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Abstract— In this paper, the development of
fussy logic-based approach for fault current
diagnosis and classification in power lines is
presented. The essence of the study is to use
some sets of input data collected over time from
the case study power line to design a fussy logic
that can detect when fault current fault has
occurred and also determine the type of fault
current that has occurred. The data used are
obtained from the Transmission Company of
Nigeria (TCN), Eket transmission station, Akwa
Ibom State. Particularly, the absolute values of the
three phase currents for each fault condition are
used to calculate the values of the inputs
variables to the fussy logic-based fault current
diagnosis and classification system. The system
is modeled in Mathlab software for a radial power
network. The simulation was carried for line-A to
ground (a-g), line-B to ground (b-g), line-C to
ground (c-g), lines-AB to ground (a-b-g), lines-BC
to ground (b-c-g), lines-CA to ground (c-a-g).
Lines-AB (a-b), lines-BA (b-c), lines-CA (c-a), and
lines ABC. The fussy logic-based fault diagnostic
system was able to simulate and identify the ten
types of power line faults. The results from the
automated fussy logic-based mechanism were
validated by the manually computed values for the
fault current detection and classification. The
results obtained using the automated fussy logic-
based mechanism matched exactly with those
obtained when the manual approach was used. In
all, the fussy mechanism can effectively be used
to detect and classify fault current that do occur in
power lines.
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1. Introduction

Generally, in large power system networks, large
amount of data is wusually collected from the
transmission lines so as to implement power system
control [1,2,3,4,5]. Among other things, power system
control is essential for protection of the whole system
and this requires real-time and accurate detection and
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classification of fault on the transmission lines
[6,7,8,9,10]. Requisite mathematics models and
attendant computer programs and process are usually
put in place to enable the power system operators to
detect and classify the faults and also to speed up the
location and isolation of fault sections in the
transmission system when fault occurs. The common
procedure used for the fault diagnosis is usually
based on a preset threshold for the fault current and
voltages [11,12,13]. This is because faults on
transmission line give rise to transient DC offset as
well as high-frequency transient components which
can be extracted from the fault current and voltage
signals [14,15,16]. In any case, it is difficult to set a
general threshold value since the fault current and
voltage signal vary with different fault type, fault size
and fault location, among other factors [17,18,19,20].

Furthermore, when fault occurs on a given phase
of a three phase transmission line, due to the coupling
effect, the faulted phase will also affect the other
phases [21,22,23]. In all, it requires an intelligent
approach which can use the available information on
the fault current and voltages to effectively detect and
classify the fault. In this paper, a fussy logic approach
for fault current diagnosis and classification in power
lines. In the fussy logic-based approach, different
levels of fault currents and different fault conditions on
the power lines are classified into various degrees of
membership functions which are then used to detect
and classify the fault for further effective fault location
procedure. Sample ftransmission networks are
modeled and used a case study to demonstrate the
applicability of the ideas presented in this paper.

2.0 Methodology

21 Fuzzy Logic Algorithm (FLA) for Fault
Current Diagnosis

In this work, fuzzy controller architecture is
developed as shown in Figure 1. The fuzzy controller
is made up of three basic elements: Fuzzification,
fuzzy inference and defuzzification. In Figure 1, the
input quantity is represented by X, and it represents
the three phase current magnitude and zero sequence
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components of fault current in a crisp form. By
fuzzification the input current is converted to fuzzy
variables, before it is applied to the fuzzy inference
engine, while the calculated degrees of the
membership function are sent to the rule layer
according to if-then rules. The fuzzified inputs at point
“Y” are given to the fuzzy inference engine which now
follows the fuzzy rule base and produces an
aggregated fuzzy output; Z is the aggregated fuzzy
output which serves as input to the defuzzifier. The
defuzzifier combines the information in the fuzzy
inputs to obtain a single crisp (non-fuzzy) output.

RULE BASE
FUZZIFICATION FUZZY INFERENCE |—-| DIFFUZZICATION }_.
X Y Z Crnisp Output

Figure 1: The fuzzy controller architecture.

2.2 Formulation of the Membership Functions

Different levels of fault currents and different fault
conditions on the power lines are classified into
various degrees of membership functions, namely,
Low (L), Medium (M), and High (H). In this study, the
values of line currents for different fault conditions
which are denoted as m;, m,, and m; are given as
follows;

__ Abs(I3)-Abs(Ip)

M= max(la,Ip,Ic) ]

Abs(Ip)—Abs(I¢)
mz = ma;(la,lb,lc) }(1)

_ Abs(Ic)—Abs(Ia)J

3 max(IaIpIc)

s -

EI-

Dispiay
Display

A | e =
Abs l.l..s|_1;1 ] | = :1 ;,__u! =
Ao [_L__,,| } e« ] B
Figure 2 : Logical model for evaluating Equation (1)

Where Abs(l,), Abs(l,),and Abs(l;)) are the
absolute values of the three phase current. The
values of m,, m,, and m; for different fault conditions
are used to determine the membership function for a
given fault type. For fast evaluation of Equation (1), a
logical model shown in Figure 2 was developed for the
simulation.

2.3 Line Model for the Simulation

Variation in fault location, power angle, fault
inception angle and fault resistance are very important
in order to study the values of m1, m2, and m3, for
any kind of fault condition [24]. The study considered
a model of the secondary transmission and primary
distribution network which consist of the medium

cantroller

voltage (MV) and low voltage (LV) lines. The radial
distribution line model in Figure 3 is used to represent
the power distribution system, where Vs is the
sending end voltage, Vr is the receiving end current, R
is the line resistance and L is the line inductance

R Is S L

\L—/VV\N\/\—/\/\/H

\"s \rr

A A

Figure 3: Radial distribution line model
2.4 The Test System Model

The accuracy and performance of the fuzzy logic-
based fault current diagnostic system as described in
this work is validated based on the test radial system
on which the fault simulation was performed. The
model is tested on the radial transmission/distribution
network of Power Holding Company of Nigeria
(PHCN) Plc, Eket transmission control center. The
network consists of 132/33kV 45 MVA, 132/33 kV 60
MVA, and 33/11 kv 15 MVA power transformers. The
positive, negative and zero sequence components
required in building the logical model of the test
system for simulation are given in terms of the line
reactance (R), inductance (L) and capacitance (L)
which are given as follows: R+ = R- = 0.1579 Q/km ,
L+ = L- =0.011 H/km andC+ = C- = 5.681F/km. The
single line diagram of the radial power network used
as test system is shown in Figure 4.

L LEGEND

I Cireuit breaker
B Two winding transformer

T —]

Figure 4: Single line representation of the radial
power network

2.5: The Simulation Model

The system simulation model was performed using
the MATLAB/Simulink software version 7.7. The
simulations for the various types of faults current were
performed and the various values for both faulted and
non-faulted current were taken and recorded. Figures
5, Figure 6, Figure 7, Figure 8 and Figure 9 show the
logical block dialogue boxes which were used in
building the logical model in Simulink for the fault
current detection and diagnosis. The Simulink model
parameters for the three phase power source for the
radial distribution system is shown in Figure 5 . In the
transformer block shown in Figure 6, the required
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parameters of the two winding transformer were
specified. This block represents a real step down
transformer on the distribution network with
parameters set to per unit values.

§ ¥ Biock Parameters: Three-Phase Source =
Three Phase Sowce (mask) (parameterized bnk)
Three-phase voltage source in serkes with RL branch.
Parameters
Phase-to-phase rma voltage (V):
132e3
Phase angle of phase A (degrees):
o

Freguency (Hz):
S0
Internal conmecton: | Yo =
¥ Spedfy impedance using short-circult level
3-phase short-creuit level at base voltage(VA):
100e6
Base voltage (Vrms ph-ph):
1323

MR ratio: }
7

Figure 5: The Simulink model parameters for the
three phase power source

Wi Block Parameters: Three-Phase Transformerl TCN - EKET =
Three-Phase Transformer (Two Windings) (mask) (ink) -~ |
mmwwunw“mwwwbvmh“wqm |

trar g con to "Y' when you want to access the
-\eunalmtofthewv\e

Chck the Apply or the OK button after a change to the Units popup to confirm the
conversion of parameters.

| Configuration | Parameters | Advanced |
Ursts pu [_:r
HNominal power and frequency [Pn(vA) , fn(Hz) ]
[45e6, 50]
Winding 1 parameters [ V1 Ph-Ph{vrms) , R 1{pu) , L1{pu) ]
[ 132e3, 0.002, 0.08]
Winding 2 parameters [ V2 Ph-Ph{vrms) , R2(pu) , L2(pu) ]
[ 333, 0.002,0.08]

Magnetization resistance Rm (pu)
500

Magnetization reactance Lm (pu)
500

Saturation characteristic [i1, phil; i2, phi2; ... ] (pu)

Figure 6: The Simulink model parameters for the
transformer block

In this study, the distributed parameter block was
set to implement a three phase distributed line model
as shown in Figure 7. The three phase series load
was implemented on the simulation model as shown
in Figure 8. The three phase load is either purely
resistive or inductive. It is used to implement a fault
between any phase and the ground. The fault timing
was defined directly from the dialog box. The
parameter for the fault implementation block is as
shown in Figure 9.

W Block Parameters: D P L =

WA Block Parameters: Three-Phase Fault » B

Cantributed Parameters Lire (mask) k) =
Implements a N-phases distributed parameter line model. The R,L, and C line
parameters are specfied by [MNxf] matrices.

To model & + hree-, or & six-phase symetrical ine you can either specfy
comple te lNuﬂ] matrices or smply enter sequence parameters vectors: the
et T Al 3 Aok B for & two-phase or three-phase
ansposed bne, plus the mutual rero-sequence for a six-phase transposed bne
(z coupled 3-phase nes).
Parameters
Number of phases N
£
Frequency used for B L © specficaton (Hz)
50
AResistance per unit length (Ohms/fian) [N matrix] or [R1 R0 ROm]
[0.01273 0.3864]
Inductance per Uit length (H/en) [N matrix ] o [L1L0 LOm]
[0.9337e-3 4.1264e-3]
Capacitance per unit length (= Aom) [N"N matrix] or [C1 CO COm])
[12.74e-9 7.7510-9]
Line length Jam)

Figure 7: The Simulink model parameters for the

distributed parameters line block

W Block Parameters: Three-Phase Series RLC Loadl =

Three-Phase Series RLC Load (mask) (nk)
Implements a three-phase series RLC load.

Farameters
Configuration ¥ (grounded) El

Neminal phase -to-phase voltage Vn (Vrms)
33000

Nominal frequency fn (Hz):
s0

Active power P (W):
10e6

Inductive reactive power QL (positive var):
[

Capadtive reactive power Qc (negative var):
o

Measurements None [Tl

Fig. 8: The Simulink model parameters for the

three phase series load.

Three Phase Fault (mask) (k) = |
Use this block to program a fault (short-crousit) between
v Bhase and the ground. You can define the fault bmng
&-ecuy from the dialog box or apply an external logikcal signal.
I vo-u check the External control’ box , the external controd
U il e

|
P ameters }
] Phase A Fault
FPhase O Foult ||
FPhase C Fault
Fault resistances Ron (ohms) 1 }
a7
] Grownd Fault [
Extornal control of fault Bmng |
Transiton status [1.0,1 ..3:
iigi
Transition tmes (s):
[ 1/60 5/60]
Snubbers resistance Rp (ohms) 1
tes

Srubbers Capactance Co (Farad) -

[ox  J[ cancet ][ weo | [ aeev |

Figure 9: Three phase fault implementation block.

In addition to the above mentioned logical blocks,

other blocks such as circuit breakers, absolute value
computation, interval test, display, scope block, and
measurement blocks were also used in building the
logical model for simulation MATLAB 7.7.

To ascertain the accuracy of the logical model in

Figure 2 which is an integral part of the simulation
model in evaluating Equation (1), the three line
currents (I, lp and I;) were measured for every fault
condition. The values of I, I, and I, obtained for each
fault condition were used to evaluate Equation (1)
manually for corresponding values of my, m, and m3
and then compared to the output of the logical model.
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For the sake of manual calculations the values of |, I,
and |, obtained for each fault condition as simulated
are given in Table 1.

Table 1 : Absolute values of |,, I, and |, for each
fault condition.

and -0.2; “medium” means a value between -0.65 and
0.37 and “high” means a value between 0.2 and 1.
Therefore, from Table 2 the input variable type that
indicates the nature of fault is obtained by applying
the simple if-then rules listed in Table 3.

Table 3: The membership function of the input

Fault type| Abs(ly) (A) | Abs(ly) (A) | Abs (I (A)
ag 1.504 0.1126 0.00414
b-g 0.01646 0.4454 0.00017
cg 0.0144 0.01064 3.722

a-b-g 0.1966 0.08595 0.00745
b-cg 0.01764 3.563 8.28
cag 0.4624 0.00988 8.288
ab 0.3041 0.298 0.01105
b-c 0.01781 0.5543 0.5263
ca 1.082 0.01895 1.063
a-b-c 1.212 0.2952 0.9149

From Table 1 and Equation (1), the values of m;,

variable

IF THEN
my m, m; Fault Type

High Medium Low a-g
Low High Medium b-g
Medium Low High cg
High Medium Low a-b-g
Low Medium High b-c-g
Medium Low High c-a-g
Medium High Low a-b
Low Medium High b-c
High Low Medium c-a
High Low Low a-b-

m, and m; were evaluated for phase A-to-ground (a-g)
fault condition as follows;

1.504-0.1126 0,1126—-0.00414
= 15001126 995y, = YH12600041
1.504 1.504

0.004735 and m, = 22214159 g 9972
1.504
For phase B-to-ground (b-g) fault, Equation (1) is
evaluated as follows;
_0.01646—-0.4454 _

| = QUL0A60M5E 963, py, = AASA000017
0.4454 0,4454

0.9996 and m; = 222220 = —0,03657

_ 0.4454-0.00017

Similarly, Equation (1) was used to the values of
m4, m, and msfor each of the fault conditions as and
the values obtained are represented in Table 2.

Table 2 Calculated values of inputs m4, m,, and
ma.

Fault type m; mo ms3
a-g 0.9925 0.00474 -0.9972
b-g -0.963 0.9996 -0.03657
c-g 0.00101 -0.9971 0.9961

a-b-g 0.5629 0.3992 -0.9612
b-c-g -0.4281 -0.5698 0.9979
c-a-g 0.05459 -0.9988 0.9442
a-b 0.02007 0.9436 -0.9637
b-c -0.9679 0.05042 0.9174
c-a 0.9825 -0.9652 -0.01727
a-b-c 0.7564 -0.5114 -0.245

In order to apply the fussy logic method for the

fault diagnosis, the values of the inputs m4, m,, and
m3 for each fault type are classified into various
degrees of membership functions — Low (L), Medium
(M), and High (H). The values of m4, m,, and mz are
between -1 and 1. In order to know the range at which
each input belongs to a given membership function,
values of my, my, and m; for all fault type were
arranged in ascending order and in a single column.
For m4, m, and ms, “Low” means a value between -1

For Line A-to-ground (a-g) fault the rule based on
Table 3 is read as follow;

If mqis high and m;is medium and msis low then
fault type is a-g.

The membership functions of the input variable are
keyed into the fuzzy inference system (FIS) through
the membership function editor as shown in Figure 10.
The membership function of the output variable (fault
type) is also keyed in as shown in Figure 11. The
rules on Table 3 are implemented in the fuzzy rule
editor as shown in Figure 12.

B Membership Function Editor: felix2

File Edit Wiew

FIS Variables

10
ieve medism e
0 ;
7l s -
ml__ FaulTy; e / = T
| e
XX / R
—= >
....... ke
Cusrent Vasiabie Cusrert Mesmtser ahap Function (chck on MF 1o select) |
Panene m Hane [
Type nput Tipe trimt -
Porama 1 09974 0.7
ot o 11 09974 .03
Dimplary Range =1 11 | el | Ciose | |

Figure 10: Membership function plots for input
variables m4, m,, and ms
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B Membership Function Editor: feli o @ =7
File Edit View

FIS Variables Uembershi functon plots ot pokrts:

X

cg ob-g bc-g c8-g B  bc CB AbC
mi__ FaullType

=

oulput variabile “FaullType”

Current Member ship Function (chck on MF fo select)
FaullType Mama ag

L Type trapmf -
it [0.005 0,045 0.055 0.025]

tarme.
Type
Range 1
Display

fee s 011 [ Hep | Close ]];

Figure 11: Membership function plots for input
variables m4, m,, and ms

]

[ Rule Editor: felb2 = =
File Edit View Options

i Mt {m1 is high) and (m2 is medum) and {m3 is Low) then (FaulType is a-g) (1)
2.1f (m1 is low) and (m2 is high) and {m3 is Mecium) then (FautTypa ks b-g) (1)
3 it {m1 is mediam) and (m2is low) and (m3 s High) then (Fau Type is c-g) (1)
4.If (m1 is high) and (m2 is high) and (m3 is Low) then (FauRType is a-b-g) (1)
5. {(m1 is low) and (m2 is lbw} and (m3 is High) then (FaultType is b-c-g) (1)
6.1t (m1 is medium) and (m2 is low) and (m3 s High) then (FaullType is c-a-g) (1)
7.1 {m1 is medium) and (m2 s high) and (m3 s Low) than (Faul Type is a-b) (1)
5.1 (m1 is low) and (m2 is madium) and (m3 is High) then (FaulType is b-c) (1)
9. {m1 is high) and (m2 is low) and (m3 is Medium) then (FaulType is c-a) (1)
10. If (m1 is high) and (m2 is low) and (m3 is Low) then (FauType is a-b-c) (1)

it and
mi is m2is

.2 |

|F|sm1m

[t | oo |

Figure 12: Fuzzy logic rule editor
The highlighted rule in Figure 12 is read as follow:

If my is high and m; is medium and msis low then
fault type is a-g.

The fuzzy rule is housed by the fuzzy logic
controller block in the simulation model shown in
Figure 12. The simulation was performed for all the
fault conditions and the results are presented in the
result and discussion section.

3 Results and discussion

3.1 The simulation results for the values of my,
m;and m3

Figure 13 shows part of the simulation model of the
subsystem used for automatic calculation of the
corresponding values of the fuzzy logic’'s input
variables my m, and m; for every value of I,, lpand I
The simulation was carried out for ten different types
of faults and the values of my m, and m; generated
automatically for every fault type are presented in
Table 4.

—e L [
N I [— R EEE b
5 [ —iaro) [—=ms]
ree-Phase = LA Display2
s RLC Load e

I

£

Figure 13: The Simulink model of the subsystem
that displays the values of m; m, and mj for every
value of I, lpand I,

Table 4: Automatically generated values of m4, my,
and mj3 based on the Simulink model of Figure 14

Fault type my m, ms
a-g 0.9925 0.00473 -0.9972
b-g -0.963 0.9996 -0.03657
cg 0.00101 -0.9971 0.9961

a-b-g 0.5629 0.3992 -0.9612
b-c-g -0.4281 -0.5698 0.9979
c-a-g 0.05459 -0.9988 0.9442
a-b 0.02007 0.9436 -0.9637
b-c -0.9679 0.05042 0.9174
c-a 0.9825 -0.9652 -0.01727
a-b-c 0.7564 -0.5114 -0.245

3.2 Comparison of manually and automatically
Generated Values of m; mand m;

The comparison of Table 1 (which is the manually
calculated values of m; my; and m;) and Table 4
(which is the automatically generated values of my; m;
and m; based on the Simulink model of Figure 14)
shows that the manually and the automatically
generated values of the fuzzy logic input variables
(my, my and m3 ) are the same. This validates the
accuracy of the logical model (Figure 14) used for
evaluating Equation (1).
_ Abs(I;)—Abs(Iy)

m
1= max(Ia,lIp,Ic)
Abs(Ic)—Abs(1,) |

max(Ia,Ip,Ic)

_ Abs(Ip)—Abs(Ic)

m-. =
max(Ia,Ip,Ic) 3

3.3 Results of the simulations of the fuzzy
logic-based fault current detection and diagnosis

During the simulation, fuzzy logic input variable
(m4, myand m3) were automatically fed into the fuzzy
logic controller which made use of the rules on Table
3 to display output values between 0 and 1
corresponding to the type of fault detected in the
system. Figure 14 shows part of the simulation model
which  displayed an output value of 0.05
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corresponding to line-A to ground (a-g) fault. The first
interval test block ( interval test1) attached to the
output of the fuzzy logic controller in Figure 14
displayed TRUE (1) for line-A to ground (a-g) fault
while every other interval test block displayed FALSE
(0) as the output value of 0.05 was not within their
respective interval of output value.

L —Ei‘—gl m1

Figure 14: Fault detection and diagnosis by fuzzy
logic controller.

The simulation was carried for line-A to ground (a-
g), line-B to ground (b-g), line-C to ground (c-g), lines-
AB to ground (a-b-g), lines-BC to ground (b-c-g),
lines-CA to ground (c-a-g). Lines-AB (a-b), lines-BA
(b-c), lines-CA (c-a), and lines ABC. The fault
diagnostic system was able to simulate and identify
the ten types of power line faults. Some of the faults
detected as viewed by the scope-3 and scope-6 in the
simulation model are shown in Figure 15 to Figure 22.
It can be seen on Figure 15 that the fuzzy logic output
of 0.05 is within the range of 0 and 0.1 which
corresponds to the range of output variable for Line A-
to-ground fault (a-g)as shown on Figure 14.

Figure 15: Fuzzy logic crisp output (0.05) for line A-
ground fault (a-g)

Figure 17. Fuzzy logic crisp output (0.15) for line B-
to-ground fault (b-g)

Figure 19. Fuzzy logic crisp output (0.4059) for
lines A-C-to-ground fault (a-c-g)
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Figure 21. Fuzzy logic crisp output for lines A-B-C
fault (a-b-c)

|

Figure 22. Lines A-B-C fault (a-b-c)

4 Conclusion

Fault current detection and classification in power
system networks is presented. In the study , the
absolute values of the three phase currents for each
fault condition are used to calculate the values of the
inputs variables to the fussy logic-based mechanism
that can detect when fault current fault has occurred
and also determine the type of fault current that has
occurred. Data obtained from the Transmission
Company of Nigeria (TCN), Eket transmission station,
Akwa Ibom State were used in the study. Different
fault types were modeled and simulated in Mathlab
software for a radial power network. In all, the fussy
logic-based fault diagnostic system was able to
simulate and identify the different types of power line
faults in the model.
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