
IN-RUSH CURRENT MITIGATION ON TOROIDAL 

TRANSFORMERS WITH COMPOSITE CORES 

 

 

 

 

 

 
Warnakula Patabendige Thushan Sameera Perera 

 
(149318P) 

 

 

 
Degree of Master of Science 

 

 

 
Department of Electrical Engineering  

 
University of Moratuwa 

Sri Lanka 

 

 
March 2018 



IN-RUSH CURRENT MITIGATION ON TOROIDAL 

TRANSFORMERS WITH COMPOSITE CORES 

 

 

 

 

 

 
Warnakula Patabendige Thushan Sameera Perera 

 
(149318P) 

 

 

 
Dissertation submitted in partial fulfillment of the requirements for the degree of 

Master of Science in Electrical Installation 

 

 

 
Department of Electrical Engineering  

 
University of Moratuwa 

Sri Lanka 

 
March 2018 



i 

 

DECLARATION OF THE CANDIDATE AND SUPERVISORS 
 

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

acknowledgment 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 of the candidate     Date 

(W. P. T. S. Perera) 

 

 

The above candidate has carried out research for the Masters dissertation under my 

supervision. 

 

 

………………………………        

Signature of the supervisor     Date 

(Prof. J.P. Karunadasa) 

 



ii 
 

ACKNOWLEDGEMENT 

 
First of all, the pride, praise and perfection belong to the almighty alone.  

 

Then, I would like to express my sincere gratitude to my supervisor Prof. J. P. 

Karunadasa for the continuous guidance given me to drive this research to the success, 

through motivation, enthusiasm and with his immense knowledge.   

 

Further, I would like to pay my gratitude to all the lecturers engaged in the MSc course 

programme, for making our vision broader and providing us the opportunity to improve 

our knowledge in various fields. 

 

Then I would like to extend my appreciation to the company I am currently working 

Noratel International (Pvt) Ltd. for providing the necessary research material and 

facilities required to complete this study.  

 

Warmest thanks go to the prototype division of the company for the support given to me 

by sampling, which greatly helped me for the collection of required data. 

 

Moreover, I appreciate the help given by my colleagues Sumith and Suresh in my work 

place and for the continuous encouragement throughout this post graduate programme 

and in the research work. 

 

Finally my special thanks go to my wife, my mother, my father and my brother for their 

love, unwavering and resolute support during this eventful period. 

 

 

W. P. T. S. Perera 



iii 

 

ABSTRACT 

 

Toroidal transformers play an important role in the transformer industry specially in 

high end applications due to their superior performance, over the conventional 

laminated transformers. But toroidal transformers lag in performance when comes to 

high power requirements, specially due to their extremely high inrush currents 

compared to the laminated transformers. 

 

There are many options that can be used externally to the toroidal transformer to 

avoid this issue, but due to the reliability concerns, transformer based inrush current 

mitigation methods are always preferred in the industry. Conventional transformer 

based inrush current mitigation methods fall short on toroidal transformers, because 

those methods tend to mitigate their superior performance also, together with the 

inrush current. 

 

The proposed transformer based inrush current mitigating method with composite 

cores will reduce the inrush current extensively, while protecting the typical superior 

performance characteristics of toroidal transformers. Also the proposed method will 

have better control over the inrush current than the conventional methods, while 

being competitive in the market. 

 

The proposed method involves two cores; one is lower grade NGOSS (Non Grain 

Oriented Silicon Steel) core in the centre for the normal operation, and the other is 

higher grade GOSS (Grain Oriented Silicon Steel) core positioned around the 

NGOSS core with a controlled air-gap, for inrush current controlling purpose. Due to 

the uncut NGOSS core in the centre, the composite core retains high performance in 

the normal operation without compromising. 
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This dissertation includes practical development of the composite core together with 

silicon steel types CK37-35H300 and M0H-M103‐27P, and then experimental testing 

on inrush current and finally converge the research findings for developing a new 

design guideline for the optimized solution, while discussing the cost and the 

manufacturing aspects. 
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