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THE IMPACT OF SAMPLING FREQUENCY ON THE ACCURACY
OF TRAVELLING WAVE-BASED FAULT PROTECTION METHODS
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This paper investigates the impact of sampling frequency on the effectiveness of travelling wave-based fault detection and
location in cases when the fault is very close to the relay location. The arrival times of consecutive reflected travelling
waves in such situations may result in ervors if the sampling frequency of the relay is too low. Effectively, this will limit the
accuracy of estimated fault location. This issue is investigated by simulating a fault close to the relay and observing the
extracted voltage travelling waves for different sampling frequencies. The results confirm a strong correlation and prove
that high accuracy will require higher sampling frequencies. References 7, figures 4.
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Introduction. Technological advancement of microprocessors allows for more demanding
algorithms to be implemented and at higher sampling rates. This also applies to power system protection
schemes, which already have seen sampling rates as high as 1 MHz [1]. This opens new possibilities for
practical application of methods, which so far existed only in the academic domain. One of such applications
is the theory of travelling waves in transmission lines, which existed in the literature for several decades [2],
but becomes more and more popular nowadays [3-7]. There are many advantages of applying travelling
wave theory to fault detection and location in transmission lines, such as much shorter detection times,
independence from fault resistance and high accuracy of fault location. On the other hand, disadvantages
include the requirement for high sampling rates in order to capture the high frequency components, as well as
the problem of the frequency range of traditional current and voltage transformers. This paper focuses on
investigating the former, especially in the context of hypothetical single-end fault detection and location
algorithms in cases when a fault is very close to the location of the relay. Such situation is problematic due to
the fact that it creates multiple travelling wave reflections within a very short period of time. This, in turn,
brings a question of the required sampling rate and its impact on the effectiveness of algorithms in such
cases. For two-end methods with communication this may not be a problem, but methods based only on local
measurements may have limited effectiveness for very close faults. The purpose of this paper is to perform a
preliminary study in the aforementioned topic as it is often overlooked and faults closer than 4-5% of line
length are not discussed when fault location algorithms are proposed. Additionally a wider range of sampling
frequencies are investigated. Typically specific sampling frequency is assumed and investigated.

Problem formulation. Travelling wave theory states that a fault in a transmission line creates
voltage and current travelling waves propagating with a constant speed, close to the speed of light, in both
directions from the location of the fault (fig. 1). These travelling waves also undergo reflections, which
happen at discontinuities created by network connection points, such as buses. The main concept of fault
detection and location based on travelling waves assumes that knowing the propagation speed of travelling
waves, the arrival times of direct and reflected travelling waves indicate whether the fault is in the protected
line as well as the location of the fault in the line.

Fig. 1 depicts a case, in which the fault is close to bus A, where the relay is installed. It can be
observed, that the travelling wave arrives several times at bus A before the initial travelling wave even
reaches bus B. Assuming that a single-end algorithm is employed at bus A, the distance to the fault seen
from bus A can be obtained with the following formula:

m=0,5(t, —t,)v (D)
where #, is the arrival time of the initial travelling wave; #, is the arrival time of the reflected travelling wave
and v is the travelling wave propagation speed.

It is obvious that as the distance to the fault as seen from bus A decreases, the difference between the
arrival times of the initial and reflected travelling waves will also decrease. It can be expected that at some
point the frequency of the arriving travelling waves will be so high, that the assumed sampling frequency
may not be sufficient for accurate distinction of consecutive travelling waves. This paper assumes a small

© Regulski P., Bejmert D., 2020
ORCID ID: * https://orcid.org/0000-0002-6076-2627; **https://orcid.org/0000-0001-6525-0199

62 ISSN 1607-7970. Texn. enexmpoounamira. 2020. Ne 5



Voltage [kV]

Voltage [kV]

distance to the fault and investigates the impact of sampling frequency on the identification of consecutive

travelling waves arriving at the relay location.

In order to obtain the travelling waves from
instantaneous voltage signals the following procedure has
been applied. First, to decouple the phase measurements,
the popular Clarke transformation [4] is applied:
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where V(7) is the ground mode; v)(¢) and v\?(¢) are two
aerial modes. The first aerial mode is then select for
further processing, as it contains the necessary transient
information. The high frequency content is then extracted
using a discrete wavelet transform (DWT) [4]. For this
purpose the optimal results were obtained with Daubechies
1 (dbl) wavelet.

Results. A simple test system depicted in fig. 2
and modelled in ATP/EMTP software has been used to
obtain the test signals. The base simulation frequency has
been set to 10 MHz and was later decimated to lower
frequencies with the use of an appropriate anti-aliasing
low-pass filter.

A 3-phase fault has been simulated 1 km from the
relay location, whereas the line is 240 km long. Often testing
for faults below 5 % of line length is neglected and in this
case the fault is located at 0.42 % of line length. During the
testing 4 different sampling frequencies have been used -
original 10 MHz, 1 MHz 0.5 MHz and 0.2 MHz. The fault
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Fig. 3 shows the
instantaneous  values  of
phase a voltage v,(¢) for
different sampling
frequencies. It can be clearly

observed that as the
sampling frequency
decreases the amount of
detail to be extracted for
further  processing  also
decreases and the time
information may not be
accurately maintained
anymore. The details
extracted by the DWT

presented in fig. 4 show that

accurate arrival time of
consecutive voltage
travelling waves is

maintained only for the
highest sampling frequency.
Lower sampling frequency
of 1 MHz retains part of the
information with 2 peaks
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being visible, but the accuracy is already limited by the time resolution. The arrival time information is
almost completely lost for lower sampling frequencies.

Conclusions. This paper presented a short investigation into the impact of sampling frequency on the
effectiveness of traveling wave-based protection methods for faults located very close to the relay. An
extreme case of a fault located 1 km from the relay has been tested for 4 different sampling frequencies from
10 MHz to 0.2 MHz. It has been observed that only the highest sampling frequency retains accurate arrival
time information of the voltage travelling waves. With a sampling frequency of 1 MHz part of the details has
been retained, but the time information was not as accurate anymore due to the time resolution. The lowest
tested sampling frequencies had too low time resolution to allow extraction of any details.

It should be noted that these observations are specific to the DWT used in this work and it is possible
that other methods of detail extraction could perform better. Nevertheless, the strong impact of the sampling
frequency will always be visible for very short distance to the fault.
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BJIMAHUE YACTOTBI JUCKPETU3ALIUU HA TOYHOCTbDb ONNIPEJAEJEHUA MECTA

KOPOTKOI'O 3AMBIKAHUS 1O METOAY BEI'YIIUX BOJIH
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IIposeden ananus GIUAHUA HACMOMbL OUCKPEMU3AYUY CUSHATIO08, OCHOBAHHLIIL HA NpuHyune 0Oezywux 60H, Ha IPek-
MusBHOCmMb J1OKAAIU3AUUU mecma noepeoic()eyu}z, KOZ()a KOpONKOe 3aMblKaAHUEe pacnojloiHcero 66ﬂu3u JloKkaauzamopa. B maxou
cumyayuy 8pemsa pecucmpayuu nocie008amenbHbiX OMPAdCeHHbIX B0IH MOdICEm N008epeamvcs nomexam. Imo seieHue
AHATUBUPYEMCS ¢ NOMOWBIO KOMNLIOMEPHBIX CUMYIAYUL KOPOMKUX 3AMBIKAHUL 601U3U JTOKATUIAMOPA NYymeM HAOT00eHUs.
Oecywyux 60aH HANPAJICEHUS NPU USMEHEHUU YACOMbl OUCKPEeMU3AYUU PEeSUCTIPUPOBAHHLIX CUcHAN08. Pesynomamul
l/lCnblmaHuIZ nodmeepwcc)a}om CmMpocyro KoppenAayuo Imux s6NeHull U mom qbaKm, Umo 6blCOKdAA MOYHOCNb OYEHKU mecma
nospexcoenus mpebyem npuMeHenUs: 8blCOKOU Yacmombl OUCKpemu3ayuu Habooaemvlx cueHanos. buobn. 7, puc. 4.
Knroueewie cnosa: Gerymias BoiiHa, 3aIUTa JIMHUY, JOKAIU3AIUSI KOPOTKOTO 3aMbIKAHHS, YaCTOTa JUCKPETU3aLK CUTHAIIA

BILJIUB YACTOTH MOAYJIAIIl HA TOYHICTh BUSHAUYEHHSA MICIIS
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IIposedero ananiz 6naugy yacmomu OUCKpemu3ayii CUSHANIB, 3ACHOBAHUL HA NPUHYUNI DIXNCYUUX X6UTb, HA eQheKmusHicmb

JIoKanizayii Micyst NOWKOOIICEHHs, KOAU KOPOMKe 3aMUKAHNA PO3mauiosane nobnusy aokanizamopa. Y maxiu cumyayii yac

peecmpayii NOCHIO0BHUX GIOOUMUX X6ulb Modice niddasamucs 3aeadam. lLle sasuwje amanizyemvcsa 3a 0ONOMO20H)

KOMN'tomepHux cumynayii KOpOMKUX 3aMUKaHb NOOIU3Y JOKANIZAMOPA WAAXOM CHOCMEPEHCeH S DIXHCYUUX X8Ulb HANpy2u 3d

3MIHOI0 Yyacmomu Ouckpemuzayii peecmposanux cucHanie. Pezynomamu eunpobysanv niomeepodcyroms yimKy KOpeusayiro

yux asuwy i mou axkm, wo BUCOKA MOYHICMb OYIHKU MICYs NOUIKOONCEHHS BUMA2AE 3ACMOCYBAHMS 6UCOKOI wacmomu

Juckpemu3zayii cnocmepedcysanux cuenanis. bioin. 7, puc. 4.
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