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Abstract

This work presents a method of fault detection on high voltage transmission line which uses discrete wavelet
transform of the positive sequence current signal from the line. The positive sequence current represents the
current on all the three phase. The problem of reliability and accuracy in fault detection on high voltage
transmission lines can be solved using this proposed method. In this work, a method of solving the problems
associated with High voltage (132kV and 330kV) Transmission line fault detection is presented. Fault detection
was simulated using the SimPower systems of the Matlab/Simulink software, properties of models used were
well controlled with negligible deviation from real life situation. The positive sequence current which represent
the three phase current on line is sampled by using a sliding window of 400 samples at 20kHz which is very
high compared to the 50Hz frequency of the current, the sampled signal is analyzed by using level 5 Daubechies
wavelet which closely represent a fault scenario, the sum of the energies of the wavelet decomposition are added
and compared to a given threshold value which determines whether the circuit breaker trips or not. Detecting
fault on high voltage transmission line can be a very difficult task but the use of Discrete wavelet transform can
improve performance because; it has high fault detection speed, flexibility of setting the fault threshold which
controls unnecessary tripping of the circuit breaker and its reliable because it does not depend on fault
characteristics like fault resistance, fault type or position.
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INTRODUCTION Charles Legeyt Fortescue developed a theory which
Heavy oil is one of the unconventional resources of  suggests that an unbalanced system can be well
As transmission lines are very important in power defined using the symmetrical components. These
system, any fault on them can alter the safe delivery  three symmetrical components are positive sequence,
of electrical power to consumers. Due to the negative sequence and zero sequence. They are

importance of the transmission line to the electrical  represented by “+”, “-”, and “0” or “1”, “2”, and “0”
power system, it is therefore obligatory to make sure  for positive, negative and zero sequence respectively.
that any fault on them are detected and interrupted (i) Positive Sequence: It consists of three
with minimal delay in order to ensure safety of phasors with equal magnitudes and 120°
expensive equipment used in power systems and to apart from one another. The phase
ensure continuous delivery of power to the sequence is in the same order of original
consumers. In this work, fault detection is done by phasors.
analyzing the energy of the wavelet coefficients (if) Zero Sequence: It consists of three phasors
obtained by decomposing the positive sequence with equal magnitudes and zero phase
current using the level 5 daubechies wavelet. As soon displacement.
as fault is detected the processor signals the circuit (iii) Negative Sequence: It consists of three
breaker to trip to avoid damage of the expensive phasors with equal magnitudes and 120°
equipment in the power system. apart from each other. The phase
sequence is in the opposite order of
Symmetrical Components original phasors.

Power systems are always analyzed using per-phase
representation because of its simplicity. Balanced
three-phase power systems are solved by changing all
delta connections to equivalent wye connections and
solving one phase at a time. The remaining two
phases differ from the first by 120°. To analyze an
unbalanced system, the system is transformed into its
symmetrical components for per-phase analysis.
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Figure 1:

Figure 1 shows positive, zero and negative sequence
respectively from left to right. The three sequence
components of a three-phase signal can be current or
voltage.

Let:

zero sequence current be 1o, positive sequence current
be 1;, negative sequence current be I,

and a is the sequence operator

L=(l,+a%l,+al)/3 (1)
lL=(l,+al,+a?1)/3 (2)
lo= (|a+ Ib * Ic)/3 (3)
and a = ™ (4)

where, current on phases a, b and c are I, Iy, I¢
respectively.

Discrete Wavelet Transform

Discrete Wavelet Transform is found to be useful in
analyzing transient phenomenon such as that
associated with faults on the transmission lines.
Actual implementation of the DWT, involves
successive pairs of high-pass and low-pass filters at
each scaling stage of the wavelet transform (Mazen
Abdel-Salam, 2013). The fault signals are generally
non stationary signals, any change may spread all over
the frequency axis. The wavelet transform technique
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is well suited to wide band signals that may not be
periodic and may contain both sinusoidal and non-
sinusoidal components. Wavelet Transform is capable
of giving the time and frequency information
simultaneously and hence giving a time-frequency
representation of the signal. The basic idea in time-
frequency representations is that two parameters are
needed; the frequency ‘a’ and the position in the
signal ‘b’. Equations 5 and 6 represent a continuous
wavelet transform and discrete wavelet transform
respectively.

1 =] t—b
X(a,b) = Ef—mw (?) x(t)dt (5
Where v is the analyzing function

1

X(mmn) = ﬁz x(k)g((k—nbyag)/ag’) (6)
Where g(k) is the mother wavelet and x(k) is the
signal, a, and b, are discrete scale and translational
step size respectively. m represents the scaling steps
while n represent the translational steps. The scaling
gives DWT a logarithmic frequency coverage in
contrast to the uniform coverage obtained in the case
of a short time Fourier transform (STFT).
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Figure 2: Filter bank for wavelet transform
(Hasabe, 2014).

Multi-Resolution Analysis (MRA) is one of the tools
of Discrete Wavelet Transform (D.W.T), which
decomposes original, typically non-stationary signal
into low frequency signals called approximations and
high frequency signals called details, with different
levels or scales of resolution. The use of detail
coefficients for fault detection is discussed in this
work. Detail coefficients contain information about
the fault, which is required for fault detection. In this

research work Daubechies wavelet-4 (db-4) wavelet
was chosen because of its success in detecting faults.
The Filter bank for wavelet transform is shown in
Figure 2.

Daubechies Wavelet

The Daubechies wavelet is a class of wavelets based
on the works of Ingrid Daubechies (Daubechies,
1990), these are family of orthogonal wavelets
defining a discrete wavelet transform and
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characterized by a number of vanishing moments for
some given support. With each wavelet type of this
class, there is a scaling function which generates an
orthogonal multi-resolution analysis (see Figure 3).
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Figure 3 Daubechies wavelets
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Each step of the wavelet transform applies the wavelet
function to the input data, the number of samples
present at each stage is halved (down-sampling) i.e.
the number of output samples of a particular stage is
half of the number of input samples to that stage.

Limitation of Study

In this work fault detection on high voltage on
transmission line was simulated using the
Matlab/Simulink software, samples of the positive

sequence current on the line are taken and Daubechies
discrete wavelet transform of level 5 is used to
decompose the acquired signal whose energy is then
summed up and compared to a threshold value which
is then used to make a decision whether a trip signal is
given or not. This work does not give the type or
location of fault but can be extended to do that too.

THE POWER SYSTEM MODEL

The power system model to test and validate the
proposed technique was created in the Matlab
software, three phase signal from the voltage
measurement block at the sending end of the line is
passed to the sequence analyzer block whose output is
the positive sequence current from the three phase
input, the positive sequence current signal from the
sequence analyzer are filtered by a lowpass filter
block to remove high frequency components, then the
signal is sampled at 20kHz using a sliding window of
400 samples. The samples in a window are
decomposed to the level 5 of the daubechies wavelet
transform using the wavelet function provided in the
Matlab software, then the detail coefficient are
extracted and summed up and compared against the
threshold in a user defined function created for the
purpose of this research. The power system for testing
is shown in Figure 4.
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Figure 4: Power System Model

Table 1: Power System Properties

nn

Terminanor L
Sequence Anglyzerl

Theee-Fhase Bresier Theee-Fhase

Generator 50MVA, 25kV, 50Hz

Transformer 1 30MVA, 25/330kV

Transformer 2 25MVA, 330/132kV

Load 10MVA, 132kV

(W[N] -

Line distance 50km
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SIMULATION

Simulation of the power system was done in Matlab
over a period of 0.2 seconds; this was done because of
the limitation of resources to carry out the simulation.
The simulation was carried out on a 4Gig RAM
computer with an Intel 2.16GHz processor.
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Fault scenarios were created by placing an artificial
fault of varying resistance (10-50Q) and type on the
line at different distances(25km & 50km), positive
sequence current signals were recorded during
simulation. The acquired signals are decomposed by
wavelet transform to detect presence of fault. The
block diagram for the proposed technique is shown in
Figure 5.

Figure 5: Flow chart for proposed scheme

Data Acquisition

With a sampling frequency of 20 kHz, 400 samples
can be acquired over a period of one cycle of the
50Hz signal on the line. The acquired signal is
processed by the discrete wavelet transformer and
fault detector.

Filtering

According to the nyquist criterion, the highest
frequency component in the acquired signal should be
10 kHz because of the 20 kHz sampling frequency
used, it is therefore required to use an anti-aliasing
filter to remove the higher frequency components
from the signal and band-limit the signal to 10 kHz
before sampling.

Feature Extraction

This involves the extraction of valuable information
from the given input, the extracted feature is used to
discriminate faulty and normal conditions. A sliding
data window of one cycle (400 samples) is taken and
decomposition is done and energy of the details
coefficients at level 5 is obtained for each data
window. As the fault signal contain high amount of
harmonic components the energy of the detail
coefficient rises abnormally which is the feature that
distinguishes faulty condition from normal.

The coefficients for each data window are squared
and summed up, if the sum is greater than a set
threshold, fault is detected. After fault is detected
voltage waveform of 400 samples half cycle after the
occurrence of the fault is given to the neural network
for classification. The energy of detail coefficients for
a K" window is given by equation 7
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Figure 6: Flow chart for fault

Energy(k) = X, -, D* )

The threshold for fault detection is set based on the
fault that creates the least disturbance on the line,
from the system considered in this work, the fault that
creates least disturbance would be a single phase fault
placed at a distance of 50km from the point of data
acquisition. From simulation, it was discovered that
the threshold for faulty situation is about 2.00, so any
energy value above this value is considered to be a
faulty signal.

Decision Making

If trip signal is given at every crossover of the
threshold value, then fault tripping of the circuit
breaker would occur because at times high frequency
signal are present for a very short time due to
transients on the line. In order to overcome the
problem of false tripping of circuit breaker, the
crossover of the threshold is counted over a number of
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consecutive windows, if the value of the energy RESULT

remain above the threshold for the chosen number of  Some of the resulting waveforms obtained after
windows a fault flag is raised and trip signal is given  running the model are shown in Figure 8:
to the circuit breaker to isolate the faulty line. The

flow chart for fault detection is shown in Figure 6.
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Figure 8: Waveforms (a) VVoltage and current waveform on the line
(b) Positive sequence current

(c) Wavelet energy sum
(d) Trip signal.

Table 2: Breaker switching delay at different fault
conditions

SIN Fault Resistance(Q) Distance(km) Delay(s)
type

1 R-G 10 25 0.00280
2 Y-G 20 50 0.00120
3 B-G 30 25 0.00140
4 R-Y-G | 40 50 0.00120
5 R-B-G | 50 25 0.00145
6 Y-B-G | 10 50 0.00100
7 R-Y 20 25 0.00125
8 R-B 30 50 0.00450
9 Y-B 40 25 0.00100
10 R-Y-B | 50 50 0.00105
DISCUSSION

Waveforms on the Line
Figure 8(a) shows the voltage and current waveforms
on the line. The waveform shows some interesting
behaviours of the system.

(i) Stability: From the waveform obtained it
shows that the system remains unstable
for the first 0.005s, this is evident from
the distorted waveform obtained at the
beginning of the simulation which
explains why it is not advisable to start a
generator on load.

(if) Fault: At time 0.1s (refer to figure 4.2) the
waveform on the red phase and blue
phase is distorted due to the incepted
fault. The fault type is R-B, which is the
reason why only the red and blue phases
are affected.

Wavelet Energy Signal

As shown in figure 8(c) the energy signal of the
sliding window remains very low before fault
inception, at fault inception the energy signal quickly
rise above the threshold value. After crossing the
threshold value, a counting operation is ensued. If for
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ten consecutive windows the energy signal remains
above the threshold value, trip signal is given to the
circuit breaker and sliding windows stops data
acquisition after the circuit breaker has opened.

Trip Signal

This is the signal that controls the opening of the
circuit breaker, at the beginning of the simulation the
signal is at logic one to keep the breaker closed. As
soon as fault is detected by the combination of the
sliding window and the feature extraction block, a trip
signal is sent to the circuit breaker to open so that the
fault is interrupted before it causes damage to
equipment in the system. As shown in figure 8(d) the
signal to the breaker was 1 until fault was detected
and the signal changed to 0.

Positive Sequence Signal

The positive sequence signal is obtained from the
three phase signal from the three phase measurement
block. The block accepts a vector of three inputs from
the measurement block to produce a scalar output.
When there is any fluctuation on any of the three
phases, it reflects in the value of the positive sequence
current of the line, this is why the positive sequence
value is selected for fault analysis. As shown in figure
8(b), it takes about 0.02s for the positive sequence
measurement to produce accurate reading which is
due to the design of the model in the Matlab software.
It takes a cycle of the fundamental frequency (50Hz)
before accurate output is produced. The faulty region
can also be observed by looking at the sharp rise at the
end of the graph which denotes current surge due to
the faulted phase.

Tripping Delay

From the result obtained in table 4.1, it can be
concluded that this system is safe for fault detection
on transmission line since the highest delay of 0.003
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is about 1/10™ of a cycle of the signal on the line. This
makes sure that any fault on the line is cleared before
any real damage is done to the generator or loads
connected to the system.

CONCLUSION

From the results obtained in the previous chapter, it
can be concluded that the discrete wavelet transform
can be used for successful and reliable fault detection
on transmission lines. The scheme proposed in this
work is a robust way of detecting faults on high
voltage transmission because its accuracy is not
affected by fault resistance, fault type and distance.
High speed of fault isolation is also an advantage of
the proposed scheme as fault is cleared within quarter
cycle of the original signal.
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