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Transformers, one of the most important elements of energy transmission and distribution 

systems, can be produced as a result of high cost and long-term studies. It is necessary to know 

the mechanical, electrical and magnetic properties of a transformer in the manufacturing process. 

Modeling of the transformers to be designed with a reliable simulation program in order to 

operate at targeted values and efficiency is important in terms of ensuring test criteria and 

minimizing the problems that may arise later. Thanks to advanced computer techniques, it is 

possible to identify design errors and correct them through a simulation program. 

In this paper, ANSYS Maxwell 3D software based on Finite Element Method (FEM) and widely 

used in transformer simulation was used. With this program, it is aimed to investigate the 

magnetic field density, magnetic field intensity, magnetic flux lines, current density values in 

the coil and core of the transformer and the effects of these values on transformer losses. 

Considering the nominal values of the single phase 90 VA transformer, its electrical and physical 

values were measured by experimental studies in the laboratory environment, and the necessary 

parameters and values were calculated based on these measurements. The theoretically 

calculated values are compared with the experimental study results and the values calculated 

with ANSYS Maxwell program. It was observed that the experimental study results and the 

results of the model created in the program confirmed each other. 
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1. Introduction 

Transformers are static devices that are used in AC systems 

to transfer the level of voltage at a fixed frequency through 

magnetic induction and have no moving parts. Transformers 

are electrical machines that enable the electrical power 

generated at low voltage values to be transmitted at higher 

voltage levels over long distances and to be used at lower 

voltage levels. 

In recent year, computer simulations are used for pre-design 

analysis of transformers. Among these, ANSYS Maxwell is 

the most widely used packaged software and there are many 

studies on the applications of this software. ANSYS Maxwell 

is a software developed for low frequency electromagnetic 

field simulation. ANSYS uses Maxwell Finite Element 

Method for magnetic and electrical analysis. Thus, it 

provides a fast and reliable analysis before the applications 

in practical studies. 

Using magneto-static analysis in ANSYS Maxwell 

simulation platform, the design and modeling of a three-

phase core-type transformer including coil and connection 

points is described in detail [1]. With the finite element 

method of ANSYS Maxwell, core losses in 2-dimensional 

and 3-dimensional state of the transformer with 30 MVA 

power were calculated separately for 50 Hz and 60 Hz and 

the results were compared [2]. As a result of these 
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comparisons, it has been shown that the core loss value for 

60 Hz frequency value is higher than the core loss value at 50 

Hz frequency in 2-dimensional and 3-dimensional situations. 

Based on the 2-dimensional version of a single-phase shell-

type transformer with a power of 10 MVA with the ANSYS 

Maxwell program, the forces occurring in its windings due to 

inrush current and short circuit current were investigated [3]. 

With this study, it has been seen that the value of the highest 

amplitude of the inrush current that can occur in the 

transformer windings is equal to the nominal value of the 

short circuit current. However, it has been emphasized that 

inrush current and short circuit current can cause serious 

damage to transformer windings. In addition, it has been 

determined that the axial forces caused by the inrush current 

are greater than the axial forces caused by the short circuit 

current. 

With the magnetic circuit theory and finite element method, 

a 3-phase, dry type distribution transformer design with 100 

kVA power, 11/0.4 kV voltage values and delta / star 

connection structure has been studied [4]. While designing 

the transformer, it was argued that it would not be completely 

correct to use the circuit theory model for parameters such as 

winding impedance, leakage inductance, hot spot 

temperature, etc. [5, 9-12]. 

Using ANSYS Maxwell software, a real transformer model 

with 3 inputs and 5 outputs has been studied. Before applying 

the software modeling, studies have been done on a real 

transformer [6]. The accuracy of different models of 

numerical methods has been investigated in order to calculate 

transformer's no-load losses. Unloaded losses are calculated 

using analytical method and Finite Element Analysis 

software [7, 13-16]. In their article study using the Ansoft 

Maxwell analysis program, the flux density and core losses 

were analyzed for the transformer using 7 different T-

connection forms (same core material. it was observed that 

the least is the 15 ° -90 ° -75 ° model [8]. 

In this paper, it is aimed to compare the results obtained by 

using ANSYS Maxwell 3D software with theoretical 

calculations and experimental study results.  

2. Material and Methods 

Losses occurring in transformer have to be taken into account 

in real models of transformers. Core losses (hysteresis losses 

and eddy current losses), copper losses and leakage fluxes 

should be taken into account in creating such a model. When 

these criteria are taken into consideration, various 

measurements and tests are performed to find the equivalent 

electrical model parameters of the transformer.  

2.1. Transformer losses 

In transformers, when the input winding is supplied by the 

voltage source (network, busbar, generator, etc.), the open 

output winding ends is expressed as idle operation. Idle 

running current decreases of nominal current in large power 

transformers. Since the idle current is very small, copper loss 

in the input windings is negligible. When this loss is 

neglected, if the input windings are fed while no load is 

connected to the output winding flies, the resulting losses will 

only cause the core loss. The instantaneous value of the 

magnetic flux, the instantaneous value of the voltage induced 

at the input winding ends, the angular frequency, the average 

value of the induced voltage and the maximum value of the 

magnetic flux are given by equations (1) - (5), respectively. 
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The following equations are used to express the value of 

magnetic flux in terms of density and surface area. 
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Where S is surface area, B is magnetic flux density, R is 

resistance, E is voltage, N is turn number, 𝜌 is self resistance.  

2.2. No-load test of transformer 

If the core of the transformer is exposed to a time-varying 

magnetic flux, core loss occurs in a magnetic material. In 

general, the loss in the core is divided into two components: 

Pc, hysteresis loss Ph and eddy current loss Pe. According to 

the Steinmetz equation, measurement and calculation of core 

losses are normally done with sinusoidal flux density of 

varying magnitude and frequency. These measurements and 

calculations are based on standard coil and often consist of 

two terms [18]. 
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Where f is the frequency of the magnetic circuit expressed in 

the above equations, B magnetic flux density, kh and ke; 

hysteresis and eddy current coefficients, n is the Steinmetz 

coefficient. These coefficients are coefficients that depend on 

the lamination material, thickness, conductivity, frequency 

and other factors. In general, the calculation of core losses 

can be calculated by taking into account the excess losses 

factor, as indicated by the equation below. 

2 2 1.5 1.5n

C h e ex h e aP P P P k fB k f B k f B     
 

(11) 

2.3. Full load test 

In the laboratory environment, if the transformer is loaded at 

nominal value, the real properties and especially the 

efficiency of the transformer can be calculated by measuring 

voltage, current and power. In order to realize these 

operations, the resistance value of the variable load 

connected to the secondary is changed by applying the 

nominal input voltage to the primary side of the transformer 

until the nominal output current is obtained. The purpose of 

the full load test is to obtain the load losses. Copper losses 

from full load test are obtained by the equation given below. 

2

CuP I R
 

(12) 

Copper loss can be reduced by reducing the value of the 

winding resistance while the transformer is in the design 

process.  

2.4. Finite Element Method 

Finite Element Method (FEM) is a numerical technique used 

to find approximate solutions of partial differential equations 

as well as integral equations. Finite Elements Method is 

effectively used as a numerical method in solving complex 

engineering problems precisely. The basic logic of the finite 

element method is to divide the structure into a finite number 

of elements, these elements are usually connected by means 

of nodes (mesh) and obtain an approximate solution. Finite 

element method, which provides the solution of complex 

engineering problems with controllable parts by simplifying 

them, is a common and useful solution method used in many 

engineering applications. 

2.5. Modeling of transformer 

ANSYS @ Maxwell program, which realizes a solution 

based on Transformer Finite Elements method, is modeled as 

3-D of the environment. The values of the modeled 

transformer are presented in Table 1. 

 

Table 1. Characteristics of the transformer 

Power (VA) 90 

Input voltage (V) 220 

Output voltage (V) 48 

Primer turn number (N) 752 

Seconder turn number (N) 164 

Input current (A) 0.409 

Output current (A) 1.875 

Frequency (Hz) 50 

Load loss (W) 9 

Core loss (W) 4 

Volume of core (m3) 0.222 ∗ 10−3 

Core material M125-027S 

Conductivity 5000000 S/m 

Kh 65.48 

Kc 0.59 

Mesh structure in 3D structure of single phase transformer is 

shown in Figure 1. The 50 Hz frequency B-H curve of M125-

027S material used as core material in the transformer is as 

shown in Figure 2. 

 

Fig. 1. Modeling mesh 

 

Fig. 2. Core material B-H curve 

2.6. Experimental tests 

In this study, experimental tests of the transformer were 

performed in the laboratory to verify the results and the 

results were obtained. The results obtained were compared 

with the results obtained with FEM. Core and copper loss 

values obtained from laboratory experiments are presented in 

Figure 3 and Figure 4. 
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Fig. 3. Core loss 

 
Fig. 4. Copper loss 

3. Results and Discussion  

In this section, the comparison and consistency of the results 

obtained by FEM simulations and experimentally obtained 

are given. Magnetic field distribution, core losses and copper 

losses of transformers were obtained by both methods. In 

addition, magnetic field strength and current density on the 

transformer are presented. 

3.1. FEM simulation results 

As in the short circuit test of the 3D transformer, this test also 

performs analysis for the predefined time interval and time 

step in the simulation based on transient analysis. In this 

simulation test, copper losses for 50 Hz frequency were 

obtained from the simulation of the transformer 3D model. 

The copper loss curve is given in Figure 5. 

 
Fig. 5. Copper losses at full load 

 
Fig. 6. Magnetic flux and magnetic field intensive 

Core losses and magnetic field strength were obtained from 

the idle test of the transformer. The values obtained are given 

in Figure 7 and Figure 8. 

 
Fig. 7. Core loss 

 
Fig. 8. Magnetic field values obtained from transformer idle test 

3.2. Experimental results 

In the experimental results, the core loss was 4.1 W, copper 

loss, 9 W. The magnetic flux obtained in the open circuit test 

was 1.88 T, the magnetic field value obtained from the full 

load test was 2.7 T. Experimental results and results obtained 

from FEM simulation were close to each other. This situation 

reveals the accuracy and usability of the method used. The 

values obtained are compared in Table 2. 

Table 2. Comparison of experimental, theoretical and FEM 

results. 

Parameter Experimental FEM Theoretical 

Core loss  

(W) 
4 3.93 3.95 

Copper loss 

(W) 
8.93 8.82 7.754 

Magnetic flux 

(T) 
1.89 1.86 1.81 

Inductance 

(mH) 
34 33.6 33 

Resistance  

(Ω) 
1.66 1.52 1.4 
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It is aimed to compare the results obtained by using ANSYS 

Maxwell 3D software with theoretical calculations and 

experimental study results. B-H and B-P values were created 

as a result of determining the thickness and operating 

frequency of the laminated sheets used in the transformer 

core on the program. By defining the ANSYS Maxwell 

model, the total core losses and copper losses were 

determined according to the field density value obtained after 

the 3D magnetic field analysis, and the change over time was 

graphically obtained in the transient analysis. In the ANSYS 

environment, the electromagnetic field distribution formed in 

the windings and core of power transformers was analyzed 

by 3D modeling. Thus, the designs of the transformer's core 

and windings were realized and the performance of the 

transformer could be monitored before the design with 3D 

modeling. In this study, evaluations have been made on the 

basis of experimentally obtained measurements and 

simulation results. In this way, some inferences about the 

core, winding and power values to be used in a new 

transformer to be designed can be made. 

4. Conclusion 

In this study, simulation models of transformers based on 

FEM are presented. Theoretical calculations, experimental 

measurements and analysis processes were carried out with 

ANSYS Maxwell program for single phase transformer. 

With the given and obtained circuit elements of the single-

phase transformer, the sample transformer was designed in 

ANSYS Maxwell program, but due to the physical conditions 

of the cores and windings used in the real transformer, it was 

observed that the values obtained as a result of simulation in 

the ANSYS Maxwell program were slightly different from 

the measurements made in the laboratory-workshop 

environment. The core loss was found as 3.9307 W in the 

open circuit test performed with the 3D model, and the 

copper loss was found as 7.7289 W in the short circuit test. 

However, in the measurements made in the laboratory-

workshop environment, the core loss was measured as 4 W 

and the copper loss as 9 W. Therefore, the results obtained 

confirm the designed product. 
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