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Abstract

This paper proposes a phasor measurement algorithm for transmission systems compensated with shunt capacitor banks. Since the shunt capacitor
banks tend to lower the resonant frequencies, the dominant component, which has the lowest resonant frequency, is insufficiently attenuated by
a low-pass filter and has an adverse influence on the phasor measurement of the fundamental component in a fault current signal. This paper
theoretically investigates the dominant frequency in the presence of shunt capacitor banks and presents a phasor measurement algorithm immune
to the dominant component and DC-offset. The performance of the algorithm is evaluated for a-phase to ground (a–g) faults on a 154-kV
transmission system compensated with shunt capacitor banks. The evaluation results indicate that the algorithm can measure the phasor reliably
and satisfactorily, although the fault current signal is distorted with the dominant component and DC-offset. The paper concludes by describing
the hardware implementation of the algorithm on a prototype unit based on a digital signal processor.
© 2006 Elsevier B.V. All rights reserved.

Keywords: DC-offset; Fault current signal; Dominant component; Phasor measurement; Shunt capacitor banks

1. Introduction

The number of applications of shunt capacitor banks in sub-
stations has increased significantly. This is primarily due to the
voltage regulation problems associated with the increasing loads
on existing transmission systems. They are usually installed at
the major buses on transmission systems to provide voltage sup-
port for large areas. These shunt capacitor banks tend to lower
the resonant frequencies induced by a fault [1,2] and hence
a low-pass filter insufficiently attenuates the resonant compo-
nents. In particular, the dominant component, which is defined
as the damped component with the lowest resonant frequency,
has an adverse influence on the phasor measurement of the fun-
damental component in a fault current signal. Since the dominant
component is an exponentially decaying component similar to
the DC-offset, it cannot be removed completely despite using
orthogonal transforms. Therefore, both the dominant compo-
nent and DC-offset should be considered when measuring the
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phasor using orthogonal transforms or other techniques. Over
the last two decades, several techniques have been proposed to
deal with the DC-offset [3–12]. One approach for eliminating
the effect of the DC-offset is to assume a specific time con-
stant for the DC-offset [3–8]. Although the methods in this
approach are useful for the assumed conditions, they cannot
be applied universally because the time constant depends on the
system conditions, such as the system configuration, fault loca-
tion, and size of the shunt capacitor banks. Another approach is
to measure the parameters of the DC-offset [9–12]. The meth-
ods in this approach have the advantage of measuring the phasor
regardless of the DC-offset time constant. However, they also
produce errors when the fault current signal is distorted with
any damped high-frequency components, such as the dominant
component.

This paper investigates the dominant frequency theoretically
and presents a phasor measurement algorithm immune to the
dominant component and DC-offset. The performance of the
algorithm was evaluated for a-phase to ground (a–g) faults on a
154-kV transmission system compensated with shunt capacitor
banks. Using the data generated by the EMTP (ElectroMagnetic
Transient Program), the algorithm could measure the phasor of
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Fig. 1. Single-line diagram of the 154-kV transmission system compensated
with shunt capacitor banks.

the fundamental component with high accuracy. The paper con-
cludes by describing how the algorithm was implemented and
tested on a digital signal processor (DSP)-based prototype unit.

2. Dominant frequency

The system used for this study is shown in Fig. 1. To pro-
vide reactive power, ungrounded-wye shunt capacitor banks
were installed at the sending end of a 154-kV 100-km over-
head transmission line, for which the parameters are given in
Table 1.

When an a–g fault occurs at a fault point F located l km from
a relaying point S, the Thévenin impedance viewed from F has
a minimum magnitude at resonant frequencies ωr. Since the
dominant frequency ωd is defined as the lowest of these resonant
frequencies, ωd can be expressed as

ωd(l) = min(ωr(l)) = min(argmin
ω

|Zth(ω, l)|) (1)

Assuming that the pre-fault voltage at F is vF(t) =
VF sin(ωft + θF), where VF, ωf, and θF are the peak voltage,
fundamental frequency, and fault inception angle, respectively,
then the superimposed voltage for the a–g fault is given
by �vF(t) = −VF sin(ωft + θF). With reference to the super-
imposed sequence network shown in Fig. 2, the Thévenin
impedance Zth can be expressed as

Zth(ω, l) = �VF

�IF
=
∑

k=0,1,2�VFk∑
k=0,1,2�IFk

(2)

where �VFk and �IFk are the superimposed sequence voltage
and current at the fault point, respectively. The letter k = 0, 1, and
2 denotes the zero, positive, and negative sequences, respec-
tively. Using the distributed-parameter line model, �VFk and
�IFk can be written in terms of �ISk, which is the superimposed
sequence current at the relaying point, as shown by the following

Table 1
The 154 kV overhead transmission line parameters

Sequence Parameter Value Unit

Positive, negative R1, R2 0.0420 �/km
L1, L2 0.8625 mH/km
C1, C2 0.0132 �F/km

Zero R0 0.1793 �/km
L0 2.4750 mH/km
C0 0.0044 �F/km

equations:

�VFk = ZVk�ISk (3)

�IFk = ZIk

ZCk

�ISk (4)

where

ZVk = Z
Eq
Sk cosh γkl + ZCk sinh γkl,

ZIk = Z
Eq
Sk sinh γkl + ZCk cosh γkl,

ZCk =
√

zk

yk

=
√

Rk + jωLk

jωCk

,

γk = √
zkyk =

√
(Rk + jωLk)(jωCk),

Z
Eq
S0 = ZS0, Z

Eq
S1 = Z

Eq
S2 = ZS1

1 + jωCShZS1
.

ZCk and γk are the characteristic impedance and propagation
constant of the sequence network shown in Fig. 2, respectively.

Substituting �ISk from (3) into (4) yields

�IFk = ZIk

ZCk

�VFk

ZVk

(5)

It is well known that �IFk satisfies the following relationship
for a–g faults⎡
⎢⎣

�VF0

�VF1

�VF2

⎤
⎥⎦ = 1

3

⎡
⎢⎣

1 1 1

1 ej2π/3 ej4π/3

1 ej4π/3 ej2π/3

⎤
⎥⎦×

⎡
⎢⎣

�VFa

�VFb

�VFc

⎤
⎥⎦

= 1

3

⎡
⎢⎣

1 1 1

1 ej2π/3 ej4π/3

1 ej4π/3 ej2π/3

⎤
⎥⎦×

⎡
⎢⎣

�VF

0

0

⎤
⎥⎦ (6)

which implies that

�VF0 = �VF1 = �VF1 = �VF

3
(7)

The combination of (2), (5) and (7) yields

Zth(ω, l) = 3 × �VF0

�VF0 ×∑k=0,1,2(ZIk/ZCk)(1/ZVk)

= 3∑
k=0,1,2(ZIk/ZCkZVk)

(8)

Fig. 2. Superimposed sequence network.
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