
 

Abstract—The paper introduces a finite element methodology 
for the magnetic field analysis of transformer joints. The 
proposed technique consists in the application of certain 
boundary conditions for the excitation of the joints region. The 
main advantages of the pseudo-source technique include 
minimization of the computational cost and ease of 
implementation. Longitudinal and normal flux measurements 
were carried out for the validation of the proposed technique. 

I. INTRODUCTION 

Transformer performance and efficiency depends on the 
design of joints of magnetic cores. So far, researchers have 
used lumped circuit models [1], neural networks [2], and finite 
element (FE) analysis [3] in order to determine the optimum 
core joint configuration of transformer cores. 

Previous attempts of FE analysis at joints included the 
detailed modeling of the core and excitation coil, and the 
application of periodic boundary conditions along with the 
modeling of the excitation coil [3]. Nevertheless, these 
approaches result in FE models of complex geometry, large 
mesh size, and high computational cost. 

II. PSEUDO-SOURCE TECHNIQUE 

For the magnetic field analysis of transformer joints an 
original 2D FE analysis is proposed with which the required 
excitation is achieved by means of a pseudo-source i.e., by the 
use of properly defined boundary conditions. By using the 
proposed technique, there is no need to model current regions, 
i.e., transformer excitation coils. As a result, the geometry of 
the 2D FE model is simplified and the computational cost is 
minimized. The specific technique can be implemented with 
any commercial FE package e.g., ANSYS, MagNet, FEMM. 

The pseudo-source technique is shown in Fig. 1, where 
pB  is the mean peak flux density, k  is the number of steel 

sheets, sfc  is the lamination stacking factor, thL  is the 

lamination thickness, and 1zA  is an arbitrary magnetic vector 
potential. Fig. 2 shows a detail of the 2D FE model and the 
corresponding peak flux density distribution for two different 
magnetization levels. 

III. EXPERIMENTAL VERIFICATION 

The experimental analysis is based on a single-phase 
wound core of high permeability steel. The longitudinal flux 
was measured using an array of two turns search coils wound 
around the total width of the steel sheets. The normal flux in 
the step-lap joints was measured using single turn search coils 
whose plane was parallel to the steel sheet plane. The voltages 

induced in the search coils were captured by directly 
connecting the search coils into the inputs of a NI6143 DAQ 
card. Necessary calculations and analysis of the captured data 
were carried out using LabVIEW software [4].  

Computed and experimental results agree within 5% to 
10%. Both experimental and computed results show that the 
step-lap joints region is heavily overloaded. This is attributed 
to the flux that escapes to adjacent laminations. Also, the 
normal flux is within 10% to 20% of the nominal overall flux.  
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Fig. 1.  Application of the pseudo-source in the 2D model of the joints region. 
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Fig. 2.  FE computed flux distribution along laminations, (a) 1.5 T, (b) 1.7 T. 
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