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Transformer Classification 
by their rating

Large Power Transformers

● Not connected to the LV grid

● Their design depends on the type of 
the application 

● custom designs, 

● not mass produced items



Nagytranszformátor tekercsek 
szigetelési rendszerei



Transformer Design 
Optimization

Goal
●  to find the cost-optimal mechanical and  

electrical parameters

●  which minimize the machines’ total cost of 
the ownership

●  by reducing the different power losses 
and the manufacturing costs

Optimization model
● Non-linear – thermal, electromagnetic, 

mechanical domains interplays

●  Uses a simplified model – filling factors

●  ~20 design variables



Total Cost 
of Ownership

● Lifetime cost of transformer losses
● 1900 G. Kapp -- different constructions for water and coal power plants
● Comparable to the upfront investment cost (manufacturing, 

transportation)
● Design optimization should consider total life-time cost
● Balance between the present and future expenses

● Capitalization factors (K1, K2)
● Calculated as the discounted cost of energy losses throughout the 

lifetime of the equipment
● Future cost of power losses are expressed in present prices

● Optimal transformer designs generally differ 
significantly

● Varying operating cost structure can be addressed 
by two separate factors: 

no-load and load loss factors



Total Cost of Ownership 
Objective of the Optimization

TCO can be expressed as

PP: purchase price of the equipment [€]
Pnll: no-load loss [kW]

Pll: load loss [kW]

A, B: capitalization factors [€/kW]

Capitalization parameters are derived from:

Discount rate, book-life of the equipment Cost of energy losses, cost of delivering power 
losses, Load-loss factor, rms of the utilization factor

C=TOC=PP+A⋅Pnll+B⋅Pl l



Transformer Design 
Optimization

Artap – Adze - modeler

Calculation of 
capitalization factors

● PV
● wind
● biogas

Design Parameters
● S [MVA]
● U [kV]
● ε [%]
● Technical

standards Optimization
model

K1

K2

Costs
material
manufacturing



Heuristics
● Heuristic (or approximate) 

algorithms aim to find a good solution to a problem in 
a reasonable amount of computation time – but with 
no guarantee of “goodness” or “efficiency” (cf. exact 
or complete algorithms).

● Heuristic is used to solve NP-Complete Problem , a 
class of decision problem.

● A heuristic is, simply put, a shortcut. Heuristics are strategies often used to find a solution that 
is not perfect, but is within an acceptable degree of accuracy for the needs of the process. In 
computing, heuristics are especially useful when finding an optimal solution to a problem is 
impractical because of slow speed or processing power limitations. 



Metaheuristics 

High-level strategies that combining lower-
level techniques for exploration and 
exploitation of the search space.

● Metaheuristics are strategies that “guide” the 
search process.

● The goal is to efficiently explore the search 
space in order to find (near-)optimal solutions.

● Metaheuristic algorithms are approximate and 
usually non-deterministic.

● Metaheuristics are not problem-specific.



Optimalizáló algoritmusok 
csoportosítása



Geometriai Programozás



Geometriai Programozás
Rövidzárási Impedancia



Geometriai Programozás
Rövidzárási impedancia



Geometriai Programozás
Rövidzárási impedancia



Geometriai Programozás
Rövidzárási impedancia



Transzformátor aktív részének az optimalizálása 
egyszerű iterációval, pso, gwo-rel



Transzformátor aktív részének az optimalizálása 
egyszerű iterációval, pso, gwo-rel



Insulation System Design

● Élettartam szempontjából 
akkormegfelelő egy villamos gép 
szigetelése, ha a tervezett 
időtartamalatt, zavartalan üzemeltetést 
biztosít.

● A nem megfelelően méretezettszigetelés 
miatt bekövetkezőüzemzavar miatti 
költségek rendkívülmegnövelik a gép 
üzembentartásánaka költségét.

● Gazdaságosság szempontjából akkor van 
megfelelően méretezve egyszigetelés ha 
biztonsági tényezője az eredő görbe 
minimumának megfelelőérték 
környezetébe esik. (Euz=Emeg)



Szigetelések gazdaságossága mag 
típusú transzformátor esetén



200 MVA – 420/230 kV-os nagytranszformátor teljes 
élettartam költségei különböző tekercselrendezéseknél



Artap, Adze-modeler 
Robust Design Optimization framework

Artap
 
Open source framework for robust design 
optimization

interfaces  for  a  broad  collection  of  
optimization  algorithms:
● genetic and evolutionary algorithms,
● interfaces to libraries such as Nlopt, 

Bayesopt, etc .
● tools for machine learning (neural 

networks, Gaussian processes, etc. )
● finite element solvers: Agros-suite,  

Comsol,  Multiphysics,  Deal.II  

Published in: David Pánek, Tamás Orosz, Pavel Karban  “Robust Design Optimization Framework for Engineering Applications”  [ICDS2019]



Artap, Adze-modeler 
Robust Design Optimization framework



Motivation
Induction brazing

sleeves

evaporator

Critical temperature

Make a fast and accurate

temperature control of 
induction brazing process 

Published in: David Pánek, Tamás Orosz, Petr Kropík, Pavel Karban, Ivo Doležel  “Reduced-Order Model Based Temperature Control of Induction Brazing Process”  [PQ2019]



Importance of Temperature Control 
Induction brazing 

● A precise and fast temperature 
control is required

● The melting point of the applied:

– Aluminum alloy: 660°C
– Soldering material (AlSi12): 580°C

● The optimal brazing temperature in 
the hot-spot is ~620 °C

Types of brazing defects
Published in: David Pánek, Tamás Orosz, Petr Kropík, Pavel Karban, Ivo Doležel  “Reduced-Order Model Based Temperature Control of Induction Brazing Process”  [PQ2019]



ADZE-modeler



ADZE-modeler



Artap
Optimization model

In review in: Tamás Orosz, David Pánek, Pavel Karban “FEM-based transformer design optimization”  [?*]



Artap
Tekercs modell

In review in: Tamás Orosz, David Pánek, Pavel Karban “FEM-based transformer design optimization”  [?*]

● Radial flux density is concentrated at the winding 
ends -> cause high losses

● Modern wingdings are made from more than one 
segment

● The impact of the modern, ester or silicon oil type 
transformer oils cannot be considered on the design 
without the knowledge of the optimal conductor 
sizes

Radial flux density



Artap
Tekercs-kiosztás

In review in: Tamás Orosz, David Pánek, Pavel Karban “FEM-based transformer design optimization”  [?*]

- calculating and extending the the optimal 
transformer model with the conductor sizes for 
the different winding segments – d* and h*

- with these values the eddy losses can be 
calculated by a 2D FEM method: 

- then the temperature gradients from an electro-
thermal analogy



Eredmények

The physical correctness of the transformer model 
has been validated by an existing, 10 MVA, 33/6.9 
kV, star/star connected transformer.

The resulting value of the short-circuit impedance 
(SCI) from the finite element analysis is 7.52%, 
which is very close to the measured value 
(7.34%). 

The measured eddy loss of the LV winding is  is 
489.55 W, 583 W after the GP optimization.  The 
resulting conductors are  1.7 mm thick, compared 
to the manufactured transformers 2.3 mm  .The 
GGP algorithm calculated 14 K for the 
temperature gradient.



Ārtap 

ADZE-modeler egy AGPL licenszű eszköz, letölthető a

www.github.com/RobustDesignStack/Adze-modeler  

Artap is a MIT licenszű eszköz, you download it from here:

www.agros2d.org/artap

orosz.tamas@montana.hu

http://www.github.com/RobustDesignStack/Adze-modeler
http://www.agros2d.org/artap


Köszönöm a figyelmet!
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