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 الآيــــــــة

 

 يم  جه ر ال   انه الشيط   ن  مه  بالله  أعوذ  

 يم  رحه ال   حمنه الر   الله  مه س  به 

ربِّك  الَّذهي   خل ق   ﴿ م   سه  ربُّك  رأ    و  اق  ﴾٢﴿ ن ع ل ق  مه ان  سه نلإخل ق  ا  ﴾١﴿ اق  ر أ  بها  
 ﴾ ﴾5﴿ ي عل مان   مالَ  ع لَّم  ا لإ نس  ﴾٤﴿الَّذهي ع لَّم  بهال قل م ﴾٣﴿ا لْ   ك رم 

  (5-1) علقال
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ABSTRACT 

The effect of the line outage when rest of system is stable is called contingency 

study. The outage on the system may be for single line (N-1) contingency or for 

multiple lines (N-m) contingency where N the total number of lines and m the 

number of lines out the service. The study of contingency is essential process in 

planning, operating and control of power systems.  

The main thrust of contingency studies carried out in power system control 

centers is to determine the steady state effects of outages. Large power systems 

require the analysis of all the credible contingence within a very short time so as 

to exercise the control in the short time available for corrective action. 

Generally, the system continues to operate in the contingency condition for a 

considerable duration of time, on occurrence of a line outage. The altered 

voltage stability margins of all the load buses for the various contingency 

conditions are to be known prior to monitor and initiate emergency control 

action to avoid voltage collapse. 
This study suggests an intelligent technique using fuzzy logic control system to 

assist in ranking the single contingency (N-1) which occur in the system. The 

suggested fuzzy logic approach was taken into consideration and applied to the 

national Sudanese grid. The results of the ranking was compared with reference 

results which already had ranked using NEPLAN program. The ranking results 

show that there are about twenty seven elements operate out of the permissible 

limits of violations in the system which is means that the network is not secure.  
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صستخل  م    
 

تأثير خروج احد الخطوط فى الشبكة فى حين بقاء بقية المنظومة مستقرة هذا مايطلق عليه دراسة حالة 

 لأكثر من خط نوقد يكو ((N-1)طوارئ )طوارئ الشبكة. وقد يكون هذا الخروج لخط واحد فقط 

عدد الخطوط خارج  (m)عدد الخطوط الخطوط الكلية فى الشبكة و  (N)حيث   ((N-m)طوارئ )

ى فكم حى عمليات التخطيط والتشغيل و التفاجراء اساسي  يعتبرالات طورارئ الشبكة حدراسة  الخدمة.

 ظم القدرة. ن

الشبكة التى تضمن فى أنظمة التحكم فى نظم القوى هى  فى طوارئحالات ال الثمرة الاساسية لدراسة 

وفى الأنظمة الكبيرة تكون الحوجة لتحليل كل حالات  تحديد تأثير هذه الحالات على استقرارية الشبكة.

 لتصحيح الخطأ.وفى وقت قصير حتى يتأتى اتخاذ قرار التحكم فى أقل زمن ممكن  الخروج فى الشبكة

لفترة زمية معتبرة فى فى الشبكة   طوارئحالات  فى حين وجودبصفة عامة يستطيع نظام القدرة العمل 

أن تكون حدود تغير استقرارية الجهد معلومة لدى مراقب الشبكة لاتخاذ حالة خروج أحد الخطوط ولابد 

 الجهد. نهياراا لحدوث ب  ناجراء التحكم اللازم تج

م نظام التحكم المنطقى الغامض للمساهمة فى جدولة التى تستخديات الذكية نتقترح أحد التقهذه الدراسة, 

موذج المقترح تم تطبقيه على الشبكة نال. هذا ((N-1))طورائ حالات خروج خط واحد من الشبكة

تائج هذه الجدولة بمثيلتها على البرنامج الخاص بتحليل نظم القوى نية القومية وتمت مقارنة نالسودا

(NEPLAN.) نطاق تقع خارج  (حالة 72)حوالى  الدارسة وجود عدد من الحالاتنتائج أظهرت قد و

 امنه.المسموح به للقيم ممايعنى أن الشبكة غير

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



iv 
 

DEDCATION 

For my mother 

The compassionate person who taught me the meanings of ambitious and 

responsibility. 

For my father 

The person who assist me with whole of his tenderness and generosity. 

For my family members 

Akram and Ihdaa, my well-beloved brother and sister. 

For my supervisor Dr. Mohammed Osman Hassan... 

Who was been the source which emanates with inspirational leadership and 

creativity to accomplish this work. 

For my sincere friends 

Eng.Soha Naggar 

Eng. Hiam Awad. 

Whom I can't describe their sustain in all of my study stages. 

For all of my colleagues. 

For all of my students. 

For all supportive persons in whole aspects of life. 

  



v 
 

ACKNOWLEDGEMENT 

All thanks for Allah – All high and Almighty- to give me the force and strength 

to accomplish this work.  

 It is my pleasure to express my sincere acknowledgement to my supervisor 

Dr.Mohammed Osman Hassan, I am so grateful for his efforts. 

All awfully thanks for Eng. Hoiam Awad Ahmed for her good ideas which they 

support me. I am also grateful for Eng. Walla Salah-Eldeen Soleman for her 

opinions and encouragements. Also I have private acknowledgement for Eng. 

Soha Naggr, and Eng. Salama Yousif for their assistants and encouragement. 

  



vi 
 

TABLE OF CONTENTS 

 i ...................................................................................................................  الآيــــــــة

DEDICATION  .................................................................................................... ii 

ACKNOWLOEDGE  ......................................................................................... iii 

ABSTRACT ........................................................................................................ iv 

 v .................................................................................................................. مستخلص

LIST OF FIGURES ............................................................................. ……...viii 

LIST OF TABLES ............................................................................................. ix 

CHAPTER ONE   INTRODUCTION 

1.1 Introduction ..................................................................................................... 1 

1.2 Statement of Problem ...................................................................................... 2 

1.3 Thesis Objectives  ........................................................................................... 3 

1.4 Methodology ................................................................................................... 3 

1.5 Outlines of the Thesis ..................................................................................... 4 

CHAPTER TWO   NETWORK CONTINGENCY ANALYSIS 

2.1 Introduction ..................................................................................................... 5 

2.2 Literature Review ............................................................................................ 7 

2.3 Static security analysis  ................................................................................... 7 

2.4 System State Classifications  .......................................................................... 9 

2.5 Network Performance Indices ...................................................................... 13 

2.5.1 Voltage Profile Index (IVP)  ............................................................. 13 

2.5.2 Line Flow Index (ILF)  ...................................................................... 14 

CHAPTER THREE    FUZZY LOGIC CONTROL SYSTEM 

3.1 Introduction ................................................................................................... 15 

3.2 Historical Review  ......................................................................................... 16 

3.3 What is Fuzzy Logic ......................................................................... ………16 



vii 
 

3.4 Why Use Fuzzy Logic .................................................................................. 18 

3.5 Fuzzy Sets and Fuzzy Logic ................................................................... 19 

3.6 Types of membership Functions...................................................................21 

3.7 Linguistic variables ....................................................................................... 23 

3.8 Fuzzy Logic Operators .................................................................................. 23 

3.9 Fuzzy control systems ................................................................................... 24 

3.9.1 Fuzzifier  .......................................................................................... 25 

3.9.2 Knowledge base  .............................................................................. 26 

3.9.3 Rule base  ......................................................................................... 26 

3.9.4 Defuzzifier ....................................................................................... 26 

3.10 Implementation of fuzzy controller .......................................................... 28 

         3.10.1 Fuzzy Logic Toolbox ...................................................................... 28 

         3.10.2 Membership Functions in the Fuzzy Logic Toolbox ...................... 30 

         3.10.3 Fuzzy logic Operators in Fuzzy Logic Toolbox ............................. 31 

         3.10.4 If -Then Rules ................................................................................. 32 

         3.10.5 Fuzzy Interface Systems ................................................................. 34 

    3.10.6 Building Systems with the Fuzzy Logic Toolbox .......................... 35 

3.11 Fuzzy logic in power and control applications ........................................... 39 

CHAPTER FOUR    SIMULATION RESULTS AND DISCUSSION 

4.1 National Sudanese Grid Description ............................................................. 41 

4.2 National Grid (CA) Results Using NEPLAN Software.  ............................. 42 

4.3 Fuzzy Logic Approach .................................................................................. 46 

4.4 National Grid (CA) Results Using Fuzzy Logic Approach .......................... 53 

        4.4.1 Contingency [1] Analysis (Line 23 outage)  ...................................... 53 

        4.4.2 Contingency [2] Analysis (Line 37 outage)  ...................................... 57 

        4.4.3 Contingency [3] Analysis (Line 37 outage)  ...................................... 62 

        4.4.4 Contingency [4] Analysis (Line 26 outage)  ...................................... 66 

        4.4.5 Contingency [5] Analysis (Line 10 outage)  ...................................... 70 



viii 
 

4.5 Results Comparison and Discussion  ........................................................... 75 

CHAPTER FIVE   CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion .................................................................................................... 76 

5.2 Recommendations  ........................................................................................ 77 

REFRENCES .................................................................................................... 78 

APPENDICES  

 

  



ix 
 

LIST OF FIGURES 

Figure 

No 
Title 

Page 

No 

Figure 2.1 Power system security level.  ........................................................... 9 

Figure 2.2 A simple technique for contingency analysis. ............................... 12 

Figure 3.1 Precision and significance in real world.  ...................................... 17 

Figure 3.2    Classical set.  .................................................................................. 19 

Figure 3.3 Classical and fuzzy set boundaries ................................................. 19 

Figure 3.4 Types of membership functions.  ................................................... 22 

Figure 3.5     Block diagram of a typical fuzzy logic controller. ........................ 25 

Figure 3.6     Membership function of the output linguistic values. ................... 26 

Figure 3.7     Possibility distribution of an output condition. ............................. 27 

Figure 3.8     Integrality environment of fuzzy toolbox in MATLAB.  ............. 29 

Figure 3.9    Triangular (trimf) and trapezoidal (trapmf) membership functions    

in fuzzy toolbox.  ................................................................................................ 30 

Figure 3.10   Gaussian and generalized bell membership functions in fuzzy 

toolbox. . ............................................................................................................. 30 

Figure 3.11   Sigmoidal membership functions in fuzzy toolbox.  .................... 31 

Figure 3.12   Polynomial membership functions in fuzzy toolbox.  .................. 31 

Figure 3.13   Developing binary logic operations in fuzzy logic.  ..................... 32 

Figure 3.14   Interpreting if-then rules. ............................................................... 33 

Figure 3.15   GUIs in fuzzy logic toolbox. . ....................................................... 36 

Figure 3.16   FIS editor in fuzzy logic toolbox. . ................................................ 36 

Figure 3.17   Membership function editor. . ....................................................... 37 

Figure 3.18   The rule editor in fuzzy toolbox. . ................................................. 38 

Figure 3.19   The rule viewer in fuzzy logic toolbox. . ...................................... 38 

Figure 3.20   The surface viewer in fuzzy toolbox. . .......................................... 39 

Figure 4.1     Single line diagram of national Sudanese grid. ............................. 42 



x 
 

Figure 4.2    Voltage profile membership function. ........................................... 47 

Figure 4.3    Line flow membership function. .................................................... 47 

Figure 4.4 Severity index of voltage profile membership function. ................ 47 

Figure 4.5   Severity index of line flow membership function.. ......................... 48 

Figure 4.6 The rules editor of voltage profile membership function.... .......... 49 

Figure 4.7 The rules editor of line flow membership function... ..................... 49 

Figure 4.8    The rules viewer of voltage profile membership function. ............ 50 

Figure 4.9    The rules viewer of line flow membership function. ..................... 50 

Figure 4.10   Voltage Profile FIS block...... ........................................................ 51 

Figure 4.11   Parameters setting on fuzzy logic controller at Voltage Profile FIS 

block. ................................................................................................................... 51 

Figure 4.12    Line flow FIS block...... ................................................................ 51 

Figure 4.13   Parameters setting on fuzzy logic controller at Line flow FIS 

block. ...... ............................................................................................................ 52 

Figure 4.14   Fuzzy logic base algorithm ............................................................ 52 

Figure 4.15   Severity index voltage profile (SIVP) at line23. ............................. 57 

Figure 4.16   Severity index line flow (SILF) at line23. . .................................... 57 

Figure 4.17   Severity index voltage profile (SIVP) at line37. ............................. 62 

Figure 4.18   Severity index line flow (SILF) at line37 ....................................... 62 

Figure 4.19   Severity index voltage profile (SIVP) at line20 .............................. 66 

Figure 4.20   Severity index Line flow index (SILF) at line20 ............................ 66 

Figure 4.21   Severity index voltage profile (SIVP) at line26 .............................. 70 

Figure 4.22   Severity index line flow (SILF) at line26 ....................................... 70 

Figure 4.23  Severity index voltage profile (SIVP) at line10 ............................... 74 

Figure 4.24  Severity index line flow (SILF) at line10 ........................................ 74 

 

 

 



xi 
 

LIST OF TABLES 

Table 

No 
Title 

             

Page 

No 

Table 4.1      National Sudanese network characteristics……………………...41 

Table 4.2      NEPLAN results contingency for the national grid .…………….42  

Table 4.3      Fuzzy Rules……………………………………………………...48 

Table 4.4      Reference data for the five contingencies under consideration….53 

Table 4.5      Severity Indices for voltage profiles (line23)…………………....53 

Table 4.6      Severity Indices for Line Flow index (line23)…………………...55 

Table 4.7      Severity Indices for voltage profiles (line37)…………………....57 

Table 4.8      Severity Indices for Line Flow index (line37)…………………...60 

Table 4.9      Severity Indices for voltage profiles (line 20)…………………...62 

Table 4.10    Severity Indices for Line Flow index (line20)……………….......64 

Table 4.11    Severity Indices for voltage profiles (line 26)………………….. 66 

Table 4.12    Severity Indices for Line Flow index (line 26)………………..... 68 

Table 4.13    Severity Indices for voltage profiles (line 10)………………...…70 

Table 4.14    Severity Indices for Line Flow index (line 10)…………………. 72  

Table 4.15     Ranking of selected contingencies through fuzzy approach…….74 

Table 4.16    Compression of contingencies results ……………………..........75 

 

 

 

      

 

 


