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ABSTRACT

With wide spread use of sensitive nonlinear electronic devices, electromagnetic transients
are capable of degrading the quality of power. Utilities often switch the shunt capacitor banks
to cope with sagging voltage levels, thereby generating transients, which travel into the network
of end users. Capacitor switching can cause over voltage, resonance and in advert tripping of
Adjustable Speed Drives (ASD) and many other sensitive electronics devices. This paper
presents a method to distinguish transients arising out of isolated capacitor switching, back-to-
back capacitor switching, prestrike capacitor switching, restrike capacitor switching and
voltage magnification. The Discrete Wavelet Transform (DWT) of modal voltage signal is used
to extract distinguishing features from the voltage waveform of these events. The detail
coefficients for d1 and d5 level only, obtained from DWT are processed, mapped and given to
Probabilistic Neural Network (PNN) network, which accordingly classify the events.

Keywords: Power System Transients; Multi-Resolution Analysis; Probabilistic Neural
Network; Shunt Capacitor Switching; Power Quality Disturbances.
TOM TAT

Véi 1ng dung réng rai cac thiét bi dién tir c6 tinh phi tuyén ¢é dg nhdy véi chdt heong dién
ap cung cdp. Cdc quad dé dién &p anh huwong chdt heong cung cdp dién. Cdc cong ty dién luc
thuong su dung cac bo tu bu aé nang cao dién ap, do do sé tao ra cdac qua do diéen tir anh huong
dién dp khach hang nhw déng cat 1 tram tu cdch Iy, déng 2 tram tu song song, hién twong
khuéch dai dién ap, phéng dién trude, phéng dién sau. Ky thugt khai trien Wavelets roi rac
(DWT) Véi phdn tich da giai Multi-Resolution Analysis (MRA) dwoc thuc hién trong bai bdo dé
phan tich va nhdn dang cac hién tuwong qud do dién tir trong hé thong dién thdng qua céc gia
tri ndng lwong cua cac mizc. Cac két qua nhdn diroc trong bai bao cho thdy viée danh gid cdc
hién tirong nhiéu trong hé thong dién dung ky thugt Wavelets cho phép nhdn diroc nhiéu thdng
tin dinh luwong va 1a co ¢ trong qud trinh ddnh gid chat lwong dién nang. Ky thudt mang no
ron xac sudt six dung dé nhdan dang ti dong cac sw co do dong cdt tu bl gay ra.

Tir khoa: Qud dg hé théng dién; Phan tich da gidi Wavelet; Mang No rén xdc sudt; Péng cdt
ty bu; Nhiéu chat liong dién néng.
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1. INTRODUCTION

Diverse power disturbances are in
existence in power systems: capacitor bank
switching, voltage sag, voltage swell,
interruption, flicker, harmonics, lightning
impulse, fault due to short-circuit, inrush
current on no-load transformer energization.. .,
and power quality of the system may be
greatly affected. Therefore, researches in the
field of analysis, recognition, and
classification of power disturbances in an
effort to mitigate their negative impacts on
power quality have drawn much interest by
many authors in recent years [1-7]. For most
of these research works, signal patterns such
as pure sine wave, sag, swell, harmonics,
flicker, capacitor switching, interruption...
are created in Matlab package, then
inputted to Matlab’s Wavelets Toolbox for
wavelets coefficients calculation. In [5],
wavelets technique was used to extract
information of interest from the obtained
power disturbance signals, then the energy
distribution by Parseval theorem calculated
corresponding to various decomposition
levels of a variety of disturbances was
inputted to neural networks or neuro-fuzzy
classifiers for recognition and classification
purpose. In this paper, various practical power
disturbances further to the previously
mentioned phenomena, pertaining to
capacitor bank switching in power grid, such
as isolated capacitor bank switching, capacitor
bank back-to-back switching, capacitor bank
magnification, prestrike, and restrike, are
analyzed in the well known transient
phenomena analysis software ATP-EMTP
(Alternative Transient Program). Simulated
power disturbance results are then converted
to Matlab- compatible format, then analyzed
by Matlab Wavelets Toolbox with Discrete
Wavelet Transform (DWT) by Daubanchie
“db4” wavelet function. Energy distribution

of the distorted signals per Parseval’s theorem
was calculated and plotted in function of
decomposition levels to extract interesting
features. As a result of this analysis, important
remarks and conclusions are made to
recognize and classify different disturbances.

2. POWER QUALITY DISTURBANCES
SIMULATION BY ATP-EMTP

Following are various power quality
disturbances simulations performed with the
help of ATP-EMTP.

2.1 Capacitor bank switching

Simulations were made with various
switching phenomena of a power capacitor
bank into a grid.
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Figure 1. Simulation circuit & Voltage wave

Overvoltages depend heavily on
switching timing and a value of 1.89 pu may
be reached when closing to capacitor bank
with power wave in the maximal peak.

2.2 Voltage magnification

A bank of 20 MVAR s closed onto the
primary side of 110/22 kV transformer of 10



Journal of Technical Education Science No.41 (3/2017) 50
Ho Chi Minh City University of Technology and Education

MVA, X= 0.1 pu, with a capacitor bank of 2
MVAR on the secondary side. A potential side
effect of adding power factor correction
capacitors at the customer location is that they
may increase the impact of utility capacitor
switching transient on end-user equipment,
magnification voltage occurs when LixCy =
LoxC, and current magnification value
amplitude is very high.
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Figure 2. Simulation circuit & Voltage wave
2.3 Back to back Capacitor Switching

Overvoltage amplitudes of 1.5 pu may be
reached when a capacitor bank is switched
into other parallel banks already in operation
in high voltage network
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Figure 3. Simulation circuit & Voltage wave
2.4 Prestrike Capacitor Switching

During closing process, electrical field
between the two contacts of circuit breaker
attains such a value that incurs insulation
breakdown. This phenomenon of prestrike
happens well before capacitor closing, and
voltage amplitude can reach 2.6 pu.
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Figure 4. Simulation circuit & Voltage wave
2.5 Restrike Capacitor Switching

During breaking process, the voltage
difference between circuit breaker contacts
may reach to a value of 2 pu in excess of
insulation withstand. An overvoltage of 3 pu
may be reached during the first restrike, and
second, third restrike may happen. In second
restrike voltage amplitude can reach a value as
high as 6.4pu.
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Figure 5. Simulation circuit & Voltage wave

3. APPLICATION OF DWT
TECHNIQUE AND EXPRIMENTAL
RESULTS

3.1 Multi-Resolution Analysis technique

The first main characteristic in DWT is
the  Multi-Resolution  Analysis (MRA)
technique that can decompose the original
signal into several other signals with different
levels (scales) of resolution (Fig.11). From
these decomposed signals, the original time-
domain signal can be recovered without losing
any information.

The recursive mathematical
representation of the MRA is as follows [1]:

%g‘(x[k])2 :%g\uJ[k]z +§(%g‘wj[k]‘j (1)
With x[k] is a discrete input, k = 1...N

The first term on the right of (1) denotes
the average power of the approximated version
of the decomposed signal, while the second
term denotes that of the detailed version of the
decomposed signal. The second term giving
the energy distribution features of the detailed

version of distorted signal will be employed to
extract the features of power disturbance.

3.2 Detailed Energy Distribution

As seen in [2], the energy of the distorted
signal can be partitioned at different resolution
levels in different ways depending on the
power-quality  problem.  Therefore, the
coefficient of the detailed version at each
resolution level will be examined to extract the
features of the distorted signal for classifying
different power-quality problems. The process
can be represented mathematically by [1]:
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Energy is normalized [1]:

PjD - (Pj )%

©)

In this paper, a 13-level decomposition of
each discrete distorted signal will be
performed to obtain the detailed version
coefficients w1 ~ wiz. Simultaneously, with
formulas (3)-(4), each detailed energy

distribution (P ~ PZ )can be obtained.

3.3 Duration and Amplitude of Transients

In general, when a transient disturbance
occurs, the stable power signal will generate a
discontinuous state at the start and end points
of the disturbance duration.

Employing the DWT technique to
analyze the distorted signal through three-
level decomposition of the MRA will cause
the wavelet coefficients wz at the start and end
points of the disturbance to generate severe
variation. Therefore, we can easily obtain the
start time ts and end time te of the disturbance
duration from the wvariations in absolute
wavelet coefficients wsand calculate the
disturbance duration tr [6]:

t; :‘tE _ts‘ (4)
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3.4 Experimental results

We can categorize three properties of
energy distribution of the given distorted
Capacitor Switching signals.
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Figure 6. MRA decomposition and energy
distribution diagram of isolated capacitor
switching

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 o excess of
Level 3 high-
frequency
f
0.15. start of transient eatures
0.1

End of transient

S s, |
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 o

Figure 7. DWT and energy distribution diagram
of voltage magnification of capacitor switching

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

0.06 4 Start of transient
0.04 |

End of transient
0.02 | /

x
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Figure 8. DWT and energy distribution
diagram of back to back capacitor switching
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Figure 9. DWT and energy distribution
diagram of prestrike in capacitor switching
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Figure 10. DWT and energy distribution
diagram of restrike in capacitor switching
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Figure 11. Differences in energy distribution
of capacitor bank switching types.

Fig. 11 shows differences in energy
distribution of power disturbances, in particular
of capacitor bank switching transients.

3.4 Probabilistic Neural Network (PNN)

There are three layers in the PNN model
with signal input in the first layer, which
calculates from this signal to trained samples.
The second layer calculates the probabilistic
distribution of the input signal. Then the third
layer determines the maximum probabilistic
distributions of the input signals, and attaches
the value of 1, otherwise the value of 0.

Input Radial Basis Layer

Competitive Layer

Where...

R =number of
elements in
input vector

al= radbas (| Twii-p || BiI) a2 = compet( LW21a1)

alis ith element of a1 where TWtis a vector mads of the /1 row of IW:s

Q= number of input/target pairs = number of neurons in layer 1
K = number of classes of input data = number of neurons in layer 2

Figure 12. Probabilistic Neural Network model
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Figure 13. Diagram of a proposed classifier.

Inputs are 15 values of disturbances: 13
levels of energy distribution, transient
duration and amplitude. Table 1 shows high
results. The trained samples are 40 and 70 then
accurate rates are 80% and 92% respectively.
Test time per a sample is a cycle of a capacitor
switching disturbance. These results can be
applied in real-time power systems. The

accurate rate is higher when increased a
training sample. This rate is the better result
compared to that of the previous studies [1,7].

Table 1. Recognition results

Training samples 40 70
Test samples 15 25

Accurate sample 12 23
Accurate rate 80% 92%

Learning time (s) 0.18 0.2
Test time (s) 0.02 0.02

4. CONCLUSION

The identification and classification of
power quality is a vital task for the precise
monitoring of power systems. In this paper, a
comprehensive technique based on the use of
wavelet technique and artificial intelligences
such as PNN method is made. It is shown that
a method of classification has their own
inherent advantages. Moreover, the method of
classification of disturbances demonstrates
the potential for the development of fully
automated monitoring systems with on-line
classification capabilities.
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