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Abstract. The protection of transmission line is one of the important requirements of the
modern power system network to protect the equipment and persons work on it .distance relay
is one of the relays used to protect the transmission line where the input to the fuzzy based
distance relay are the resistance and reactance of transmission line from relay to the fault
location. These were calculated from the measured voltage and current. Mho type distance
relay is proposed by using fuzzy logic methodology to protect the transmission line and to
defeat under and over-reach problems. MATLAB-Simulink is used to model the relay and the
test network, where the fault type is detected and four zones of fault location are provided, the
trip signal is delayed according to the zone number. Also the (R-JX) plain is used to show the
zone of fault in a simplified manner.

1. Introduction

Distance relay are widely used in transmission line protection by calculating the impedance between
the relay and fault position from local measurement of current and voltage. There are different types of
distance relay like admittance, mho, reactance, quadrilateral polarized-mho etc. Distance relay may
be used for main or backup relay. The knowledge of operation manner of distance relay is very
complex compared with other relays because of its philosophies and theories. MATLAB/Simulink is
used to reduce this problem so as to increase our understanding of inside modeling, fault type
detection, apparent impedance calculation, and zone number coordination. Fuzzy controller is one of
the artificial intelligence controllers used because of its implementation with simple rule and
membership. This controller theory has been implemented by Zadah since 1965, so as to reduce
complexity of problems that concerned with uncertainties and need decision to solve these problems.
The distance relay is provided with three phase voltage and current from measuring units and filtered
to mitigate harmonic may be presented due to arcs when fault is occurred. The relay compare the
calculated impedance with the setting impedance to decide the fault zone number so as to decide the
delay time of relay to clear fault at that zone. In this paper a distance relay based on fuzzy controller
technique has been implemented

2. Related works

In [1], the author implement fuzzy based distance relay in this paper to protect the transmission line.
Where, the impedance is calculated by using samples of current and voltage signals. The Proposed
simulation and system parameters changing influence such as fault type (three phase, line to line, line
to ground and double line to ground). Distance relay work on pre selecting zones on transmission line
and not operate when the fault is out of these regions. In [2], the mho distance relay was developed and
accurate but to change the operation zone the relay constant should be changed. Numerical relay can
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interface with circumferential devices, producing overall economy for the system protection
equipment’s. The data obtained from the relay ware plotted on (R-X) plot. It was favorable for long
transmission lines because they are least influenced by power surges. In [3], the author implement
Fuzzy logic controller to evolve the execution of distance relay since it has shown massive refinement
in the execution of many systems to protect the transmission lines and the result is obtained by using
software packages.

3. Proposed distances relay
The formula used to calculate the impedance of the line is depended on the fault type as shown in table

D).

Table 1. formulas of impedance calculation

Fault type Formula

AB (Va—Vg)/Ia—Ip)
BC Ve —=V¢)/Ug—1I¢)
AC Va—-Ve)/Ua—1¢)
AG Va/(g+ (3% Kg*1y))
BG Vg/(Ug + (3 * Kg * 1))
CG Ve/Uc+ (3 x Ko x1y))
ABC Va/la

Where A, B and C is the three phase sample of the system
V 4 = voltage of phase A ,V = voltage of phase B,V = voltage of phase C
I 4 = current of phase A,Iz = current of phase B,I- = current of phase C
Iy = Vs/ (Zo+2%27) Ko = (Zo—Z1)/K % Z4
Where VS is phase voltage ,Z, = zero sequence impedance,Z; = positive sequence impedance
K = depend on relay design may be 1 or 2 or 3
The two bas system, four parts of transmission line, simulated fault, load and distance relay can be
seen in figure (1). The system data is presented in Appendix B.
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Figure 1. Simulink diagram of system

When a fault is occurred, the current will increase and the voltage will decrease from this concept a
fault and calculation algorithm were detected. The fault resistance is zero. From the shape of voltage
wave, It is seen that it contain dc offset and harmonic content that should be removed from voltage
wave.
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The proposed distance relay in figure 1 was constructed from the filtering, zone detection, fault
classification and time delaying box as be seen in figure 2.
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Figure 2. distance relay boxes

The filtering box contain discrete 2nd order filter of 50 HZ cut off frequency where the voltage and
current are filtered to mitigate higher frequency as be seen in figure 3.
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Figure 3. discrete filter

The output of the filter is passing to DFT to mitigate dc offset from the signal as be seen in figure 4.
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Figure 4. discrete Fourier transform

Fault zone detection contain three boxes to calculate the impedance for each fault type as be seen in
figure 5.
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Figure 5. fault zone detection

In the box of (lll-g fault), the zone decision is taken by using fuzzy logic controller as be seen in figure
6.
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Figure 6. Three line to ground fault impedance

The membership function of fuzzy controller to decide the zone of three phases to ground fault be seen
in figure 7.
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Figure 7. (a) real input membership function (b) imaginary input membership function (c) output
membership function

In the box of (LL&LL-G), the zone decision is taken by using fuzzy logic controller be seen in figure
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Figure 8. line to line& Double line to ground fault impedance

The membership function of fuzzy controller to decide the zone of line to line fault be seen in figure 9.
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The membership function of fuzzy controller to decide the zone of Double line to ground fault be seen
in figure 10.
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Figure 10. (a) real input membership function (b) imaginary input membership function (c) output
membership function
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In the box of (L-G fault), the zone decision is taken by using fuzzy logic controller be seen in figure
(11). from the system data shown in appendix the values of K,, Z, + 2Z; ware calculated as shown
below.

Xo=@Q=*mx*f*L)*25=32.40hm

1 —
XCO = m * 25 =10266736 ohm
X.1=( *17r * fx L) » 25 =7.33 ohm
X = m * 25 =6246269.3 ohm

ZO = RO +](XL0 - XCO) :10266703L - 157
Zl = Rl +](XL1 - XCl) =6246261L - 157

_Zo—Z4 _10266703£—-1.57-6246261£—1.57

K, = Ky = =1.543

Kz 62462612—1.57
lo=7 Z‘;Z , Zo 427, =102667032 — 1.57 + 2 * (62462612 — 1.57) =227592252 — 1.57
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Figure 11. (a) Single line to ground fault impedance (b) (3 * KO = 10)

()10 = VS/ (ZO+2%Z1)
The membership function of fuzzy controller to decide the zone of Single line to ground fault
impedance be seen in figure 12.
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Figure 12. (a) real input membership function (b) imaginary input membership function (c) output
membership function
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The construction of fault type box be seen in figure (13-14)
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Figure 14. subsystem of fault classification

The construction of delaying trip signal box be seen in figure 15.
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Figure 15. delaying trip signal blocks

3.1 case study:

Casel:

when a three phase to ground fault at 0.1 sec and 25 km on the transmission line. The designed Delay
time = 0 sec as be seen in figure 16 (a) And the Fault type is presented in figure 16 (b)
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Figure 16. (a) trip signal (b) fault type

And the zone of the fault location is presented in figure 17.
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Figure 17. (R —JX) plain

Case2:
when a three phase to ground fault at 0.1 sec at 50 km position on the transmission line, The designed
Delay time = 0.2 sec as be seen in figure 18(a) and the fault type is presented in figure 18(b) .
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And the zone of the fault location is presented in figure 19.
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Case3:
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Figure 19. (R — JX) plain

when a three phase to ground fault at 0.1 sec at 75 km position on the transmission line, The designed
Delay time = 0.4 sec as be seen in figure 20(a) and the fault type is presented in figure 20(b).
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Figure 20. (a) trip signal (b) fault type
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And the zone of the fault location is presented in figure 21.
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Figure 21. (R — JX) plain

Case4:
when a three phase to ground fault at 0.1 sec at 100 km position on the transmission line, The designed
Delay time = 0.6 sec as be seen in figure 22(a) and the fault type is presented in figure 22(b) .
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And the zone of the fault location is presented in figure 23.

50

401

30

201

reactance (ohm)

| | I | | | | | | | |
-25 20 15 10 & 0 5 10 15 20 25
resistance (ohm)

Figure 23. (R — JX) plain

Refrences:

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

Maamoon F A 2004 A Fuzzy Logic Distance Relay American Journal of Electrical Power and
Energy Systems 3 95-100.

Rai J N 2015 Modeling and Simulation of Distance Relay for Transmission Line Protectio Delhi
Technological University.

Begovic M 2013 Electrical Transmission Systems and Smart Grids in M. Begovic In m
Encyclopaedia of Sustainability Science and Technology (pp. 3393-3396). Springer.

MuhdHafizildris S H, Mohd Z H Teaching Distance Relay Using MATLAB/SIMULINK
Graphical User Interface.

Abdlmnam A A, Hamid H S 2009 Modelling of Numerical Distance Relays using MATLAB
IEEE Symposium on Industrial Electronics and Applications (ISIEA 2009) October 4-6.

Omar G M, Hassan B E, AbdAllah O H Implementation and Evaluation a SIMULINK Model of a
Distance Relay in MATLAB/SIMULINK.

Li-Cheng W, Chih-Wen L Modeling and Testing of a Digital Distance Relay Using
MATLAB/SIMULINK.

Jyh-Cherng G, Sun-Li Y 2000 Removal of DC Offset in Current and Voltage Signals Using a
Novel Fourier Filter Algorithm IEEE Transactions on Power Delivery 15 no. 1.

Sachdev M S, Agarwal R 1988 A Technique For Estimating Transmission Line Fault locations
from digital impedance relay measurements IEEE Transactions on Power Delivery 3 121-129.

[10] Phadke A G, lbrahim M, Hlibka T 1997 Fundamental Basis For Distance Relaying With

Symmetrical Components IEEE Transaction on Power Apparatus and System 96 635-646.

[11] McLaren P G, Dirks E N, Jayasinghe R P, Fernando I, Swift G W, Zhang Z An Accurate

Software Model for Off-line Assessment of a Digital Relay IEEE WESCANEX '95
PROCEEDINGS.

[12] Sreeram M, Raja P 2013 Implementation of DSP Based Numerical Three-Step Distance

Protection Scheme for Transmission Lines Annual IEEE India Conference (INDICON).

[13] Sham M V, Vittal K P 2011 Development of DSP Based High Speed Numerical Distance Relay

and its Evaluation Using Hardware in Loop Power System Simulator IEEE PES Innovative
Smart Grid Technologies.

Appendix

overall system data

Generator = 13.8

Transformerl = 15 MVA, 13.8 KV/115KYV, step up, star-star
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Transformer2 = 15 MVA, 115KV /13.8KV, step down, star-star
Load = 10 MW

Transmission line

Length = 100 KM

Frequency = 50 HZ

Positive and negative resistance = 0.01273 ohm/KM
Zero sequence resistance = 0.3868 ohm/KM

Positive and negative inductance = 0.0009337 H/KM
Zero sequence inductance = 0.0041264 H/KM

Positive and negative capacitance = 12.74*10"-9 F/KM
Zero sequence capacitance = 7.751*10"-9 F/IKM
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