ﬁ EasyChair Preprint

Ne 7551

Analysis of High Impedance Fault in IEEE 9 Bus
System by Signal Processing Tools Using
MATLAB /Simulink Model

Sudipta Das and Pratyusha Biswas Deb

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

March 12, 2022



Analysis of High Impedance Fault in IEEE 9 bus
system by Signal Processing Tools using
MATLAB/Simulink Model

Sudipta Das Pratyusha Biswas Deb
Student, Dept. of Electrical Assistance Professor, Dept. of
Engineering, Electrical Engineering
Narula Institute of Technology, Narula Institute of Technology,
Agarpara, WB Agarpara, WB
Kolkata, India Kolkata, India

sudiptal9x@gmail.com

Abstract— High impedance faults are generally not
detected by conventional protection functions because of
magnitude of impedance involved in fault path different
than the conventional fault current profiles like
overcurrent, grounding. By applying Fast Fourier
Transform technique with operation, the fault detection
instruments give correct fault result with saving the
time.
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I.INTRODUCTION

A 3-phase AC power system operating under normal
condition has a standard magnitude of both current and
voltage which is equally distributed across each phase. But
when a fault occurs on the system, then fault cause heavy
current called short circuit current to flow in system,
unbalanced voltage and reduce the effective impedance of
the system which may destroy or damage the protective
equipment connected in the system.[1]. The High
Impedance Fault (HIF) current random behavior and its low
magnitude cause difficulties for a reliable detection by
traditional protection methods. Therefore, the hazards for
grid devices, people’s safety, associated with HIFs, motivate
a better, suitable detection techniques. Short-circuit currents
are harmful for two reasons-the first is that even a short-time
flow of heavy current will overheat the equipment, the
second is that the flow of short-circuit currents through the
current carrying parts produces forces of electrodynamic
interaction which may destroy or damage the equipment.
This is why all the elements of any electrical installation are
designed and selected for a thermal and a dynamic stability
sufficient to withstand the largest possible flow of short
circuit current that may occur in the given installation.[2]

The severest conditions in service are those of the switching
devices during a short circuit. These devices are circuit
breakers and the fuses, whose function is to interrupt the
fault current within a short period or time (0.05 -0.3 second)
and thereby switch out the faulty section.[9]. Due to
harmonics power system equipment like relay, circuit
breaker and others are working with malfunction so, they
don’t work properly so fault current detection and over
voltage detection are get failed and a fault occurs in the total
system. So, short circuit current analysis and harmonics
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analysis with quick function is most important task for the
protection function. If the fault current analysis is done
quick then protective equipment can do their operation
within the time.[4].

Therefore, HIF occurrence is a major challenge for
distribution networks. Also, the electric arc leads to
distinctive features on the fault current waveform as well as
a peculiar frequency spectrum.[5]. Consequently, several
types of research stimulate the use of harmonic content to
detect HIF faults. Thus, this paper presents a study of a
variant of the FT, called Fast Fourier Transform (FFT).”
[10].

In this paper, short circuit current analysis and harmonics
analysis is done with the Fast Fourier transform (FFT). So,
the fault current FFT analysis is done for protection
operation of total electrical system within the time for
completing the fault clearing operation within the ‘critical
fault clearing time’ to maintain the steady state stability

ILSYSTEM MODELLING

This section presents the methodology proposed in this paper
concerning implementing an electrical system, the HIFs, and
other events related to electrical transmission and distribution
systems, which are required to prove the method’s
robustness. Therefore, the simulations were carried out
according to the following subsections.

A. HIF

High Impedance Faults (HIFs) on distribution feeders are
defined as abnormal electrical conditions that cannot be
detected and cleared by conventional protection schemes,
due to their low fault current. Faults resulting from
neighbouring objects making prolonged contact with the
energised line can endanger human life, potentially causing
severe electrical burns, electrocution or fires. Additionally,
the arcing associated with HIF may also lead to serious
damage to the power system. HIF occur when the energized
overhead distribution feeder conductors have undesired
physical contact with a quasi-insulating object nearby, such
as asphalt road, gravel or tree limbs. The current from this
type of fault may be not large enough to be detected by
conventional protection devices. Therefore, the downed
energised conductor may become a potential hazard to public
safety. Furthermore, arcing is often associated with these
faults.

HIF typically caused by: broken conductor in touch with
ground and other surfaces but still connected to source,



Intermitted contact with tree limbs or other objects,
contaminated or falling equipment etc.

B. Test System

All developed countries depend upon electrical energy for
industrial, commercial, agricultural, domestic and social
purposes. Therefore, the basic infrastructure, that is,
generating stations and transmission and distribution lines
have become a crucial part of modern socio-industrial
landscape. So, we choose IEEE-9 BUS System for standard
calculation and simulation here. where 3 generators are
connected with 3 Transformer, then power is transmitted
over transmission line and it distributed in 3 load buses and 1
bus specified as swing bus. It is a specially designed grid
system which has 9 buses arranged in a specific pattern in
accordance to IEEE norms. Simulation will be applied on
this test system.
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Fig 1: IEEE 9-Bus standard system

C. Simulation Software

MATLAB is a programming and numeric computing
platform software used to analyze data, develop algorithms,
and create models and design systems and simulation.

In this paper, we use MATLAB 2014a software for create
the total 9-Bus system Simulink model and total experiments
has done.

111.PROPOSED METHODOLOGY

The proposed HIF detection method in this study aims to
identify HIF by monitoring the phase current, using only the
substation as an observable point. By the analysis of the
phase current spectrograms and the state of the art.

In the case of HIF detection, the signal processing technique
is popular and this give most correct result.

A. Fourier Transform

Frequency domain techniques can be used for obtaining the
signals harmonic content. Since the FT can extract
information about the magnitudes of the various signal
frequencies and because it is widely used in the protection
systems of Electric Power Systems (EPS), it is used in the
methodology proposed by this work.

For defining the Fourier transform of an integrable function
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The Fourier transform is denoted here by adding a
circumflex to the symbol of the function. When the
independent variable X represents time, the transform
variable & represents the frequency.

Under suitable conditions f is determined by / via the
inverse transform:
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That is known as the Fourier inversion theorem.

In order to observe certain signal frequencies, the size, and
consequently the number of samples in each window, can be
changed, thus modifying the frequency resolution Af of the
signal with a sampling frequency fs and N is number of
samples.
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Inter-harmonics are commonly found in HIF current
waveforms, because they are associated with the random
length variation of the electric arc during fault situations. In
this condition, the larger the amplitude of the variation, the
larger the number of inter-harmonic frequencies.

There are some processes of FT:

Continuous Fourier Transform (CFT), Discrete Fourier
transform (DFT), Discrete Time Fourier Transform (DTFT),
Fast Fourier transforms (FFT), Short Time Fourier transform
(STFT).

B. Discrete Fourier Transform

In mathematics,  the discrete  Fourier  transform (DFT)
converts a finite sequence of equally-spaced samples of
a function into a same-length sequence of equally-spaced
samples of the discrete-time Fourier transform (DTFT),
which is acomplex-valued function of frequency. The
interval at which the DTFT is sampled is the reciprocal of the
duration of the input sequence. An inverse DFT is a Fourier
series, using the DTFT samples as coefficients
of complex sinusoids at the corresponding DTFT
frequencies.

The discrete Fourier transform transforms

a sequence of N complex numbers
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where the last expression follows from the first one
by Euler's formula. The transform is sometimes denoted by

the symbol f, as in F(x)or X=F{x} or Fx.
The discrete Fourier transform is an invertible

The inverse transform is
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The DFT has seen wide usage across a large number of
fields. All applications of the DFT depend crucially on the
availability of a fast algorithm to compute discrete Fourier
transforms and their inverses, a fast Fourier transform (FFT).

given by:

C. Fast Fourier Transform

A fast Fourier transform (FFT) is an algorithm that computes
the discrete Fourier transform (DFT) of a sequence, or its
inverse (IDFT). Fourier analysis converts a signal from its
original domain (often time or space) to a representation in
the frequency domain and vice versa. The DFT is obtained
by decomposing a sequence of values into components of
different frequencies. An FFT rapidly computes such
transformations by factorizing the DFT matrix into a product
of sparse (mostly zero) factors. As a result, it manages to
reduce the complexity of computing the DFT from O(N?),
which arises if one simply applies the definition of DFT,

to O(NlogN), where N is the data size and N=2 here. The
difference in speed can be enormous, especially for long data
sets where N may be in the thousands or millions. In the
presence of round-off error, many FFT algorithms are much
more accurate than evaluating the DFT definition directly or
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indirectly. Because n == it is a typical fast
algorithm. Fast algorithms of this type of recursive halving
are very typical in scientific computing. So, FFT is faster
than DFT.

Applying DFT using a FFT algorithm reduces the time
complexity required in practical applications. Thus, this work
uses the FFT calculation in specific signal windows, making
it possible to obtain values in the magnitude of all
frequencies during the entire fault time. Therefore, the way
the FFT is calculated for a discrete signal.

IV.SOLUTION METHOD

Total work is done with the following stage by stage:

e First, IEEE 9-BUS standard system is created
with MATLAB Simulink model with standard
value and run it in steady state performance
using MATLAB 2014a software.

e Stage 2, In the system HIF is created at some
location and done the simulation.

e Stage 3, after simulation we collected all date of
faults.

e Stage 4, at last with creating the faults the FFT
analysis is applied and all data are collected.

V.RESULT AND SOLUTION

Transmission line protection is an important issue in power
system because 85-87% of power system faults are occurring
in transmission line. This dissertation work gives technique
to classify the different faults on transmission line for quick
and reliable operation of protection schemes.

Transmission line faults are of mainly five types: L-G, L-L,
L-L-G, L-L-L and L-L-L-G. But the effect of L-L-L and L-
L-L-G faults is same. So, here we are considering only L-L-
L fault. In all four different faults are classified after faulty
condition is detected in the system..order to detect the
existence of HIFs, we propose to use FFT. The traditional
approach uses FFT to detect HIF current of the event in a
large size frame. By doing this, one could miss the existence
of the HIF in the transient state where the duration of
occurrence is very short.

All the fault cases are discussed in the results initially all the
types of faults are made near bus 2 and bus 7. The cases of
faults made at a distance of 25km is considered for the result
analysis. Here , take the values andd graphs of FFT for every
type of HIF. By the result, It is observed that the how faults
are detected very quickly with applying the FFT signal
processing technique .
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Fig 3: Line to line fault current FFT analysis
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Fig 4: Fault current of 3 phase for line to line to ground fault
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Fig 5: Line to line to ground fault current FFT analysis
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Fig 7: Line to ground fault current FFT analysis

It is observed that during the HIF, the value of current
decrease from the nominal value, as shown in the diagram.
When the Fault is removed, the system attends its normal
value. Whereas the for the voltages, at the time of
occurrence of the fault, there is large surges at that instant
while the nature of the waveform is retained.

If a HIF detection method has only one sensor at the
substation, it would be necessary to use the low-frequency
content, which can be done either by harmonics or inter-
harmonics. On the other hand, if the sensor is nearby the
HIF location, it would be possible to use the current higher
frequencies energy amplitude and variation for HIF
detection.

VI. DISCUSSION OF RESULT

It is showed that if a HIF fault is happened then normal
fault graph value is how much lower and fault detection
time is delayed. But when FFT is applied then it is showed
that how the time is saved and voltage and current
magnitude is increased for detect the fault.

The proposed method detects the fault within one or two
cycle. This method can be used as a primary protection.
The identification of faults by other signal processing
techniques are used but this method is easy, simple,
reliable and selectivity is very good. Far end fault location
is a problem for many schemes but proposed method
detects far end faults without any difficulty. Here, errors
are so small that can be neglected. High resistance faults
are also detected using proposed method. Furthermore,
result accuracy is high and gives it within time so it is
acceptable.

VII.CONCLUSION

The behaviour of HIF faults is quite diverse, and there is
general agreement that no single technique is capable of
securely identifying all HIF fault scenarios. However, a
large percentage of HIF faults can be detected; utilities
which presently do not employ any form of HIF detection
will significantly benefit from rolling out available
technologies. Furthermore, the main advantages of this
proposition are its high rates of identification, when
inserting the HIF in buses far from the measurement spot,
the wide range of non-HIF events that were tested to
confirm the method selectivity, as well as its simplicity.
For future studies, the method can be applied in other test
systems with topology variations.

As it can be seen, no report of false detection has been
witnessed during the abovementioned cases. The low
current in three-phase and single-phase conditions has also
no influence on the proposed method accuracy. It should
Low currents have shown to reduce the distinct difference
among the second and third order harmonic, since
magnitude of current will not vary significantly before and
considered and no misbehaviours in HIF detection were
found. However, by implementing the sum of even
harmonics, this problem has been averted.

Finally, based on the result of the simulation, the HIF is
detected with high accuracy the saving the time by using
FFT.

In future, the protection system provided for the system
should have fast response. According to this analysis, fast
fault clearing and load shedding methodologies can be
adopted for system stability and also be applied for finding
fault location.

For future studies, the method can be applied in other test
systems with topology variations like intelligence Artificial
Neural Network (ANN).
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