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Fuzzy Based Fault Classifier and Time Domain
Reflectometry Based Fault Locator for
Underground Cables
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Abstract— Cables are insulating wires used for transferring
power or transmitting signals. If any fault occurs in the cable
then, it causes detrimental effects to power system equipments.
The technical difficulty is to find, analyze, and classify faults. In
case of underground cables it will be a time consuming and
expensive process to repair the faults or replace the cables. This
paper aims to analyse the faults by creating the various types of
short and open circuit faults, classify them by taking in account
of grounding, and to locate the distance at which the fault is
occurred. The underground cable is simulated using MATLAB/
Simulink, the faults are created and the Fourier transform of
voltage and current are observed at the source end. The generated
fault phase current data from the simulation has been normalized
using fault index is the input to the Mamdani fuzzy logic
controller. The defuzzified output is verified for different phase
current values which classify the nature of the fault. Two fuzzy
classifiers like ground and phase faults are developed which
holds good for different range of cables. A methodology to find
the fault location in long transmission line is attempted using
PSPICE, by creating short circuit fault. The distance is
determined by using velocity of propagation of travelling waves,
which is realized using impulse voltage wave generator which is
based on impedance

Keywords— Fuzzy Logic Controller, PSpice, Time Domain
Reflectometry.

I. INTRODUCTION

Microelectronics associates with fabrication of Cable is a

wire like material which is used for connecting more devices.
It is used for transmitting signal, electrical power. Cables are
used for wide range of purposes, and each must be tailored for
that purpose. It consists of more number of optical fibres in
which they use total internal reflection as a principal.
When fault occurs in underground cables, it is very difficult,
time consuming, and expensive process to locate, repair (or)
replace the cable. But in the present scenario, the fault
location is easily carried out using various methodologies,
tools and devices.
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Fonseca Badilo et al. (2012) have modeled distributed
parameter line as an underground cable. In this model, all
types of faults such as LG, LL, LLG and LLL have been
studied and their waveforms are observed.. The wavelet based
fault current analysis is carried out by Zhao et al. (2000),
Jiantao Sun et al. (2007), Magdy B. Eteiba et al. (2014).The
Fourier analyzed fault voltages and current values are
obtained from the simulink model and the values are fed to the
training set of artificial neural network by Mamta Patel et al.
(2012) and Kunal Hasija et al. (2014). Transient energies of
details information for the two consecutive data at the fault
are used for analysis and neural networks are designed to
classify and locate the fault at different single line to ground
fault conditions by M. Gowrishankar et al. (2016). The fault
current observed is given as the input for the fuzzy logic and
the type of fault is determined by using fuzzy classifier by
Avagaddi Prasad et al. (2015), Sekharmanthri Jyothsna et al.
(2017). The Orcad model deals with location of fault in
underground cable network. For precision, a three stepped
process is followed in Pspice simulation as referred in the
book Analog-Design-
and-Simulation-using-OrCAD-Capture-and-PSpice-Dennis
Fitzpatrick (edition 2012). Company. A. Ngapitakkul et al.
(2010) proposed that the fault location identified by
analysing the first peak time, which is obtained from the faulty
point occurred in the cable.

Thus, Cable faults can be analyzed using Fourier
methodology and normalized using fault index
calculations. This is fed as input to Mamdani based fuzzy
logic controller, where the rule base are developed
employing knowledge base. The faults are classified as
ground and phase faults by two fuzzy classifiers. The
prototype of fault detector is realized in proteus and
modeled using different impedances and its corresponding
voltage drops. The TDR principle is employed to detect
the fault location using velocity of propagation using
PSPICE.

Il. PROBLEM FORMULATION

The Fig 1. Shows the simulation in MATLAB. Here, three
phase voltage source are given to the distributing parameter
(cable). The fault is created using the three phase fault
block. The voltage and current values is measured in VI
measurement block. Then the data required for computing
and the graph is obtained by using scopeblock.
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Fig.1. Block diagram of MATLAB simulation

A. Fault analysis and normalisation
In this work, the normalization technique is to be carried out
before applying it to the fuzzy logic controller as an input. The
inputs S1, S2, S3 are obtained by the equations.
The value of P1, P2 and P3 are calculated by using equations
2.1t02.9:

b = max{abs (I, )}
' max{abs (1, )}

max{abs (I, )}
B = max{abs(l,::l}
. max {abs (I.)}
7 max {abs(I,)}

. (D)

Q)
. (3)

The value of S1, S2 and S3 are given to the input for fuzzy
classifiers for classification of type of faults occurred in the
system.

Fuzzy logic controller

Fuzzy logic is a fascinating area of research because it does a
good job of trading off between significance and precision.
The block diagram of fuzzy logic tool-box is shown in Fig. 2.
ORCAD

It is used for analyzing the fault location using PSpice. The
circuit diagram of PSpice simulation is given Fig 3.

Ve
D=7 . o

The values of the parameters for the cable as shown in the Fig.
3. are given as,
Length of cable = 10 km R= 25 Q/km

FIS EDITOR L=334 pH/km
C=1.05 pF/km
Amplitude of voltage pulse= 1V Rise time = 10 ns
Fall time = 10 ns Delay time = 100 ns Pulse width = 100 ns
Velocity of wave is given by equation
FUZZY MEMBERSHIP V= 1
RULEEDITOR «— INFERENCE ¢  FUNCTION NIC (11)
SYSTEM EDITOR
RULE VIEWER
Fig.2. Block diagram of fuzzy logic tool-box
The value F1, F2 and F3 are calculated by using the value of
P1, P2 and P3
ot e
7 max(P1,P2,P3)
P2
Fy = max (P1, P2, P3) (5
. P3
® " max (P1,P2,P3)
.. (6)
Lastly, the differences of these F1, F2 and F3 are calculated as
follows:
(D
S, =F,—F,
S, =F,—F, - (8)
S5 =F-F . (9)
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Fig. 3. PSpice simulation circuit diagram

I1l. RESULTS AND DISCUSSION

The Simulation Studies are carried out in MATLAB software.
These work has been carried out in a 3-phase, 400 kV, 50 Hz
and 200 km line cable is modeled as a distributed parameter
line.

LG Fault

Line to ground fault occurs when line is grounded due to some
disturbance. The Fig. 4. Shows the LG fault occurred in the
line A.

From the Fig. 4., The fault is created at phase A, with respect
to ground with a fault resistance value of 25 Q, the value of
current for phase B is 0.338 kA, and C is 0.39 kA throughout
the simulation. The value of current in phase A is

0.133 KA before the fault produced, later the suddenly the
value rises around 3.33kA. This shows the fault occurred at
particular moment. Then, the value suddenly dips to the
normal value of 0.133 KA.

LLG Fault

Double Line to Ground fault occurs, when two lines are short
circuited and is in contact with ground.

From the Fig. 5., the fault is created at phase B and C, with
respect to ground with a fault resistance value of 25 Q, the
value of current for phase A is 0.52 kA throughout the
simulation. The value of current in phase B is 0.129 kA and C
is 0.068 kA before the fault produced, later the value suddenly
rises for phase B and C are around 4.2 kA and 4.5 kA
respectively. Later the value suddenly dips to the normal value
of 0.066 kA

LL Fault

A Line to Line fault is the one in which short circuiting occurs
between two phases of the system. From the Fig. 6., the fault is
created at phase C and A, with a fault resistance value of 25 Q,
the value of current for phase B is 0.136 kA throughout the
simulation. The value of current in phase C is 0.127 kA and A
is 0.131 kA before the fault produced, later the value suddenly
rises for phase C and A are around 4.0 kA and 4.2 kKA
respectively. Later the value suddenly dips to the normal
value of 0.064 kA

LLL Fault

This occurs due to breakdown of insulation between all the
three phases.

From the Fig. 7. the fault is created at phase A, B and C with a
fault resistance value of 25 Q. The value of current in phase A
is 0.129 kA, phase B is 0.135 kA, phase C is 0.119 kA before
the fault produced, later the value suddenly rises for phase A,
phase B and C are around 4.78 kA, 4.90 KA and 4.71 KA
respectively, persist in the value until the relay in the three
phase fault block operates to clear the fault. Later the value
suddenly dips to the normal value of 0.073 Ka

Fuzzy Interferance System

The fuzzy logic output variables for fuzzy classifier-I is shown
in Fig. 9. By using this output variable, the type of fault is
determined with the help of rule viewer.

The three triangular membership functions are used to find
ground faults. Each input is designhated as Small, Medium,
Large. The ranges of membership functions are between -1.0
and -0.005 for small, value between 0.02 and 0.3 for medium,
value between 0.2 and 1.0.
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Fig. 4. LG Fault at phase A with fault resistance 25 Q
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Rules to find type of ground faults using S1, S2 and S3:

If (S1is Large) (S2 is Medium) (S3 is Small) then (trip output
is AG).

If (S1is Small) (S2 is Large)(S3 is Medium) then (trip output
is BG).

If (S1 is Medium) (S2 is Small) (S3 is Large) then (trip output
is CG).

If (S1 is Small) (S2 is Large) (S3 is Small) then (trip output is
ABG).

If (S1 is Small) (S2 is Small) (S3 is Large) then (trip output is
BCG).

If (S1 is Large) (S2 is Small) (S3 is Small) then (trip output is
CAG).

The three triangular membership functions are employed to
find phase faults. Each input is designated as Small, Medium,
Large. The ranges of membership functions are between -1.0
and -0.005 for small, value between 0.02

and 0.3 for medium, value between 0.2 and 1.0.

Rules to find type of phase faults using S1, S2 and S3:

If (S1 is Small) and (S2 is Large) and (S3 is Small) then (trip
output is AB).
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If (S1 is Small) and (S2 is Small) and (S3 is Large) then (trip
output is BC).

If (S1 is Large) and (S2 is Small) and (S3 is Small) then (trip
output is CA).

If (S1 is Medium) and (S2 is Medium) and (S3 is Small) then
(trip output is ABC).

If (S1 is Small) (S2 is Medium) (S3 is Medium) then (trip
output is ABC)

If (81 is Medium) (S2 is Small) (S3 is Medium) then (trip
output is ABC).

If (S1is Small) (S2 is small) (S3 is Medium) then (trip output
is ABC).

ISSN: 2278-3075, Volume-9 Issue-1, November 2019

If (S1 is Medium) (S2 is Small) (S3 is Small) then (trip output
is ABC).

If (S1 is Small) (S2 is Medium) (S3 is Small) then (trip output
is ABC).

The fuzzy output for fuzzy classifier-I1 is shown in the Fig. 10.
Observation

The observed values for four different types of faults such as
LG, LL, LLG and LLL with two different fault resistances
such as 25 Q and 50 Q is tabulated in table 1 and 2 and
verified.

Tablel. Output for Fuzzy classifier-1 for ground fault

Typeof E=25Q =50Q

Fault S1 S2 S3 Output  |S1 S2 S3 Output

AG 0.856 0.131 -0.986 4.9 0.832 0.149 -0.984 4.9

BG -0.988 [0.861 0.128 9.97 -0.983  |0.846 0.137 10

CG 0.112 -0.983 |0.871 15 0.094 -0.976  |0.882 15

ABG -0.906  [0.986 -0.080 [19.9 -0.867  |0.967 -0.101 20

BCG -0.094 |-0.892  |0.986 25 -0.105 |0.858  [0.963 24.9

CAG 0.982 -0.087 |-0.895 [30.1 0.977 -0.088 |-0.899 30

Table 2. Outputs for fuzzy classifier-11 for phase faults

Typeof E=25Q =50 Q

Fault S1 S2 S3 Output  |S1 S2 S3 Output

AB -0.965 0.9989 |-0.033 35 -0.94  0.9972 -0.054 [35

BC -0.033  |-0.965 [0.9989 40 -0.05 -0.941  |0.9969 40

CA 0.9989 |-0.032 -0.966 45 0.997 -0.055 [-0.942 45

ABC -0.062  |0.066 -0.004 |50 -0.06  [0.009 -0.003 50
PSpice Simulation

1 S Semassmna:

i

Fig. 11. LG fault voltage waveform

Attime t = 187 ps, and the distance of the fault is given as the
half of the distance travelled by the wave. Therefore, using
equations (10, 11) The location of fault is calculated as, D.
Fig. 11. shows an output response of the single line to ground
fault. This graph is obtained by the three step process, the
creation of underground cable system model using a Pspice
simulink and followed by creation of faults in the system. In
second step fault voltages and currents.

IV. CONCLUSION

Thus, this paper made the time consuming process of finding
the type of error in cables ease with the help of MATLAB and
fuzzy logic controller. The fault in the cable have been
simulated in MATLAB and it is fed as input in fuzzy logic and
the type of fault is found. The classification of faults is
possible by taking into account of grounding. The location of
fault is identified by time domain reflectometry principle that

using fuzzy logic classifier after analysis of performance
index.
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