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1. Introduction 

 

Nowadays the use of numerical computational methods is essential. The analytical calculation 

methods are not accurate enough for the study of applications that include many geometrical 

varieties, material nonlinearities and transient processes. Numerical simulations are suitable 

for simultaneous handling of these phenomenons.  

 

The commercial simulation softwares have no or very limited ability to model 

superconducting materials. On the basis of all this there are two possibilities for the 

simulation of superconducting applications: first we can use commercial software that is 

suited for outer programming that has the advantage that most difficulties of the numerical 

methods are solved by the software developers. The other possibility is to develop a totally 

self made program. In this case we have to solve all the problems appear during the 

development of the code, however we can change any part of the code, so modelling 

possibilities have less limits. I programmed self made code for each developed modelling 

methods. 

 

The main object of my work was to develop modelling methods for helping the design 

process of electrotechnical applications; superconducting magnetic bearings, superconducting 

fault current limiters and self limiting transformers that contain superconducting materials and 

parts. The two types of applications (bearings, fault current limiters) need different 

calculations and analysis, so I strongly separate them in my thesis. 

 

For the analysis of inductive type HTS fault current limiters and self limiting transformers 

complex multiphysical transient simulations have to be made in consequence of the special 

behaviour and the usage near the limits of the superconducting material. Both electromagnetic 

and thermal phenomenons have to be considered. Coupled finite element modelling technique 

was used implemented in self made code. The model contains 2D magnetic finite elements 

directly coupled with electric network and sequentially coupled 3D thermal finite elements.  

 

In case of the levitated HTS magnetic bearings the simulations were confined to the levitation 

forces and the stiffness. For the calculation of these quantities special static magnetic 

simulation techniques were developed. I developed a self made model based on real physical 



phenomenons that can be mapped with the known critical state model. The model was 

implemented using the finite difference method.  

 

My work was strongly connected to the research of experimental superconducting 

applications at the Department of Electric Power Engineering of BUTE. In each case there 

were possibilities to compare simulation and test results. 

 

2. Motivation 

In the elementary school I was very interested in programming and physics (mainly the 

electric network calculations). During the high school I improved my knowledge of 

programming, I made many programs for my entertainment. It became clear that I would like 

to be an electric engineer. During the university I joined the researches of high temperature 

superconducting applications at the Department of Electric Power Engineering. As I was very 

interested in electromagnetic theory, my first task was a software development for the 

simulation of HTS magnetic bearings. I finished my studies in Electric Machines and Drives 

Faculty, besides numeric simulation of HTS applications, I also absorbed in rotating machine 

design. I also started designing of electric drives and power electronics. I made three papers 

for Scientific Students' Association conference. After graduation I was a PhD student for three 

years at the Department of Electric Power Engineering. During that period I proceeded with 

the researching of numerical modelling of HTS applications. I also took part in a professional 

design companies (Hyundai Technologies Centre Hungary) work where I made design and 

analysis of rotating machines. After finishing the PhD course I started full time working at 

this company. With some of my friends, we founded an association called EV-SPORT. We 

are dealing with building of electric racing cars in our free time. In the association my tasks 

were design and development of electric rotating machines, drives and power electronics. 

For me the researches, developments, designs and constructions in connection with electrical 

engineering sciences are not only work, but also hobby, game and pleasure. 

3. Method of research 

The numerical modelling of high temperature superconducting materials and applications is a 

significant area of the research of numerical calculations. For the implementation and 

verification of each calculation methods and models that were developed by me I developed 

self made numerical codes. Theoretical models and procedures can only be developed 



efficiently if someone has high level knowledge about theoretical and practical 

electromagnetic and computational problems. The development of numerical softwares is a 

very complex task by itself, in many cases very hard problems have to be solved that are not 

available in details from the literatures. The results of the developed modules (magnetic, 

network, thermal) were compared with commercial softwares’ results with various geometries 

and arrangements. Of course the final calculations including the self developed HTS models 

were not compared as they are not available in commercial products. My thesis is strongly in 

connection with the research of experimental HTS applications (HTS bearings, HTS inductive 

type fault current limiters), so there were possibilities in each case to compare simulation and 

test results. The expectations and requirements for simulation methods were formulated based 

on the design and development problems and test experiences. 

4. Using the results 

My research results belong to applications that are also in the research state, the use of the 

results in the industry is not available now. However the improvement and further research of 

the models and simulation techniques that were developed by me are possible. 

5. Summary of new scientific results 

 

• I created a new numerical modelling method that is suitable for transient coupled finite 

element modelling of HTS rings, the model include 2D magnet finite elements, 3D 

thermal finite elements and electric network. I implemented the nonlinearity of HTS 

based on its E-J characteristic into the numeric simulation that was solved by the 

method called Newton-Raphson procedure. In the simulations I also considered the 

nonlinearity of the iron core. I created two methods for the simultaneous solution of 

the coupled magneto-electro-thermal equation system. [1], [12], [13]. 

 

• I simulated the behaviour of HTS fault current limiters and self limiting transformers 

with the developed modelling technique. With the simulation results I showed the 

effects of temperature rise on the superconducting-normal state transition that 

determines the characteristics of the applications, especially the on the processes of 

current limitation. I validated my calculations by comparing them to test results that 

proved both quality and accuracy. [1], [12], [13]. 

 



• I made a physical material model and its mathematical derivation referring to the 

critical state of superconductors that is suitable for magnetic field calculation with 

both FC and ZFC cooling methods, furthermore it is able to handle the flux 

distribution change and the specific hysteretic behaviour in case of slow motions. The 

model is well suited to the finite difference method. The model was implemented into 

2D and 3D finite difference formulations. The connection between my model and the 

known critical state method was proved. [9], [10], [11]. 
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