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_____________________________________________________________________________________________ 

Abstract: This work mainly analyses the behavior of a multiphase transformer using FEM in terms of 

electromagnetism, under a diverse set of load and fault conditions. FEM is used to model both the unusual geometry 

and non-linear material properties found in transformer windings and cores. By assessing thermal effects, main loss 

and flux distribution in detail, the model supports fixing problems and enhancing performance. Experimental results 

verify that the simulation model predicts the essential aspects of a transformer in actual conditions. Research from 

this work improves the design of multiphase transformers used in both advanced power systems and industrial 

applications. 
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_____________________________________________________________________________________ 

I. Introduction 
 Multiphase transformers are needed by current electrical power systems for better performance, greater 

density of power and stronger fault tolerance, compared to the standard ones. These alloys are applied in renewable 

energy systems, electric vehicles and aerospace technology, where both efficiency and reliability are needed. Still, 

because of the challenging geometry and interactions in multiphase transformers, it is difficult to analyse and design 

these devices accurately. 

 Engineers now turn to Finite Element Modelling (FEM) to help get beyond these issues. The model made 

with FEM splits the transformer into smaller parts, allowing Maxwell's equations to be solved numerically and 

checking the distribution of magnetic flux, core losses, eddy currents and heating under different working conditions. 

In this study, we design and verify FEM techniques for multiphase transformer analysis. The purpose is to grow high-

performance transformer technology, to back the detection of faults and the design process and to gain a clearer picture 

of their inner functions. 

 
 

Fig 1: Block Diagram representation of the Multiphase system 

 

II. Research Method 
 To carry out sample size simulation, an extensive Finite Element Model (FEM) is built using electromagnetic 

software. All the components of a transformer, including its insulation, windings and core, are expertly built. By 

adding temperature-sensitive conductivity and nonlinear hysteresis curves, the simulation reproduces aspects seen in 

practical devices. According to the approach needed for the study, the model solves for Maxwell’s equations using 
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either frequency or time domain equations. Boundary conditions and the sources of excitation are found by simulating 

typical ways that the structure is used. 

 
 

Fig 2: Modelling process of Multiphase Transformer 

 

Because it is easier to analyze steady-state behavior, sinusoidal quantities in FEM are expressed in terms of 

phasors in the complex plane. By being able to predict the magnetic field as well as the power losses in the core on 

selective time-steps only, this method significantly reduces the number of calculations required. Phasor-based FEM 

is convenient for flux linkage, inductance, and leakage analysis for the phase; it can be beneficial in order to 

comprehend the characteristic of a number of phases, and thus imposed to improve the transformer performance. To 

verify the results, you compare the results to an experimental value that you know. 

 
 

Fig 3: Phasor representation of the MT connection 

 

III. Simulation Results 
 Finite Element Modelling (FEM) simulation of multiphase transformers has to be solved on the basis of the 

electromagnetic field equations defined over the geometry of the transformer with boundary and excitation conditions. 

This has been a full software simulation where detailed core and winding geometries, material parameters and 

meshing are implemented in the software such as ANSYS Maxwell or COMSOL Multiphysics with constraints on 

accuracy that can be foreseen based on simulating sensitivity analysis, parameter sweeping and experiences. The 
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frequency domain and transient models are combined to investigate the magnetic flux distribution, the core losses 

and the leakage inductance. Time-domain simulations demonstrate dynamic behaviors under different loads and faults, 

whereas phasor-based analysis concentrates on the steady-state operation. The results aid in identifying hot-spots, 

determining transformer efficiency and improving designs for better performance and reliability. 

 

 

                          
 

Fig 4: Transformer connection of ANSYS Maxweel Circuit Editor 
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Fig 5: 3-phase input from ANSYS Maxweel 

 

       
 

Fig 6: Balanced O/P of 5 phase transformer from ANSYS Maxweel 

 

IV. Conclusion 
Finite element modelling (FEM) is a key analysis tool, providing accurate multiphase transformer analysis 

and design. Taking account of temperature sensitivities, material nonlinearities, and coupling of electromagnetic 

interactions, the FEM provides a detailed insight into the transformer performances at different operating conditions. 

Phasor and transient simulations support fault diagnosis and design optimization by gaining insight into steady-state 

and transient performance. This research reveals that FEM facilitates enhanced performances as compared to those of 

the classical analytical techniques, it has a potential for the designing the multiphase transformers with improvements 

in reliability, efficiency, and compaction in the power systems of the day and age, and the contents can be exploited 

in the application of the emergent electric power field. 
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