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Prerequisites

Knowledge - the student starting this subject should have in-depth knowledge of computer science,
physics, thermodynamics, principles of operation and methods of simulation of electromechanical
transducers in particular electrical machines. The student should have knowledge of: differential and
integral calculus at the general level, finite element methods and methods of analysis of systems with
electric, magnetic, thermal and mechanical fields. Skills - the student starting this subject should have the
ability to effectively self-educatein the field related to the chosen field of study; ability to make the right
decisions when solving tasks and formulating problems in the field of creating models of electromagnetic
transducers from the area of electromobility based on real data using professional FEM packages.
Competences - the student is aware of expanding their competences demonstrates readiness to solve
research and practical problems and, if necessary, with expert advice.



Course objective

Acquire knowledge on numerical modeling in 2D and 3D of coupled electric, magnetic, mechanical and
thermal fields in the time domain and frequency domain using the finite element method and specialized
FEM software. Planning and conducting experimental research on the measurement of electrical and non-
electrical quantities of electromagnetic and electromechanical transducers in electric and hybrid vehicle
systems.

Course-related learning outcomes

Knowledge:

1. The student has in-depth knowledge of magnetic and electro-insulating materials, as well as of
phenomena coupled in systems with electric, magnetic, thermal and mechanical fields.

2. The student has knowledge of development trends, new developments in the field of electromobility
and the dilemmas of contemporary civilisation, in particular with regard to the environmental impact of
changes in vehicle fuelling.

3. The student has extended and deepened knowledge in the field of modelling, analysis and synthesis
of elements and systems characteristic for hybrid and electric vehicles including traction vehicles.

Skills:

1. The student can use the knowledge of new technical and technological achievements in special
devices and devices in the field of electromobility.

2. The student can plan and carry out computer experiments and measurements of electrical and non-
electrical quantities in systems of electric and hybrid devices and their charging infrastructure.

Social competences:
1. The student is aware of the importance of the latest scientific and technical achievements in solving
research and practical problems and, if necessary, supporting themselves with expert opinions.

Methods for verifying learning outcomes and assessment criteria
Learning outcomes presented above are verified as follows:

Laboratory exercises:

- rewarding the knowledge necessary to implement the problems in a given area of laboratory tasks,
- rewarding the increase in the ability to use the learned rules and methods when solving current
problem tasks,

- assessment of knowledge and skills related to the implementation of the exercise task developed in
the form of a report/report.

Obtaining additional points for activity during classes, in particular for:

- proposing to discuss additional aspects of the issue,

- the ability to cooperate within a team practically implementing a detailed task in the laboratory.

Programme content

Numerical modeling of attached electric, magnetic, mechanical and thermal fields in time and frequency
domain using finite methods and attached packages FEM, Maxwell, Magnet.

Course topics

Field-circuit models of electromagnetic transducers in 2D and 3D. Planning and conducting experimental
research, including measurements of electrical and non-electrical quantities in drive systems, electric and
hybrid devices.

Systems and diagrams for determining electromagnetic forces and moments as well as magnetic field
distributions; systems and equipped with a heating chamber up to 250 degC and resistance sensors and
thermocouples, pyrometers and a infrared thermal imaging camera for measuring the temperature of
electromechanical transducers. LabVIEW card and measurement environment. Create models based on
real data with FEM packages included. Analysis and interpretation of obtained field distributions
connected with electromagnetic transducers..

Teaching methods
Laboratories:



- multimedia presentation of instructions for performing exercises
- detailed review of reports by the instructor, discussion,

- demonstrations,

- work in teams.
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Breakdown of average student's workload

Hours ECTS
Total workload 55 2,00
Classes requiring direct contact with the teacher 30 1,00
Student's own work (literature studies, preparation for laboratory classes/ | 25 1,00
tutorials, preparation for tests/exam, project preparation)




