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Summary:  

Switching processes are frequently repeated in wind farms which may cause destructive 

over-voltages to the wind turbines components. This problem becomes prominent in 

almost all wind farms. This thesis establishes a transient frequency-dependent model 

using DIGSILENT software to simulate switching actions in a real wind farm 

(ZAFRANA wind farm in Egypt). The main purpose of this work is to show the effect 

of the different wind farm topologies on the value of the transient over-voltage peak. 

The radial design of ZAFRANA wind farm is firstly simulated under different 

energizing events. The topology is then changed to be a single side ring, double sided 

ring and star topologies. Simulations under the same switching conditions are simulated 

and analysed in each topology. The over-voltages are recorded in each case across the 

wind turbines transformers. The results show that the radial topology shows the highest 

over-voltages among all topologies. Transformers in the single sided ring and double-

sided ring topologies suffer less transient over-voltage compared to that in radial and 

star topologies.  A new switching methodology is suggested in the radial topology to 

maintain the radial design benefits over the over-voltage problem. The proposed 

splitting switching of radial feeder reduces the over-voltage level to a value can be 

mitigated by the exiting protective devices. 

 





 

 

 

 

This work is gratefully dedicated to: 

 

My dear mother and my dear father 
 

 





I 
 

ACKNOWLEDGMENTS 

Foremost, all praise be to ALLAH, who enabled me to accomplish this 

work successfully. 

Then, I would like to express my sincere gratitude and appreciation to 

my supervisors; Prof. Dr. Mahmoud Ibrahim Gilany (Cairo University), Dr. 

Moustafa Ahmed El Shahed (Cairo University) and Dr. Mahmoud Mohammed 

El Sayed (Cairo University), for their valuable advice and suggestions that 

improved the whole thesis and also their patience and encouragement 

throughout the period of the research. 

Furthermore, I would like to express my deepest gratitude and thanks to 

all members in ZAFRANA wind farm, for their great support during my study 

and for their insightful discussions, and kind help. 

Finally, I can’t forget to express my deep thanks and sincere gratitude to 

my dear parents for their patience, strong encouragement and kind support. 

 

 





III 
 

TABLE OF CONTENTS 

ACKNOWLEDGMENTS ............................................................................................................................ I 

TABLE OF CONTENTS ............................................................................................................................III 

LIST OF TABLES ................................................................................................................................... VII 

LIST OF FIGURES .................................................................................................................................. IX 

LIST OF SYMBOLS .............................................................................................................................. XIII 

ABBREVIATIONS ................................................................................................................................. XV 

ABSTRACT ........................................................................................................................................ XVII 

CHAPTER (1): INTRODUCTION ............................................................................................................... 1 

1.1. BACKGROUND ...................................................................................................................................... 1 

1.2. WIND TURBINES ................................................................................................................................... 2 

1.3. WIND FARMS ....................................................................................................................................... 3 

1.3.1. Collection Cables Grid ............................................................................................................. 4 

1.3.2. Substation ................................................................................................................................. 4 

1.3.3. Transmission System ................................................................................................................. 5 

1.4. ZAFRANA WIND FARM ........................................................................................................................ 5 

1.5. WIND FARM TOPOLOGIES ....................................................................................................................... 7 

1.5.1 Radial Topology......................................................................................................................... 8 

1.5.2. Single-Sided Ring Topology ...................................................................................................... 9 

1.5.3. Double-Sided Ring Topology .................................................................................................... 9 

1.5.4. Star Topology ......................................................................................................................... 10 

1.6. PROBLEM STATEMENT.......................................................................................................................... 11 

1.7. THESIS OBJECTIVE ............................................................................................................................... 12 

1.8. METHODS, BOUNDARIES AND ASSUMPTION ............................................................................................. 13 

1.9. THESIS ORGANIZATION ......................................................................................................................... 14 

CHAPTER (2): BASICS OF OVER-VOLTAGE TRANSIENTS ........................................................................ 17 

2.1. BASIC NOTES ...................................................................................................................................... 18 

2.2. RESONANCE ....................................................................................................................................... 19 

2.2.1. Series resonance ..................................................................................................................... 20 

2.2.2. Parallel resonance .................................................................................................................. 22 

2.3. TRAVELING WAVES .............................................................................................................................. 25 

2.3.1. Line Discontinuity ................................................................................................................... 25 
2.3.1.1. Open Circuit Ended Line ................................................................................................................... 27 
2.3.1.2. Capacitive termination ..................................................................................................................... 28 

2.3.2. Effect of Wave Shape and Finite Length of Lines ................................................................... 29 

2.4. CLASSIFICATIONS OF OVER-VOLTAGES ..................................................................................................... 29 

2.4.1. Continuous Operating Voltage ............................................................................................... 30 

2.4.2. Temporary Over-voltages ....................................................................................................... 30 

2.4.3. Slow Front Over-voltages ....................................................................................................... 31 

2.4.4. Fast-Front Over-voltages ....................................................................................................... 31 

2.4.5. Very Fast-Front Over-voltages ............................................................................................... 31 

2.5. SUMMARY ......................................................................................................................................... 32 

CHAPTER (3): LITERATURE REVIEW OF SWITCHING OVER-VOLTAGES IN WIND FARMS ....................... 33 



IV 
 

3.1. SUMMARY OF OVER-VOLTAGES STUDIES IN POWER SYSTEMS ...................................................................... 33 

3.2. WIND FARM TOPOLOGY INDEX .............................................................................................................. 34 

3.2.1. Simulation of Over-Voltages in Radial and Star Topologies .................................................. 34 
3.2.1.1. Coefficient of Grounding ................................................................................................................. 36 

3.2.2. Frequency Response Analysis in a Radial Wind Farm ........................................................... 37 
3.2.2.1. Frequency Domain Severity Factor.................................................................................................. 38 

3.3. WIND TURBINE LAYOUT INDEX ............................................................................................................... 39 

3.4. TRANSFORMER WINDINGS TYPE INDEX .................................................................................................... 40 

3.5. EFFECTIVENESS OF OVER-VOLTAGES MITIGATION DEVICES .......................................................................... 41 

3.6. FEATURES OF THIS THESIS COMPARED TO THE PREVIOUS WORK ................................................................... 42 

CHAPTER (4): SYSTEM STUDY AND MODELING ................................................................................... 45 

4.1. LAYOUT OF ZAFRANA WIND FARM ....................................................................................................... 45 

4.1.1. External Utility Grid ............................................................................................................... 46 

4.1.2. ZAFRANA Wind Farm Substations ......................................................................................... 46 

4.1.3. ZAFRANA Wind Farm Turbines and Feeders ........................................................................ 47 

4.2. SYSTEM UNDER STUDY.......................................................................................................................... 49 

4.3. SYSTEM MODELING ............................................................................................................................. 49 

4.3.1. External Network Grid ............................................................................................................ 51 

4.3.2. Over Head Transmission Lines ............................................................................................... 51 

4.3.3. Power Transformers ............................................................................................................... 52 

4.3.4. Under-Ground Cables ............................................................................................................ 54 

CHAPTER (5): SIMULATION STUDIES AND RESULTS ............................................................................. 57 

5.1. INTRODUCTION ................................................................................................................................... 57 

5.2. SWITCHING IN RADIAL TOPOLOGY ........................................................................................................... 58 

5.2.1. Methodology ........................................................................................................................... 59 

5.2.2. Results ..................................................................................................................................... 60 

5.2.3. Discussion ............................................................................................................................... 63 

5.3. SWITCHING IN SINGLE SIDED RING TOPOLOGY .......................................................................................... 67 

5.3.1. Methodology ........................................................................................................................... 67 

5.3.2. Results ..................................................................................................................................... 68 

5.3.3. Discussion ............................................................................................................................... 70 

5.4. SWITCHING IN DOUBLE SIDED RING TOPOLOGY ......................................................................................... 72 

5.4.1. Methodology ........................................................................................................................... 73 

5.4.2. Results ..................................................................................................................................... 73 

5.4.3. Discussion ............................................................................................................................... 74 

5.5. SWITCHING IN STAR TOPOLOGY .............................................................................................................. 76 

5.5.1. Methodology ........................................................................................................................... 77 

5.5.2. Results ..................................................................................................................................... 78 

5.5.3. Discussion ............................................................................................................................... 79 

5.6. THE PROPOSED SWITCHING SEQUENCE IN RADIAL TOPOLOGY ...................................................................... 81 

5.6.1. Methodology ........................................................................................................................... 81 

5.6.2. Results ..................................................................................................................................... 82 

5.6.3. Discussion ............................................................................................................................... 83 

5.6.4 Over-Voltage Mitigation .......................................................................................................... 84 

CHAPTER (6): CONCLUSION AND FUTURE WORK ................................................................................ 85 

6.1. CONCLUSION ...................................................................................................................................... 85 

6.2. FUTURE WORK ................................................................................................................................... 86 



V 
 

REFERENCES ........................................................................................................................................ 87 

APPENDIX A: DIGSILENT POWERFACTORY SOFTWARE ........................................................................ 93 

A.1. WHAT MAKES DIGSILENT UNIQUE ...................................................................................................... 94 

A.2. FUNCTIONAL INTEGRATION ................................................................................................................... 96 

A.3. DATABASE INTEGRATION ...................................................................................................................... 96 

A.4. VERTICALLY INTEGRATED ...................................................................................................................... 97 

 

 


