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Abstract

It can be considered that coupling capacitor voltage transformers have two outputs. The first is the fundamental frequency output, normally used
to feed relays and meters. This output has a limited bandwidth and its response is typical of a low-pass filter. The second is the high-frequency
output, normally used for Power Line Carrier application. This paper demonstrates, by means of digital simulations conducted with EMTP/ATP,
that it is possible to capture, using the second output, the appropriate traveling wave voltage signals that are required for the correct operation
of an EHV transmission line fault locator system, for line maintenance purposes. This paper also demonstrates that, due to the behaviour of the
high-frequency output, it is possible to obtain the voltage information that is needed to locate lightning discharges that reach the line and do not
cause insulator flashover. This information can be very important for transmission line maintenance purposes.
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1. Introduction

The correct location of faults on EHV power transmission
lines is important to allow quick maintenance action of the repair
crews. The Brazilian system is characterized by hydroelectric
power plants connected to the consumer centres by long trans-
mission lines. Its future growth is being planned to occur mainly
towards the north of the country, and this will require new long
transmission lines.

Nowadays, studies and investigations of the EHV power sys-
tem on the Brazilian north region, where transmission lines
routes go through dense forests and rugged regions, indicate
the need to look for more precise fault location methods, in
comparison with the power frequency phasor schemes. The fun-
damental frequency based methods are usually available from
algorithms integrated with the software of digital protection
systems (numeric relays) and/or digital fault recorders (DFRs).
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Fig. 1 shows an illustration of the Brazilian North—South 500 kV
Interconnection, between Brasilia and Imperatriz substations
[1]. One interesting aspect is that the new lines in the Brazil-
ian EHV system in the north region are equipped with Optical
Ground Wires (OPGW) for communication and protection pur-
poses, instead of Power Line Carrier (PLC) in their project.

The studies presented in this paper are part of a broader work
aiming at the study of a traveling wave fault location method
based on voltage information. That is, a method, that can be
proposed for the new Brazilian EHV transmission lines, and does
not present the same limitations as the fundamental frequency
based methods [2].

In the development and utilization of high-speed protective
relays or, as it is the interest in this study, of a traveling wave
fault locator system for transmission line maintenance purposes,
the transient response of coupling capacitor voltage transformer
(CCVT), from which the voltage information is drawn, should
be considered. This is particularly important if the relays or the
fault locator system work on the high-frequency fault generated
transients, rather than 60 Hz quantities.

Many researchers have developed sophisticated traveling
wave based fault locator algorithms based on voltage infor-
mation [2-5]. In order to fully exploit the advantages of such
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Fig. 1. Geographical location: Brazilian North—South 500kV Interconnection.

schemes it is necessary to employ voltage transducers of suf-
ficient bandwidth to allow accurate detection of the fast-rising
waveforms associated with traveling waves. Although equip-
ment such as optical voltage transducers may be considered
available from industry [6], in the Brazilian EHV transmission
system all existing voltage instrument transformers are designed
with 60 Hz in mind.

In a previous paper [7], the authors have shown that coupling
capacitor voltage transformers secondary voltages, normally
applied to conventional relays and meters, do not comprise the
appropriate information, present in the primary voltages, for a
scheme that operates on the high-frequency fault generated tran-
sients. In the mentioned paper [7], it can be seen, regarding its
secondary voltages, that a CCVT behaves as a low-pass filter.

To overcome this limitation, Zhang et al. [8] proposed a
scheme, based on wavelet analysis, in which they employed a
specially designed transient voltage detector (TVD), developed
by Stalewski and Weller [9], to capture the fault generated tran-
sients, instead of conventional CCVTs that have limited band-
width. This is a non-standard equipment and it is not adopted in
the Brazilian substations.

Presently, due to the deregulation of power industry,
increased competition between utilities and new regulatory

framework of the electric sector, it is difficult to have the trans-
mission system available for field tests, to investigate new tech-
nologies that may be applied, specially considering for line fault
application.

In this context, the objective of this paper is to demonstrate,
by means of digital simulations conducted with the Alternative
Transients Program (ATP) [10], GTPPLOT [11] and MATLAB
[12], that it is possible to capture the appropriate traveling wave
information using a high-frequency output from a CCVT. This
output behaves as a high-pass filter that rejects lower frequen-
cies. This paper also has the objective to demonstrate that, due to
the transient response of the high-frequency output, it is possible
to obtain the high-frequency voltage information necessary to
locate lightning discharges that reach the lines and do not cause
insulator flashover. This feature is not found in the power fre-
quency based methods and may be useful for transmission line
maintenance purposes.

This method was first proposed by Stringfield et al. [13], as
cited in [14]. Part of the studies presented in this paper draws
primarily from the pioneering work they did at Bonneville Power
Administration. More recently, Lee and Mousa [15] described a
practical experience in an application for the British Columbia
Hydro 500kV system.
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