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What makes this course unique?

This programme provides a structured and practice-oriented introduction to the
application of the Finite Element Method (FEM) in transformer analysis and design.
While many engineering courses focus primarily on theoretical electromagnetic
modelling, this course combines engineering intuition, numerical modelling
principles, and practical simulation workflows relevant to real transformer
engineering tasks.

Target Audience

This programme is intended for professionals and organisations involved in the
design, analysis, operation, or technical evaluation of power transformers, including:

@ Transformer manufacturers involved in design, development, testing,
and optimisation of transformer products

@ Electric utilities and transmission or distribution system operators responsible for
transformer specification, operation, and asset management

@ Engineering and energy consulting companies involved in technical studies,
equipment sizing, and specification development

@ Industrial companies operating their own electrical substations, such as large
manufacturing plants, steel mills, chemical industries, and large commercial
facilities

@ Young engineers, graduate engineers, and technical specialists seeking to develop
competence in transformer simulations and numerical modelling

@ Universities, research institutes, and technical training centres involved in power
engineering education and research

The programme is suitable both for professionals seeking a conceptual
understanding of transformer simulations and for engineers who wish to apply FEM
tools in practical transformer analysis and design tasks.

Course Programme Type
Professional Certificate / Continuing Education Programme

Course Programme Duration
12 e-lessons (asynchronous), equivalent to 12 hours of guided learning
and 10 hours of independent study.

Programme Purpose

Through a progressive three-level structure (Basic, Intermediate, and Master),
participants develop the knowledge required to interpret, apply, and critically
evaluate simulation results used in transformer engineering. The programme
begins with a conceptual introduction to numerical simulations and their role

in the transformer design process, then gradually introduces electromagnetic
fundamentals, FEM modelling workflows, and practical two-dimensional simulation
techniques.



At the advanced level, participants explore the theoretical foundations of
electromagnetic modelling, the mathematical formulation of the finite element
method, and complex three-dimensional simulation approaches used to analyse
losses, insulation behaviour, and multiphysics interactions in transformers. The
programme also addresses advanced applications such as stray loss modelling,
electrostatic field analysis, and simulation-based design optimisation.

By the end of the programme, participants will understand how simulation tools
are used to support reliable, efficient, and cost-effective transformer design,
while recognising the assumptions, limitations, and validation steps necessary for
trustworthy numerical models.

Programme Competency Outcomes
Upon completion, participants will be able to:

@ Explain the role of numerical simulations and finite element modelling in
transformer design and engineering analysis.

@ Understand the electromagnetic principles governing transformer operation
and how they are represented in numerical models.

@ Develop and evaluate 2D FEM models for transformer electromagnetic
and electrostatic analysis.

@ Interpret simulation outputs such as field distributions,
losses, temperatures, stresses, and capacitances.

@ Apply 3D FEM modelling techniques for complex transformer
geometries and advanced engineering investigations.

@ Analyse additional phenomena including AC losses,
stray losses, dielectric stresses, and multiphysics interactions.

@ Use simulation results to support design optimisation,
sensitivity analysis, and engineering decision-making.

@ Recognise modelling assumptions, limitations, and validation requirements
necessary for reliable simulation results.

@ |[EEE C57 series (Transformer design and performance standards)

w |[EC/IEEE guidelines related to transformer losses,
insulation coordination, and testing

@ Numerical modelling practices commonly used in electrical
equipment design and research.



Standards Alignment
Course program content aligns conceptually with engineering
practices used in transformer design and analysis, including:

@ |[EC 60076 series (Power Transformers)
@ |[EEE C57 series (Transformer design and performance standards)

w |[EC/IEEE guidelines related to transformer losses,
insulation coordination, and testing

@ Numerical modelling practices commonly used
in electrical equipment design and research.

Overview

1. Basic Level
A non-mathematical introduction to transformer simulations: why they are used,
what questions they answer (losses, hotspots, insulation stress, forces), and how
EM/thermal/mechanical/multiphysics results support design decisions.

2. Intermediate Level
For practicing engineers: practical FEM workflow and 2D modelling. Covers

geometry/meshing, solver choice, boundary conditions, convergence/verification,
and typical 2D EM + 2D electrostatic transformer studies with parameter/result
extraction.

3. Master Level
For experts: rigorous EM + FEM theory and advanced applications. Includes 3D
modelling, AC and stray loss simulation, advanced dielectric/insulation studies, and
FEM-based optimization and sensitivity analysis for high-confidence decisions.




e-lesson #1

The Role of Simulations
in Transformer Design

Key focus
Introduces the concept of numerical simulations and explains how modelling tools
support transformer analysis, design validation, and engineering decision-making.

Lesson description

This lesson introduces the role of numerical simulations in modern transformer
engineering. Participants learn how simulations act as controlled virtual
experiments that allow engineers to analyse complex physical phenomena before
physical prototypes are built. We will discuss how simulation tools help visualize
electromagnetic fields, loss distributions, temperature rise, mechanical stresses, and
insulation behaviour inside transformers. The session presents the main simulation
domains used in transformer engineering, including electromagnetic, thermal,
mechanical, and electrostatic modelling, as well as the concept of multiphysics
coupling. Participants also gain insight into how simulations reduce development
costs, shorten design cycles, and support engineering decision-making by
identifying potential issues early in the design process.

Learning outputs

@ Understand the role of simulations in modern transformer engineering
@ |dentify key simulation domains used in transformer design

@ Explain how simulations reduce development risk and design iterations
@ Recognize basic elements of simulation workflows and outputs.



e-lesson #2

Introduction to Numerical
Methods for Transformers

Key focus
Provides a practical overview of electromagnetic principles relevant to transformer
analysis and simulation.

Lesson description

This lesson introduces the fundamental concepts behind numerical methods used
in transformer simulations. Participants learn how numerical modelling differs

from analytical solutions and why computational methods are required to analyse
complex transformer geometries and physical phenomena. The lecture explains the
core ideas behind discretization, numerical approximation, and the finite element
method (FEM) without requiring advanced mathematics. We will discuss the types
of engineering problems that numerical models can solve, including magnetic field
calculations, thermal behaviour, and structural stresses.

Learning outputs

@ Understand key electromagnetic principles governing transformers
@ Explain the concepts of magnetic flux, inductance, and flux linkage
® Identify sources of copper and core losses

® Relate electromagnetic theory to transformer modelling.



e-lesson #3
Electromagnetic Fundamentals

Key focus
Provides a practical overview of electromagnetic principles relevant to transformer
analysis and simulation.

Lesson description

This lesson introduces the fundamental electromagnetic principles governing
transformer operation. We will explain the physical meaning of magnetic flux,
inductance, flux linkage, and mutual coupling between windings. These concepts
form the foundation for understanding electromagnetic simulations and
transformer modelling. Participants learn how Faraday’s law and Ampeére's law
describe electromagnetic behaviour inside transformers and how these laws are
used to predict flux distribution and electrical performmance. The origins of copper
losses, core losses, and leakage fields are explained using practical engineering
examples and visualizations. The lecture focuses on building intuitive understanding
rather than mathematical derivations, helping participants connect physical
phenomena with simulation results.

Learning outputs

@ Understand key electromagnetic principles governing transformers
@ Explain the concepts of magnetic flux, inductance, and flux linkage
® Identify sources of copper and core losses

@ Relate electromagnetic theory to transformer modelling.



e-lesson #4
FEM Basics and Modelling Workflow

Key focus
Explains the practical process of building and verifying FEM models for transformer
simulations.

Lesson description

This lesson explains the practical workflow of finite element modelling for
transformer simulations. Participants learn the essential steps required to construct
a simulation model, including geometry preparation, material assignment,

mesh generation, and solver configuration. We will discuss how engineers select
appropriate solver types such as static, harmonic, or transient analysis depending on
the physical problem. Special attention is given to the role of boundary conditions,
convergence checks, and model verification. Participants gain insight into how FEM
models translate physical transformer structures into computational representations
capable of predicting electromagnetic and thermal behaviour.

Learning outputs

@ Understand the main steps in FEM modelling workflows

a Define geometry, materials, and boundary conditions for simulations
@ Recognize solver types used in transformer analysis

@ Apply basic model verification and convergence checks.



e-lesson #5
2D Transformer FEM Modelling

Key focus

Introduces practical techniques for building 2D electromagnetic models of
transformer cores and windings.

Lesson description

This lesson focuses on the application of two-dimensional FEM modelling for
transformer electromagnetic analysis. Participants learn how simplified 2D models
can represent transformer cores and windings efficiently while capturing key
electromagnetic phenomena. The lecture explains modelling assumptions used
in 2D simulations, including symmetry conditions, winding representation, and
material properties such as nonlinear BH curves. Participants also learn how to
simulate open-circuit and short-circuit operating conditions. Case study examples
will be carried out in the FEMM software. Examples demonstrate how simulation
results can be used to evaluate flux distribution, leakage fields, and equivalent
circuit parameters.

Learning outputs

@ Understand assumptions behind 2D FEM modelling

@ Build simplified transformer electromagnetic models

@ Simulate open-circuit and short-circuit conditions

@ Extract equivalent circuit parameters from simulation results.
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e-lesson #6
2D Electrostatic FEM for Transformers

Key focus
Examines electrostatic simulations used to analyse
insulation stresses and dielectric performance.

Lesson description

This lesson explores electrostatic simulations used to analyse electric field
distribution inside transformer insulation systems. Participants learn how FEM
models can evaluate dielectric stresses, shielding arrangements, and capacitance
behaviour in transformer structures. We will explain how high electric fields can
concentrate around sharp edges and floating conductors, potentially leading

to insulation failure. Techniques for mesh refinement and field visualization are
demonstrated to ensure accurate modelling results. The session highlights how
electrostatic simulations support insulation design, risk assessment, and safety
margins in high-voltage transformers. Case study examples will be carried out

in the FEMM software.

Learning outputs

@ Understand electric field behaviour in transformer insulation systems
@ Model electrostatic phenomena using FEM tools

@ Evaluate dielectric stresses and shielding effectiveness

@ Interpret capacitance and field distribution results.
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e-lesson #7
Electromagnetic Theory

Key focus
Presents the theoretical electromagnetic concepts
underlying advanced transformer modelling.

Lesson description

This lesson introduces the theoretical electromagnetic framework required for
advanced transformer simulations. Participants explore Maxwell's equations and
their relevance to electromagnetic modelling. The lecture explains how magnetic
energy, co-energy, and inductance are represented in numerical models. The
behaviour of nonlinear magnetic materials and saturation effects are also discussed.
Participants gain insight into how theoretical electromagnetic principles are
translated into computational formulations used by simulation software.

Learning outputs

@ Understand Maxwell's equations in the context of transformer modelling
@ Explain magnetic energy and co-energy concepts

@ Interpret nonlinear magnetic behaviour and saturation

@ Relate theoretical principles to FEM simulations.
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e-lesson #8
Finite Element Method Formulation

Key focus
Explains the mathematical principles behind FEM
and how physical equations are solved numericall.

Lesson description

This lesson provides a rigorous introduction to the mathematical formulation of

the finite element method. Participants learn how differential equations describing
physical phenomena are transformed into algebraic equations suitable for numerical
computation. We will explain weak formulations, discretization of the computational
domain, and the assembly of system matrices used in FEM solvers. Numerical
stability, convergence, and solution strategies are also discussed. A worked example
demonstrates how FEM models are constructed and solved step by step.

Learning outputs

@ Understand the mathematical foundations of FEM

@ Explain weak formulation and discretization concepts

@ Recognize system matrix assembly and solution strategies
@ Apply FEM concepts to engineering simulations.
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e-lesson #9
Advanced 3D FEM Modelling for Transformers

Key focus
Explores complex three-dimensional modelling
techniques used for advanced transformer analysis.

Lesson description

This lesson examines advanced three-dimensional FEM models used to analyse
complex transformer geometries and phenomena that cannot be represented
accurately using simplified models. Participants learn when 3D modelling becomes
necessary, such as for detailed stray field analysis, complex winding structures, and
asymmetric geometries. Strategies for geometry simplification, meshing, and solver
optimization are presented. The lecture demonstrates how engineers balance model
accuracy and computational efficiency when working with large simulation models.

Learning outcomes

@ Understand when 3D modelling is required in transformer analysis
@ Apply geometry simplification and meshing strategies

@ Interpret results from complex electromagnetic models

@ Optimize computational efficiency in large simulations.
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e-lesson #10
AC and Stray Loss Modelling with FEM

Key focus
Explains simulation techniques used to analyse additional
transformer losses caused by electromagnetic effects.

Lesson description

This lesson focuses on modelling additional transformer losses that occur due

to electromagnetic phenomena such as skin effect, proximity effect, and stray
magnetic fields. Participants learn how FEM simulations can predict AC losses in
windings and stray losses in structural components such as tank walls, clamps, and
shields. Methods for loss decomposition and model verification are also discussed.
The session highlights how accurate loss modelling supports improved efficiency
and thermal performance in transformer design.

Learning outputs

@ Understand mechanisms behind AC winding losses

@ Analyse stray losses in transformer structures

a Apply FEM techniques to quantify loss components

@ Use simulation results to support efficiency improvements.

15



e-lesson #11

Advanced Electrostatic
and Dielectric Simulations

Key focus
Explores advanced modelling techniques used for high-voltage insulation analysis.

Lesson description

This lesson examines advanced electrostatic simulations used to evaluate insulation
systems in high-voltage transformers. Participants learn how complex conductor
arrangements and shielding structures influence electric field distribution. The
lecture demonstrates how floating potentials, mesh refinement, and field stress
analysis are applied in three-dimensional models. Participants also learn how
electrostatic simulations help prevent dielectric breakdown and insulation failure.
The session emphasizes the importance of accurate field modelling for reliable
transformer insulation design.

Learning outputs

@ Analyse electric field stress in complex transformer geometries
@ Model floating conductors and shielding structures

@ Evaluate insulation safety margins using simulation results

@ Apply electrostatic modelling to improve insulation reliability.
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e-lesson #12

AC and Stray Loss
Modelling with FEM

Key focus
Examines how simulations support design optimisation
and engineering decision-making.

Lesson description

This final lesson explores advanced applications of FEM for transformer design
optimisation and sensitivity analysis. Participants learn how simulation models

can evaluate design alternatives and identify optimal configurations. The lecture
introduces parametric studies, tolerance analysis, and trade-off evaluation between
competing design objectives such as efficiency, size, cost, and reliability.
Participants also learn how simulation results can guide engineering decisions
during transformer development. The course concludes by demonstrating how
simulation-driven engineering enables more reliable, efficient, and innovative
transformer designs.

Learning outputs

@ Conduct parametric studies using simulation models
@ Evaluate sensitivity of design parameters

@ Perform optimisation studies for transformer design
@ Use simulation data to support engineering decisions.
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