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Abstract—When abnormal operating systems occur, the
protection systems operate and isolate the affected parts from
network to maintain the security of the network by optimally
coordinate the protective relays. interconnected systems and the
increasing demand for consumers are forcing operators to
optimally coordinate protection system for continuous power
circulation in the network. Protection Coordination Requires
calculations for the breakpoint of protective relays and
systematic enumeration of all possible loops in the network.
Therefore, protection coordination should be done in an optimal
manner to avoid mal-function, thus avoiding the outage and
interruption of feeders from the healthy parts. The presence of
backup protection in the protection coordination ensures the
isolation of faults if the primary protection does not work
effectively. In this study, the genetic algorithm was applied to
determine optimum protection coordination for Benghazi
distribution Network. GA searches it globally. Systems with OC
considered and real coded GA is used in software MATLAB and
the system will be evaluated by using ETAP software.

Keywords—Protective relays; protection coordination;
distribution network; genetic algorithm (GA); ETAP software.

I. INTRODUCTION

Several factors affect the continuity of power flow to the
costumer, most importantly the coordination of protection
system in the distribution network. In order to coordinate the
protection system, power flow analysis and the short circuit
level must be well known for the proper working of the
protection system. The arrangement and coordination of
protection system ensure the stability, reliability, and
sensitivity of the protective relays in the distribution network
in case of sudden faults. protective relays are the first line of
defense for the distribution network against fault currents and
isolating the affected areas from the rest of the distribution
network by initiating and activating circuit breakers [1]. The
way the relays work depends on the existence of a primary and
backup protective relay for each section in the network.
backup protective relays are working on isolating the fault in
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the case of primary protection failure. Optimal coordination of
the protective relays ensures that the protection system
decisions do not affect the reliability, reduce the damage
caused to the equipment and decrease the areas separated by
the fault [2]. OCR characteristic, according to International
Electro Technical Commission (IEC), uses protection
coordination such as normal inverse, very inverse and
extremely inverse [3], [4], [5], [6].

Ordinarily, Protective relay detection for fault currents and
issues in the distribution network happened when the
measured currents increases to exceed the value of the
protective relay setting, the two most important variables in
the confeguration of overcurrent relay for better coordination
between adjacent relays, the time multiplying setting (TMS),
and plug setting (PS) for each relay which depends on the
knowledge of the minimum fault current and the highest
loading current [1], [7], [8]. Optimizing overcurrent relays
passes through many stages. Firstly, trial and error [9], in [11]
and [12] optimizing overcurrent relays achieved by applying
graphical approach using curve fitting technique, [13] suggest
employing fixed point coordination curve adjustment, and [14]
suggest using computer programming software. In [14]
deterministic methods formulated as mixed integer non-linear
programming and solved with general Algebraic modeling.
Complexity in MINLP assess construct coordination problem
of DOCR with linear programming LP technique [10] and
[15], in those methods, assumption of pickup current setting
and TMS values had been chosen, and allowing operating time
of each relay as linear function of TMS, and PS. Pattern search
is one of the numerical optimization which require gradient
problem to be optimize [16, 17]. Minimizing function of many
variables had been done by simulated annealing combinatorial
optimization technique [18, 19]. Those previous methods are
quite unuseful for the large number of variables in large
systems, and require long time analysis and large iteration
amounts. Artificial Intelligence methods adapt and moderate
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those problems by creating predictable feasible solutions.
Seeker algorithm is used to identify the optimal solution for
the operating time based on human search behavior [20].
Evaluating the pickup current and TMS is obtained by using
analytical approach [21]. IN [22] propose using modified
particle swarm optimization to mitigate the drawbacks of
conventional PSO. Self adaptive re-clustering technique using
informative differential evolution DE algorithm had been
suggested to optimize values of TMS and plug setting
multiplier PSM [23]. In [24] modern opposition based chaotic
DE replace conventional DE to optimize the coordination
problem. fuzzy logic [25], expert systems [26-29], and Self-
Adaptive Differential Evolutionary (SADE) algorithm in [30].
Box-Muller Harmony Search (BMHS) in [31], Zero-one
Integer Programming (ZOIP) Approach in [32], Covariance
Matrix Adaptation Evolution Strategy (CMA-ES) in [33],
Seeker Algorithm (SA) in [34],Teaching Learning-Based
Optimization (TLBO) in [35], Chaotic Differential Evolution
Algorithm (CDEA) in [36], Artificial Bee Colony algorithm
(ABC) in [37], Firefly Optimization Algorithm (FOA) in [38,
39], Modified Swarm Firefly Algorithm (MSFA) in [40], and
Biogeography Based Optimization (BBO) is presented in [41].

This paper presents problem formulation of relay
coordination in Section Il and GA is described in Section IlI.
Section IV presents the distribution System description.
Simulation Results and Analysis are presented in section V .
conclusion and future work are summarized in Section V1.

Il. PROBLEM FORMULATION OF OPTIMAL OCRS
COORDINATION

The operating time of overcurrent relays depends on the fact
that the relay operation time is inversely proportional to the
value of the curren passing through them. The operating
characteristics of any overcurrent relay depend on two
important values, namely, pickup current Ip, and time
multiplying setting TMS. In the first equation (1) ISC
represents the short circuit current. A and B values in the
equation determine the operational characteristics of the
overcurrent relay. In this study, the values of A, B is 0.14 and
0.02 were sequentially adjusted. In the equation (2). plug
multiplying setting adjusted By means of the short circuit
current and pickup valu knowledge, and therefore can represent
the operating time as in Equation (2). The objective function
symbolizes it as T which is the summation of the coordination
time for all relays, which is to be reduced by to the minimum
limit as represented in Equation (3). Tii symbolizes the
operating time of overcurrent relay near the fault location.
Therefore, the operating time of each overcurrent relay is an
equalization to TMS and representative in equation (4). The
value of C of each relay is a function in plug setting multiplier
and represented in equation (5). Ci is constant for each
individual overcurrent relay and had to be calculated for each
fault location represented in Equation (6). The primary
problem is to reduce the operating time for different fault

location. Calculations of the fault current are involved in
section V.

t=A 5 Q)
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I1l. GENETIC ALGORITHM

Genetic algorithm (GA) based on the principle of genetic
systems to save time and effort in the search problem for the
optimum solutions. The method was borrowed from natural
genetics. Initially, some random solutions are used. Each
element is a chromosome and represents a solution to the
problem. Chromosomes are developed through successive
repetition called generations [45].

Genetic operators:

e Reproduction: Selection in this process for
individuals depends on the values of fitness relative
to the population. Therefore, individuals who
represent the highest level of fitness are the expected
and most likely for mating and create subsequent
genetic action.

e Crossover is an operation occurs after the
reproduction process. It is an operator that forms the
new chromosome called "offspring” of parents by
incorporating part of the information from both.
Cross Over represents two steps. First, Two
individuals are selected from the mating pool
generated from the reproduction operator. Then
Crossover provides a randomly selected location
offspring obtained from Crossover in a new
population.

e mutation: This phase is applied after the crossover
phase. Occurs when there is a random change of the
binary digits in the string occasionally. The change
happens from 0 to 1 and vice versa.

IV. DISTRIBUTION SYSTEM DESCRIPTION

In Fig. 1, seven medium voltage substations represent a
section of Benghazi Distribution Network implemented in
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ETAP software [46]. All the system parameters are shown in
Table. | The system consists from different bus-bar with
different voltage level. The system fed from 220-KV bus-bar
through 100MVA, 220 KV/30 KV transformer, which directly
connected to North Benghazi Power Plant through 220 KV
transmission line system. Each cables have different lengths as
L1 =1km, L2 = 1.8 km; L3 = 2 km; L4 = 4.8 km;L5=2.8km.
The current transformer ratio (CT) and Plug setting (PS) for
all relays in the network are shown in Table.ll.
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Fig. 1. Typical medium voltage substations

TABLE I. PARAMETERS OF POWER SYSTEM EQUIPMENT

Isc-3 = 6.74 183.5°
Isc-1=3.3.78.9°
Z0/Z1 = 4.1272720037
R0/X0 = 0.1961922
R1/X1 =0.1139356

Network Feeder
(Bus- Main)

Positive sequence data:
copper losses=0.4%
impedance voltage= 12.76%
Zero sequence data:
copper losses=0.45%
impedance voltage=12%

220/30KV 100 MVA
Transformer

Positive sequence data:
copper losses=0.43%
impedance voltage= 9.88%

30/11KV 20 MVA
Transformer

R1=0.04 ohm/km
X1=0.114 ohm/km
R0=0.2587 ohm/km

X0=0.0614 ohm/km

XLPE 630mm? 30KV Cable

TABLE Il. CURRENT TRANSFORMER RATIO AND PLUG SETTING
FOR ALL RELAYS

Relay . Plug
No. CT Ratio setting(PS)
R1 800/1 75%
R2 800/1 80%
R3 1200/1 90%
R4 800/1 62%
R5 800/1 75%
R6 800/1 75%
R7 800/1 80%
R8 2000/1 100%
R9 400/1 100%

V. SIMULATION RESULTS AND ANALYSIS

Rpr and Rg in Table 11, represents the primary and backup
protection in the distribution network respectively. For each
protected zone in the network, there is a different pair of
protective overcurrent relays. pairs of protective relays are
shown in Table IIl. All Fault currents of power system
network have been calculated according to IEC 60909 method.
The operating characteristic of each overcurrent relay is
calculated based on PSM values. Detailed calculations are
shown in Table IV and V.

The TMS value of each relay depends mainly on the value
of the fault current measured at each relay location. Therefore,
the operating time for all the protective relays is taken as the
objective function to be deduced. In equation 7, the objective
function, which represents a linear combination of the
operating time of all the nine overcurrent relays (X;-Xo) is
represented.

TABLE Ill. THE PRIMARY AND BACK-UP RELAY FOR DIFFERENT
FAULT LOCATIONS

Fault point Short circuit | Primary Backup
P current (A) Relay Relay
Just Beyond
B11 8065 R3 R4
Just Beyond
RWISAT 9240 R4 R5
Just Beyond
BUGREN 10433 R5 R6
Just Beyond 11794 R6 R7
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TABLE IV. PSM AND RELAY CHARACTERISTIC CONSTANT (C))

OF OVERCURRENT RELAYS
Relay Relay
Rp PSM | Characteristic Rs PSM Characteristic
Constant C; Constant C;
R3 7.46 341 R4 5.96 3.85
R4 15.4 2.49 R5 15.4 2.49
R5 | 17.38 2.38 R6 17.38 2.38
R6 | 19.65 2.28 R7 18.42 2.33
R7 19.85 2.27 R8 6.35 371
R1 15.4 2.49 R2 14.43 2.55
R2 19.85 2.27 R8 6.35 3.71
R8 6.35 3.71 R9 4.25 4,76

The main objective is to extract the most suitable TMS, which
represents the lowest operating time for each protective relay
to conserve the reliability of the protection system which
based mainly on the value of TMS value.

OF =2.49X,+4.82 X,+3.41 X35+6.34X,+4.87 X5+
4.66 Xe+4.6X;+3.71 Xg+7.11Xq (7)

TABLE V. THE CALCULATED VALUES OF RELAY
CHARACTERISTIC CONSTANT

Fault Relay Characteristic Constant
Location R1 R2 R3 R4 R5 R6 R7 R8 R9

Just
Beyond 341 | 3.85
B11

Just
Beyond 249 | 2.49
RWISAT

Just
Beyond 2.38 | 2.38
BUGREN

Just
Beyond 228 | 2.33
ALSLMNE

Just

Beyond 2.27 227 | 371 | 471
HDKA

Just
Beyond 2.4
Bus-Main

Just
Beyond
Hi AL
SLAM

249 | 255

The results obtained from MATLAB for protection
coordination have been reported. The problem was developed
in the Matlab, and several different faults were tested to
achieve the optimal coordination, which produced adequate
and reliable results. Table IV shows that the optimal benefit
obtained from the genetic algorithm, and optimal coordination
of the operating time for all protective relays calculated as a
fitness function.

TABLE VI. CALCULATION OF TMS BY GENETIC ALGORITHM

Relay No. TMS

R1 0.1604

R2 0.3130

R3 0.1170

R4 0.2074

R5 0.3678

R6 0.5356

R7 0.6954

R8 0.5246

R9 0.4979
Fitness Function 16.59

Fig.2 and Fig.3 show the evaluation of the optimal value of
TMS that obtained by genetic algorithm, ETAP Software had
been used to test the CTI, and the overcurrent coordination
between all relay in the system will be convenient.
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Fig. 2. Relays coordination when the fault occurs in RWISAT
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VI. CONCLUSION AND FUTURE WORK

In this study, the genetic algorithm had been applied in
case of the Benghazi distribution network to extract and solve
the problem of overcurrent coordination, and to represent and
formulate the coordination problem as an optimizing problem
with systematic improvement procedures. This methodology
can be used with any number of protective relays and for the
relationships of primary and backup protection pairs for any
network. Constraints have been incorporated and resolved
using the genetic algorithm.

The algorithm was tested for various network fault
locations, and the optimal values for TMS were extracted by
the genetic algorithm and yielded satisfactory and acceptable
results. Those procedures can be applied to any network
easily. A comparative study can be made to compare the
different artificial intelligence techniques such as genetic
algorithm (GA), particle swarm optimization (PSO) and
artificial bees colony (ABC) as a future study. The usefulness
of these methods can be investigated to diminishing the
challenges in power system and their suitability for broader
optimization problems.
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