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Fault Detection on Distribution Line Using
Fuzzy Logic

Aadum Joseph Lekie, D. C. Idoniboyeobu, S. L. Braide

ABSTRACT: This research work express how fuzzy logic
controller was developed to detect on a single line to ground
fault , double line to ground fault, line to line fault and three
phase fault are detected on Notore fertilizer plant 11KV
distribution. Line and Substations in Onne, Rivers State,
Nigeria was used as case study. The proposed fuzzy logic
controller takes neutral, phase currents, current in the Red
phase(IR), current in the Yellow phase ( 1Y),current in Blue
phase (IB) and current in the Neutral phase( IN) and phase
voltages. Voltage in the Red phase (VR), voltage in the Yellow
phase (VY) and voltage in the Blue phase ( VB) as inputs. The
inputs are assigned three linguistic variables (Low (L) Normal
(N) and High (H)) with some degrees in triangular membership
function. Also a single output (Fault) was assigned to the
controller with ten linguistic variables [ Red phase to ground
fault (R-G), Yellow phase to ground fault (Y- G), Blue phase to
ground fault (B-G), Red to Yellow phase fault (R -Y), Red to
Blue phase fault (R - B), Yellow to Blue phase fault (Y-B), Red
and Yellow phase to ground fault (RY- G), Red and Blue phase
to ground fault (RB-G), Yellow and Blue phase to ground fault
(YB-G), and Three phase fault (3-@) with varying degree of
triangular membership function. Next, the Mamdani expert
system were used for the implementation while the outputs of
the ten rules were aggregated to form a defuzzified output with
the help of Centre of gravity method. The results were
displayed on a scope at every instant of fault occurrence on the
network. The results obtained from defuzzified output of the
controller on single line to ground fault, double line to ground
fault, line to line fault and three phase fault are 0.0439, 0.616,
0.375 and 0.5 respectively. These results obtained falls within
the range of zero to one (0 — 1) obeying the characteristics
through which the controller were configured to operate. This
shows that the result from the proposed fuzzy logic is optimal.

1. Background

Electrical Power System consists of various electrical
components such as Generating units, transformers
(Power and Distribution), transmission lines,
isolators, circuit breakers, bus bars, cables, relays,
instrument transformers, distribution feeders, and
various types of loads [5].

It starts with energy Generation and the generated
energy is transmitted from a control Centre after the
voltage level has been step up to a higher level. This
higher level of voltage is further step down to a level
that is suitable for distribution. According to [30],
distribution and utilization of electrical energy is the
final stage in electricity delivery to end users.
Electrical network in Nigeria has different levels of
operating voltages. In distribution network, feeder

voltage of 11KV is distributed from 33KV injection
Substation and further step down by transformers to
0.145KV at the consumer’s terminal. These lines
which are mostly connected as overhead lines in
Nigerian network are exposed to faults caused by
lightning, short circuits, faulty equipment, wrong
operations, human errors, overload, and aging etc.
Electrical faults are destructive and evident in
mechanical damages of equipment and loss of
personnel. All of these challenges must be repaired
for the line to return to service. The restoration can be
faster if faults are identified and cleared by protective
devices.

Faults are usually taken care of by interconnection of
protection devices such as relays, Current
transformers, Voltage Transformers, Circuit Breakers
and fuses that detect fault and eventually isolate the
affected sections from the entire power system.
Faults can be of various types and their detection and
clearing approach may differ.

2. Review of Related Research Works

Many research works on fault diagnosis incorporate
artificial intelligent approaches which process the
information from alarms and protection relays in
power distribution and transmission  systems
[11];[42]; [14]; [4]. An expert system has been
implemented in cooperation with SCADA to develop
a more efficient and precise centralized fault
diagnosis system in transmission networks [6]. The
approach registers information such as fault location,
causes of fault and identifies unwanted operation of
protection devices.

Voltage and current sensors are installed on
transmission lines for real time implementation and
this involves a high cost. Artificial neural network
(ANN) based program written in matlab 7.5
environment for the detection and analysis of fault in
power distribution network has been developed to
locate fault [30]. A fault location and fault state of
lines and bus sections has been obtained using the
information from alarm relays [14]. This technique
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provides effective information to the operator for
decision making but most distribution systems are not
completely equipped with alarm relays. A
combination of ANN and fuzzy logic has been used
to process the information from alarms and protection
relays [42] for the purpose of identifying the faulty
components and line sections. A wavelet based ANN
approach is developed for fault detection and
classification [41].

The approach uses oscillography data from fault
recorders and therefore requires communication
networks between remote power system and digital
fault recorders. A substation fault diagnosis system
has been developed using the Petri net theory [39]. In
this method, the information from circuit breakers
and faulty protection devices are configured based on
mathematical formulations to calculate the precise
fault section. Two Petri net concepts, namely, neural
Petri net and fuzzy neural Petri net are used for
locating faults at the lines or sections [4]. However,
these methods are not suitable for fault diagnosis in
distribution systems due to lack of information of
alarm and protective relays. A new and accurate fault
location algorithm using adaptive neuro-fuzzy
inference system (ANFIS) has been developed for a
network with both transmission lines and under-
ground www.intechopen.com cables [27].

It uses fundamental frequency of three-phase current
and neutral current as inputs while fault location is
calculated in terms of distance in kilometer. Although
it gives a good performance, there are some
imperfections in the fault location due to the wide
range in distance. An ANN based fault diagnosis
method has been implemented in an unbalanced
underground distribution system [29]. The method
uses fundamental voltage and current phasors as
inputs to the ANN for locating faults in the line
sections. Another ANN based approach which
combines the ant colony optimization algorithm has
been developed for fault section diagnosis in the
distribution systems [40]. The method locates faults
in terms of the line sections but the exact fault points
are still not known. Many researchers have made a
research in fault detection in power system. Salim et
al. (2009) proposed an Extended Fault-Location
Formulation for Power Distribution Systems. The
proposed method uses the voltages and currents as
input data to detect the fault. [33] formulated an
electrical protective relaying framework to detect and
classify any fault type in an electrical power system
is presented. This work use readings of the phase
current only during the first (1/4)th of a cycle in an
integrated method that combines symmetrical
components technique with the principal component

analysis (PCA) to declare, identify, and classify a
fault. Fault Analysis of Multiphase Distribution
Systems Using Symmetrical Components was
proposed by [1].

[34] He investigated how the model-based fault
detection and location approach of structural analysis
can be adapted to meet the needs of power systems,
where challenges associated with increased system
complexity make conventional protection schemes
impractical. [36] formulated On-Line Monitoring and
analysis of Faults in Transmission and Distribution
Lines using GSM technique. [35] presented a
decentralized multi agent system (MAS) which
works in real time with a power distribution system
for fault detection applications. The agents use local
voltage and current RMS values to locate a fault. [38]
proposed location of single-phase faults in power
distribution systems with distributed generation by
means of impedance-based methods.

Recently, several methods have been developed for
automated fault location in distribution system. Thus
the fault detection and location on high voltage
Distribution lines can be classified into the following
three categories; Impedance method Travelling
theory based method and Intelligent systems. [17]
presented a general approach to locate any type of
fault on either a single-circuit or a double-circuit
transmission line when only current magnitude
measurements are available. [15] evaluated the Fault
Location based on Voltage Sags Profiles. The test
results presents the strength and limitation of the
method when applied for different fault resistances,
loading variation and load models. [13] proposed
travelling Waves for finding the fault Location in
Transmission Lines. This wavelets can provide
multiple resolutions in both time and frequency
domains. This method identifies the fault using the
return time of the pulse wave. [8] presented a novel
approach in distribution protection technique of fault
line selection based on analysis of generated transient
and the potential of using discrete wavelet transform
in protective relay was examined. [24] presented a
wavelet based technique for detection and
classification of abnormal conditions that occur on
power distribution lines.

The proposed technique depends on a sensitive fault
detection parameter (denoted SFD) calculated from
wavelet multi-resolution decomposition of the three
phase currents. [3] proposed Combination of discrete
wavelet transform and probabilistic neural network
algorithm for detecting fault location on transmission
system. [37] formulated Wavelet Entropy and Neural
Network for detecting fault in Non Radial Power
System Network. [22] proposed a intelligent
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approach for high impedance fault (HIF) detection in
power distribution feeders using combined Adaptive
Extended Kalman Filter (AEKF) and probabilistic
neural network (PNN). The AEKF is used to estimate
the different harmonic components in HIF and NF
(no-fault) current signals accurately under nonlinear
loading condition. Thus these traditional approaches
to fault problems have usually involved human
experts. This may leads to error in fault detection. In
this environment, artificial-intelligence-based
techniques such as neural networks, fuzzy logic [18]
and genetic algorithms can enhance a system's
performance for accurate fault detection. Al based
techniques model the adaptive and highly complex
processes to formulate solutions to such open-ended
problems, where traditional approaches cannot be
applied. Among the Al based techniques, Artificial
Neural Networks [23] (ANNs) based methods are
widely used. However, the tools proposed so far
exhibit limitations regarding the magnitude of the
training set and the poor resolution. In order to
overcome the shortcomings of the existing
procedures, this work proposes a fuzzy logic based
method for determination of fault detection along
with fault location in a radial distribution system. It
employs voltage and current signals obtained at the
distribution substation as input variables to detect and
locate the fault.

Several research work done on line protection
employs rigorous mathematical methods that were
not intelligent enough but in recent years intelligent
based methods are being used in fault detection
among which is fuzzy logic based system.

3. MATERIALS

Description of Power Station Used As a Case

Study

The Power Station is independent of the national grid
and it is sited at Notore fertilizer plant environs in
Onne, Rivers State, Nigeria. It has two gas turbines
power plants that are designated as 2006J and
2006JA that take care of generation. However,

11KV busbar through their respective switchgears to
the transformers. The Protection scheme includes the
following Electrical devices: Current Transformers,
Potential Transformers, Circuit Breakers, Relays,
Isolators and fuses.

Single Line Drawing of the Feeder Network of
Notore Fertilizer Plant shown in Fig.1
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Figure 1: Single Line Drawing of the Feeder
Network of Notore Fertilizer Plant

Data Collection

The radial power network is adopted in Notore
fertilizer plant. This starts with a generation of
25MW from a gas turbine designated as 2006J out of
which 10MW capacity is fed through indoor
switchgears to out-station transformers installed to
feed different sections of the plant and complex. The
Gas turbine is located on 32°N with coordinate
(291903, 522963). The transformers are seventeen
(17) in number and are shared to feed different
sections of the plant. These transformers are
described in table 1.

Table 1: Description of Transformers on The Network

VOL RATING DISTANCE LOAD

2006JA is out of service but 2006J is fully insservig@nsrormers DESCRIPTION TAG  (MVA) FROM
with generation capacity of 25MW even though only EATI o
about 10MW is consumed daily. The station has a o
- - - a. TR2021 5MVA 595m 3.40MW
total number of seventeen distribution transformers 1133
that are fed through overhead cables from a load b, TR2022 SMVA o5m
Centre. All the feeder cables are connect Stilities Transformers 11/33 L27MW

1.
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c. TR2031 11/0.4 1.5MVA 595m
40 0.30MW

Rule Ir Iy Ig In Vg Vy Vg FAULT TYPE
No
1. H N N H L N N SLG-(R1t0G)
2. N H N H N L N SLG-(YtoG)
3. N N H H N N L SLG-(BtoG)
4. H H N N L L N DL-(RtoY)
5. H N H N L N L DL - (RtoB)
6. N H H N N L L DL - (Y to B)
7. H H N H L L N DLG - (RY to G)
8. H N H H L N L DLG-(RBto G)
9. N H H H N L L DLG-(YBtoG)
10. H H H N L L L 3-@ FAULT
11. N N N N N N N NO-FAULT

Note: High — (H), Low - (L), Normal — (N) are taken as fuzzy membership functions.

Demin Transformers

Utilities Offsite
Transformers
a. Bulk
Store
b. Old
Bagging

c. General
workshop
and Admin

Ammonia (NH;3) Plant
Transformers

Urea Plant

Transformers

d. TR2032
a. TR2231
b. TR2232
a. TR2833
b. TR2834
c. TR2831
TR2832
d. TR2631
a. TR0131
b. TR0132
TR 1321
TR 1322
TR 1331
TR 1332

11/0.4
40

11/0.4
40
11/0.4
40

11/0.4
40

11/0.4
40

11/0.4
40

11/0.4
40

11/0.4
40

11/3.3

11/0.4
40

11/0.4
40

11/3.3

15MVA

15MVA

1.5MVA

15MVA

15MVA

1.5MVA

15MVA

1.5MVA

5MVA

1.5MVA

15MVA

5MVA

595m

1305m

1305m

6127m

3867m

3944m

1693m

1693m

1360m

1360m

1360m

1360m

0.15MW

0.57MW

0.68MW

0.02MW

0.53MW

0.11MW

0.79MW

0.41MW

0.49MW

0.57MW

PROPOSED METHOD

This method of fault detection applies the three phase

Red. Yellow and Blue) and the neutral phase IN

feeder currents and phase voltages as the inputs to the

fuzzy inference system (FIS).

493

Membership Functions

Different levels of the fault currents and voltages for
different fault conditions on the distribution lines are
classified into various degrees of membership
functions- Low, Normal and High. These
membership functions are used in forming the rule
base for the fuzzy logic fault detection system. Table
3.2 shows the rule base formulation for the fuzzy
based fault detection system.

Table 2 Fuzzy Rule Base Formulation

Where:

I(R): Current in Red Phase V(R) : Voltage in

Red Phase

1(Y) : Current in Yellow Phase V(Y) : Voltage

in Yellow Phase

I(B) : Current in Blue Phase V(B) : Voltage

in Red Phase

I(N) : Current in Neutral

Therefore, rule 1 reading is taken as:

IF Red Phase Current = High, Yellow Phase Current

= Normal,

Blue Phase Current = Normal, Neutral Current =

High

THEN, Fault type is Red Phase to Ground (SLG).
3.4 Simulation of Fuzzy Logic Designer for Fault
Detection

Simulation for this study starts by opening fuzzy

logic designer, the Mamdani is chosen. Next is to
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feed seven input variables namely; I(R), I(Y), I(B),
I(N), V(R), V(Y), V(B) as in Table 3.2 into the fault
classifier controller. After that, three (3)
membership of function of triangular type is chosen,
namely; Low, Normal and High. The param for the
membership functions are:
a) Low - [-05,0,0.5]
b) Normal- [0, 0.5, 1]
¢) High-[0.511.5]
The membership function plots are 181.
Next is the selection and configuration of the output
variable. One output variable is chosen and
designated as fault in this research work. The
membership functions selected are ten in number and

their values (params) are:

1. R-G:[-0.12500.125]

2. Y-G:[00.1250.25]

3. B-G:[0.1250.25 0.375]

4. RY:[0.250.3750.5]

5. YB:[0.375 0.5 0.625]

6. RB:[0.50.6250.75]

7. RY-G:[0.6250.75 0.875]

8. YB-G:[0.750.8751]

9. RB-G:[0.87511.125]

10. 3-PHASE:[1.125 1.25 1.375]
After that, the controller (fault -classifier) is

programmed to accept rules that are based on

electrical fault principles. Rules for this research

work are ten in number and they are:

1. If (I(R) is HIGH) and (I(Y) is NORMAL) and
(1(B) is NORMAL) and (I(N) is HIGH) and (V(R) is
LOW) and (V(Y) is NORMAL) and (V(B) is
NORMAL) then (FAULT is R-G) (1)

2. If (I(R) is NORMAL) and (I(Y) is HIGH) and
(1(B) is NORMAL) and (I(N) is HIGH) and (V(R) is
NORMAL) and (V(Y) is LOW) and (V(B) is
NORMAL) then (FAULT is Y-G) (1)

3. If (I(R) is NORMAL) and (I(Y) is NORMAL) and
(1(B) is HIGH) and (I(N) is HIGH) and (V(R) is
NORMAL) and (V(Y) is NORMAL) and (V(B) is
HIGH) then (FAULT is B-G) (1)

4. If (I(R) is HIGH) and (1(Y) is HIGH) and (I(B) is
NORMAL) and (I(N) is NORMAL) and (V(R) is
LOW) and (V(Y) is LOW) and (V(B) is NORMAL)
then (FAULT is RY) (1)

5. If (I(R) is NORMAL) and (I(Y) is HIGH) and
(I(B) is HIGH) and (I(N) is NORMAL) and (V(R) is
NORMAL) and (V(Y) is LOW) and (V(B) is LOW)
then (FAULT is YB) (1)

6. If (I(R) is HIGH) and (I(Y) is NORMAL) and
(I(B) is HIGH) and (I(N) is NORMAL) and (V(R) is
LOW) and (V(Y) is NORMAL) and (V(B) is LOW)
then (FAULT is RB) (1)

7. 1f (I(R) is HIGH) and (I(Y) is HIGH) and (I(B) is
NORMAL) and (I(N) is HIGH) and (V(R) is LOW)
and (V(Y) is LOW) and (V(B) is NORMAL) then
(FAULT is RY-G) (1)
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8. If (I(R) is NORMAL) and (I(Y) is HIGH) and
(1(B) is HIGH) and (I(N) is HIGH) and (V(R) is
NORMAL) and (V(Y) is LOW) and (V(B) is LOW)
then (FAULT is YB-G) (1)

9. If (I(R) is HIGH) and (I(Y) is NORMAL) and
(I(B) is HIGH) and (I(N) is HIGH) and (V(R) is
LOW) and (V(Y) is NORMAL) and (V(B) is LOW)
then (FAULT is RB-G) (1)

10. If (I(R) is HIGH) and (I(Y) is HIGH) and (I(B) is
HIGH) and (I(N) is NORMAL) and (V(R) is LOW)
and (V(Y) is LOW) and (V(B) is LOW) then
(FAULT is 3-PHASE) (1)

P GIATE ] FETgr i

e Vesbinag Fachea oy

Fig 2. Fuzzy Logic Designer

Fig. 3: Membership Function Editor

3.4 Proposed Fuzzy Algorithm

The proposed algorithm is as follows:

01 Start

02 Input Variables for input

03 Define input Membership Function
04 Set input range

05 Input variable for output

06 Define output Membership Function
07 Set input range

08 Define controller

09 Set rules for the controller

10 If rules are satisfied

Then go to step 11
Else go to step 09
11. Stop

~ " " Flow chart of the above Algorithm is in Figure 3.3

below.

Figure 5 Flow chart of Fuzzy Algorithm
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Fuzzy Logic Controller on the Distribution

Network Used As Case Study

The Distribution Network used as Case Study is
drawn in Simulink of Matlab, 2018 Version and the
proposed fault detector is added to monitor fault.
Four different fault situations are created from
Simulink fault block and results are displayed on a
scope. The blocks are in figure 4, 5, 6, 7. Figure 6
evaluates single line to ground fault, Figure 7

evaluates line to line fault, Figure 8 evaluates Double

line to ground fault and Figure 9 evaluates three

phase fault.

: 0
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: 5 3 #
e re——
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Figure 6 Simulink Block For Single Line To
Ground Fault
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Figure 7 Simulink Block For Line To Line Fault
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The model of Figure 3.6 represents the studied
network that is subjected to a single line to ground
fault. The test is conducted on transformer (TR2021)

o 7 installed at utilities section of the complex where the
Beo- Bo-3|¢ 40 ) eH = m - red phase is faulted to ground with the help of
o 1 Matlab/Simulink fault block and the fault signal is

connected to the fuzzy controller and displayed on a
scope. Figure 11 shows the voltage of the red phase
that is faulted to ground and Figure 4.2 shows the
fuzzy logic viewer for the single line to ground fault.

TR0t

"
. =

= - LOAD CENTRE
o o

g

H“ﬂ‘-’}wﬂ: el

TR0
A "

Looking at these values, the line-to-ground, fault is
easily identified as single Red phase-to-ground fault,
since fuzzy scope displays IR, and IN as high and VR
as low, as against the conventional protection system
in the study area which only displays earth fault but
does not have the capability to differentiate it from
Blue phase-to-ground fault (B-G), Yellow phase-to-
ground (Y-G).

[— 436548 % ’
™. . RPN P T

Figure 8 Simulink Block For Double Line To
Ground Fault
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Figure 9 Simulink Block For Three Phase Fault =

4. RESULTS Figure 11: Single Line to
Ground Fault

The fuzzy logic based fault diagnostic system as
described in this work was tested on the radial
distribution system used as case study. The test was
done in Simulink/Matlab, 2018 environment for four
classes of faults, namely; Single line to ground fault,
Line-to-Line fault, Double Line to ground fault and
three phase fault.

SIMULATION AND PLOTS FOR SINGLE LINE
TO GROUND FAULT
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Figure 10: Fuzzy Logic Rule Viewer For Single
Line To Ground

From Figure 10, Eight Plots of columns and ten plots of
rows are displayed. The first seven columns from left
are the inputs of the controller while the last and the
eighth column from left is the output. The figures that
appear across the top of the columns represent the
antecedent and consequent of the rule for red to ground
fault as seen by the controller. The eleventh plot in the
eight column of plots represents the aggregate weighted
decision for the given inference system. The defuzzified
output is displayed as a bold vertical line on this plot.
Thus, the rule for this fault condition is read as:

If (I(R) is 0.931 ) and (I(Y) is 0.5) and (I(B) is 0.5) and
(I(N) is 0.9) and (V(R) is 0.2) and (V(Y) is 0.5) and (V(B)
is 0.5) then (FAULT R-G is 0.0439)

SIMULATION AND PLOTS FOR DOUBLE LINE TO
GROUND FAULT

The double line to ground fault model in Figure 3.7 was
simulated on transformer (TR2231) installed at Demin
section of the complex with total load capacity of
0.57MW. The yellow and blue phase are faulted to ground
with the help of Matlab/Simulink fault block and the fault
signal is connected to the fuzzy controller and displayed on
a scope. Figure 4.3 shows the fuzzy logic viewer for the
double line to ground fault.

In the case of double line-to-ground fault (D-L-G) the
protection scheme in place (study area) does not have the
capability to specify the very type of fault rather sees it as
Earth fault. Fuzzy logic identifies it as double line-to-
ground.
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Figure 13: Fuzzy Logic Rule Viewer For Double
Line to Ground Fault
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From Figure 13, Eight Plots of columns and ten plots of
rows are displayed. The first seven columns from left with
the readings; [IR = 0.5, 1Y =0.9,IB=0.9,IN=0.9, VR =
0.5, VY = 0.2, VB = 0.2] are the inputs of the controller
while the last and the eight column from left with the
reading; Fault = 0.616 is the output. The figures that appear
across the top of the columns represent the antecedent and
consequent of the rule for yellow and blue phases to
ground fault as seen by the controller. The eleventh plot in
the eight column of plots represents the aggregate weighted
decision for the given inference system. The defuzzified
crisp output is Fault = 0.616 and is displayed as a bold red
vertical line on this plot. Thus, the rule for this fault
condition is read as:

If (I(R) is 0.5) and (I(Y) is 0.9) and (I(B) is 0.9) and (I(N)
is 0.9) and (V(R) is 0.5) and (V(Y) is 0.2) and (V(B) is 0.2)
then (FAULT, Y-B-G is 0.616)

SIMULATION AND PLOTS FOR LINE TO LINE
FAULT

The line to line fault model in Figure 3.8 was simulated on
transformer (TR2031) installed at Utilities section of the
complex with total load capacity of 0.3MW. The red and
yellow phases are faulted in Matlab/Simulink fault block
and the fault signal is connected through fuzzy logic
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controller and displayed on a scope. Figure 4.4 shows the
voltage of the red and yellow phases that is faulted but
clears of ground and Figure 4.5 shows the fuzzy logic
viewer for the line to line fault.

This result indicates that, it is easy to identify this fault
from fuzzy scope that Red and Yellow Phases are short
circuited which clearly specified line-line fault (R-Y) as
against the conventional protection system that displays
this particular fault as over current fault.

Figure 14: Line to Line Fault
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Figure 15: Fuzzy Logic Viewer For Line To Line
Fault

From Figure 15, Eight Plots of columns and ten plots of
rows are displayed. The first seven columns from left with
the readings; [IR=0.9, 1Y =0.9,IB=0.5,IN = 0.5, VR =
0.2, VY = 0.2, VB = 0.5] are the inputs of the controller
while the last and the eight column from left with the
reading; Fault = 0.375 is the output. The figures that appear
across the top of the columns represent the antecedent and
consequent of the rule for red and yellow phases clear of
ground fault as seen by the controller. The eleventh plot in
the eight column of plots represents the aggregate weighted
decision for the given inference system. The defuzzified
crisp output is Fault = 0.375 and is displayed as a bold red
vertical line on this plot. Thus, the rule for this fault
condition is read as:

If (I(R) is 0.9 ) and (I(Y) is 0.9) and (I(B) is 0.5) and (I(N)
is 0.5) and (V(R) is 0.2) and (V(Y) is 0.2) and (V(B) is 0.5)
then (FAULT, R-Y is 0.375). This result agrees with
electrical principle for red and yellow fault as V(R) and
V(Y) voltage values are low while I(R) and I(Y) are high.

SIMULATION AND PLOTS FOR THREE PHASE
FAULT

From Figure 16, simulation was carried out on the
transformer (TR2631) installed at General workshop and
Admin section of the complex with total load capacity of
0.02MW. The Red, yellow and blue phases were faulted
with the help of Matlab/Simulink fault block and the fault
signal is connected to the fuzzy controller and displayed on
a scope. Figure 4.6 shows the voltages of the red, yellow
and blue phases that is faulted but clear of ground and
Figure 4.7 shows the fuzzy logic viewer for the three phase
fault.

The conventional protection scheme in Notore fertilizer
plant (case study) identifies three phase fault as over
current fault whereas fuzzy specifies it as a three phase
fault (R-Y-Bfault)
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Figure 16: Three Phase Fault
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Figure 17: Fuzzy Logic Viewer for Three Phase
Fault

From Figure 17, Eight Plots of columns and ten plots of
rows are displayed. The first seven columns from left with
the readings; [IR=0.9, 1Y =0.9,I1B=0.9,IN = 0.5, VR =
0.2, VY = 0.2, VB = 0.2] are the inputs of the controller

while the last and the eight column from left with the
reading; Fault = 0.5 is the output. The figures that appear
across the top of the columns represent the antecedent and
consequent of the rule for three phase fault as seen by the
controller. The eleventh plot in the eight column of plots
represents the aggregate weighted decision for the given
inference system. The defuzzified crisp output is Fault =
0.5 and is displayed as a bold red vertical line on this plot.
Thus, the rule for this fault condition is read as:

If (I(R) is 0.9) and (I(Y) is 0.9) and (I(B) is 0.9) and (I(N)
is 0.5) and (V(R) is 0.2) and (V(Y) is 0.2) and (V(B) is 0.2)
then (FAULT, 3phase is 0.5). This result agrees with three
phase fault condition as the voltages V(R), V(Y) and V(B)
values are low while the currents I(R), I(Y) and I(B) are
high.

5. Conclusions

In this research work, fuzzy logic controller was
developed to detect, single line to ground fault,
double line to ground fault, line to line fault and three
phase fault on Notore 11KV Line and Substations in
Rivers State, Nigeria as case study. The proposed
fuzzy logic controller takes neutral, phase currents
(IR, 1Y, IB, IN) and phase voltages (VR, VY, VB) as
inputs. The inputs are assigned three linguistic
variables (Low, Normal and High) with some degrees
of triangular membership function. Also a single
output (Fault) was assigned to the controller with ten
linguistic variables [(R-G), (Y- G), (B-G), (R -Y), (R
- B), (Y-B), (RY- G), (RB-G), (YB-G), 3-@ ] with
varying degree of triangular membership function.
Additional, the mamdani expert system was used for
the implementation and the output of the ten rules are
aggregated to form a defuzzified output with the help
of Centre of gravity method. This result is displayed
on a scope at every instant that fault occurred on the
network. The results of defuzzified output from the
controller using single line to ground fault, double
line to ground fault, line to line fault and three phase
fault are 0.0439, 0.616, 0.375 and 0.5 respectively.
These results are within the range of zero to one (0 -
1) that the controller configured to operate. This
shows that the result from the proposed fuzzy logic is
optimal.
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