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Abstract 

The Static VAR Compensator provides reactive power and voltage 

support to the transmission system by switching local SVC capacitors and 

controlled reactor. The SVCs are needed the most during network 

disturbances. At these occasions they may make the difference between a 

network collapse and successful continued operation, The basic task of the 

SVC fault clearance system is to detect a specified class of power system 

faults and abnormalities and to disconnect the associated item of plant from 

the rest of the power system, The fault clearance system shall perform with 

high reliability, speed, selectivity and sensitivity. 

This thesis will focus on the control based over/under-current and 

thermal overload protection for the SVC and also on the relay-based 

protection included in the SVC installation will also be discussed. 

The simulation will focus on applying different types of faults which 

may accrue in LOCALMARKET SVC substation and how they can be 

detected and cleared by the protection system of the SVC. The analysis is 

carried out using MATLAB SIMULINK software.  
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  المستخلص

ǼالنسـǼة لمنظومــة نظــام الجهـد والقـدرة الردفعلǽــة تقــوم بـدعم  السـاكنة فعلǽـة الــرد ةمعوضـات القـدر 

 الكهرǽȃـة یجب توفرها في حالة حـدوث مشـȞلة فـي منظومـة القـدرةنقل القدرة الكهرǽȃة. هذه المعوضات 

عنـد هذـه اللحظـات قـد ǽمثــل وجـود هـذه المعوضـات الحـد الفاصــل بـین اسـتمرار واسـتقرارȄة النظـام وȃــین 

ـــار ǽــاف  الانه ــة لهـــذه الوحــــدات هـــي ان تقـــوم Ǽاكتشــ ــة الكهرǽȃـ التـــام. المهمــــة الاساســـǽة لمنظومـــة الحماǽــ

الاجــزاء المتضـررة عــن Ǽقǽـة المنظومــة. یجـب ان یتصــف نظــام ومــات وعـزل الاعطـال داخــل هـذه المنظ

  الحماǽة Ǽالاعتمادǽة و الحساسǽة و الاستقرارȄة و السرعة عند فصل الاعطال.

المبنǽة  الساكنةفعلǽة  الرد ةمعوضات القدر لطرق حماǽة وحدات   التعرض یتم الǼحث هذا في

 ةمعوضات القدر في منظومة التحȞم و Ȟذلك تلك المخصصة لحماǽة Ȟل مȞون من مȞونات منظومة 

 فعلǽة. الرد

Ȟیف ان  ستوضح MATLAB SIMULINKبواسطة برنامج  سوف تتم  نمذجة النظام التي

 لاعطال التي تم ǽمȞن ان تحدثان Ȟǽتشف و ان ǽعزل عدد من االقدرة علي نظام الحماǽة ل

  الموجودة في محطة السوق المحلي التحوȄلǽة. الساكنة فعلǽةالردلمعوضات القدرة 

 
 

  

  

  

  

  



vi 
 

TABLE OF CONTENTS 
  Page 

 i الایة   

 DEDICATION ii 

 ACKNOWLEDGEMENT iii 

 ABSTRACT iv 

مستخلصال   v 

 TABLE OF CONTENTS vi 

 LIST OF FIGURES xi 

 LIST OF TABLES xvi 

 LIST OF SYMBOLES xvi 

 LIST OF ABBREVIATION xvii 

CHAPTER ONE 

INTRODUCTION 
1.1 Background 1 

1.2 Problem Statement 5 

1.3 Objectives 5 

1.4 Methodology 5 

1.5 Thesis Layout 6 

CHAPTER TWO 

TCR PROTECTION AND CONTROL BASED 

PROTECTIONS 

2.1 Introduction 7 

2.2 TCR protection 9 

2.2.1 Differential protection of TCR 9 

2.2.2 Over current protection of TCR 13 



vii 
 

2.2.3 Protection against Unsymmetrical operation of 

TCR 
18 

2.2.4 Thermal overload protection of TCR 19 

2.3 Control-based protection TCR control system 19 

2.3.1 Over-voltage protection 20 

2.3.2 Under-voltage protection 20 

2.3.3 Over-current protection 20 

CHAPTER THREE 

FIXED CAPACITOR BANK AND HARMONIC FILTERS 

PROTECTION 
3.1 Introduction 22 

3.2 3.2 Capacitor Bank Types 23 

3.2.1 Externally fused capacitors 24 

3.2.2 Internally Fused Capacitors 24 

3.2.3 Fuseless Capacitors 25 

3.2.4 Unfused Capacitors 26 

3.3 Capacitor Bank Design 26 

3.3.1 Grounded Wye-Connected Banks 27 

3.3.2 Multiple Units in Series Phase to Ground – Double 

Wye 

28 

3.3.3 Ungrounded Wye-Connected Banks 28 

3.3.4 Delta-connected Banks 29 

3.3.5 H Configuration 29 

3.4 Protection of capacitor banks 29 

3.4.1 Voltage Differential (87V) 29 

3.4.2 Unbalanced protection for single capacitor ungrounded 

why bank 
33 



viii 
 

3.4.3 Unbalanced Protection For Single Capacitor Grounded 

Why Bank 
31 

3.4.4 Unbalanced Protection For Ungrounded Double-Wye 

Banks 

32 

3.4.5 Unbalanced Protection For Grounded Double-Wye 

Banks 
33 

3.4.6 3.4.6 Unbalanced Protection of H Configuration 

Capacitors 

 

3.4.7 Short Circuit and Earth-Fault Protection  

3.4.8 Negative-Sequence Overcurrent Protection  

3.4.9 Undervoltage and Undercurrent Protection  

3.4.10 Overvoltage Protection  

3.5 3.5 Harmonic Filters 32 

3.6 Protection of harmonic filters 33 

CHAPTER FOUR 
POWER TRANSFORMER PROTECTION 

 

4.1 Introduction 42 

4.2 Transformer faults 42 

4.2.1 Faults within the transformer tank 42 

4.2.2 Faults on transformer connections 46 

4.2.3 Overheating 46 

4.2.4 Faults external to the transformer zone 46 

4.3 Protection Schemes of Power Transformer 47 

4.3.1 differential Protection 47 

4.3.1.1 Starting ratio 47 

4.3. 1.2 Basic setting 48 

4.3. 1.3 Turn-point 2 49 



ix 
 

4.3. 1.4 Instantaneous differential current stage  49 

4.3. 1.5 Second harmonic blocking (Ratio I2f/I1f>) 49 

4.3.2 Restricted earth fault protection 50 

4.3.2.1 Operate voltage setting 51 

4.3.2.1 Primary operate current (fault setting) 52 

4.3.2.2 Series stabilizing resistance 52 

4.3.3 Over current and earth fault protection 53 

4.3.4 Buchholz protection 54 

4.3.5 Overloading 54 

CHAPTER FIVE 
SIMULATION AND RESULTS 

5.1 Background 56 

5.2 System Simulation Based 57 

5.3 Normal operation of SVC without faults 60 

5.4 short-circuit at the terminal of one of two reactors in 

TCR 

63 

5.5 phase faults inside and outside of the TCR 67 

5.5.1 phase fault inside the TCR 67 

5.5.2 phase fault outside of the TCR 70 

5.6 earth faults inside and outside of the TCR 73 

5.6.1 Single line to ground fault inside and outside of 

the TCR 

73 

5.6.2 Single line to ground fault outside of the TCR 76 

5.7 thyristor damage after fault clearance 79 

5.7.1 No damage in thyristor after fault clearance 79 

5.7.2 Thyristor is short circuited after fault 

clearance 

81 



x 
 

5.7.3 Thyristor is open circuited after fault 

clearance 

82 

CHAPTER SIX 
CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 85 

6.2 Recommendations  85 

 REFERENCES 86 

 APPENDIX (A) 87 

 APPENDIX (B) 89 

    

 

 

 

 

 

 

  



xi 
 

LIST OF FIGURES 
Figure Title Page 

2.1 TCR components 7 

2.2 current waveform for various values of delay angle 8 

2.3 Typical arrangements for TCR in SVC unit and protective 

zones 

9 

2.4 High Impedance differential schemes 10 

2.5 High Impedance differential schemes in reactor 11 

2.6 Differential protection operation during external faults 12 

2.7 Differential protection operation during internal faults 12 

2.8 low impedance differential protection tripping characteristics 13 

2.9 relay characteristics for different settings 15 

2.10 Relay characteristics to IEC 60255 17 

2.11 Relay characteristics according to North American standard 18 

3.1 Capacitor unit 23 

3.2 Externally fused capacitors 24 

3.3 Internally Fused Capacitors 25 

3.4 Fuseless Capacitors 26 

3.5 Unfused Capacitors 26 

3.6 Grounded Wye-Connected Banks 27 

3.7 Multiple Units In Series Phase To Ground – Double Wye 28 

3.8 Ungrounded Wye-Connected Banks 29 

3.9 Voltage differential application to grounded (a) and 

ungrounded (b) banks. 

30 

3.10 unbalanced protection for ungrounded capacitor bank 31 

3.11 unbalanced protection for grounded capacitor bank 32 

3.12 unbalanced protection for ungrounded Double-Wye Banks 33 

3.13 unbalanced protection for grounded Double-Wye Banks 34 

3.14 unbalanced protection of H configuration capacitors 35 



xii 
 

3.15 Passive tuned filters: (a) single tuned, and (b) double tuned 38 

3.16 Passive high-pass filters: (a) first-order, (b) second-order and 

(c) third-order. 

38 

3.17 Typical harmonic filter protection system 39 

4.1 Transformer fault current for resistance earthed transformer 

star winding 

43 

4.2 Transformer fault current for solidly earthed transformer star 

winding 

44 

4.3 Transformer fault current for transformer delta winding 45 

4.4 Differential protection scheme 47 

4.5 Setting parameters of the differential relay 48 

4.6 restricted earth fault protection 50 

4.7 setting of the over current protection for the transformer 53 

4.8 Buchholz relay in the transformer 54 

5.1 single line diagram of TCR of Local Market substation 56 

5.2 Model in MATLAB SIMULINK 57 

5.3 TCR model 58 

5.4 protection control subsytem 58  

5.5 protection control sytem 59 

5.6 Pulse Control and protection reference subsystem 59 

5.7 Pulse Control and protection reference 60 

5.8 Phase currents when ߙ = 90 60 

5.9 Phase currents ߙ = 120 61 

5.10 Phase currents ߙ = 135 61 

5.11 Phase currents ߙ = 150 61 

5.12 Line currents ߙ = 120 62 

5.13 Line currents ߙ = 135 62 

5.14 Line currents ߙ = 150 62 

5.15 RMS of phase currents during a short circuit in the 63 



xiii 
 

terminal of one of the reactors ߙ = 120 

5.16 RMS of line currents during a short circuit in the terminal of 

one of the reactors ߙ = 120 

64 

5.17 phase currents during a short circuit in the terminal of one of 

the reactors ߙ = 120 

64 

5.18 line currents during a short circuit in the terminal of one of 

the reactors ߙ = 120 

64 

5.19 phase currents during a short circuit in the terminal of one of 

the reactors ߙ = 150 

65 

5.20 ine currents during a short circuit in the terminal of one of 

the reactors ߙ = 150 

65 

5.21 RMS of phase currents during a short circuit in the terminal 

of one of the reactors ߙ = 150 

65 

5.22 RMS of line currents during a short circuit in the terminal of 

one of the reactors ߙ = 150 

66 

5.23 RMS of phase currents during 3 phase fault inside the TCR 

when ߙ = 120 

67 

5.24 RMS of line currents during a 3 phase fault inside the TCR 

when ߙ = 120 

 

67 

5.25 phase currents during a 3 phase fault inside the TCR 

when ߙ = 120 

68 

5.26 line currents during a 3 phase fault inside the TCR when ߙ =

120 

68 

5.27 phase currents during a 3 phase fault inside the TCR 

when ߙ = 150 

68 

5.28 line currents during a 3 phase fault inside the TCR when ߙ =

150 

69 

5.29 RMS of phase currents during a 3 phase fault inside the TCR 69 



xiv 
 

when ߙ = 150 

5.30 RMS of line currents during a 3 phase fault inside the TCR 

when ߙ = 150 

69 

5.31 RMS of line currents during a 3 phase fault outside the TCR 

ߙ = 120 

70 

5.32 line currents during a 3 phase fault outside the TCR ߙ = 120 70 

5.33 line currents during a 3 phase fault outside the TCR  ߙ =

150 

70 

5.34 line currents during a 3 phase fault outside the TCR  ߙ =

150 

71 

5.35 RMS of phase currents during a single line to ground fault 

inside the TCR  ߙ = 90 

73 

5.36 RMS of line currents during a single line to ground fault 

inside the TCR  ߙ = 90 

73 

5.37 phase currents during a single line to ground fault inside the 

TCR  ߙ = 90 

74 

5.38 line currents during a single line to ground fault inside the 

TCR  ߙ = 90 

74 

5.39 phase currents during a single line to ground fault inside the 

TCR  ߙ = 150 

74 

5.40 line currents during a single line to ground fault inside the 

TCR  ߙ = 150 

75 

5.41 RMS of phase currents during a single line to ground fault 

inside the TCR  ߙ = 150 

75 

5.42 RMS of line currents during a single line to ground fault 

inside the TCR  ߙ = 150 

75 

5.43 RMS of phase currents during a single line to ground fault 

outside the TCR  ߙ = 120 

76 

5.44 RMS of phase currents during a single line to ground fault 76 



xv 
 

outside the TCR  ߙ = 150 

5.45 RMS of line currents during a single line to ground fault 

outside the TCR ߙ = 120 

76 

5.46 RMS of line currents during a single line to ground fault 

outside  

77 

5.47 line currents during a single line to ground fault outside the 

TCR ߙ = 120 

77 

5.48 line currents during a single line to ground fault outside the 

TCR ߙ = 150 

77 

5.49 RMS values of Thyristors currents when the thyristor is 

healthy 

79 

5.50 RMS values of lines currents when the thyristor is 

healthy 

80 

5.51 Thyristors currents during the fault when the thyristor is 

healthy 

80 

5.52 lines currents during the fault when the thyristor is 

healthy 

80 

5.53 RMS values of Thyristors currents when the thyristor is 

shorted 

81 

5.54 RMS values of lines currents when the thyristor is 

shorted 

81 

5.55 thyristors currents when the thyristor is shorted 81 

5.56 lines currents when the thyristor is shorted 82 

5.57 RMS of thyristor currents when the thyristor is opened 82 

5.58 RMS of lines currents when the thyristor is opened 82 

5.59 thyristors currents when the thyristor is opened 83 

5.60 lines currents when the thyristor is opened 83 



xvi 
 

LIST OF TABLE 
Table Title Page 

2.1 Relay characteristics according to IEC 60255 16 

2.2 North American IDMT relay characteristics 16 

5.1 line and phase currents for different firing angles.    61 

5.2 currents during a short circuit in the terminal of one of the 
reactors 

66 

5.3 
currents during 3 phase faults inside the TCR 

55 

5.4 
currents during 3 phase fault outside of the TCR 

71 

5.5 
currents during single line to ground fault inside the TCR 

78 

5.6 
currents during 3 phase fault outside of the TCR 

78 

LIST OF SYMBOLS 
α Thyristor firing angle 

i Current [A] 

L Inductance [H] 

v Voltage [V] 

X reactance of reactor 

P Active power [W] 

Q Reactive power [VAr] 

S Apparent power [VA] 

ω Synchronous speed 

X Reactance [Ω] 

R Resistance 

Rୱ stabilizing resistor 

 Rated CT Secondary Current ݊ܫ

ܴ௧ CT resistance 



xvii 
 

ܴ  Pilot wire resistance 

87V Voltage Differential protection 

 

LIST OF ABBREVIATIONS 
FACTS Flexible Alternating Current Transmission System 

SVC Static Var Compensator 

TCR Thyristor Controlled Reactor 

CT Current Transformer  
DC Direct Current  
AC Alternating Current  
CB Circuit Breaker  

FC-TCR Fixed Capacitors & Thyristor Controlled Reactor 

TSC-TCR Thyristor Switched Capacitors & Thyristor Controlled 
Reactor 

IDMT Inverse Definite Minimum Time  

SI Standard Inverse  

VI Very Inverse  

EI Extremely Inverse 

DT Definite Time 

 Time Multiplayer Setting ܵܯܶ

Iୱ relay setting current 

TD Time Dial setting 

SCB Shunt Capacitor Bank 

MV Mideum voltage  

HV High voltage 

LV Low voltage 
 

 

 

 


