
 
 

CAPACITOR SWITCHING TRANSIENT ANALYSIS ON 

A TRANSMISSION GRID SUBSTATION 

(CASE STUDY: THULHIRIYA GSS) 

 

 

 

 

 

Don Lishan Prasanga Munasinghe 

 

(119131 H) 

 

 

 

Dissertation submitted in partial fulfillment of the requirement for the 

Degree of Master of Science 

 

 

 

Department of Electrical Engineering 

 

University of Moratuwa 

Sri Lanka 

 

June 2015



i 
 

DECLARATION 

 
I declare that this is my own work and this dissertation does not incorporate without 

acknowledgement any material previously submitted for a Degree or Diploma in any 

other University or institute of higher learning and to the best of my knowledge and 

belief it does not contain any material previously published or written by another 

person except where the acknowledgement is made in the text.  

 

Also, I hereby grant to University of Moratuwa the non-exclusive right to reproduce 

and distribute my dissertation, in whole or in part in print, electronic or other 

medium. I retain the right to use this content in whole or part in future works (such as 

articles or books). 

 

 

 

Signature:_______________________   Date: ________________ 

 

  D.L.P. Munasinghe 

 

 

The above candidate has carried out research for the Masters Dissertation under our 

supervision. 

 

Signatures of the supervisors: 

 

 

 

______________________    Date: _________________ 

Dr. K.T.M.U. Hemapala 

 

     

Dr. U.N. Gnanarathna 

(University of Manitoba – Canada) 

 

 

 



ii 
 

ACKNOWLEDGEMENT 

 

I sincerely thank my supervisor, Dr. K.T.M.U. Hemapala for his great supervision 

and guidance offered for the successful completion of this study. I extent my sincere 

thanks to lecturers of Electrical Engineering Department, University of Moratuwa, 

who gave me the theoretical knowledge and the support during the study period to 

make the study practical and meaningful.  

 

My special thanks go to Dr. U.N. Gnanarathna, University of Manitoba, Canada, 

who spent his valuable time to guide me and providing valuable information required 

for this study. 

 

I am also grateful to Centralized section and Kandy region of Transmission 

Operation and maintenance branch and my colleagues in Ceylon Electricity Board, 

who supported and encourages me in numerous ways to successful completion of 

this study. 

 

It is also with great pleasure that I remember the encouragement and support 

extended by the colleagues in the post graduate program and specially my parents 

and my wife. May be I could not have completed this research without their valuable 

support. 

 

 

 

 

 

 

 

 

 

 



iii 
 

ABSTRACT 

 

The quality of electric power system has a great concern and also it has been a 

constant topic of study. A transient originated from capacitor bank switching are 

main reason which affects the power quality. The analysis, simulation and optimal 

use of capacitor banks under harmonic conditions are required in a power network to 

optimally locate and sizing of a capacitor bank. If the capacitor banks are not 

properly selected and placed in the power system they could amplify and propagate 

harmonics, deteriorate the power quality to unacceptable levels and the transients 

produce under different conditions will be negatively affected to the switchgears in 

the substation. 

 

The breaker switched capacitor (BSC) banks are commonly used for power factor 

correction, reactive power requirement and voltage support by many utilities in the 

world. Ceylon electricity board (CEB) has also installed total of 370 Mvar capacitor 

banks island-wide in transmission grid substations (GSS) in 33 kV level. 

 

The motivation for the study is the failure of 100 Mvar BSC banks installed at the 

Pannipitiya GSS after putting in to operations. After this incident the Thulhiriya GSS 

and Athurugitriya GSS BSC banks were switched off since they also came under 

same project with same equipment. In this study the Thulhiriya GSS was selected as 

the case study to analyze the switching transients of the 33 kV BSC banks to the 

system. 

Data for the selected substation were recorded and analyzed and the selected 

substation was modeled using PSCAD simulation program to analyze the transients 

and harmonics. The objective of the study is to investigate the particular BSC bank is 

safe for operations without under utilizing by comparing the obtained simulated 

results with the standards and specifications, observe the switching transients and 

harmonics, introduce a safe region for closing of the BSC banks, introduce a proper 

sequence for closing of the BSC banks and introduce time delays for back to back 

switching of the BSC banks with minimum effect to the quality of the waveform.  

The results obtained for the particular substation are expected to be extrapolated to a 

general concept to suit the whole substations in the CEB network.  
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