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General information 
Summary 
The discipline studies special issues in the theory of permanent magnet electrical machines. 
 
Course objectives and goals 
The goal of studying the discipline is to acquire theoretical knowledge, skills, abilities, and other 
competencies sufficient to understand the processes and solve complex problems in the design of 
permanent magnet electric machines. 
Learning outcomes: to determine a plan of measures to increase the reliability, safety of operation and 
extend the service life of electrical power, electrical engineering and electromechanical equipment and 
related complexes and systems; to choose a direction of scientific research and participate in it, taking 
into account modern problems in the field of electrical power, electrical engineering and 
electromechanics; to be able to analyze, calculate, evaluate the design and characteristics of permanent 
magnet electrical machines. 
 
Format of classes 
Lectures and practical works, independent work, consultations. 
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Competencies 
Ability to solve specialized problems and make decisions practical problems during professional activity 
in the field electrical engineering, electrical engineering and electromechanics, which involves the 
application of theories and methods of physics and engineering sciences and are characterized 
complexity and uncertainty of conditions. 
Ability to abstract thinking, analysis and synthesis. 
Ability to apply knowledge in practical situations. 
Ability to communicate in the state language both orally and yes and in writing. 
Ability to search, process and analyze information from various sources. 
Ability to identify, pose and solve problems. 
Ability to work autonomously and in a team. 
The ability to realize one's rights and responsibilities as a member of society, to be aware of the values of 
a civil (free democratic) society and the need its sustainable development, rule of law, rights and 
freedoms person and citizen in Ukraine. 
The ability to solve practical problems using automated design and calculation systems (CAD). 
The ability to solve complex specialized tasks and practical problems related to the operation of electric 
machines, devices and automated electric drives. 
Awareness of the need to improve efficiency electric power, electrotechnical and electromechanical 
equipment. 
Awareness of the need to constantly expand own knowledge about new technologies in electricity, 
electrical engineering and electromechanics. 
 
Learning outcomes 
The student must know the purpose, types, classification, areas of use permanent magnet electrical 
machines (PMEM). Have fundamental theoretical and practical knowledge and skills in the field of 
electrical engineering, be able to conduct experimental research of PMEM, develop a program of their 
research and analyze experimental data, present them in graphical, tabular and other forms, draw 
conclusions about the parameters and characteristics of PMEM. Have to to determine a plan of measures 
to increase the reliability, safety of operation and extend the service life of electrical power, electrical 
engineering and electromechanical equipment and related complexes and systems; to choose a direction 
of scientific research and participate in it, taking into account modern problems in the field of electrical 
power, electrical engineering and electromechanics; to be able to analyze, calculate, evaluate the design 
and characteristics of PMEM. 
Apply application software to solve practical problems in professional activities. To carry out the analysis 
of processes in electric power, electrotechnical and electromechanical equipment, relevant complexes 
and systems. 
Find the necessary information in scientific and technical literature, databases and other sources of 
information, evaluate its relevance and reliability.  
Communicate freely about professional problems in national and Ukrainian languages orally and in 
writing, discuss the results of professional activity with specialists and non-specialists, argue one's 
position from discussion points questions. Understand the basic principles and tasks of technical and 
environmental safety of electrical engineering and electromechanics objects, take them into account 
when making decisions. 
To understand the importance of traditional and renewable energy for the successful economic 
development of the country. 
Understand the principles of European democracy and respect for the rights of citizens, take them into 
account when making decisions. 
 
Student workload 
The total scope of the discipline is 120 hours. (4 ECTS credits): lectures – 32 hours, practical work – 16 
hours; independent work - 72 hours. 
 
Course prerequisites 
The discipline is based on school's educational program.Introduction to the specialty, mathematics, 
Physics, Informatics, computer engineering and programming, Theoretical mechanics,  Electrotechnical 
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materials, Fundamentals of metrology and electrical measurements, Fundamentals of electronics, 
Computer Graphics. 
 
Features of the course, teaching and learning methods, and technologies 
Different teaching methods are used in lectures and practical classes in accordance with the content of 
the work program and to enhance the educational and cognitive activities of students in the discipline 
(active forms of classes, methods of interaction between teacher and students): lecture, lecture-dialogue, 
lecture survey and practical classes, engineering seminar, interview, consultation. 
 

Program of the course 

Topics of the lectures 
Topic 1. Basic properties of permanent magnets 
Advantages and disadvantages of permanent magnet electrical machines. Nature of ferromagnetism. 
Hysteresis loop. Partial magnetization loops. Features of operation of an open-circuit permanent magnet. 
Demagnetization factor. Influence of coercive force on demagnetization of permanent magnets. Influence 
of armature reaction of electric machine on the state of the permanent magnet. Energy stored by 
permanent magnets. 
. 
Topic 2. . Manufacturing of permanent magnets and features of their operation 
Form factor of the demagnetization curve. Properties of magnetically hard materials used for 
manufacturing permanent magnets. Joint operation of a permanent magnet with an external magnetic 
circuit. Operation of a permanent magnet in an independent state. Methods of magnetizing permanent 
magnets. Stabilization of permanent magnets. Protection of permanent magnets from non-stationary 
demagnetizing effects. 
 
Topic 3. Designs of permanent magnet electrical machines 
Synchronous machines with permanent magnets. Designs of stators of permanent magnet electrical 
machines. Designs of rotors of permanent magnet electrical machines. Angular characteristic of a 
synchronous generator with permanent magnets. Methods of voltage regulation and stabilization of 
output voltage of a synchronous generator with permanent magnets. Structure and operating principle of 
synchronous motors with permanent magnets. Electromagnetic power. Starting of a synchronous motor 
with permanent magnets. Direct current machines with permanent magnets, features of construction and 
operation of valve motors with permanent magnets. 
 
Topic 4. Specifics of calculation and operation of permanent magnet electrical machines 
Specifics of operation of a synchronous generator with permanent magnets. No-load operation of a 
synchronous generator with permanent magnets. Influence of air gap size on the main magnetic flux 
magnitude during no-load operation of a synchronous generator. Consideration of magnetic system 
saturation in determining the main magnetic flux. Working diagram of a permanent magnet in relative 
units. Operation of a synchronous generator with permanent magnets under load. Working diagram of a 
permanent magnet under load of a synchronous generator. 
 
Topics of the workshops 
Topic 1. The influence of various factors on the operation of permanent magnets. Basic properties of 
permanent magnets. Calculation of demagnetizingfactor . 
Topic 2. Hard magnetic materials. Calculation of the shape coefficients of demagnetization curves. 
Topic 3. Magnetization of permanent magnets. Calculation of energy stored by permanent magnets. 
Topic 4. Methods of structural stabilization and stabilization by the demagnetizing effect of permanent 
magnets. 
Topic 5. Synchronous generators with permanent magnets. Features of operation of synchronous motors 
with permanent magnets. 
Topic 6. Idle and load mode of a permanent magnet synchronous generator. 
Topic 7. Calculation of the magnetic circuit and operating diagram of permanent magnets of a 
synchronous generator. 
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Topic 8. Calculation of the magnetic field of a synchronous generator with permanent magnets using the 
FEMM program. 
 
Topics of the workshops 
 
Topics of the laboratory classes 
 
Self-study 
Individual tasks. «Calculation of characteristics of a permanent magnet in electric machines». 
Calculation task according to methodical instructions [15]. 
 

Course materials and recommended reading 

1. Shen J.-X., Gieras J. F. Modern permanent magnet electric machines: Theory and Control. Taylor & 
Francis Group, 2022. 
2. Boldea I., Tutelea L. Reluctance Electric Machines. Boca Raton : Taylor & Francis, a CRC title, part of the 
Taylor & Francis imprint, a member of the Taylor & Francis Group, the academic division of T&F Informa, 
plc, 2018. : CRC Press, 2018. URL: https://doi.org/10.1201/9780429458316 (date of access: 18.02.2025). 
3. Sahdev S. K. Electrical Machines. - Cambridge University Press, 2018. – 980 p. [Electronic resource]. 
https://referenceglobe.com/CollegeLibrary/library_books/20200125041045198204Electrical%20Mach
ines%20by%20Mr.%20S.%20K.%20Sahdev.pdf. 
4. Jacek F. Gieras. Electrical Machines. Fundamentals of Electromechanical Energy Conversion. – 
Published 2020 by CRC Press. – 450 р. [Electronic resource]. URL: 
https://www.routledge.com/Electrical-Machines-Fundamentals-of-Electromechanical-Energy-
Conversion/Gieras/p/book/9780367736941. 
5. Krishnan R. Permanent Magnet Synchronous and Brushless DC Motor Drives. Taylor & Francis Group, 
2017. 611 p. 
6. Kothari D. P., Nagrath I. J. Electric Machines, 4/e. - Published by the Tata McGraw Hill Education Private 
Limited, 2010. – 777 p. [Electronic resource]. URL: https://electrovolt.ir/wp-
content/uploads/2019/04/Electric-Machines-Kothari-Nagrath-4th-ElectroVolt.ir_.pdf  
7. Coey J. Permanent Magnetism. CRC Press LLC, 2019. 416 p. 
8. Adneli Consultant, S.L. Electrical Machines – Basic Theory. – License: CC-BY-SA 4.0 International - 
Creative Commons, Attribution Share-alike, 2021. – 124 p. [Electronic resource]. URL: 
https://www.researchgate.net/publication/358046144_Book_on_Electrical_Machines_Basic_Theory 
9. Kumar S. Ratna. Lecture Notes on Electrical Machines – I. – 2019-2020. II B. Tech II Semester. – 
Electrical and Electronics Engineering. JB Institute of Engineering and Technology. – 142 p. [Electronic 
resource]. URL: https://www.jbiet.edu.in/pdffls/EEE-Coursematerial/electrical-machines-1-notes.pdf 
10. Electrical Machines and their Applications Fourth Edition. – Pergamon Press, 2016. – 693 p. 
https://handoutset.com/wp-content/uploads/2022/02/Electrical-Machines-and-their-Applications-by-
John-Hindmarsh.pdf 
11. Sain C., Banerjee A., Biswas P. K. Control Strategies of Permanent Magnet Synchronous Motor Drive for 
Electric Vehicle. Taylor & Francis Group, 2021. 248 p. 
12. Methodological guidelines for the execution of the calculation and graphic task «Calculation of 
characteristics of a permanent magnet in electric machines» and independent work on the academic 
discipline «Permanent magnet electric machines» for students studying majoring in 141 «Electric power 
engineering, electrical engineering and electromechanics» / compiled by A.M. Masliennikov. – Kharkiv: 
NTU «KhPI», 2025. – 28 p. [Electronic resource]. 
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Assessment and grading  

Criteria for assessment of student 
performance, and the final score structure 
Current control is implemented in the form of 
surveys at lectures and consultations, during the 
input control and control of the individual task (WG), 
during the control (modular) work. The control of 
studying the sections of the work program, the 
sections that are mastered during the independent 
work of the student, is carried out by checking the 
abstracts and writing a test. Semester control - 
examination (according to examination tickets), in 
accordance with the curriculum, taking into account 
the results of current performance, in the amount of 
educational material defined by the curriculum, 
within the time limits set by the curriculum. 
The resulting assessment consists of grades for work 
in the semester:  
in lectures (15 points), in practical work (10 points), 
in laboratory work (10 points); during the interview 
on the topics of the student's independent work - 5; 
for the performance of an individual task - 30; on the 
exam - 40 points.  
A student can score a total of 100 points. 
 
 

Grading scale 
Total 
points 

National ECTS 

90–100 Excellent A 
82–89 Good B 
75–81 Good C 
64–74 Satisfactory D 
60–63 Satisfactory E 
35–59 Unsatisfactory 

(requires additional 
learning) 

FX 

1–34 Unsatisfactory (requires 
repetition of the course) 

F 
 

 

Norms of academic integrity and course policy  

The student must adhere to the Code of Ethics of Academic Relations and Integrity of NTU "KhPI": to 
demonstrate discipline, good manners, kindness, honesty, and responsibility. Conflict situations should be 
openly discussed in academic groups with a lecturer, and if it is impossible to resolve the conflict, they 
should be brought to the attention of the Institute's management. 
Regulatory and legal documents related to the implementation of the principles of academic integrity at 
NTU "KhPI" are available on the website:http://blogs.kpi.kharkov.ua/v2/nv/akademichna-
dobrochesnist/ 
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