is=

e(t) = I rcos(8) + I - sin(ff) = Tsin(wt— @), (3)

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. The behavior 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. PLL shave 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.
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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
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estimated magnitude is higher than a preselected
threshold, a flag is set. The second algorithm is as
previously mentioned, monitoring the error signal of
aPLL.

Fig. 2
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The test system, consists of an infinite
source, an impedance load, a shunt capacitor a
transformer (with an associated CB), and a fault.

V. SIMULATION AND RESULT
In order to test the proposed method, a
simple test system has been developed and
implemented in an ElectromagneticTransients
Program (PSCAD/EMTDC) 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 an
impedance. The supply voltage of the source has

been chosen as s = 12 kV. The series
impedance has been chosen so that the power
system will have a short-circuit power of

approximately Sk =831 MVA m 0.55 mH).

The supply frequency of the voltage source is
selected to 50 Hz. A short-circuit power of

Sk = 831IMVA will give a short-circuit current

of approximately fk = 40 KA.

»  The shunt capacitor is modeled by a capacitance
of ©=90.191LF 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.

e The transformer is modeled by a transformer
model available in the master library of
PSCAD/EMTDC. 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
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10.2 MVA. The residual flux in the transformer
is also modeled.

* A. Simulated Events A large selection of shunt
faults, capacitor energizations, and transformer
energizations have been simulated. The instant
when the event occur will determine some of the
characteristics of the transient current such as,
for example, the magnitude and possible dc

offset.
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Fig. 5. Error signal due to a three-phase fault (in per
unit).

VI. Results

A large number of results are available
as a result from the simulations. A few selected
results are presented here.
1Faults: This section contains plots of signals
caused by shunt faults in the power system. Both three
phese and phase to phase faults have been analyze. Faults
have been applied with different fault inception
angles. The magnitude of the error signal of the PLL
was well above 10 p.u. for all fault inception angles

2.Transformer Energization: In this section, plots
of signals (voltages, currents, and relevant
parameters from the control system) caused by
transformer energization in the power system are
presented. Typical phase voltages and phase currents
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transformer energization are plotted The error signal
of the PLL for this event. As can be seen from that
figure, the error signal deviates from zero shortly after
the event has occurred but returns to steady state when
the
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Fig. 10. Phase voltages and currents due to capacitor
energization.
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Fig. 11. Error signal due to capacitor energization
(in per unit.)

PLL has adapted to the new conditions.
Different switching instants were investigated and
the magnitude of the error signal was never above 2

p.u.

3.Capacitor Energization: In this section, plots of
signals (voltages, currents, and relevant parameters
from the control system) caused by capacitor
energization in the power system are presented.
Different switching instants were investigated and the
magnitude of the error signal was never above 5 p.u.

Analysis of the Proposed Method

First, a threshold for the measured current
magnitude is selected. It can be concluded that the
algorithm is able to discriminate between a fault and a
switching transient. The magnitude based protection
algorithm, all four transients would have been
considered as faults since the first threshold was
reached. In order to use a pure magnitude based
protection algorithm, the first threshold would have to
be increased.

ISSN: 2248-9622

VII.CONCLUSSION AND FUTURE
WORK

In this paper, | have 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 The work presented in this paper
is based on simulations and theoretical investigations.
The focus has been on discrimination between
switching transients and low impedance faults.

VIIL.CALCULATIONS
RMS Value Calculation: The rms value of a

current is estimated from measured current samples
as
i ErS
=10

T
where i; denotes the measured current samples and
denotes the number of samples that are used for the
rms calculation. Typically, is selected so that the rms
calculation is performed over one period of
fundamental power system frequency.
FFT-Based Calculation: The peak value of a
current is estimated from measured current samples
in two steps. First, the orthogonal components /.. and
1, are calculated as

T = (A1)

I.= %gu. oos( k) (A2)
and
2 &
I.= EAZ:‘IM sin(kf). (A3)
Finally, the estimated peak current is calculated as
L=+I2+ 12 (A4)

LSQ-Based Calculation: The peak value of
a current can be estimated from measured current
samples by fitting the measured current samples to a
signal model. Three measured current samples can be
fitted to the signal model

ilt) = I coswpt + I, simwyt.
If it is assumed that the frequency in the system is
known the signal model contains two contains two
unknown parameters .The three measured currents

samples are fitted to the signal model by a least
square approach and Ic and la are calculated as
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[ [i1cosf +ip + i_L cos ] (A6)
1+ 2cos*d
and
lix —i]
=i AT
T A0
Finally, the estimated peak current is calculated as
L=+ (A8)
ACKNOWLEDGEMENTS

I would like to thank D.R.K.Paramahamsa
Associate Professor and Prof.A.K.Rathod Principal,
Durgam Kumaraswamy Head of EEE Department, of
Aurora’s Research & Technological Institute
,Hanamkonda for their encouragement and
motivation to write this paper.

REFERENCES

[1]. K.-H. Hartung and V. Schmidt, “Limitation
of short circuit current by an is-/imiter,” in
Proc. 10th Int. Conf. Electrical Power
Quality and Utilisation, Sep. 2009, pp. 1-4.

[21 CIGRE Working Group A3.10, Fault
current limiters in electrical medium and
high voltage systems, 2003.

[3] A. Wright and P. Newbery, Electric Fuses,
3rd ed. London, U.K.:Inst. Elect. Eng.,
2004.

[4] Arceliminator, Rapidelimination of Internal
Arcing. ABB, 1999. [Online].Available:
http://www.abb.com

[5] ABB, 1999, “Arc Eliminator — Rapid
Elimination of Internal Arcing”, Product no.
1VET 954910-910, ABB

[6] R. Garzon, 2001, “Arc Terminator an
Alternative to‘Arc proofing’ Copyright
Material IEEE, Paper No. PCIC-2001-19

[71 A. G. Phadke and J. S. Thorp, Computer
Relaying forpower systems.New York:
Wiley, 1988.

[8] R. E. Best, Phase-Locked Loops Design,
Simulation and Applications, 5th ed. New
York: McGraw-Hill, 2003.

[91 G. C. Hsieh and J. C. Hung, “Phase-
locked loop techniques Asurvey,” IEEE
Trans. Ind. Electron., vol. 43, no. 6, pp.
609-615, Dec.1996.

[10] A. Timbus, T. Teodorescu, F. Blaabjerg, M.
Liserre, and P. Rodriguez, “PLL algorithm
for power generation systems robust to grid
voltage faults,” presented at the Power
Electronics Specialists Conf., Jeju, South
Korea, 2006.

[11]

[12]

[13]

[14]

[15]

ISSN: 2248-9622

L. G. B. Rolim, D. R. da Costa, Jr, and M.
Aredes, “Analysis and software
implementation of a robust synchronizing
PLL circuit based on the PQ theory,”
IEEE Trans. Ind. Electron., vol. 53, no.
6, pp.1919-1926, Dec. 2006.

T. Emura, L. Wang, M. Yamanaka, and H.
Nakamura, “A high precision positioning
servo controller based on phase/frequency
detecting technique of two-phase-type PLL,”
IEEE Trans. Ind. Electron., vol. 47, no. 6,
pp. 1298-1306, Dec. 2000.

M.karimi - Ghartemani and M. R. Iravani, “A
signal processing module for power system
applications,” IEEE Trans. Power Del., vol.
18, no. 4, pp. 1118-1126, Oct. 2003.

M. karimi - Ghartemani and M. R. Iravani, “A
signal processing module for power system
applications,” IEEE Trans. Power Del., vol.
18, no.4, pp. 1118-1126, Oct. 2003.

H. Timorabadi and F. Dawson, in Proc. A
Three-Phase Frequency Adaptive Digital
Phase Locked Loop for Measurement,
Control and Protection in Power Systems,
Nagoya, Japan, 2007, pp. 183-90.

2670|Page


http://www.abb.com/

