AN EXAMINATION OF IMPROVED FAULT LOCATION ON POWER SYSTEM TRANSIMMISION LINES USING FUZZY LOGIC APPROACH

ABSTRACT

The problem of Electricity are enormous and can never be treated completely until the fault department (maintenance) are improved upon for urgent and rapid response to line faults. 

The present protection scheme only isolates the lines in the event of faults, define the fault, but leaves no proper information about the location of the fault.

Faults must occur on both the transmission and distribution lines but, the problem is how fast can the fault be cleared when the maintenance team have to patrol the lines (ie from pole to pole and from tower to tower) looking for the fault(s). in this research, fault location based fuzzy logic is developed. This approach is motivated by the fact that the input impedance to which distinct.

The technique show the line operational data, rules that is simulated using fuzzy logic toolbox in MATLAB. By thid proposed fuzzy-set approach, faults can easily be located and treated (cleared) rapidity on both transmission and distribution lines.   
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CHAPTER ONE

INTRODUCTION

BACKGROUND

The reliable operation of large power systems with small stability margin is highly dependent on systems and protection devices. The application of microprocessor based (numeric) relaying protection has improved performance over time but, this has not led to a major impact on speed, sensitivity, and selectivity of primary protective relays. However decision making based on elements of artificial intelligence (AI) can, in my view, lead to a major impact in the aforementioned especially as quick fault removal in lines maintenance is concerned here. 

POWER SYSTEM PROTECTION

Designing a fail-free power system, is neither economically justifiable nor technically feasible (Nagrath et al, 1994). Failure of apparatus due to surges or other causes leads to faults on a power system. Strictly speaking, a fault is any abnormal state of the system. In general faults consist of ‘short circuit’ (Stevenson, 1982). Open circuit faults pose potential hazards to personnel, but, they are less server that short circuit faults. Hence they (short circuit faults) must be removal from the system as fast as possible. In modern power systems, this short circuit fault removal process is done automatically, and the equipment that does it is called ‘protective system’ (Stevenson, 1982). This is a combination of transducers, relays and circuit breakers. Although this thesis does not concern the isolation of any part of the system in event of fault, the above premises is inevitable since fault location is a measure for ensuring speedy fault clearing, and fault clearing can only take place if the system is adequately protected.  

ARTIFICIAL INTELLIGENCE (AI) TECHNIQUES IN POWER
 SYSTEM PROTECTION

In the last two decades, much of the efforts in power system analysis (control and protection has moved from the methodology of formal Mathematical modeling to the less rigorous techniques of artificial intelligence (AI) (Agggarwal et al, 1995). Today the main AI techniques found in power system applications are those utilizing the logic and knowledge representation of expert system (ES), fuzzy systems (FS), Genetic Algorithm (GA), Artificial Neural Networks (ANN) and recently, evolutionary computing (EC). 

The application involves developing a programmable logic (PROLOG) for the manipulation of symbolic information in a manner that emulates human reasoning. It concerns, constraints satisfaction, and nevertheless, provides a rich in-depth look at the use of PROLOG to develope a problem description (Schalkoff, 1990). The overall goal of the application concerns the development of a reasoning  system involves developing a strategy to operate (Open) appropriate circuit breakers in the event of fault. Sample application of the above approach to power system fault clearing include fault location.

COMPARISON OF AI TECHNIQUES

The goal of artificial intelligence (AI) is to produce intelligent machines which simulate or emulate human being’s intelligence. Artificial Neural Networks, Expert Systems and Fuzzy Systems all attempt to meet these objectives. The difference in them lies essentially in the way knowledge is represented in the system, and how it is obtained.

ARTIFICIAL NEURAL NETWORKS (ANN)

ANNs and fuzzy systems are similar in many ways; first they both store knowledge and use it to make decisions on new inputs. Both can generalize and produce correct responses despite minor variations in input vector. However, there are some fundamental differences. ANN has a major advantage of acquiring knowledge through training. Often the training set can be composed of actual observations of the physical world, rather than being formed from the human opinions used for fuzzy (or expert) systems. In other words, the neural network lets the data speak for itself; they cannot directly handle fuzzy information (Song et al, 1997).    

FUZZY SYSTEMS (FS): Like expert systems, fuzzy systems rely on If-Then- rules. These rules, while superficially similar, allow the input to be fuzzy, i.e. more like the natural way that humans express knowledge. For instance, we may say the system is ‘somewhat secure’. This linguistic input can be expressed directly by a fuzzy system. Therefore the natural format greatly eases the interface between the knowledge engineer and the domain expert, thus, a fuzzy system can represent knowledge in which an expert system may have difficulty (or needs a large set of rules). Fuzzy and expert system differ in one critical respect (Song et al, 1997). Fuzzy systems allow the representation of imprecise human knowledge in a natural, logical way, rather than forcing the use systems. Fuzzy systems allow the approximate terms that are nearly always employed by humans to express their judgments, thereby permitting more accurate knowledge representations. Thus fuzzy systems are more robust, more compact and simpler. 

FUZZY LOGIC FOR POWER SYSTEM PROTECTION

Fuzzy logic can be said to be a problem-solving control system methodology, which provides a simple way to arrive at definite conclusion based upon vague, blurred, ambiguous, noisy, imprecise input information (Kaeler,2005). It was first conceived by professor Lofti Zadeh of the University of Clifornia in 1965. It incorporates a simple rule-based “IF X and Y THEN Z” approach to solving control problem rather than attempting to model a system mathematically. Fuzzy logic allows complex system design directly from engineering experience and experimental results, thus quickly rending solutions that can effectively describe the vagueness of the real world. It uses an imprecise but very descriptive language to deal with input data in a way that mimics a human operator. 

Mathematical formulations of real-world problems are derived under certain restrictive assumptions. Conversely, there are many uncertainties in various power system problems because power systems are large, complex geographically widely distributed and influenced by unexpected new challenges. These facts make it difficult to effectively deal with many power system problems through strict mathematical formulations alone. Fuzzy logic, among others is a powerful AI tool in meeting challenging power system problems.

The following are the uncertainty and imprecision in power systems which pose significant difficulties when applying conventional techniques: 

Imprecise information caused by human beings involved in the planning, management, operation and control of power systems.

Changing power system operating conditions such as changes in load or generation and changes in the topology of power systems.

Inaccuracies caused by voltage and current transducers or SCADA measurements/state estimations or noise introduced through electromagnetic interference, 

Many fault conditions, include fault inception, fault location, fault types and fault path resistance.

The aforementioned problems are compounded by their random nature. In this respect, fuzzy logic (FL) has been investigated as a powerful tool in the development of novel protective relays for transmission systems (Aggarwal et al, 1997).

SOME FUZZY LOGIC BENEFITS INCLUDE

Fuzzy logic is based on natural languages and is conceptually easy to understand 

FL can resolve conflicting objectives

FL is tolerant of imprecise data and can handle ambiguity

FL is flexible and relatively easy to implement

FL can be built on top of the experience of experts or can be implemented with other techniques.

When developing a fuzzy logic control system, there are eight tasks we need typically to perform in an iterative development cycle (Song et al, 1997).

Define the problem

Define the linguistic variables

Define control surface (fuzzy sets)

Define the behavior of the control surface (Fuzzy rules)

Define reasoning mechanism (Fuzzy inference)

Build the system

Test the system

Tune and validate the system.

STATEMENT OF PROBLEM

Uncertainty imprecision, and ambiguity of power system conditions pose serious challenges of complex mathematical modeling when we apply conventional relay based protection techniques. These challenges are compounded by the fact that the input parameters needed for the design of protective systems are not always clear and distinct.

OBJECTIVE OF THE STUDY

This thesis is aimed at:

Improving power efficiency by providing alternative and improved solutions to the challenges in the convetional maintenance scheme for high tension transmission lines and even distribution lines.

Removing accident risks that are always encountered by maintenance crew when location faults.

THE SCOPE OF THE STUDY 

This thesis covers the existing conventional relay based fault location schemes and the application of artificial intelligence (Fuzzy logic) concept to provide improved solutions.

LIMITATIONS OF STUDY

This thesis does not seek to design a completely new fault location scheme. It uses operational and experimental results to improve on the existing fault location scheme in transmission lines, subject to availability of software that is compatible with fuzzy logic techniques.

ORGANIZATION OF THESIS

This thesis is organized in six chapters. A general introduction and background information about   power system protection and review of artificial intelligence techniques in power system protection is presented in chapter One. In chapter two, a detailed review of related literatures is presented. This includes power system faults, protection zones, elements of protective system, distance relaying concepts and operations, an typical applications of fuzzy logic to line fault location. Chapter three deals with the design methodology (hardware and software strategy), sources of data and flow diagram of design implementation. The design presentation and simulation, using appropriate software techniques, along with the basis for the design is in chapter four. The results and discussion are presented in chapter five. While the conclusion derivable from the thesis, some fuzzy logic objections and suggested recommendations are presented in chapter six. 

CHAPTER TWO

LITERATURE REVIEW

2.1
POWER SYSTEM FAULTS

Before talking about fault clearing or, put the other way, before talking about fault location (which is a measure for ensuring speedy fault clearing), it is important to about fault is any abnormal condition in the power system. It also pointed out that there are two broad categories of faults namely: short circuit and open circuits. Short circuit faults are the most severe, resulting in the flow of abnormally high current. According to Nagrath et al, (1997), some undesirable effects of short circuit may include: 

Operating voltages going above or below their acceptable leading to development of another fault which compromises stability margins for the power system. 

 Power flower is severely restricted or even blocked, while the short circuitry lasts, as a consequence of which the power system  areas may lose synchronism. 

Power system components carrying abnormal currents get over heated, with consequent reduction in the life  span  of their insulation. 

Arcing faults can vaporize equipment, leading to possibly fire and explosion example is in the circuit breakers and transformers.

2.2 PROTECTION ZONES 


The idea of protection zones arises from the need to assign area of responsibility to protective equipment, and thus delimit the number of elements disconnected by the protective  SYSTEM when a fault occurs. Each protective zone has the primary responsibility to disconnect the elements in the zone in event of a fault. For this reason, circuit breakers and relays are located at the zone boundaries. These zone are created in such a way that each overlaps around an isolating device such as a circuit breaker. This method guaranty total protection of power system sub circuits. These zones follow common logical boundaries to cover such equipments as lines, transformer, buses, generators motors and any combination of the above.

We shall use the single line diagram of a typical system shown in figure 2.1 to outline the various zones of protection with particular emphasis on transmission lines zone of protection.



Fig. 2.1.: Zones of Protection

Fig 2.1. shows five zones of protection indicated by dashed line enclosing power system components in each zone. The single line diagram consists of a generator, two transformer, two transmission lines, and three buses. Each zone contains one or more power system components in addition to two circuit breakers. Each breaker is included in two neighboring zones of protection. The boundaries of each zone defines a portion of the power system such that for a fault anywhere within that zone, the protection system responsible for that zone takes action to isolate everything within that zone from the rest of the system (Stevenson, 1982). Since the isolation under faulted conditions is done by circuit breakers (CBs), it should be clear that each point where connection is made between the equipment inside the zone and the rest of the power system, a CB should be inserted thus the CBs help define boundaries of the zones of protection.

One other important aspect is that neighboring zones always overlap. This is necessary since without it, a small part of the system which fall in between, would be left without protection. By over lapping, every part is protected though if a fault should occur within the overlapped region, a much large part of the system will be isolated. To reduce such a possibility to a minimum, the region of overlap is made as small as possible. The lines protection zones is given consideration here.

2.2.1. LINES PROTECTION ZONES

There are four types of lines faults namely, line to Ground (LG), line to line (LL), Double line to ground (LLG), and 3-θ faults. These faults could simple be caused by lightning, wind, bird, bush fire etc. 

Transmission lines protection can be classified as follows:

Current balance

Distance protection-direct/inverse or instantaneous

Instantaneous/inverse time over current  (non directional)

Instantaneous/inverse time over current (directional)

Pilot wire using communication channels.

To ensure effective line protection, the different protection scheme must be properly coordinated. Distance protection is often for voltages of 666KV and above.

2.3.
ELEMENTS OF PROTECTION SYSTEM

The speedy elimination of a fault by the protective system requires correct operation of a number of elements of the system. The job of each these subsystems can best be understood by describing the events that take place from the time of occurrence of a fault to its eventual elimination from the system. These events shall be described when transmission line protection will be considered. The elements, including circuit breakers (CB), relays, and transducers, will be considered at the moment.

2.3.1. CIRCUIT BREAKERS

A circuit breaker is an electromechanical device for opening or closing a circuit safely under all, including abnormal conditions. Some circuit breakers can be operated manually, but for high voltage and heavy current circuits, they are generally spring or electromagnetically assisted, or remote controlled. The circuit breaker fall under a large class of power system equipments called Switchgears. Generally, switchgears provide a means of opening and closing a circuit, thereby controlling the flow of current in the circuit. Other types of switchgears include switches, isolators, and contactors.

2.3.2. OPERATION OF CIRCUIT BREAKERS

Generally, a circuit breaker operates by opening its contacts automatically, when an abnormal condition exists. Overload trips, generally with some form of time lag, are fitted with earth leakage protection. Electromagnetic trips are generally employed. These maybe operated by a relay of the induction type where a more precise time lag is required and where it is necessary to have discrimination.

2.3.3. TRANSDUCERS

There are devices that convert the high level current and voltages of the protected power equipment to low levels for relay operations. In power systems, they are called instrument transformers voltage and current transformers. The reduced levels of voltages and currents offer some distinct advantages (Stevenson, 1982):

Ensure that relays hardware is quite small and thus inexpensive

Provide electrical insulation from power system voltages and current, and thus ensures safety of operational personnel.

Although instrument transformers are similar in principle to power transformers, their use is rather specialized. They provide in their secondary windings, quantities, which duplicate the primary quantity as faithfully as possible. The amount of power delivered by these transformers is rather modest, since the load connected to them consists only of relays and meters. The load on an instrument transformer is called its burden. This usually described the impedance connected to the transformer secondary winding but also specifies the VA delivered to the load.

There are two types of instrument transformers, namely: Voltage or potential and current transformers.

2.4. 
THE PROTECTIVE RELAY

A relay can be described as an electrical device that behaves in a prescribed way to an applied input so as to cause, by its contact operation, abrupt changes in associated control circuits; protective relays are devices build to automatically trigger the actuation coils of large electric circuit breakers under certain conditions. Large electric circuit breakers do not contain within themselves the necessary mechanism to automatically trip (open), in the event of abnormal conditions. They must be told to trip by external devices (the relay). The protective relay does this by monitoring the current, voltage frequency or any other type of signal from a generating source or to a load. These relays are designed with either electromechanical or solid state devices.

2.4.1. ATTRIBUTES OF A RELAY

Certain attributes of a relay are important measures of the quality of its performance. These attributes include the following (Stevenson, 1982):

Speed: The relay should make its decision very fast, consistent with other requirements placed upon it.

Reliability: the relay should operate consistently for all the faults for which it is to operate, by relaying signals that will cause the faulty part to be isolated.

Selectivity: the relay must be able to discriminate between faults, normal, and abnormal conditions, so that the smallest possible portion of a system should be isolated following a fault.

Simplicity and Cost: The construction and operation of te relay should be simply in nature. Also a relay must not be more expensive than the equipment it is meant to protect. The area of responsibility of relay is called the reach of the relay.

Sensitively: A relay must be sensitive to the least fault condition, for which it has been configured.

2.4.3.2. 
PROTECTION OF OVERHEAD LINES BY DISTANCE RELAYING

The simplest and cheapest form of protection is by over current relaying. Though simple yet it is the most difficult to apply. In fact, there is no way to co-ordinate over current relaying in a complex network (Nagrath et al, 1997) and therefore, cannot be employed. An alternative method of protecting over head lines, without the need for comparisons (current, phases) between the quantity at both ends of the protected units, is based on measuring the input impedances of lines, and to do so requires that information about both input currents and voltages be available (Christopoulus t al, 1999).

A relaying scheme, in a general network, must protect each line with full guarantee, and must also back-protect adjoining lines, irrespective of how lines are connected in the network. Distance relays, which operate by sensing impedance to fault or it’s suitable modification, can accomplish this because their operation does not depend upon the line current alone. The impedance of fault depends only upon distance to fault and the nature of fault, and is completely independent on how the faulted line is connected in the network (Nagrath et al, 1997). Also, as a consequence, the relay setting is insensitive to network modification and growth, a factor which is an additional handicap of over current relays must be employed at each end, and must be accompanied by directional relays which help the relays to recognize the fault on the protected line. Directional relay at each end of line must be directed inwards. When MHO relays are employed, no separate directional relay are needed as these are inherently directional. In figure 2.2 for impedance lying in zone 1, the operation is instantaneous (time T1), for impedance in zones 2 and 3, there is delayed operation, with delay time of T2 and T3 (T3 >T2) respectively.


Fig.2.2. Zone MHO relay (No directional element necessary)

For achieving coordination between primary and backup, 3-zone distance relays are employed. Also, because the impedance to fault as seen from the line end is entirely different for phase and ground faults, a separate set of distance relay must be employed for recognizing these faults.

2.4.3.3.
PROTECTION WITH PILOT RELAYS

Distance relays, while being much superior to over current relays, suffer from the disadvantage that only 60% of the line is protected at high speed while the remaining 40% (20% at each end) is high seed protected from near end and slow speed protected from the remote end (Nagrath, 1997). This means that with distance protection, reliable protection is achieved only for 60% of the line, and this is not good enough. In modern HV and EHV systems, the delayed clearing from the remote end is unacceptable because of high fault levels and low stability margins. For high speed protection form both ends for the complete line, it is imperative that information about “phases” or “Direction” of current flow must be exchanged between the line ends. The information exchange is accomplished by means of a “Pilot”, i.e. a communication channel. The three basic pilots used are given below:

Microware Pilot:- Here relaying information is broadcast at microwave frequencies (900MHz) thereby obviating the need pilot line.

Power line carrier (PLC):- The power line itself is employed as a communication channel with carrier frequencies in the range of 30 to 200 KHz. The communication equipment at each end is coupled to power lines by means of LC voltage divider network. The signals are confined to the protected lines by resonant LC line traps (blocking filters) at each end.

Separate electrical circuits. These are generally not preferred because of lower reliability of these circuits.

2.5. FUZZY SYSTEM CONCEPTS AND OPERATIONS

The binary logic of expert system describes and manipulates exact systems. Fuzzy system theory allows uncertainties in problem formulation to be expressed and processed. Applications in which fuzzy logic is used in power system include:

Planning: (Generation expansion planning, reliability analysis).

Operation: (security, daily load forecasting voltage and reactive power control, dynamic generator re-scheduling, maintained scheduling, fuel scheduling, state estimation, restoration, fault diagnosis, switching).

Analysis: (Converter control, various control system designs, condition monitoring of equipment) ( Aggarwal et al, 1997). Some concepts in fuzzy logic include fuzzification, fuzzy rules, inference, linguistic variables, defuzzification, membership functions, etc. a block diagram of typical fuzzy system, fig 2.3., shall be used to show some of these concepts.



Fig 2.3: Block diagram of fuzzy logic system

Figure 2.3 depicts a fuzzy logic system that is widely used in fuzzy logic controllers and signal processing applications. A fuzzy logic system maps crisp (clear and distinct) inputs into crisp output. It contains four major components: fuzzifier, rules, inference engine and defuzzifier.

2.5.1. FUZZIFICATION

Fuzzification is the process of making a crisp quantity fuzzy (Song et al, 1997). Its interface involves the following functions:

Measures the value of input variable

Performs a scale mapping that transfers the range of values of input variables into corresponding universe of discourses and

Performs the function of fuzzification that converts input data into linguistic values which may be viewed as labels of fuzzy sets.

Non-singleton fuzzification provides a means for handing uncertainties totally within the frame work of fuzzy logic systems. A non-singleton fuzzifier is one for which μA(X1) = 1 and μA(X) decreases from unity as X moves away from X1 is mapped into a fuzzy number, i.e. , a fuzzy membership function is associated with it. Fuzzification concerns the degree of truth of a proposition such as ‘X tall’ for a given X (Song et al, 1997). This can also be viewed as the degree to which the given X is a member of the fuzzy set ‘tall’.

2.5.2. FUZZY RULES
This is a set of rules of the form ‘IF…THEN…’ that convert an input fuzzy set to an output fuzzy set (Aggrawa et al, 1997). A fuzzy system is characterized by a set of linguistic statements based on expert knowledge. The knowledge base comprises knowledge of the application domain and the attendant control goals. It consists of a ‘data base’ and a ‘rule base’. The data base provides necessary definitions, which are used to define linguistic control rules, and fuzzy data manipulation. These rules are often expressed using syntax of the form: if (fuzzy proposition), then (fuzzy proposition), where the fuzzy propositions are of the form, ‘X is Y’ or ‘X is not  ‘Y’, X being a scalar variable and Y being a fuzzy set associated with that variable. This rule establishes a relationship or association between the two propositions. Fuzzy logic store as fuzzy associations, i.e., for the rule IF A THEN B, where A and B are fuzzy sets. A fuzzy logic stores the association (A,B) in a matrix M. the fuzzy associative matrix M maps fuzzy set A to fuzzy set B. this fuzzy association or rule is called fuzzy association memory (FAM) matrix (Song et al, 1997).

2.5.3.
FUZZY INFERENCE

Fuzzy inference is the ‘kernel’ in fuzzy logic system. It has the capability of simulating human decision making based on fuzzy concepts and of inferring fuzzy control actions employing fuzzy implication and the rules of inference in fuzzy logic. In the fuzzy inference engine, fuzzy logic principles are used to combine fuzzy ‘IF..THEN’ rules from the fuzzy rule base into a mapping from fuzzy input sets to fuzzy output sets. Fuzzy inference refers to computational procedures used for evaluating fuzzy linguistic descriptions (Lefter et al, 1997).there are two important types: Generalized Modus Ponens (GMP), and Generalized Modus Tollens (GMT). Consideration is given here, to the inference methods as suggested by Song et al (1997).

Max-min inference (max (V) and min (). Here the operator used in ‘min’ i.e. mij - implication = truth (ai – bj) = min (ai,bj), where ai –bj is a fuzzy implication which effectively means if aj then bj given two fuzzy sets A and B, this  equation can be used to form the matrix M as illustrated in figure 2.4. (a). The union of these two membership functions resulting from rules 1 and 2 is used to produce the aggregated output.

Max –product inference: This used the standard product.

2.5.4.
DEFUZZIFICATION

After the input to the controller has been processed by the control algorithm, the result is a fuzzy output μout (μ). Selecting a crisp member μ* representatives of μout (μ) is a process known as defuzzification (Leteri et, al, 1997). They went to suggest some methods which include centroid or centre of area (COA), the centre of sums (COS) and mean of maxima (MOM). The choice of defuzzification method may have a significant impact on the speed and accuracy of a fuzzy controller.

Defuzzification is a necessary step because for example we can not instruct a mechanical power going to generator to increase ‘slightly’, even if this instruction comes from a fuzzy controller we must alter its mechanical power by a specific amount (Song et al, 1997). The defuzzification inference performs the following functions:

A scale mapping which converts the range of values of output variables into corresponding universe of discourse, and 

Defuzzification which yields a non-fuzzy control action from an inferred fuzzy control action.

Defuzzification produces a crisp output for our fuzzy set that is the output of the inference block. Many defuzzifiers have already been suggested. However there are no specific bases for any of them. Consequently, defuzzification is an art rather than a science. Because we are concerned in an engineering application.

2.6.
FUZZY SET THEORY

The idea of fuzzy sets is an extension of conventional set theory formalized by L.A. Zadeh in 1965, in order to deal with uncertainty concerning a statement’s exact meaning (Aggarwal et al, 1997).

2.6.1. LINGUISTIC VARIABLES

Fuzzy logic is primarily concerned with quantifying and reasoning about voltage or fuzzy terms that appear in our natural language. In fuzzy logic, these fuzzy terms are referred to as linguistic (or fuzzy) variable (Aggarwal et al, 1997). For example, in ‘the statement the condition of the power system is stable’ the condition is a linguistic variable with its value as stable. We call the range of possible values of a linguistic variable, the variable’s universe of discourse. The underlying power of a fuzzy set theory is that it uses linguistic variables, rather that quantitative variable, to represent imprecise concepts.

2.6.2. FUZZY SET AND MEMBERSHIP 

Firs, recall conventional set theory, which views the world as black or white. For example conventional set theory allows the statement, ‘the power is secure’ to have only one of two truth values (true or false), usually written 1 or 0. Alternatively, mathematically, for a crisp A, we have μA (X) = 1 if  XЄ A and μA (X) = 0 if XЄ A set theory is a natural generalization of conventional set theory by allowing variables to have degrees of truth. A fuzzy set F defined on a universe of discourse U is characterized by a membership function μF (X) which takes on values in the interval (0,1). Fig 2.6. Cleary illustrates the membership functions for a crisp set and a fuzzy set.




Fig 2.6.: Conventional Vs Fuzzy Logic Membership Function.

Viewing a set a function capable of defining partial membership is the cornerstone of fuzzy set theory. In engineering application, the most commonly used shapes for membership are triangular, trapezoidal, piece wise linear and Gaussian. Greater resolution is achieved by using more membership functions at the price of greater computational complexity. Until very recently, membership functions were chosen by the user arbitrarily, based on the user’s experience. In fuzzy set theory, we can use a linguistic hedger or modifier to modify the meaning of a term, like extremely weak system, etc.

2.7. STRUCTURE OF FUZZY LOGIC PROTECTION

Faults on a power system always result in abnormal currents and voltages. To a large extent, the majority of protection techniques are based on defining equipment state through identifying the associated voltage and current waveforms. Some schemes are discriminative to fault location and involve several parameters, for example, time, direction, current, impedance (voltage/current), current balance, and phase comparison. Due to changing power system conditions and many causes of faults, there are always difficulties in the setting of relays. As a result, the protective system may operate (for example, over-reach or under-reach in a distance relay) under certain conditions.

2.7.1. GENERAL STRUCTURE OF A FUZZY RELAY

A schematic of a fuzzy protection relay is shown in fig 2.7. it is essentially similar to a fuzzy controller shown in fig 2.3.



Fig 2.7: Structure of a fuzzy relay

The structure of the four principal components; a fuzzification interface, a knowledge base, an inference engine, and a defuzzification interface are bas given in section 2.7.

2. 7.2. 
Fuzzy Logic Approach for Transmission Line Protection 

According to Aggarwal et al (1997), following the general structure of fig 2.7, the steps to designing a fuzzy relay include:

Choosing appropriate variables as inputs

Converting the input to fuzzy sets (fuzzifier)

Determining the fuzzy matrix (knowledge base).

designing the fuzzy inference (decision making)

Devising an appropriate transformation of fuzzy trip actions into crisp trip actions (defuzzifer).

From the conventional protection techniques, normally current 1, voltage V, and their transients ∆l, ∆V, can be chosen as the input signals to the fuzzy relay for a transmission line. Choosing transients which correspond to the superimposed value has distinct advantages. In terms of the normal and abnormal operation of a power system, the inputs I, V, can be expressed in linguistic variables. This may be as, very large value (VL), large value (LV), normal value (NV), small value (SV), and very small value (VS). Also the inputs ∆l, ∆V, can be expressed by large positive (LP), medium position (MP), small positive (SP), small negative (SN), medium negative (MN), and large negative (LN). they can be normalized, based on the rating of current and voltage respectively, and described by membership functions, one of which is shown in fig 2.8. The output of the fuzzy logic is absolute trip (AT), possible trip (PT), possible no trip (PN), no trip (NT) and absolute no trip (AN).






Fig 2.8: membership Functions for I and V

The rules that are used for fault location can be expressed in a linguistic manner. This problem solving approach is similar to that of human experts, where they solve problems by using particular rules based on their experience and knowledge. According to Aggarwal et al (1997), there are several ways to derive the rules including methods: 

Based on the expert’s experience and /or knowledge 

Based on the fuzzy model of the process

Based on learning algorithms, especially using neural networks, which has the ability to learn from examples. Through the combination of the four inputs, there will be 900 decision rules (5 elements of l x 5 elements of V x 6 elements of ∆l x 6 elements of ∆V in all, for example.

Rule 1: if l is VL ∆l is LP, V is Vs, and ∆V is LN, THEN the output is AT.

Rul;e 2: if l is NV,∆l is SP, V is NV, ∆V is SN, THEN the output is NT. Based on the decision rules, the membership function of the output can be determined using the composite rule. This process is illustrated by an example shown in fig 2.9 meaning: if l is large (LV), ∆l is medium positive (MP), V is small (SV), and ∆V is medium negative (MN), THEN the output is absolute trip (AT), ELSE no trip (NT).







Fig 2.9: Decision Inference of a Fuzzy Relay

Once the membership function of the output has been obtained, a suitable algorithm must be used to determine the output signal. The maximum algoritm in which the signal with the largest membership value, or the centre of gravity (centroid) method can then be employed to derive the output (Aggarwa et al, 1997).

2.8. 
A FUZZY SET APPROACH TO FAULT-TYPE IDENTIFICATION IN DIGITAL RELAYING 

Alessandro et al, (1995), presented a paper to IEEE from Italy, in which they proposed an application of fuzzy logic technique to process the fault current of symmetrical components in order to determine the nature of the fault, (LG,LLG,LL).

2.8.1. SYMMETRICAL COMPONENT RELAYING

It was proved (Alessandro et al, 1995) that the presence of a large negative and zero sequence components in the line current reveals the occurrence of a faults in the line itself and gives some information about the nature of the fault. The realization of digital protective relays based on the determination of the symmetrical components of the fault current appears attractive, since, under sinusoidal conditions, the determination of the components is quite immediate and can be attained by means of simple linear combination of the sampled values of the line current. Unfortunately, incase of fault, the line currents are no longer sinsusoidal, because of the likely presence of harmonic components and an exponential decaying component. The accuracy in the determination of the symmetrical components of the fault current can hence decrease significantly.

2.8.2. DETERMINATION OF THE NATURE OF FAULT

The analysis of the fault current symmetrical components gives information about the nature of the fault. Indeed, the presence of only the negative sequence component in the fault current indicates that a line-to-line (LL) fault not involving ground has occurred. The presence of a negative and zero sequence components indicates that a fault involving ground (LG) has occurred. In this case it is still possible to distinguish between LG and LLG faults taking into account the amplitude of the symmetrical components (Alessandro et al, 1995). Some computer simulations were done using the EMPT (electromagnetic transient program), in order to analyze different fault conditions (Alessandro et al, 1995).

2.8.3. FUZZY SET APPROACH FUNDAMENTALS 

The basic difference between the deterministic and fuzzy approaches lie in the different ways the variables are handled (Alessandro et al, 1995). Consider for instance a variable V, in the range ±5. According to the assumed numerical value, it can be considered as belonging to the sets GN (great negative), SN (small negative), Z (zero), Sp (small positive) and GP (great positive). If the usual deterministic approach is employed, these five sets are separate and hence V can belong to only one of them at a time. In the fuzzy set approach V can belong to more than one set, according to a given membership function μx(V), (where X stands for Gn, SN, Z, SP, GP), whose values range usually in the field (0-1). This function determines the membership grade that the fuzzy variable V assumes in the corresponding fuzzy set X. in the example of fig 2.10, the variable V=3.5 belongs to SP with a membership grade μsp(V) = 0.30 and GP with a membership grade μGP(V) = 0.5. of course it belongs to all other sets with a membership grade zero.




Fig. 2.10: Example of fuzzy set and membership functions.

The block diagram in fig 2.11. Describes the procedure followed in a fuzzy set approach. The numerical variables ∝ and β are converted into the fuzzy variables ∝’ and β’ by the N/F blocks, following the procedure shown in fig 2.11. the N/F blocks give also the membership grades μx (∝’) and μx (β’).




Fig. 2.11: Block diagram of a fuzzy set procedure.

The fuzzy processor block represents the heart of the whole fuzzy logic process. It evaluates the overall truith grade of a set of rules that describe the system in a ‘fuzzy’ way.

The rules sound like:

IF (α’ = GP and β’ = SN) THEN (Ý = SP)

IF (α’ = GP and β’ = Z) THEN (Ý =GP) and a credibility factor in the range 0-1 can be associated with them. According to fuzzy values of the input variables α’ and β’, to the given rules and to their credibility factors, the fuzzy output variable Ý is obtained and converted into numerical variable by the ‘defuzzification’ block F/N.

2.8.4. IDENTIFICATION OF THE NATURE OF THE FAULT

The fuzzy set approach briefly described in the previous section can be employed for the identification of the nature of the fault, LG or LLG fault. The following fuzzy variables have been considered: Negative sequence over positive (N/P), zero sequence over positive (Z/P), and positive sequence over rated current (P/C). for these variables. The following fuzzy sets are defined: Z (zero), S (small), M (medium), L (large).   

Membership functions are then defined. It is worthwhile to that the definition of membership functions is an arbitrary procedure, based on the knowledge of the phenomena to be controlled. The output variable F, that indicates the nature of the fault (F=LL, F= LLG) is obtained by applying the following simple 8 rules (CF = credibility factor),

IF (N/P= LAND Z/P =Z) THEN (F=LL); CF = 1.

IF (N/P =S And Z/C = M) THEN (F = LLG); CF= 1.

 IF (N/P=LAND Z/P = LAND P/C=M) THEN (F =LG);CF=1.

IF (N/P=M AND Z/P=MAND P/C=S) THEN (F=LG); CF=1. 

IF (N/P=MAND Z/P = M AND P/C =L) THEN (F= LLG); CF=1.  

IF (N/P=L AND Z/P=LAND P/C=L) THEN (F=LLG); CF =1. 

IF (N/P =M AND P/C =M) THEN (F=LG); CF=0.9

IF (N/P=S ANDZ/P=S AND P/C=S) THEN (F=LG); CF= 0.25. 

(Note that only 8 rules out of the 64 possible different combinations are sufficient to detect all possible fault types. Indeed none of the possible fault conditions can result in a combination of the input fuzzy variables other than the 8 listed above Alessandro et al, 1995). 

After the defuzzification procedure the variable F is given along with its credibility factor as shown in example fig 2. 12.   

    
Fig. 2.12:  Example of the Fuzzy procedure output in case of LG

In this case a LG fault was simulated at 65% length of line. The procedure result indicates a credibility factor (CF) of 0.56 that the fault is LG, a CF of 0.11 that the fault LLG and a CF of 0.0 that the fault is LL, thus recognizing the nature of the fault correctly (Alessandro et al, 1995).

Different fault conditions have been simulated and the procedure recognized the nature of the fault always correctly, having determined the membership functions for the input variable according to the line, for different fault distances.

The data reported in these tables show that the identification of reliability is also good; only two situations occur (60% of the line in table 2.1.a and 100% of the line in table 2.1b), where the final decision on the fault type may not be reliable enough. In case the difference between the two CFs falls below a pre-defined ‘safety’ value, more complex algorithms can be activated or, more simply, a ‘safe’ three phase tripping can be operated.  

	Fault distance % of the line length
	LG fault on the line 
	LLG fault on the line 

	
	LG fault Cf
	LLG fault CF
	LG Fault CF
	LLG fault Cf

	5
	1
	0
	0
	0.30

	10
	1
	0
	0.01
	0.42

	20
	1
	0
	O
	0.66

	30
	1
	0
	0
	0.80

	940
	0.52
	0
	0
	0.90

	45
	0.72
	0
	0
	0.90

	50
	0.52
	0
	0
	0.79

	55
	0.33
	0
	0
	0.64

	60
	0.37
	0.33
	0
	0.50

	65
	0.56
	0.11
	0
	0.34

	70
	0.64
	0.03
	0
	0.21

	80
	0.70
	0
	0.05
	0.39

	90
	0.62
	0
	0.10
	0.35

	100
	0.17
	0
	0.13
	0.17


Table 2.1. Fuzzy procedure output for different fault distances

2.9 FUZZY LOGIC FAULT CLASSIFICATION SCHEME FOR 
DISTANCE PROTECTION. 

In the foregoing presentation (Alessandro et al, 1995), the researchers only identified the nature of fault (whether LG or LLG) along with the credibility factor (CF); but the phases involved in the fault were not explicitly determined. Also no LL fault has been considered. 

To address the above limitation, (Biswarup et al, 2005), in their paper, proposed an improved fuzzy logic based fault classification scheme, which is able to determined. Also no LL fault has been considered. 

To address the above limitation, (Biwarup et al, 2005), in their paper, proposed an improved fuzzy logic based fault classification scheme, which is able to determine accurately, all ten types of possible short circuit faults (a-g, b-g, c-g, a-b, b-c, c-a, a-g, b-c-g, c-a-g, a-b-c/a-b-c-g). Where a, b,c, and g are the phases and ground respectively. The fault classification algorithm is based on the angular differences among the sequence components of the fundamental during fault current as well as on their relative magnitude (Biswarup  et al, 2005). In  this scheme, a fuzzy rule base was developed  based on the fuzzification of five inputs to identify  the faul typ. The five inputs used include; fault angle –Angle A, Angle B, Angle C, negative and zero sequence fault resistance R2f and R0f which are calculated from the sampled values of them during fault current  of phases a, and c. The simulation was carried out using the fuzzy logic toolbox in MATLAB. The results obtained showed that the proposed method is able to identify all ten types of short circuit faults accurately, within 10ms (for a 50Hz system), with accuracy of 97%. It is quite effective over a wide range of pre-fault power level, fault resistance, and fault inception angle.         

CHAPTER THREE

DESIGN METHODOLOGY

3.1. DESIGN STRATEGY
Generally, the most common advantage of fuzzy control in comparison with conventional methods is the design by human linguistic knowledge. Fuzzy control can be assumed as the emulation of a skilled human operator. There are different methods to design fuzzy controllers (Kortman, 1990).

Formulate the rule base by expert interview

Model directly the control action of the operator by means of numerical data

Estimate a fuzzy model (FM) of the process and design a fuzzy controller by simulation studies.

Generate the rules by self-organizing mechanism.

For this work, “an improved fault location on power system transmission lines based on fuzzy logic techniques”, the first three methods are used.

3.2. SOURCES OF DATE

The line considered is 132KV high voltage transmission line, which runs from New Haven to Oji-River, so my primary source of data is Enugu Electricity distribution Company (EEDC)

System Operations Department: This department is responsible for monitoring the performance and control of the line. Engineers the expert knowledge in this department, on both ends of the line were interviewed, to obtain relevant operational data.

Departments of protection, control and metering (PC & M), and system Lines: as the names imply, these departments are responsible for the protection and maintenance of the line. Engineers from the departments were interviewed for the performance evolution of the line, vis-à-vis the existing conventional scheme and the relevant technical data/line parameters.

Internet Resources: The information super highway- the internet, made a great impact in this work. In the internet, various search engines like 87u6, ask, etc were used to gather valuable information from related publications, which well referenced.

3.3. HARDWARE AND SOFTWARE APPROACH
A fuzzy control consists mainly three parts namely: a fuzzification of the input signals, an differencing mechanism and a defuzzification process to produce the crisp output. There are several software and hardware combination available for implementation. A typical example is the TMS320C30 Digital Signal Processor (DSP) chip from Texas instruments, with powerful instruction set (Kishan et al, 1992), which can be installed in a computer to realize the objective of the fuzzy controller. The fuzzy controller can also be realized with some software packages like C languages and MATLAB fuzzy logic tool box, etc. in this work, the software implementation using MALAB fuzzy logic toolbox is applied for the simulation.

3.4. FUZZY LOGIC BASED FAULT LOCATION: 

SOLUTION PROCEDURE

Below is a series of stages showing the solution procedure followed in designing our scheme:

Step 1: choose appropriate input variables in these case, impedance Z.

Step 2: covert the input variables to fuzzy sets (fuzzification)

Step 3: Determine the fuzzy matrix (knowledge base) and draw the membership functions (for this design, MATLAB codes are used).

Step 4: Design the fuzzy inference decision making (Rule base) and simulate with appropriate program (here MATLAB).

Step 5: Devise an appropriate transformation of fuzzy flag actions into crisp flag actions (defuzzification).

3.5. METHOD OF DATA ANALYSIS
The data analysis is accomplished with computer simulations, using the fuzzy logic toolbox in MATLAB, a product of Math works incorporated.

CHAPTER FOUR

DESIGN PRESENTATION AND SIMULATION

4.1 BACKGROUND TO DESIGN AND IMPLEEMENTATION                                For the protection of long distance, high voltage transmission lines, impedance relays are employed. These relays compare the magnitudes of the voltage and current, the ratio being the indicated impedance (lewis et al,1987). Several modified types of relays have been developed, having characteristics which are modifications of the impedance relays. These serve to minimize the danger of undesired relay operation during load swings or other system disturbances, while retaining or improving the ability of the relay to operate for faults in the protected zone with fault resistance present.                                                                           The problem of accurate fault type identification has been tackled by Alessandro et al,(1995), and Biswarup et al,(2005), using fussy logic applications. In the presentation however, there is no information as to where on the line the fault has occurred after identifying the fault type. This is the motivation for this design presentation. IN THIS APPROCH, WE DEVELOP a strategy, based on fuzzy logic which acts as a reasoning system for the fault location relay. 

 4.2 PARAMETERS OF THE TRANSMISSION LINE

An electric transmission line has four parameters, which affect its ability to fulfill its function as part of a power system. These include resistance(R), inductance (L), capacitance (C ), and conductance (G). the first three have serious influence on performance of transmission lined conductance accounts for the leakage current at the insulators and overhead lines, which is negligible compared to the line current, hence (G) is assumed to be zero.  

4.2.1.
NEW HAVEN - OJI-RIVER 132KV LINE PARAMETERS

Voltage rating…………………………………………………….132KV

Current rating……………………………………………………400A

Line length………………………………………………………..50.0km

Surge impedance…………………………………………………200

Positive sequence impedance……………………….Z1=R1 +jx1.

= 0.008389744435 +j0.01646580057

= (/0.0083897444352/+.j0.016465800572/)1/2
= 0.01848 /km

Zero sequence impedance………………………….Zo = Ro + jxo
=0.01775380209+j0.06191486584 = 0.06441  /km

Frequency ……………………………………………………….50Hz

Conductor size……………………………………………………..250mm2
This data is courtesy of Enugu Electricity Distribution Company of Nigeria (EEDC).

4.3. THE BASIS FOR THE DESIGN
From section 2.4.4. for distance relaying the impedance relay conforms to the equation below:

Q
= K1/1/2+K2/V/2-K4-(2.2)

If the effect of k4 is neglected the relay operates when K1/1/2+K2/V/2 or /v//l/=/z/>(k1/-k2)12=zrs

......>/z/</zrs/trip or /z/>/zrs/block

However, since this project is concerned with fault location and not for line isolation where breaker could be involved, we use ......>/z/</zrs/flag or /z/>/zrs/block. 

Where zrs = impedance setting of the relay. The impedance relay sees the impedance equal to the positive sequence impedance from the relay to the fault, that is, it sense distance from the relay to the fault, since impedance proportional to distance.

After a fault occurs, according to Stevenson (1982), the impedance seen by the relay is very small compared to the load impedance seen during normal operation. The relay is made to respond to the impedance between the relay location and the fault point, and operates when the impedance seen by the relay is within a zero circle. Thus, the relay is made to respond to the impedance between the relay location and the fault point.

4.3.1. IMPEDANCE MEASUREMENT CONSIDERATIONS

The input impedance (zin) of a short circuited line varies from zero for a fault at its input end to a finite value for a fault at its remote end, actual impedance value increasing with distance to fault (Christopoulos, 1999). Assuming the input end of our line is A, then zin to end A of the line during steady state conditions if a short circuit was present at a point a distance X along it would be given by: zin =VA/IA =(R+jx)x  ……(4.1). The impedance clearly increases linearly with the distance to the fault (X) till it reaches the maximum value for a fault at the remote end of the line that is zin =(R+jx)L  ……(4.2) if significant resistance ® occurs in the fault path, the zin to a protected line at a point a distance x along it will be zin =(R+jx)X+Rf  ……(4.3) where Rs is the fault resistance. The impedance seen by an impedance measuring relay would be given by Zx = vin/I …..(4.4) and it would assess the fault position correctly but both the voltage and current would decrease with increase in the effective source impedance. The line impedance to fault is given by Zx and the total line impedance by ZL.

From the line parameters (data) made available by Enugu Electricity Distribution Company of Nigeria (EEDC), the positive sequence impedance of the line is given by Z1=R1+jX1=0.008389744435 +j0.01650057 = 0.01848 Ω/km the line length (distance) = 50.0km. This means the impedance ZL = (R1 + jX1)L.ZL = 0.01848 x 50 = 0.924Ω.

Assume that the relay is to be set detect faults on the line a distance of X = 10km. this means Zx = (R1 + jX1) X.

This value Zx = 0.01848 x 10 = 0.1848Ω.

The value Zx = 0.1848Ω represents the normal value of impedance setting of relay used for our design.

4.3.2. MOTIVATION FOR FUZZY LOGIC APPLICATION

The terms used in the forgoing sections, “very small” impedance and “within” a zone, do not belong to the traditional set of 0 and 1. They cannot descriptive human language, which suggest a degree of membership of the impedance seen by the relay to a larger set universe of discourse. This is the motivation for the fuzzy logic approach.

4.4. 
DESIGN AND SIMULATION OF THE FUZZY LOGIC CONTROLLER FOR FAULT LOCATION

Below is a single line scheme diagram of the  New Haven – Oji-River transmission line, which is being considered in this project.


Single line schematic diagram of the line

The transmission line has a dingle source of generation (G1) at …..B1 is the sending end breaker, Rs is a set of sending end relays. B2 is receiving end and breaker, R1 is a set of receiving end relays. If is a fault current at point O1, and (A) and (C ) represent the sending and receiving end buses respectively. The parameters of the line are as given in section 4.2.1. Our objective is to apply fuzzy logic in developing a strategy to “flag” any of the relays when a fault occurs within the zone it is overseeing and show the distance of the fault away from the relay. This means that Rs and Rr will be replaced by fuzzy relays.

4.4.1.
STRATEGY FOR THE FLAGGING ACTION
The flagging action algorithm is base don the impedance (Z) seen by the relay within its area of responsibility, compared with a calculated threshold value of impedance setting of the relay Zrs. Consider the block diagram of the fuzzy logic scheme (FLS) for the line fault location, shown in fig, 4.2 below. This is the foundation of the design.


The solution algorithm being followed is as outlined in section 3.4 and conforms to fig 4.2 in the figure, the input quality s represented at point A. this quantity is impedance (/Z/) to fault. As this quantity is crisp in nature, it is first converted to its corresponding fuzzy variable by fuzzification technique before application to the fuzzy inference engine (Biswarup et al, 2005). After fuzzification, the fuzzified inputs (available at point B in fig.4.2.) are gives the type of inference engine at C are fuzzy in nature. To determine the crisp flag action correctly, the fuzzy outputs are defuzzified. This “centroid” defuzzification scheme is used, and consequently, the actual flagging action is at D.

4.4.2. FUZZY CONTROLLER DESIGN AND SIMULATION

We now present the actual design, following the solution algorithm earlier introduced in the fuzzy logic scheme (FLS) of fig 4.2. section 4.4.1.

Step 1: Identification of Inputs: The input variable chosen is impedance to fault /Z/. also, the expected oupt is a flag signal to the relay.

Step 2: Fuzzification: The inputs are converted to fuzzy variables. For the impedance /Z/, these are:

Very large value (VL)

(b)
large value (LV)

(c)   Normal value (NV)

(d)
small value (SV)

Very small value (VS)

If the expected output the fuzzy variable are:

Absolute flag (AF)

(b)
Possible flag (PF)

(c)   Possible no flag (PN)

(d)
No flag (N)

Absolute no flag (AN)

Step 3: Normalization and Definition of Membership Functions (MF), we now normalize the input variable of impedance /Z/ according to the calculated value. From our calculations, the normal crisp value (NV) of impedance at a distance X is Zx = 0.1828Ω. we normalize this value to percentage impedance, i.e. Z = 18.484%. the antecedent MFs, VL, LV, NV, SV, VS, and consequent MFs, AF, PF, PN, NF, and An, are defined according to the normalized value, by the following fuzzy sets over the given universe of discourse, using the fuzzy logic toolbox in MATLAB programs presented in appendix A.

The results are the membership functions for impedance presented in fig 5.1. and the output flag signal (relay) presented in fig 5.2.

Step 4: Formulation of fuzzy rule matrix

We now formulate the fuzzy matrix on expert knowledge about fault location scheme. This matrix maps (relates) the fuzzy input mentioned above to a set of possible fuzzy outputs; and is called fuzzy associative memory (FAM) matrix shown in table 4.1. below. Note:  from section 4.2.1, the positive sequence impedance is 0.01848Ω/km, the line is 50km, meaning its impedance is 50x0.01848=0.924Ω, this equals 92.4% impedance by normalization. The membership function is defined under the universe of discourse 0 to 100.

	R

Z
	AF
	PF
	PN
	NF
	AN

	VS


	10
	0
	0
	0
	0

	SV


	0
	30
	0
	0
	0

	NV


	0
	0
	50
	0
	0

	LV


	0
	0
	0
	70
	0

	VL


	0
	0
	0
	0
	90


Table 4.1. fuzzy rule matrix inputs/outputs fuzzy sets.

Step 5: Formulation of fuzzy rule base

From the fuzzy rule matrix, we have five active rules which are capable of ‘firing’ (rules whose degree of fulfillment DOF is not zero under given conditions); for the single input single output (SISO) system. These five rules are indeed sufficient to give the correct flagging logic to the relay. The rules adopted are of the mamdani type (Lefteri et al, 1997), see table 4.2. below.

Antecedent 



Consequent

IF /Z/ is VS THEN

Relay is AF ELSE

IF /Z? is SV THEN

Relay is FF ELSE

IF /Z/ is NV THEN

Relay is PN ELSE

IF /Z/ is LV THEN

Relay is NF ELSE

IF /Z? is VL THEN

Relay is AN ELSE

Table 4.2.: fuzzy rule base.

Step 6: The rule differencing

Evaluation of the fuzzy control algorithm is done using the generalized Modus Ponen (MGP), which is a data driven inference procedure that analytically involves the composition of fuzzy relations, usually max-min composition (Lefteri et al, 1997), max-min composition under a given implication operator affects the RHS in a specific manner, eg. By clipping (when Mamdani min θc (μA(x)λ μB (y) is used, or by scaling (when Larsen product θP (μA(x) μB (y) is used. In general, GMP can be thought of as the transformation of the RHS by a degree commensurate with the degree of fulfillment (DOF) of the rule in a manner dictated by the implication operator chosen.

We note that for θc and θP implication operators, the connective of the rules, ELSE is interpreted as OR (V). the output of the first is the degree of fulfillment (DOF) of each rule. For our system, is the input be percentage impedance = 20 again we apply as MATLAB progam presented in appendix B to get the DOF of antecedents.

From the program, the result for percentage impedance = 20 is DOF =

0.3333

0.3333

0.0000

0.0000

0.0000

There is no fuzzy operator (AND, OR) since each rule has only antecedent. We go straight to apply a fuzzy implication operator, we use Larsen product (θP). Again we apply a MATLAB program presented in appendix C to get the result of the rule consequents.

The result is presented in fig 5.3, the response for the consequent fuzzy set.

Step 7: Aggregation of consequent fuzzy sets

Here were use the max operator. Again we apply MATLAB program presented in appendix D to obtain the aggregate output fuzzy set.

The result is presented in fig 5.4., indicating the response for the aggregate fuzzy set.

Step 8: Defuzzification process

The aggregate output obtained in fig 5.4., is a fuzzy flag action. Defizzification transforms it into crisp (clear and distinct) value to operate the relay, we use the centroid defuzzification method which determines the centre of gravity of the final  fuzzy control space and uses this value as the output of the fuzzy logic system. We again apply a simple MATLAB program presented in appendix E to do this.

The result is presented in fig 5.5., indicating that the crisp output impedance is at 9.0185 percent and the fault location is 4.8802km from source.

To see the output for different percentage impedances, we write a MATLAB loop program presented in appendix F that cover the input universe of discourses and computes the output for each input impedance.

The result is presented in fig 5.6 showing the impedance (Y in percentage) and the corresponding fault location (D in kilometers) as follows:
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CHAPTER FIVE

RESULTS AND CONCLUSION

5.1.

RESULTS
The results obtained from the system simulation are presented in response curves shown in the figures 5,1,5,2,5,3,4,5,5 and 5,6. Fig 5.1. shows the input or antecedent membership functions for impedance, where VS = very small value, SV = small value, NV = normal value, LV = large value, VL = very large value. Fig 5.2. shows the consequent membership functions for the output flag signal to the relay, where AF = absolute flag, PF = possible flag, PN = possible no flag NF = no flag, AN = obsolete no flag. Fig 5.3 shows consequent fuzzy set on application of the Larsen product implication operator. Fig 5.4. shows the aggregate of the consequent (output) fuzzy sets. Fig 5.5. shows the result of a defuzzified output to produce crisp flag signal that operates the relay and the corresponding location of the fault in kilometers from the source, and fig 5.6. shows the input/output relationship of the fuzzy system for different input impedance and their corresponding  fault locations in kilometers from source.

Diagram position 

5.2.
DISCUSSION OF RESULTS

From fig 5.5., the result obtained shows that the crisp output flag signal to the relay when the five rules are fired to given by Y = 9.0185%. This translate to approximately equal to 0.09Ω. this means that for the input impedance of 20% (used for the simulation), a flag signal of 0.09Ω would be sent to the relay for appropriate operation. This represents the impedance seen by the fuzzy relay. Recall that our calculated threshold value of impedance setting of the relay was given as 0,1841Ω. The crisp of 0.09Ω is definitely much less than the impedance setting. This means that the relay would be told to flag.

Another deduction from fig 5.5. which is the aim of this fault is located at a distance of 4.8802 kilometers from the source.

Fig 5.6. Cleary shows the output fag signals (impedance in percentages) to the relay for different input impedance and their corresponding (locations in kilometers) from source. From this, the response of the relay for different input impedance within the universe of discourse can be deduced. Any number of simulations desired can be accommodated as Cleary depicted in fig 5.6.

CHAPTER SIX

6.1 CONCLUSIONS
A fuzzy logic based fault location scheme aimed at improving power efficiency is here proposed. The application involved a development of a fuzzy logic based strategy for given relay flagging in event when a fault occurs in its area of responsibility, and a conventional relay with a fuzzy relay. The approach was effective in implementing a simple fuzzy procedure (5 rules) to solve a problem that requires rigorous mathema operations, when the conventional approach is used. Only the impedance of the line fault is sufficient to implement this technique. The system simulation shows that the proposed approach is able to make relay flagging decisions and serve as logic for to relay, which acts on this logic to locate a fault and displays its distance from source the relay which the fault occurred in its area responsibility (zone). 

Fig 5.6 shows several possible simulations within the universe  of discourse, the impedance (Y in percentage) and the corresponding fault locations (D in kilometers) as follows: 
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The result agrees with our rule matrix of table 4.1 

It is possible to use these results to derive instruction sets which can be built into a digital signal processor (DSP) that can be installed in a computer to realize a practical implementation of a fuzzy relay which can be used for digital fault location 

6.2   OBSERVATION

Fuzzy system have aroused some objective in the professional community. There are generic complaints about the ‘fuzziness’ of the process of assigning  values to linguistic terms, however, the most cogent  criticism  is from Haack,a logician (Daniel et al, 1996). She argues that there are only two areas in which fuzzy logic could possibly be shown to be ‘needed’, and maintains that in each, case, it can be shown not to be necessary. These areas are the nature of truth and fuzzy systems utility. Fox, another logician, whose mose powerful arguments  come from the notion that fuzzy and classic  logics need not be seen as competitive but, complementary, has however responded to Hasck’s objections. He indicated that there are three areas in which fuzzy  logic can be of benefit thus: (a) as a ‘requisite’ apparatus (to describe real world relationships which are inherently fuzzy), (b) as a ‘Prescriptive’  apparatus (because some data are fuzzy, and thus require a fuzzy calculus), and (c) as a ‘descriptive’ apparatus (because some differencing systems are inherently). 

There is a sufficient reason to continue to develop the field of fuzzy logic, since despite a few objections that may stem from lack of semantic clarity, it has found its way into the world of practical applications, especially in Europe and Japan.

6.3 RECOMMENDATION    

The scheme proposed here in this project is very good for real life application and is thus recommended for such. 

It is also recommended that effort should be made to realize the hardware implementation of this project as is the case in Europe and Japan. This as mentioned earlier  section 6.1 can be achieved by using  the logic  as presented in this work to derve instruction sets which can be built into a digital signal processor (DSP) the can be installed in a computer to realize the objective.
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APPENDIX A

X = [0:1:100]: 
: Impedance 

VS_ Mf= trapmf (X, [0  0 10 25]); 

Sv_mf=trimf (X[15  30 45]);

Nv_mf=trimf (X, [35  50 65]);

Lv_mf=trimf (X,[55  70 85]);

VL_ Mf=trapmf (X,[75  90  100  100]);

Antecedent _mf= [Vs_Sv_; Lv_Mf;VL_mf]; 

Plot (X, antecedent_mf) 

Title (‘VS, Sv,Nv,LV, and VL impedances’)

Xlabel (‘Impedance’) 

Ylabel (‘Membership’) 

Y = (0:1:100);  
 :Relay 

AF_Mf=trapmf (Y, [0   0  10 25]); 

PF_ mf=trimf (Y,[15  30 45]); 

PN_mf=trimf (Y,[35  50 65]);

NF_mf=trimf (Y,[55 70 85]); 

AN_Mf=tramf (Y,[75  90  100  100]); 

Consequent _mf=[AF_mf;PF;PN_mf;Nf_mf;AN_mf]; 

Plot (Y, consequent _mf)

Title (‘AF, PF,PN,NF, and AN output flag signal’)

Xlabel (‘Relay’) 

Ylabel (‘Membership’)

APPENDIX B

Impedance = 20;

Dofl =VS_mf

Dof2 =SV_mf:

Dof3=NV_mf;

Dof4=LV_mf;

Dof5=VL_mf;

DOF= [dofl;dof2;dof3;dof4;dof5]

DOF = 
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