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ABSTRACT

Features of faults due to leaning trees are extracted using
discrete wavelet transform (DWT) and an absolute sum of
the detail coefficient d3 over a period of power frequency
cycle is used as a detector. DWT is processed on the
residual voltage at different measuring nodes allocated in a
wide area of the network and such correlation of DWT
performance at different nodes can be carried out using
distributed wireless sensors. Therefore, the fault detection
is confirmed by numerous detectors. Other fault features
that can enhance the detection security are that the initial
transients are frequently repeated and therefore localized
with each current zero crossing. The fault detection
selectivity is carried out considering the multiplications of
DWT detail coefficients of the residual current and voltage
at each measuring nodes. A sum over two cycles is then
computed to estimate the direction of the transient power
and therefore to discriminate between the healthy and
faulty sections. Test cases prove with evidence the efficacy
of proposed technique.

INTRODUCTION

The electrical fault caused by a leaning tree is considered a
high impedance arcing fault due to the high resistance of
tree (several hundred ohms) and associated arcs [1].
Detection if high impedance faults are still major challenges
for protection engineers [2].

There are several earthing concepts such as solidly,
compensated and unearthed networks. The compensated
networks are increasingly applied in Nordic Countries. Due
to small earth fault currents in compensated networks, the
transients’ phenomena are considered for detection such
faults [3]. The best signal processing techniques for
extracting these features is the wavelet transform.

In [4-5], the fault due to leaning trees have been detected
using DWT. It was found that associated arc reignitions
with this fault type contributed to repeated initial transients
in the network. In this paper, the study of this fault detection
is extended to be discussed when it occurred in
compensated networks. The fault due to a leaning tree
occurring in 20 kV network (80% under compensation) is
simulated by ATP/EMTP and the arc model is implemented
using the universal arc representation. The system model is
processed using ATPDraw.
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PROPOSED TECHNIQUE PRINCIPLES

The proposed technique mainly depends on DWT and
wireless sensor concept. As shown in Figure 1, phase
voltages and branch phase currents are measured at each
measuring node. The corresponding residual current and
voltage are computed and they are extracted using DWT.
The absolute sum of the residual voltage detail d3
coefficient over a power cycle is computed for the fault
detection purpose. A timer is used for determining the fault
period and it can be implemented using a samples counter.
In order to track the fault, the detail d3 of the residual
voltage and current at each measuring node is multiplied to
compute the residual power of the frequency range 12.5-
6.25 kHz where the sampling frequency is 100 kHz. Using
the sum over a period of two power cycles, the power
direction in the form of its polarity is utilized for
determining which branch leads to the fault point. The fault
tracking process is considered since the fault features
appeared on the residual voltage details. The protection
technique behaviour over a wide area of the network is
collected using wireless sensors.

The wireless sensor concept is a modern insight used for
various tasks with the objective of saving time and expense.
Wireless sensors are distributed throughout the electrical
network. The electrical quantities are then regularity
transmitted from the different measuring nodes and
investigated for several purposes such as load monitoring,
fault detection and location. The availability of sensing
devices, embedded processors, communication kits and
power equipment enables the design of wireless sensors as
depicted in the four major blocks in Figure 2 [6]. This paper
will not explore for these issues in more depth. The point is
that the wireless concept can be considered to gather data
from different measuring nodes in the network.

SIMULATED SYSTEM

The system model can be divided into two main parts: the
MYV network model and the representation of the high
impedance arcing fault. Figure 3 illustrates the single line
diagram of an unearthed 20 kV, 5 feeders distribution
network simulated using ATP/EMTP, in which the
processing is created by ATPDraw [7]. The feeder lines are
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represented using the frequency dependent JMarti model
consistent with the feeder configuration given in Appendix.
The neutral of the main transformer is earthed through a coil
to achieve earth fault compensation degree of -31%.

The faults due to leaning trees are modeled using two series
parts: a dynamic arc model and a high resistance. For the
considered case study, the resistance is equal to 140 kQ and
the arc is modeled depending upon thermal equilibrium that
is adapted as following [1]:

% _2G-o M)
G =lil/v,. )
T=Ae" 3)

where g is the time-varying arc conductance, G is the
stationary arc conductance, lil is the absolute value of the arc
current, V,,. is a constant arc voltage parameter, 7is the arc
time constant and A and B are constants. In [1], the
parameters V,,., A and B were found to be 2520V, 5.6E-7
and 395917, respectively. Considering the conductance at
each zero crossing, the dielectric is represented by a
variable resistance until the instant of reignition. It is
represented using a ramp function of 0.5 MQ/ms for a
period of 1 ms after the zero-crossing and then 4 MQ/ms
until the reignition instant.

The universal arc representation is used for implementing
the arcing equations (1), (2) and (3) [8]. Where the fault
current is transposed into the TACS field using type 91
sensors. Therefore, the arc model is solved in the TACS
exploiting integrator device type 58. In the next step, the
computed arc resistance is sent back into the network using
TACS controlled resistance type 91 and so on. Control
signals are generated to distinguish between arcing and
dielectric periods and therefore to fulfill the reignition
instant after each zero-crossing.
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Figure 1 The proposed detection technique.
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Figure 4 The residual waveforms when fault occurred in section EF.

The aforementioned MV network and the fault modeling are
combined in a single arrangement, as shown in the
ATPDraw circuit illustrated in the Appendix. When phase-a
to ground fault occurred in section EF, corresponding
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residual voltage and current waveforms are shown in Figure
4. The fault instant is at 40 ms. The initial transients due to
arc reignitions are obvious in the residual waveforms and it
is required to extract them using a suitable signal processing
technique such as DWT.

DWT-BASED FAULT DETECTION

Wavelets are families of functions generated from a single
function, called the mother wavelet, by means of scaling and
translating. The scaling operation is used to dilate and
compress the mother wavelet to obtain the respective high
and low frequency information of the function to be
analyzed. Then the translation is used to obtain the time
information. In this way a family of scaled and translated
wavelets is created and it serves as the base for representing
the function to be analyzed. The DWT is in the form:

\FZX() i "b"a") 4)

where ¥(.) is the mother wavelet that is dlscretely dilated
and translated by a,” and nb,a,”, respectively. a, and b, are
fixed values with a,>1 and b,>0. m and n are integers. In the
case of the dyadic transform, which can be viewed as a
special kind of DWT spectral analyzer, a,=2 and b,=1.
Several wavelet families were tested to extract the fault
features using the Wavelet toolbox incorporated into the
MATLAB program [9]. Daubechies wavelet 14 (db14) is
found appropriate for localizing this fault. The Details d3
including the frequency band 12.5-6.25 kHz of the residual
voltages are investigated at different measuring nodes as
shown in Figure 5. It is obvious that the initial transients due
to arc reignitions are frequently localized. The absolute sum
value of the voltage detail d3 over a period of the power
frequency is computed in a discrete form at each measuring
node, as in [10]:

k
Sis(k)y=" Y |d3,,(n) 5)
n=k-N+1

where S,;(k) means the detector in the discrete samples. 7 is
used for carrying out a sliding window covering 20 ms and
Nis anumber of window samples. S ; performance is shown
in Figure 6. The detectors are high not only at the starting
instant of the fault occurrence but also during the fault
period, which improves the protection security.

To estimate the faulty section, Figure 7 can help for
illustrating the proposed technique, which is an enlarged
view of the details d3 of the residual voltage and currents at
node A. It is recognizable that the details d3 of the voltage
and currents of the healthy feeders are in-phase. However,
the detail of the faulty feeder residual current is out of
phase. This shifting can be supervised by multiplying the
details of the residual voltage (d3,) and current (d3;,). It
can be considered to be the harmonic-band power over the
frequency range 12.5-6.25 kHz. Then its polarity is
estimated using summation over a period of two power
frequency cycles. This power is computed as:

DWT,, f (m,k) =
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Figure 5 Details d3 of the re§1dual Voltages at nodes A B,Dand E.
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Figure 6 The detector S,; of the voltage details at nodes A, B, D and E.
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Figure 7 Enlarged view of residual details at node A.

k
Py(k)y=D|d3,, (n)xd3, () )
n=k-2N+

where P ;(k) is used for the discrimination and its polarity is
used to track the fault point. The discriminator performance
P at different measuring nodes is shown in Figure 8. Its
polarity is positive for healthy feeders and negative for
faulty feeder as shown in Figure 8-a, Figure 8-b points out
the fault track is in section BE and Figure 8-c illustrates that
the fault is in section EF. So, the fault route is estimated.

CONCLUSION

DWT-based detection of high impedance arcing fault due to
leaning trees has been investigated in compensated MV
network. The fault detector was carried out using the
absolute sum over power cycle for the residual voltage
detail d3 coefficients. The periodicity of the arc reignitions
gives a specific performance for the DWT with this fault
type and the results ensure the fault detection. The fault
tracking has been estimated using the polarities of the power
computed by multiplying the detail d3 coefficients of the
residual voltage and current.
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c- The discriminator P,; at node E to determine the faulty section.

Figure 8 The discriminator P;; when the fault occurred in section EF.

APPENDIX

Figure 9 illustrates the ATPDraw network. It contains the
MV network, the universal arc representation and the
residual current and voltage waveforms computation. The
feeders are represented using a frequency dependent JMarti
model. Their configuration is shown in Figure 10.
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