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ABSTRACT 

 

 

Protections are viral due to the safety. It is the main aspects due to safety matters in the 

network systems. In fact, the maximum percentage fault occurs in the reality life is more due 

to unbalanced fault compare to balanced fault. In transmission line faults, roughly 5% are 

balanced fault. This is in contrast to an unbalanced fault, where the three phases are not 

affected equally. Lack of coordination in the relay setting might lead to inherent tripping in the 

system. The impact will reduce the system efficiency and might be cause danger to the 

consumers. This problem can be solved by proposing the proper relay setting technique by 

coordination the value of current and time in particular system. Relay that used in this project 

is inverse definite minimum time relay (IDMT) and it is have a widely application in 

distribution system. On the other hand, this study will use Computer Aided Protection 

Engineering (CAPE) software to analyze the selected area to determine the performance of the 

network system. As a result, the values of the simulation which is the fault and the relay 

coordination will be recorded. The result from the CAPE software is more accurate in term of 

power flow, fault analysis and relay coordination. As a conclusion, the CAPE can be used to 

analyze the values of power, fault analysis and relay coordination. Then, the impact of the 

relay setting will be avoided miscommunication, tripping happen to the network. 
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ABSTRAK 

 

 

Perlindungan adalah perkaitan kepada keselamatan. Ia adalah aspek utama kepada hal-

hal keselamatan dalam sistem rangkaian. Malah, peratusan kerosakan maksimum berlaku 

dalam kehidupan realitinya adalah lebih disebabkan oleh kesalahan yang tidak seimbang 

berbanding dengan kesalahan yang seimbang. Dalam kerosakan talian penghantaran, kira-kira 

5% adalah salah seimbang. Ini berbeza dengan suatu kesalahan yang tidak seimbang, di mana 

ketiga-tiga fasa tidak terjejas sama. Kekurangan penyelarasan dalam suasana geganti mungkin 

menyebabkan tersandung wujud dalam sistem. Kesan ini akan mengurangkan kecekapan 

sistem dan mungkin menyebabkan bahaya kepada pengguna. Masalah ini boleh diselesaikan 

dengan mencadangkan teknik penetapan geganti yang betul dengan penyelarasan nilai dan 

waktu semasa dalam sistem tertentu. Relay yang digunakan dalam projek ini adalah songsang 

yang pasti masa geganti minimum (IDMT) dan ia mempunyai aplikasi secara meluas dalam 

sistem pengagihan. Sebaliknya, kajian ini akan menggunakan Berbantukan Komputer 

Kejuruteraan Perlindungan (CAPE) perisian untuk menganalisis kawasan yang dipilih untuk 

menentukan prestasi sistem rangkaian. Akibatnya, nilai-nilai simulasi yang bersalah dan 

penyelarasan geganti akan direkodkan. Hasil daripada perisian CAPE adalah lebih tepat dari 

segi aliran kuasa, analisis kesalahan dan penyelarasan geganti. Kesimpulannya, yang CAPE 

boleh digunakan untuk menganalisis nilai-nilai kuasa, analisis kesalahan dan penyelarasan 

geganti. Kemudian itu, kesan penetapan geganti akan dielakkan, tersandung berlaku kepada 

rangkaian. 



iv 
 

 

 

TABLE OF CONTENTS 

 

 

CHAPTER TITLE                          PAGE 

ACKNOWLEDGEMENT      i 

ABSTRACT        ii 

TABLE OF CONTENT      iv 

LIST OF TABLES       vii 

LIST OF FIGURES       viii 

LIST OF APPENDICES      x 

 

1  INTRODUCTION       1 

  1.1 Research Background      1 

  1.2 Problem Statement      2 

  1.3 Objective       3 

  1.4 Scope        3 

  1.5 Expected Project Outcome     4 

 

2  LITERATURE REVIEW      5 

  2.1 Theory and Basic Principle     5 

   2.1.1 Discrimination     6 

   2.1.2 Earth Fault Protection     8 

   2.1.3 Relay Coordination Concept    10 

    2.1.3.1 Radial System     10 

   2.1.4 Relay Current Setting     11 

2.1.5 Component of Protection    12 

    2.1.5.1 Current Transformer    12 

    2.1.5.2 Protection Relay    15 

    2.1.5.3 Time-Current Characteristic of    

the IDMT Relay    17 



v 
 

CHAPTER TITLE                PAGE 

  2.2 Review of Previous Related Work    20 

  2.3 Summary and Discussion of the Reviews   23 

   2.3.1 Current Graded Protection    24 

   2.3.2 Time and Current Graded Protection   25 

 

3  RESEARCH METHODOLOGY     27 

  3.1 Principles of the Methods Used in the  

   Previous Works      27 

  3.2 Discussion on the Selected Technique and 

   Approach Used      31 

   3.2.1 Secondary Injection Testing for relay  

    Tripping Time Characteristic    32 

   3.2.2 Testing Procedure Protection Relay for  

    Overcurrent      33 

    3.2.2.1 General     33 

    3.2.2.2 Starting Current    33 

    3.2.2.3 Timing Test     33 

  3.3 Description of Work      34 

  3.4 Methodology Gant chart and Key Milestone   34 

   3.4.1 Gantt Chat      35 

   3.4.2 Key Milestone      36 

  3.5 Methodology of the Projects     37 

 

4  RESULT AND DISCUSSION     38  

  4.1 Introduction       38 

  4.2 Load Flow Study      40 

  4.3 Fault Analysis       40 

   4.3.1 Unbalanced Faults     41 

4.3.1.1 Single Line to Ground Fault   41 

4.3.1.2 Line to Line Fault    43 

4.3.1.3 Double Line to Ground Fault   45 

   4.3.2 Balanced Fault     47 

  4.4 Relay Setting for Overcurrent (O/C)    48 



vi 
 

CHAPTER TITLE                PAGE 

  4.5 Relay Coordination      54 

   

5  CONCLUSION       59 

  5.1 Conclusion       59 

  5.2 Limitation of the Project     60 

  5.3 Recommendation      60 

 

REFERENCES         61 

APPENDICES         63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

 

 

LIST OF TABLES 

 

 

TABLE TITLE PAGE 

2.1 Setting of independent (definite) time delay 12 

2.2 Limit of current error and phase displacement for measuring 

current transformer 

14 

2.3 Value of K and β 17 

3.1 The relay upstream/downstream relationship 28 

3.2 Gantt chart 35 

3.3 Key Milestone 36 

4.1 Results single line to ground fault 41 

4.2 Results line to line fault 43 

4.3 Result double line to ground fault 42 

4.4 Results three phase to ground faults 47 

4.5 Coordination relay 55 

4.6 Coordination relay 56 

4.7 Coordination relay 57 

 

 

 

 

 

 

 

 

 



viii 
 

 

 

LIST OF FIGURES 

 

 

FIGURE TITLE PAGE 

2.1 Simple radial distributions 6 

2.2 Time delay for each CB 7 

2.3 Balanced current 7 

2.4 Balanced voltages 8 

2.5 Residual connection of fault transformer to earth fault relays 9 

2.6 Residual connection of fault transformer to earth fault relays 9 

2.7 Residual connection of fault transformer to earth fault relays 10 

2.8 Definite time characteristics for overcurrent relay 11 

2.9 Current transformer 14 

2.10 Inverse definite minimum time relay 15 

2.11 Digital display 16 

2.12 Wiring diagram using MK 2000 16 

2.13 IDMT Normal Inverse 18 

2.14 Connection of relay and CT 18 

2.15 Overcurrent connections 19 

2.16 Fault relay connections 19 

3.1 Fault at I and II 28 

3.2 Grading graph for fault II 29 

3.3 Single line to ground 30 

3.4 Double line to ground fault 30 

3.5 Line to line fault 30 

3.6 Three phase fault 31 

3.7 Flow chart of methodology 34 

3.8 Methodology of the projects 37 

4.1 IEEE 14 bus systems 39 



ix 
 

FIGURE TITLE PAGE 

4.2 One line diagram using CAPE software 39 

4.3 Single line to ground fault 42 

4.4 Line to line faults 44 

4.5 Double line to ground faults 46 

4.6 Three phase to ground faults 48 

4.7 Selected areas for relay coordination 54 

4.8 Coordination relay by using the simulation 55 

4.9 Coordination relay by using the simulation 56 

4.10 Coordination relay by using the simulation 57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 
 

 

 

LIST OF APPENDICES 

 

 

APPENDIX TITLE PAGE 

A System value 62 

B Data for generator 62 

C Data for line 63 

D Results of branch flows 64 

E Line losses 65 

F Voltage, real power, reactive power at each bus include 

generator and load 

67 

G Results three phase fault 68 

H Result load flow 68 

 



  

   

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1  Research Background 

 

 The primary function of a protection system in electrical power network is to ensure 

the continuity of the electrical supply. To achieve this, the protection system must be able to 

detect the abnormal condition in electrical circuit or piece of equipment, to identify the 

location of fault and to isolate the fault section of circuit or the faulty equipment without 

disrupting the electricity supply to the rest of network. The simple protective system device is 

a fuse or CB. Upon sensing the abnormal current passing through a circuit, the fuse or CB will 

disconnect the electrical supply to the circuit by self-destructive. The protective equipment 

used in a protection system includes current transformer (CT), relays, timers and trip coils. 

An overcurrent relay provides turn out to be one the majority of essential protective 

devices. It has recently been applied as the main and backup protection in power system for its 

functions of high reliability, selectivity and cost effective. Additionally, a unique function that 

the IDMT overcurrent relay is getting quick fault clearing times. The magnitude of the current 

is inversely proportional due to the operating time of the relay. This means that for higher fault 

current, shorter operating time is required to clear the fault. 
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 Usually, much more complex network system, the protective relay coordination 

problem occurs because of the bad relay coordination. A careful concern in selecting the 

overcurrent setting, usually time multiple setting and plug setting are usually essential to 

obtain the greatest protection in making sure the reliabilities throughout the incident of any 

faulty circumstances. For interconnected networks, it is needed to take a look at the 

performance of a complete relay setting scheme. For example review is practically difficult by 

hand for a complex interconnected system, and additionally digital computers should be used 

[1]. 

 The conventional and traditional technique that includes of lots of tiresome and hard 

task and in determining the plug and time multiple setting for every own relay is adoptive and 

is still significant for a basic network. This technique is almost difficult for a complex and 

interconnected network. Therefore, the review in determining the functionality of the IDMT 

protection can be achieved by the execution of the Computer Aided Protection Engineering 

software, CAPE [2]. Cape consists of an involved set of ten data management and evaluation 

programs developed to help protection engineers with their day-to-day actions of selecting, 

setting, and coordinating protective relays [3]. The functionality of the relays in a radial 

system is anticipated and is decided by the real relay settings. This project provides the study 

of the time and current grading for inverse definite minimum time coordination relays setting 

of a simple radial distribution system network. 

 

 

1.2  Problem Statement 

 

A few disruptions in power supply were due to the inappropriate setting or wrong 

selection of the power protection devices. Therefore, it had caused inherent tripping, 

inadequate over current protection and inactivated earth fault. This information of design 

power system protection play very crucial rules to make sure that is no disruption of power 

supply. It is include the load flow analysis, fault analysis, proper setting and technique of relay 

setting. 
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1.3  Objective Project 

 

The main objectives for this project are: 

 To analyze load flow, fault analysis and coordination of the relay power at 

system network by using simulation software Cape. 

 To analyze the performance of time and current grading method designed for 

power system network based on IDMT relay. 

 To develop proper setting technique for over current and earth fault using the 

IDMT MK 2000 relay. 

 

 

1.4  Project Scope 

 

The scopes of this project are: 

 To analyze the load flows, fault analysis and coordination of the relays at 

power system network using simulation software Cape. 

 To focus on overcurrent and earth fault relay operation, the relay setting current 

and time and the relay characteristic. 

 To study the fault analysis for the over current, short circuit and earth fault. 

 To determine the components and parameters that used in the network system 

such as calculate the fault, fault MVA, time multiple setting (TMS), and time 

operating of the relays. 

 

 

 

 

 

 



4 
 

  

1.5  Expected Project Outcome 

 

Project should be: 

 Successful analyze the load flow, fault analysis and coordination of the relay 

power at system network by using simulation software Cape. 

 Successful in setting the IDMT MK 2000 relays for over current protection in 

the system. 

 Successful in coordination and implementing the IDMT MK 2000 relays in the 

selected power network system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

  

 

 

CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 Theory and Basic Principles 

 

 Protection system for power system has been developed to minimize the damage and 

to make sure supply in safe condition, continuously and economically. Relay is one of the 

most important components in protections system. There is several kind of relay that each kind 

has own characteristic. A relay is device that makes a measurement or receives a signal that 

causes it to operate and to effect the operation of other equipment. It responds abnormal 

conditions in faulty section of the system with the minimum interruption of supply. The 

advantages of isolating a system faults as quickly as possible include for personnel a public, 

minimizing damage to plant and minimizing effects on system stability. 

 Protection towards extra present is usually the primary protection system to build. 

Through this simple theory, the graded overcurrent system and discriminative fault protection 

has been created. This should not be confused with „overload‟ protection, that generally can 

make  apply  of  relays  that  work  in  a  time  connected  in some degree to the thermal 

capability of the plant to be guarded. Overcurrent protection is targeted totally to the clearance 

of faults, although with the settings usually obtained several determine of overload protection 

may be obtained [4]. 
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2.1.1  Discrimination 

 

 A protection system must be able to discriminate between healthy and faulty 

equipment and circuits. It can be achieved by current (magnitude), time and comparison. The 

simple radial distributions network system as shown in Figure 2.1. 

 

Figure 2.1: Simple radial distributions. 

The CB 1 is set to trip at 100A and CB 2 and CB 3 is set to trip at 60A. After that, 

current drawn by a load A is 65 A and load B is 30A. CB 2 will trip since current drawn 

exceed 60A. CB 1 will not trip since total current drawn is 95 A and less than 100A. For this 

case, discrimination between CB 1 and CB 2 is archived by current grading. 

Now let‟s consider the condition of CB 1 is set to trip at 100A CB 2 and CB 3 is set to 

trip at 60A. The current drawn by load A is 90A and load B is 30A Then, CB 2 will trip since 

current drawn exceed 60A. CB 1 will trip since total current drawn is 120 A and more than 

100A. There will be no supply for both load A and B even though load B draws current less 

than tripping value. Thus in order to prevent this, time delay device is necessary for each 

breaker. Figure 2.2 show the time delay for each CB. 
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Figure 2.2: Time delay for each CB. 

The minimum time interval is usually between 0.3 and 0.5s. It is required to prevent 

simultaneous tripping. CB 1 is set to trip at 100A at 0.7s. CB 2 and CB 3 is set to trip at 60A at 

0.2s. Then, current drawn by load A is 90A and load B is 30A. After that, CB 2 will trip first 

since current drawn by exceed 60A and shorter time delay. CB 1 will not trip since longer time 

delay. There will be no supply for load A and load B is still operating. This discrimination 

between CB 1 and CB 2 is achieved by time grading. 

A differential (or comparison) protection system compares the current flowing into 

equipment (i.e. cable, transformer) with the current flowing out. If there a difference, the 

protection will operate. The differential protection system is used for protection „a piece‟ of 

equipment such as a cable or a transformer. It is calling a „unit‟ of protection system. 

 

Figure 2.3: Balanced current. 
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Figure 2.4: Balanced voltages. 

 

 

2.1.2  Earth Fault Protection 

 

 Faults studies form essential things of power system. The issue consists of determining 

bus voltage and line currents throughout various sorts of faults. Faults on power are separated 

into two which is balanced and unbalanced faults. Types of unbalanced faults are single line to 

ground faults, line to line faults and double line to ground faults [5]. 

 A fault in a circuit is any breakdown which will disturbs with the normal flow of 

current. The faults are associated with abnormal change in current, voltage and frequency of 

the power system. Faults occurs in a power system due to insulation breakdown of equipment, 

flashover of lines initiated by lightning stroke and because of permanent damage to conductors 

[6]. 

 Other than, much more responsive protection towards earth faults  can  be  achieved  

by  using  a  relay  which  reacts only   to   the   residual   current   of   the   system. The earth-

fault relay is totally same by load currents, no matter if balanced or not. It can be provided a 

setting  which  is  restricted  only  by  the style of the equipment and the occurrence of 

unbalanced leakage  or  capacitance  currents  to  earth. This is an essential concern if settings 

only a few percent of system rating are regarded, since leakage currents may make a residual 

quantity of this order. 
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 The  lower  configurations  allowable  for  earth-fault  relays  are  really  helpful. Earth  

faults  are  not  only by far the many of all faults, but may be restricted in  magnitude  by  the  

neutral  earthing  impedance. The basic connection shown in Figure 2.5 can be prolonged by 

connecting overcurrent elements in the individual phase leads, as shown in Figure 2.6, and 

applying the earth-fault relay between the star points of the relay group and the current 

transformer. 

 Phase fault overcurrent relays are frequently supplied on only two phases since these 

will identify any interphase fault; the connections to the earth-fault relay are not affected by 

this concern. The setup is shown in Figure 2.7.The typical settings for earth-fault relays are 

30%-40% of  the  full-load  current  or  minimum  earth-fault  current on  the  part  of  the  

system  being  guarded. 

 

Figure 2.5: Residual connection of fault transformer to earth fault relays. 

 

Figure 2.6: Residual connection of fault transformer to earth fault relays. 



10 
 

  

 

Figure 2.7: Residual connection of fault transformer to earth fault relays. 

 

 

2.1.3 Relay Coordination Concept 

2.1.3.1 Radial System 

 

 The specific protective relay as primary or backup is important in distribution system. 

When the relay applied to protect its own system element it is thought of primary relay, when 

to backup other relays for fault at remote location, it is serving as backup relay. Providing both 

functions simultaneously; serving primary relay for its own zone protection and backup relay 

for remote zone of protection. Besides, the protective relay must be time-coordinated, so that 

the primary relay will always operate faster than the backup relay. So, the setting and 

coordination of the relay is the very important part to make sure which relay stands for 

primary and the other one for backup. 
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2.1.4 Relay Current Setting 

 

An overcurrent relay has a minimum operating current, known as the current setting of 

the relay. The current setting must be chosen so that the relay does not operate for the 

maximum load current in the circuit being protected, but does operate for a current equal or 

greater to the minimum expected fault current. Although by using a current setting that is only 

just above the maximum load current in the circuit a certain degree of protection against 

overloads as well as faults may be provided, the main function of overcurrent protection is to 

isolate primary system faults and not to provide overload protection.  

In general, the current setting will be selected to be above the maximum short time 

rated current of the circuit involved. Since all relays have hysteresis in their current settings, 

the setting must be sufficiently high to allow the relay to reset when the rated current of the 

circuit is being carried. The amount of hysteresis in the current setting is denoted by the pick-

up/drop-off ratio of a relay – the value for a modern relay is typically 0.95. Thus, a relay 

minimum current setting of at least 1.05 times the short-time rated current of the circuit is 

likely to be required. 

Figure 2.8: Definite Time Characteristic for Overcurrent Relay  




