
 
Abstract: Power  transformers  illustrate  the  majority  of  

capital  investment  in  transmission  and  distribution  centers. 

Additionally, interruptions of power transformer have a 

significant economic effects on the Performance of an electrical 

network. For  this  reason the  safe  and  reliable  Performance 

relate directly  to the  Security  and    stability of power  system. 

In this study, the computer-based simulation utilizing the three 

dimensional time stepping finite element methods (3-D), are 

exploited as a tool for calculate the losses (no-load and load loss) 

and visualizing magnetic fields on the core and windings of 400 

kVA distribution transformers. Then, the experimental results 

and TSFEM analysis results have been compared. 
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I. INTRODUCTION 

The importance of transformers in the electricity 

transmission and distribution systems, is an obvious axiom 

in the modern day’s power systems. So evaluating the 

performance of the transformer is very important. The Finite 

Element Method (FEM) is a very well-known way of 

studying the behavior of transformers under different 

operation condition such as non-sinusoidal or unbalanced 

conditions. However, traditional studies are always related to 

the internal magnetic field distribution and other analysis [2], 

which do not include external equivalent circuit to represent 

non-linear components such as converter installations, arc 

furnaces and others .This paper investigates the 

electromagnetic analysis in a 400 kVA , 33/0.4 kV 

distribution transformer using time stepping finite element 

method (TSFEM) . İn the first section, by using 

electromagnetic analysis, the flux density distribution in 

transformer core have been investigated. Afterwards, based  

on  the  data  obtained  from  the  FEM , calculation of  load 

and No-load losses is presented . The results shows that 

FEM provides an effective method to analyze different 

electromagnetic Parameters such as magnetic flux lines, flux 

density, losses, and etc. [5] [6]. 

II. DISTRIBUTION TRANSFORMER ANALYSIS USING TIME 

DOMAIN FINITE ELEMENT METHOD 

The  FEM  is  a  scalar  procedure  for  solving  partial  

differential  and  integral  equations.  
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This  technique  will either resolve  the differential equation 

and make  the  problem  steady-state  or  approximate  the  

equations  into  a  system  of  common  differential  equations 

and  afterwards apply  the  scalar  integrating  method that  

provide  by the standard  methods  such as  Euler’s, Runge-

Kutta  methods ,etc.    The basic idea behind the FEM is to 

divide the region to be studied into minor sub-regions named 

finite elements.  A 3-phase, Dy11, 400kVA, 33/0.400V 

distribution transformer is studied in this paper.   In Fig.  1-a, 

the 3- dimensional modeling of the distribution transformer is 

demonstrated under mesh operation and the total magnetic 

mesh generated is 201323 elements that shows in Fig 1-b. All 

the meshes have tetrahedral shapes in the Three-dimensional 

modeling. According to fig. 1, it can be noticed that there is a 

non-uniform triangle mesh elements concentration 

distribution around the physical areas of the studied device. 

The higher the magnetic concentration the greater the number 

of triangles to characterize the mesh. The specifications of the 

proposed transformer is shortly illustrated in Table I. The  

time  step  that  has  been  chosen  about  0.2 ms,  for  all  

simulations  of  this  paper.  In  magnetic  field  evaluation,  

the  magnetic  vector  potential  (A),  include  a  series  of  

information of  magnetic  field  intensity  (H),  and  magnetic  

flux density (B). Reference [1] [7] displays the temporary and 

spatial variations of A.  

 

  ∇2𝐴 − 𝜇𝜎
𝜕𝐴

𝜕𝑡
+ 𝜇𝐽0 = 0                                               (1)   

  

   In this equation, 𝜇   is the magnetic permeability, 𝜎 is the 

electrical conductivity, and J0 is the applied current density 

 

    
𝜕𝐴

𝜕𝑡
= 𝑗𝑤𝐴                                                                     (2) 

  

3-dimensional FEM solves the following Poisson in order to 

determine the magnetic flux distribution: 
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 A is the magnetic potential vector, R is the core sheets 

reluctivity, n is number of winding turns, Sc is the cross 

section of the conductors. In the static analysis of the 

transformer, the magnetizing current   is known, while the 

magnetic potential vector A is unknown. For current 

computation from start up to steady state, the dynamic 

analysis of the transformer is required.  In this analysis, in 

addition to the magnetic potential vector, magnetizing 

current (inrush current) is also unknown in Eq. (3). Since the 

numerical value of the current density over the whole 

conducting region is not defined, it is necessary to model the 
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voltage source as input, as well as circuit elements of the 

external circuit between the voltage source and the region 

under FEM analysis. Delta- Wye transformer connections 

create Discontinuities in the zero-sequence network as the 

zero-sequence current can flow at one side of the transformer 

without flowing at the other side. This effect generates a 

zero-sequence differential current that can make the 

differential unit trip. To remove the zero sequence 

differential current a tertiary winding with delta connected 

can be used. 

 
 

(a) 

 
(b) 

Fig. 1: (a) mesh operation of studied transformer in 3-D (b) number of mesh 
in each section 

 

 
 

         Fig. 2: Δ / Y connected of three-phase transformers   
 Fig (2) shows the Δ / Y connected of studied three-phase 

transformers [8]  

    Curl of the B, used to calculate the magnetic vector 

potential A: 

 

B=∇ × 𝐴                                           (4)     

 

The fundamental equation of the electric circuits is 

given by; 

VS= RS *I+LS∗  
𝑑𝑖

𝑑𝑡
                                  (5) 

 Fig (3) shows the B_H curve of the magnetic material. It 

can be seen in this fig that saturation flux density is 

approximately 1.9 tesla.  

 
Fig.3: B-H curve of laminating type of M5 material 

 

Fig. 4, shows the flux density distributions in transformer 

core. There is dependence between the magnetic flux density 

and    magnetic vector potential.  Other  words,  the magnetic 

flux  density is  dependent  to  the  Percentage  change  in  

the  magnetic  vector  potential.  Fig .5 shows the magnetic 

vector distribution in transformer core. 

 
  

Fig. 4: Magnetic field distribution in transformer core in 3D 

 
Fig. 5: Magnetic vector distribution in transformer core in 3D model 
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TABLE I: ELECTRICAL PARAMETERS OF STUDIED TRANSFORMERS 

 
 

 Fig.6 shows the primary maximum induced voltage for the 

given transformer. Fig. 7, shows the primary current of the 

given transformer, those changes with time. It can be 

observed in this Fig. (7)  That Inrush current after about 700 

ms reduced to the normal value. 
              

 
                       Fig 6: primary induced voltage 

Fig. 7: primary winding current of the distribution transformer 

III. ANALYTICAL METHOD 

 Commonly, Transformer losses are categorized into no load 

or core losses and load losses .This can be written in Fig. 8 

and next equation: [4] 
 

PTOTAL = PLOAD-L+PNO-LOAD                          (6) 

    

 Because of the voltage excitation, PCore are the core losses or 

no load losses. No-load losses are given with following 

equation: 
 
 

 

 
 

TABLE II: TRANSFORMER PARAMETERS 

 
 

𝑃𝑁𝐿 = 𝑤ℎ + 𝑤𝑒 = 𝑘ℎ . 𝑓. 𝐵𝑚
1.6 + 𝑘𝑒 . 𝐵𝑚

2 𝑓2        (7) 
 

In this equation 𝑘𝑒 is the eddy current constant and 𝑘ℎ is 

the hysteresis constant. This depends upon the area of the 

magnetizing B-H loop and frequency. Fig. 9 shows a typical 

B-H loop. PLL, categorize into Pdc losses or windings   losses 

and stray losses that of the electromagnetic fields in the     

windings, magnetic shields, core clamps, enclosure or tank 

walls, etc. 

Pdc Can be calculated by multiplying the dc resistance of the 

winding with the square of the load current. The stray losses 

additionally divided into winding eddy losses and structural 

part stray losses .Winding eddy losses divided into eddy 

current losses and rotating current losses. Other stray losses 

is the losses in the clamps, tank or enclosure walls, etc.  This 

can be shown as: 

 

   PLL= PDC+PEC+POSL                                                   (8) 

 

To account the total stray losses PSL, we can subtracting Pdc 

from the load losses. 

 

   PSL=PEC+POSL=PLL-PDC                           (9)    

 

 
           Fig 8: Transformer loss classification    

               

PDC can be computed by following equation: 

 

PDC=3× (R2I22-rms+R1I
2
1-ms) = 

 

3× (0.00207×573.1
2 
+48.41×4.021

2
) =1956.73 w 

 
TABLE III: TRANSFORMER LOSSES UNDER SINUSOIDAL LOAD 

BASED ON FEM 
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 In order to validate the methodology, an investigation was 

carried out using the prototype already mentioned. If we 

compare the calculated  results based on FEM with 

analytical method , it can be seen in Table III  that ,the 

calculation of losses based on FEM approximately equal 

with the analytical method .For this reason analysis of 

transformer performance using finite element method  have 

accurate  results in comparison with other simulation  

methods. 

 

 
                                     Fig 9: B-H loop 

IV. CONCLUSION 

 In    this  paper,  a 3-phase,  Dy11,  400  kVA,  33/0.400 kV  

distribution  transformer    using the time stepping  finite 

element  method  was  simulated . In order to visualizing 

magnetic fields distribution in the transformer core, the    

three dimensional finite element method (3-D)    is    

utilized    .  The results given in this paper have illustrated 

that FEM is a   powerful method    in order to modeling and 

calculation of losses and magnetic flux density in 

transformer core and windings. The results that summarized 

in table III shows calculated losses based on FEM 

Approximately equal to the analytical value. 
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