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Abstract

This research aims to present a development of a new decision algorithm used in the
protective relays in order to detect fault locations, during simultaneous fault, in an underground
distribution system using discrete wavelet transform (DWT). This fault signal was simulated by
ATP/EMTP. The time that the fault signal uses to reach the ends of the distribution line is
considered, then, applied so that the distance of fault can be calculated. The result is found that

the proposed algorithm gives satisfactory both in case of single fault and simultaneous fault.
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ABSTRACT. Currently, the most effective technique for identifying fault location, besed
on a travelling wave, has been proposed in several research papers. However, the effects
of simultaneous faults have been neglected. In order to overcome this problem, a new al-
gorithm will be developed in order to predict fault location precisely. This paper presents
a technique to detect fault locations, during simultaneous fault, in an underground dis-
tribution system using discrete wavelet transform (DWT). The DWT is used to detect
the high frequency components. The time that the fault signal uses to reach the ends
of the distribution line is considered, then, applied so that the distance of fault can be
calculated. The result is found that the proposed algorithm gives satisfactory both in case
of single fault and simultaneous fault.

Keywords: Distribution, Cable, Wavelet transform, Simultaneous fault, Fault location

1. Introduction. It is an important issue to seek out the fault location on the distri-
bution lines as fast as possible in order to maintain the stability of the power system.
The most effective technique to locate fault location has been proposed based on trav-
elling wave [1,2]. Although, travelling wave technique can give precise results in fault
location, however, high sampling rate is required and, in addition, problem concerning
distinguishing between travelling waves reflected from the fault point and from the remote
end of the line. In the literature for fault location, most researches have only considered
the fault location for overhead transmission system and underground distribution system
with several algorithms [3-9]. A technique selection is available for fault locating; it de-
pends on several factors such as length of circuit (or cable), type of fault (sustained or
temporary), etc. The location of fault using wavelet transform was initially proposed by
F. H. Magnago et al. [3]. Although the underground cable distribution system provides
higher reliability than the overhead line system, it is hard to seek out the fault location.
Bridge technique [5], Murry loop pulse radar [5] are used for identifying fault location in
underground distribution system. Travelling wave theory [6,7) has been also reported in
the literature for identifying underground system.

However, in previous research works [10], the first peak time that can detect fault
obtained from all buses are compared and the two fastest first peak times obtained from
comparison are used as an input data for traveling wave theory. It was concluded that in
case of single fault, the accuracy of fault locations from the prediction of the travelling
wave theory is highly satisfactory. However, during simultaneous fault, the travelling wave
theory is not efficient in predicting the fault location in an electrical power transmission
system. When carefully investigated, it is found that in case of single fault, the time that
the fault signal used to reach the ends of the transmission lines is considered as an input
data for traveling wave equation. From Figure 1(a), during single fault, Tg;5 and Tgg are
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FIGURE 1. The arrival peak time on each end of line

the first peak time at both end of distribution line as an input data. On the other hand,
during single fault, Tr;s and Tgog are the first peak time at both end of distribution line
as an input data as shown in Figure 1(b). It is noted that the simultaneous faults are
detected faster than the single fault due to the fact that the time which the first fault
(F1) at both end of transmission line should be calculated, however, in this case, there is
an effect of second fault (F2). Consequently, travelling wave theory could give an error
in predicting the fault location in case of simultaneous fault. In order to overcome this
problem, a new algorithm should be developed in order to predict fault location precisely.

Therefore, this paper aims to present a development of a new decision algorithm used
in the protective relays in order to detect fault locations, during simultaneous fault, in
an underground distribution system using discrete wavelet transform (DWT). The sim-
ulations, analysis and diagnosis are performed using ATP/EMTP and MATLAB. The
current waveforms obtained from ATP/EMTP are extracted to several scales with the
wavelet transform, and the coefficients of the first scale from the wavelet transform that
can detect fault are investigated.

2. Simulations. The ATP/EMTP is employed to simulate fault signals, at a sampling
rate of 200 kHz. The system employed in case studies is chosen based on the underground
distribution system as illustrated in Figure 2. In addition, a cross-sectional view of a cable
is shown in Figure 3. To avoid complexity, the fault resistance is assumed to be 10 Q.

Fault patterns in the simulations are performed with various changes of system parameters
as follows:

— Fault types are single line to ground, double lines to ground, line to line and three-
phase fault.
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— For the single fault, fault locations are the distance of 4.5, 6, 9, 12 km measured
from the sending end.

- For the simultaneous faults, the location of F1 on the underground distribution
system is designated at the distance of 4.5, 6, 9, 12 km from the sending end.

— For the simultaneous faults, the location of F2 on the underground distribution
system is designated at the distance of 15, 21, 24, 27 km from the sending end.

- Fault inception angles on the phase A voltage waveform were varied from 0° to 150°
with a step of 30°.

3. Decision Algorithm. The fault detection decision [10] is processed using the positive
sequence current signals. Fault signals generated by ATP/EMTP are used to calculate
the positive sequence as well as the zero sequence of currents using the Clark’s transforma-
tion matrix. The resulted current signals are extracted using the wavelet transform. The
mother wavelet daubechies4 (db4) [10,11] is employed to decompose high frequency com-
ponents from signals. The coefficients of the signals obtained from the wavelet transform
are squared for a more explicit comparison. The fault detection decision algorithm is as-
sumed that if coefficients of any scales are changed around five times before an occurrence
of the faults, there are faults occurring on underground distribution line.

After the fault detection process, the time which the fault at both end of distribution

line are detected fault, then, applied so that the distance of fault can be calculated with
proposed algorithm as follows:

d= LT x —‘4d1-rs 1)
taifs rs + taifs PR
where,
d = the fault location measured from the sending end.
LT = the length of the cable in which the fault is detected.
Tr1s = the first peak time which can detect fault at sending end.
3Tr1s = the second peak time which can detect fault at sending end.
Tr1r = the first peak time which can detect fault at receiving end.
3Tr1r = the second peak time which can detect fault at receiving end.
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tairs Fs = the different time by comparing the arrival peak time to reach the sending
end as calculated in Equation (2).

Tris — 3Tr1s
B Q

taiss.Fr = the different time by comparing the arrival peak time to reach the receiving
end as calculated in Equation (3).

Laiff rs =

Trir — 3Trin
2 (3)

The results obtained from the proposed algorithm in this paper are shown in Figure 4.
Figure 4 illustrates examples of simultaneous fault when the first fault (F1) happening
at 9 km from sending end while the second fault (F2) is at 24 km from sending end, and
two types of faults occurring at the same time. Meanwhile, examples of single fault when
the fault (F1) occurs at 9 km from sending end. The results obtained from the proposed
algorithm are shown in Tables 1 - 3. It can be seen that in case of simultaneous fault,
the proposed algorithm gives satisfactory results in locating faults as shown in Tables 1
and 2. Further, fault location for single fault is also calculated in order to shown the

Laiff FR =

TABLE 1. The results obtained from proposed algorithm for fault F1 of
simultaneous fault

si{sgixigc:rf: f(li:)nr?) Fault location measured from the sending end (m)

Fault F; | Fault Fo ! Tris | 3Tpis laifr.rst Trin | 3Trig tairf pr | Calculation | Error
4.5 25.5 40.024 | 40.070 | 0.023 [40.132 | 40.396 0.132 4451.61 48.39
5.0 15.0 40.026 | 40.078 | 0.026 | 40.130 | 40.388 0.129 5032.26 32.26
6.0 21.0 40.032 | 40.094 | 0.031 |40.124 | 40.372 0.124 6000.00 0.00
9.0 24.0 40.046 | 40.140 | 0.047 | 40.108 | 40.326 0.109 9038.46 38.46
12.0 27.0 40.062 | 40.186 | 0.062 [ 40.092 | 40.280 0.094 11923.08 76.92
14.0 16.0 40.072 | 40.218 | 0.073 | 40.082 | 40.248 0.083 14038.46 38.46

TABLE 2. The results obtained from proposed algorithm for fault F2 of
simultaneous fault

Rea! locate from Fault location measured from the sending end (m)
sending end (km)
Fault F; | Fault F, Tros | 3Tras | tu 1f.FS | Tror | 3Tren | tu tf_Fr | Calculation | Error
- 45 25.5 40.132 | 40.396 | 0.132 | 40.024 | 40.070 0.023 25548.39 | 48.39
5.0 15.0 40.078 | 40.232 | 0.077 [ 40.078 | 40.232 0.077 15000.00 0.00
6.0 21.0 40.112 | 40.330 | 0.109 | 40.046 | 40.140 0.047 20961.54 38.46
9.0 24.0 40.124 | 40.372 | 0.124 | 40.032 | 40.094 0.031 24000.00 0.00
12.0 27.0 40.140 | 46.420 | 0.140 | 40.016 | 40.046 0.015 27096.77 96.77
14.0 16.0 40.082 | 40.248 | 0.083 | 40.072 | 40.218 0.073 15961.54 38.46

TABLE 3. The results obtained from proposed algorithm for single fault

Real locate from

sending end (km) Fault location measured from the sending end (m)

Fault F; | Fault F, Tras | 3Tras | ta ffFSs| Trar | 3Tror | ta f7.rr | Calculation | Error
4.5 - 40.024 | 40.070 0.023 40.132 | 40.396 0.132 4451.61 48.39
5.0 - 40.026 | 40.078 0.026 40.130 | 40.388 0.129 5032.26 32.26
6.0 - 40.032 { 40.094 0.031 40.124 | 40.372 0.124 6000.00 0.00
9.0 - 40.046 | 40.140 0.047 40.108 | 40.326 0.109 9038.46 38.46
12.0 — 40.062 | 40.186 0.062 40.092 | 40.280 0.094 11923.08 76.92
14.0 = 40.072 | 40.218 0.073 40.082 | 40.248 0.083 14038.46 38.46
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advantage of the proposed algorithm. It is found that the proposed algorithm still also
gives satisfactory results in locating faults as shown in Table 3.

From Tables 1 — 3, the analysis of simultaneous faults and single faults is performed with
this algorithm, and it can be seen that the accuracy of fault locations from the prediction
of the proposed algorithm is highly satisfactory both single fault and simultaneous fault.

As a result, this algorithm is an improvement of the fault location which is detected using
the wavelet transform.

4. Conclusions. This paper proposes a technique using discrete wavelet transform in
order to identify of fault locating, during simultaneous fault, in an underground distri-
bution system. Daubechiesd (db4) is selected as a mother wavelet. Positive sequence
current signals are used in fault detection. The time that the fault signal used to reach
the ends of the distribution line is considered, then, applied so that the distance of fault
can be calculated. It is shown that the proposed algorithm is a powerful tool because it
gives satisfactory results both simultaneous fault and single fault as shown in Tables 1
- 3. It can be considered as first processing in fault location on transmission line. The
further work will be the improvement of the algorithm so that locations of simultaneous
fault along the loop structure of distribution network can be identified.
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