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bstract

Interconnected power systems are multi-loop structured. In such networks, the determination of settings for all overcurrent relays can be carried
ut in different forms and may be quite complicated. The main problem for coordination is the determination of starting points, i.e. the location
f starting relays in the procedure for settings, which is referred to as break points. In this paper, a powerful approach based on expert system is

pplied. The rules of the expert system include network configuration, protection systems, fault levels, etc. The method is applied to two networks
ith different configurations, pilot protection and other protection systems. From the obtained results, it is reviled that the new method is efficient,

ccurate, comprehensive and more optimal than the previously used graph theory.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Many attempts have been made in the past to coordinate
vercurrent relays using conventional and computerized meth-
ds. Coordination algorithms consider different techniques, both
or interconnected and industrial networks [1–4]. The selection
f appropriate settings by the coordination procedures leads to
isconnection of the minimum parts of the network under con-
ideration [5,6]. The complexity of the problem increases with
he number of the loops presented in the system. A basic diffi-
ulty in setting overcurrent relays results when the setting of the

ast relay in a sequence is carried out; which closes a loop, it must
e coordinated with the one set initially in that loop. If it does
ot, one must proceed around the loop again. Of course, a given
elay usually participates in more than one loop, so this proce-
ure needs some organization. Indeed, for a given network it is
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equired to select: (1) a minimum set of relays to begin the pro-
ess with the break points; (2) an efficient sequence for setting
he remaining relays, i.e. the determination of efficient primary
nd back up relay sets.

Therefore, finding the starting points, which are called break
oints, is the basic requirement in this technique. Dwarakanath
nd Nowiz developed a method based on graph theory for
etermination of break points, directed loop matrix and rela-
ive sequence matrix [7]. Ramaswawi and Mcguire followed
he previous work and obtained a method for all simple loops
f network determination [2]. In these methods, all the loops
ncluding simple and non-simple are found using the whole net-
ork. Although the methods are flexible, but because of creating

xtra large size matrices, solving the problem for real intercon-
ected networks is difficult.

The break points based on the above procedure may not be
he minimum set. The procedure generates a minimal set, but

ot the minimum set. A minimal set is a set whose subset does
ot satisfy the minimal set with least cardinality [8].

Bapeswara Rao and Sanhara Rao [9] proposed a method for
etermining the minimum break point set of a power system
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