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Abstract: Arc faults mainly occur because of electrical problems such as aging cables and loose connections. Generating high
temperature and discharging molten metal, arc faults finally lead to electrical fires. Every year such fires bring great loss and damage. It
is identified that conventional protecting technique is unable to break a circuit in the situation when a brief arc fault occurs and the arc
current is below thermal or instantaneous trip levels. In this paper a new method is proposed for the detection of residential series arc
fault. Firstly, suitable arc model is used to simulate series arc fault. Then based on fault detection algorithm the fault features are
extracted using a signal processing technique called Discrete Wavelet Transform (DWT). Then by comparing different wavelets, db4
were found appropriate for extracting arc-fault features. The last feature also involved the use of thresholding, peak detection, and relay

triping. MATLAB were used to build and simulate arc-fault model.
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1. Introduction

During a typical year, home electrical problems account for
67,800 fires, 485 deaths, and $868 million in property losses.
Electrical fire accidents have become a very important part
of fire accidents. Conventional circuit breakers and fuses
play an effective role in protecting residential electrical
circuits from over-current and short-circuit conditions. But
they cannot prevent fire accidents caused by arc faults
especially series arc fault.

Arc faults normally take place due to wiring problems. It is
the reason for 40 000 home fires in the U.S. annually. Mainly
there are two types of arc faults exist: series and parallel. The
first type shown in Fig. 1 is the most abundant and occurs
when the single power conductor breaks. Maximum arc
current is then limited by the load current due to the series
connection, which is definitely smaller than the CB current
rating and depending on the load and, hence, the arc current
may or may not produce a significant amount of heat to
create a fire[1].
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Figure 1: Series arc-fault condition.

The parallel arc fault shown in Fig. 2 occurs between the
neutral/ground and phase conductor, when the insulator is
damaged due to mechanical, temperature stress, or aging [2].
In this case, high-impedance arc first melts and carbonizes
the insulator, and later the low-impedance current path is
formed. The path emerges from excessive heat, and if left
uninterrupted, it could ignite a fire.
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Figure 2: Parallel arc-fault condition.

2. Methodology

Towards modeling and detecting of the series arcing faults,
the arc representation has to be studied and the fault
characteristics have to be measured using experiments or to
be captured from field tests. For this different arc models and
its characteristics has to be studied. The most suitable arc
model is then simulated to obtain fault characteristics. The
simulated arc model is inserted in the test systems to
reproduce the fault circumstances. Then the fault features are
extracted using DWT.

Based on the proposed detection algorithm a suitable
MATLAB program is written and the extracted fault features
are utilized in this program. Using this program the series arc
fault can be detected and a trip signal can be given to a relay.

3. Literature Survey on Arc Models

Conventional arc models are usually used to research the
interaction between switching arc and circuit. It is important
to simulate the fault arc for arc flash calculations, choice of
electrical equipments and power system protection [4]. The
fault arc could destroy electrical equipment and threaten
human life. It is important to calculate the arc fault current
for reducing loss. An arc model must be used for calculation
of the arc fault current. There are a lot of arc models for
describing the arc. Arc models can be classified in three
groups: physical models, black box models and models
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based on graphics and diagrams. Black box models describe
only the relation between input and output signals. Black box
models define the interaction between the arc and the
electrical circuit during the fault. In black box models, the
arc is described by one differential equation or several
differential equations relating the arc conductance which
describes the energy balance of the arc column. In this paper
Conventional arc models is used to simulate the fault arc[5].

4. Discrete Wavelet Transform

Wavelets are mathematical functions with oscillatory nature
similar to sinusoidal waves with the difference being that
they are of “finite oscillatory nature”. Essentially a finite
length, decaying waveform, when scaled and translated
results in what is called a “daughter wavelet” of the original
“mother wavelet”. Hence different scaling and translation
variables result in a different daughter wavelet from a single
mother wavelet. Wavelet transforms are -classified as
Continuous wavelet transforms (CWT) and Discrete wavelet
transforms (DWT). The finite oscillatory nature of the
wavelets makes them extremely useful in real life situations
in which signals are not stationary. While Fourier transform
of a signal only offers frequency resolution, wavelet
transforms offer “variable time frequency” resolution which
is the hallmark of wavelet transforms.

A wavelet transform decomposes a signal into basis
functions which are known as wavelets. Wavelet transform is
calculated separately for different segments of the time-
domain signal at different frequencies resulting in Multi-
resolution analysis or MRA. It is designed in such a way that
the product of time resolution and frequency resolution is
constant. Therefore it gives good time resolution and poor
frequency resolution at high frequencies whereas good
frequency resolution and poor time resolution at low
frequencies. This feature of MRA makes it excellent for
signals having high frequency components for short
durations and low frequency components for long duration.
e.g. noise in signals, images, video frames etc.

Discrete Wavelet Transform is found to be useful in
analyzing transient phenomenon such as that associated with
arc faults on the residential wiring and transmission lines.
Multi-Resolution Analysis (MRA) is one of the tools of
Discrete Wavelet Transform (DWT), 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. It
uses a prototype function called mother wavelet for this. At
each level, approximation signal is obtained by convolving
signal with low pass filter followed by dyadic decimation,
whereas detail signal is obtained by convolving signal with

high pass filter followed by dyadic decimation. The three
level decomposition of a signal is shown in Fig. 3.
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Figure 3: Three level decomposition of a signal

5. Modeling of Series Arc Fault

The arc fault itself can be defined as a self-supporting
electrical discharge in conductive ionized gas[3], with the
maximum current limited by circuit operation parameters.
Arc may just reduce the lifetime of electrical devices (switch
blades, generator, or motor brushes, etc.) or may become
hazardous (e.g., in electrical wiring) and lead to dramatic
outcomes like fires and explosions. The arc fault carries
discontinuous, nonlinear, and non-sinusoidal characteristics.
A number of models exist to describe its behavior. In this
paper a suitable black box model is used. This arc model is
based on energy balance theory, accordingly

g
dt

= ':E? * f:] - P[u:-s.s (1)

d . .
Where ﬁ represents a change of storing energy per-unit arc

length,(& = i} is an input power per-unit arc length, i is an arc
current, € is an electric intensity in the arc column, and
Fioszz 1S @ power loss per-unit arc length.
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Figure 4: Series arc-fault simulation model

Where u is arc voltage,u, is arc voltage constant and T is arc
time constant. Also, time constant can be represented in the
form,

II'J'F
T =- 3)

v
Where & is an empirically derived value equal to 2.9¢-5, I,
is maximum arc current (load for series or short circuit for

parallel arc fault), L, is the arc length, and is equal to

(15 .........30)L, and must be found experimentally.

Using equations (2) and (3), it is possible to build a
simulation model for the series arc-fault case. The MATLAB
Simulink model is shown in Fig. 4. AC represents the power-
supply source, RS models its internal resistance, RLOAD
models load resistance (constant resistive load is assumed),
and the VM1 block measures thevoltage across arc (). The
differential equation editor (DEE) block calculates the arc
current with gy as initial arc conductivity.

Arc current is then created using the Controlled Current
Source block and measured by AMI1 block. Res structure
collects the data along with time stamp. The Hit Crossing
block is required for the optimization of the simulation
algorithm time step. The Start block defines the start time of
the arc fault.

The following parameters were used in the simulation:
o = led5, o= 2.9 — 31, = 234, L, = Zmm,u, = 23L;
.System voltage is 120 V/60 Hz, RLOAD is 4 ohms, RS is 1
ohm, and arc start time is 0.03 s. Simulation results are
shown in Fig. 5

6. Proposed Fault Detection Method Using
Discrete Wavelet Transform

During the process of series arc fault detection, the signal
data need to be analyzed to find adequate information that
can be useful for the fault detection, because it may not
clearly appear in the original signal. That is why we apply a
signal processing technique such as DWT. The
implementation of DWT can be done either by command
line functions or by using Wavelet Toolbox in MATLAB [6].

For this work, the detection algorithm was executed using
command line functions. After inserting the arc model in the
test system, the required signals have to be analyzed in order

to extract the fault features. To analyze the signal they have
to undergo the process of signal decomposition. Signal
decomposition is done with the help of an appropriate
wavelet family. Several wavelet families were tested to
extract the fault features using the Wavelet commands which
are inbuilt in MATLAB. Selecting an appropriate wavelet
was a very important task in this step. The wavelet chosen
should be similar to the signal that has to be filtered to give
the best possible results. This “similarity” can be decided on
the basis of the cross- correlation between the two functions.
It was found that coif2, coif3, db4, db5, sym4 and symS5 are
the best options for signals under study and comparison of
simulation using this wavelet function is shown on this
paper. In this paper Daubechies family of wavelets is
preferred because of their high number of vanishing
moments making them capable of representing complex high
degree polynomials.

The result of our simulations showed that D4 wavelet
provided sufficiently good signal output. The wavelet has 4
constants (c0, c1, c¢2, c3) related to it whose values have been
derived by Daubechies in her research work. These are
normalized according to the need of the application where
they are being used. Daubechies wavelet 4 (db4) is found
appropriate for localizing this fault with a sampling
frequency 30756-Hz. The details d3 have been investigated
for the proposed work. The time of occurrence of fault
chosen was 0.03s and simulation time 0.1s. After setting the
above parameters suitable MATLAB programs can be
written according to the algorithms given below.

7. Threshold, Peak Detection, and Load Trip

The thresholding method is used to detect spikes in noisy
signal components, obtained by performing three-level DWT
decomposition of the original signal. A suitable thresholding
method needs to be developed to determine if the signal level
is higher than a particular value. After peaks have been
identified, a final step for the algorithm is to calculate their
repetition rate and trip the relay if the rate is higher than the
predefined wvalue. This operation is based on average
(rectangular FIR) filter: the higher the repetition rate, the
higher output filter will produce. In current test
implementation, it is assumed that series arc fault condition
is 4 spikes, appearing within two fundamental periods (33
ms). Then, we can define filter width equal to 33 ms or 128
sample of detailed signal D3. Passing peak signal and
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monitoring filter output, the load must be tripped if filter
output gets 4/128 =0.03.

8. Series Arc Fault Detection Algorithm

Step 1: Measure the phase currents or voltages of the test
system, after the insertion of arc fault model. For the
proposed work phase voltages has been selected.

Step 2: The phase voltages are subjected to level 3
decomposition using DWT. Thus we obtain the d3 detail
coefficients.

Step 3: After performing three-level DWT decomposition of
the original signal, a thresholding method is used to detect
spikes in noisy signal components.

Step 4: After peaks have been identified, calculate their
repetition rate and trip the relay if the rate is higher than the
predefined value (N).

This algorithm can be illustrated more clearly using the
flowchart shown in Fig.5
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Figure 5: Flowchart of Series Arc Detection Using DWT

9. Simulation Results

This section presents simulation results and operation of
algorithms used for series arc-fault detection.

A.Detection of Series arc Faults

Based on the algorithm presented in above Section,
simulation results are obtained and shown in Fig. 6. As can
be observed in Fig. 6, the series arc fault creates a distortion
of sinusoidal load current. Due to this fact that it is obvious
that by performing harmonic analysis, specific frequency
components can be extracted, its level can be measured and
based on some rule, a decision can be made to trip the load.
The problem is that many electronic devices (e.g., switching

regulators, inverters) also produce similar harmonic

distortions, which makes it hard to distinguish.

Fast Fourier transform (FFT) is usually utilized for
frequency- domain analysis. However, it does require the
analyzed signal to be stationary and periodic, which is not
the case for power-supply current, containing disturbances.
The other problem with FFT is the picket fence effect
(resolution bias error), which is produced if a signal
contains harmonics that are not integer multiples of
resolution frequency. To overcome these drawbacks (along
with couple others), a wavelet transform (WT) can be
alternatively used to analyze signal time—frequency
localization [7].

Daubechies Wavelets is a family of orthogonal wavelets with
compact support. This allows extracting local signal
disturbances with very high quality (ignoring fundamental
components). Experimentally, it was found that series arc
fault disturbances in load current lay within 2 4-kHz range,
which corresponds to detail level 3 (D3) of DWT on the
30756-Hz sampling rate. Daubechies wavelets db4 were
found appropriate for extracting arc-fault features.

Results of its operation are shown in Fig. 7.
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Figure 6: Series arc-fault simulation results.
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Figure 7: Series arc-fault feature extraction using DWT and
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Figure 8: DWT, level 3;(D3) and peak detection
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B. Adaptive Threshold, Peak Detection, and Load Trip
Fig.8 demonstrates adaptive thresholding and peak detection.
After peaks have been identified, a final step for the
algorithm is to calculate their repetition rate and trip the relay
if the rate is higher than the predefined value. It is assumed
that series arc fault condition is 4 spikes, appearing within
two fundamental periods (33 ms). Then, we can define filter
width equal to 33 ms or 128 sample of detailed signal D3.
Passing peak signal and monitoring filter output, the load
must be tripped.

10. Conclusion

This paper focused on series arc faults detection. A new
method for the identification of residential series arc fault
based on MATLAB was presented. The current and voltage
waveforms of arc faults in circuits with purely resistive loads
are shown in this paper. It was found that arc faults have
unique features in their curves of current and voltage. As
described in this paper, firstly arc fault characteristics were
obtained using suitable arc model. Then perform DWT
analysis with optimum selection of wavelet function, which
is accomplished by comparison of multiple simulation
results.
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