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Abstract—In this paper, a modified dynamic phasor estimation
method for protection relays is proposed to calculate the dynamic
phasor of a fundamental frequency component with time-variant
amplitude. The fault current is assumed to be the combination of a
decaying dc offset, a decaying fundamental frequency component
and harmonics with constant amplitude. The exponential functions
of the decaying dc offset and fundament frequency component are
replaced by Taylor series. Then, the LS (Least Square) technique
is used to estimate the magnitudes and the time constants of de-
caying components. The performance of the algorithm is evaluated
by using computer-simulated signals based on simple equations
and fault current signals collected from DFIG wind farm model
in MATLAB Simulink. The test results indicate that the proposed
algorithm can accurately estimate the decaying amplitude and the
time constant of the fundamental frequency component.

Index Terms—Distributed generators, modified dynamic phasor,
phasor estimation, time-variant fault current.

I. INTRODUCTION

N OWADAYS, there is much interest in connecting various
sources of electrical energy, typically described as dis-

tributed energy resources (DERs), to electric power systems.
Much of this interest is due to the demands of clean energy, high
reliability, and enhanced power quality. DERs offer a variety of
possibilities for energy conversion and electric power genera-
tion. Various energy sources and converters are used to generate
electricity through PV arrays, wind turbines, fuel cells, micro-
turbines, conventional diesel and natural gas reciprocating en-
gines, gas-fired turbines, and energy storage technologies [1].
However, the installation of DERs in the power systems will

create operating conflicts. The potential problems from the in-
stallation of DERs, such as changes in coordination of protec-
tive devices, nuisance trip, safety degradation and changes in
the reach of protective relays, were discussed in [2], [3]. Adap-
tive protection schemes were proposed for distribution systems
connected with wind generators [4], [5]. The protection of trans-
mission lines connected to wind farms was discussed in [6]. An
adaptive setting method was proposed for the distance relay to
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protect a transmission line connected to a wind farm [7]. All of
these kinds of adaptive protection methods as well as traditional
protection algorithms are based on estimating the phasors of the
voltage and current signals.
Most of digital relays adopt discrete Fourier transform

(DFT)-based algorithms to estimate the phasors of a voltage
signal and a current signal. A fault current in the conventional
power system is generally considered as the combination of
an exponentially decaying dc component and sinusoidal com-
ponents with the time-invariant amplitude. The time-variant
amplitude of the sinusoidal component is only considered
on pickup settings of generator protection relays for the
multi-phase faults involving synchronous generators. It is be-
cause the time constant of the decaying sinusoidal component
is long enough to not produce a significant error on the result
of DFT. In order to estimate the accurate current phasor using
DFT, the dc-offset should be removed from the fault current
signal. For this purpose, several techniques have been proposed
to reduce or remove the adverse effect of the decaying dc
component on the result of phasor estimation using DFT-based
method [8]–[12].
However, the fault currents delivered from distributed gen-

erators, especially small synchronous generators or doubly-fed
induction generators (DFIG) directly connected to power sys-
tems have time-variant characteristics of the sinusoidal compo-
nents with small time constants. These make the phasor estima-
tion task more challenging since most algorithms to estimate the
phasors of voltage and current are developed by presuming the
time-invariant amplitude of a sinusoidal signal at a frequency.
A new concept of the phasor estimation method referred to as
dynamic phasor was proposed for estimating the time-variant
amplitude and phase of a sinusoidal component during power
system oscillation [13]. This method, however, is not suitable
for applying to protection relays because a decaying dc compo-
nent is not considered.
In this paper, a modified dynamic phasor estimation method

for protection relays is proposed to calculate a dynamic phasor
of a fundamental frequency component with time-variant am-
plitude. The fault current is assumed to be the combination of a
decaying dc offset, a decaying fundamental frequency compo-
nent and harmonics with constant amplitude. The exponential
functions of the decaying dc offset and fundament frequency
component are replaced by Taylor series. The LS (Least Square)
technique is used to estimate the amplitudes and the time con-
stants of the decaying components.
The performance of the proposed algorithm is evaluated by

using computer-simulated signals based on simple equations
and fault current signals generated using DFIGwind farmmodel
in MATLAB Simulink. To demonstrate the performance of the
proposed algorithm, the test results are compared to those of a
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DFT-based method which is called PS (partial sum)-based DFT
[9]. The test results indicate that the proposed algorithm can ac-
curately estimate the decaying amplitude and the time constant
of the fundamental frequency component.

II. CHARACTERISTICS OF SHORT-CIRCUIT CURRENTS

A. Short Circuit Currents of a Synchronous Generator

It is well known that the behavior of synchronous generators
during fault conditions is typically quantified by three reactance
values: subtransient reactance , which addresses generator
behavior during the early time domain of a fault; transient re-
actance , which addresses generator behavior during the
medium time domain of the fault; and synchronous reactance

, which addresses generator behavior during the long time
domain of the fault. The duration of the time domains is ad-
dressed by two time constants: subtransient time constant
and transient time constant [1]. A fault current of A-phase
can be expressed by an exponential equation with generator ter-
minal voltage magnitude , all three generator reactances
and both time constants as follows:

(1)

B. Short Circuit Currents of a DFIG

In this section, the equation for the short-circuit current of a
DFIG determined in [14] is briefly introduced.
Over the last couple of decades, several researches have been

done to analysis the short-circuit current of induction generator
[14]–[16]. The result formulas to describe the short circuit cur-
rent are slightly different between each research. It is because
the short-circuit behavior of an induction machine is strongly
dependent on the machine and their controller characteristics.
All of the researches, however, indicate that the short-circuit
current of an induction generator consists of an ac component
with a frequency which is equal to the rotor speed and a dc com-
ponent. These two components decrease exponentially.
When a three-phase fault occurs at the stator terminal of a

DFIG, the short-circuit current of A-phase is

(2)

where is the magnitude of the stator voltage, is the tran-
sient stator reactance, and are the transient time constants
for the damping of the dc component in stator and rotor, is
the mutual inductance between stator and rotor, is the rotor
inductance, and is the synchronous rotational speed.
Although (1) and (2) are to describe the A-phase current for

the three-phase fault at the generator terminal, these equations
are also useful to understand a fault current supplied from dis-
tributed generations when a fault occurs in a neighboring dis-
tribution feeder or a transmission line. The fault current deliv-
ered from distributed generators during grid fault conditions has
a time-variant characteristic of the sinusoidal component with

Fig. 1. Example of a short-circuit current with time-variant amplitude and its
effect on DFT-based algorithms. (a) Short-circuit current. (b) Estimated ampli-
tude.

a time constant. It may result in some significant error in the
phasor value estimated by DFT. Fig. 1 shows an example wave
form of the fault current which consists of a decaying funda-
mental frequency component and a decaying dc offset compo-
nent. It also shows the effect of decaying amplitude character-
istic of the sinusoidal component on the result of phasor estima-
tion using DFT-based method. DFT is simple and easily to be
implemented, but the output of DFT contains some errors due
to both the decaying dc offset component and the decaying si-
nusoidal component. Since PS-based DFT is only designed to
remove the adverse influence of the decaying dc offset, it does
not cope effectively with the decaying sinusoidal component.
Accordingly, the decaying amplitude characteristic of the sinu-
soidal component causes decrease and fluctuation in the ampli-
tude value of the estimated phasor using a method assuming the
constant amplitude of a sinusoidal signal at a frequency such
as DFT. The estimated phasor value is smaller than the desired
value, then it may result in the failure to trip or delayed opera-
tion of protection relays.

III. MODIFIED DYNAMIC PHASOR ESTIMATION ALGORITHM

As refer to (1) and (2), the fault current delivered from dis-
tributed generators can be considered as the sum of a decaying
dc offset component, a decaying fundamental frequency com-
ponent and harmonics with constant amplitude. At time ,
this wave form can be mathematically expressed as follows:

(3)

where and are the amplitude and the time constant of the
decaying dc component, is the fundamental frequency of the
system, and are the constant amplitude, the
decaying amplitude, the phase angle and the time constant of
the decaying fundamental frequency component, respectively,



https://isiarticles.com/article/53001

