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General information

Summary

The discipline studies the principles of operation, design, characteristics, and applications of special
electrical machines and transformers. Special-purpose electrical machines and transformers constitute a
significant proportion of electromechanical and electrical converters currently in use.

Course objectives and goals

The purpose of studying the discipline is to form a knowledge base on special DC and AC electric
machines and transformers, their structure, principle of operation, and areas of application.

Format of classes

Lectures, laboratory classes, self-study, consultations. Final control in the form of an exam.

Competencies

The ability for abstract thinking, analysis and synthesis.

Ability to search, process and analyze information from various sources.

Ability to use information and communication technologies.

Ability to apply knowledge in practical situations, work independently and in a team.
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Awareness of the need to constantly expand one's knowledge of new technologies in electrical power
engineering, electrical engineering, and electromechanics.

The ability to apply the acquired theoretical knowledge, scientific and technical methods and appropriate
software to solve scientific and technical problems and conduct scientific research in the field of electric
power, electrical engineering and electromechanics.

The ability to apply analytical methods of analysis, mathematical modeling, and perform physical,
mathematical, and computational experiments to solve engineering problems and conduct scientific
research.

Knowledge and understanding of electromagnetic processes, mechanisms and consequences of EM
operation in asymmetric modes.

Knowledge and understanding of the structure, principle of operation and reasons for the use of special-
design EMs.

Learning outcomes

Find options for increasing the energy efficiency and reliability of electrical, electrical and
electromechanical equipment and related complexes and systems.

Reproduce processes in electrical power, electrical engineering and electromechanical systems during
their computer modeling.

Master new versions or new software designed for computer modeling of objects and processes in
electrical power, electrical engineering, and electromechanical systems.

Determine a plan of measures to increase the reliability, operational safety and extend the service life of
electrical power, electrical and electromechanical equipment and related complexes and systems.
Analyze processes in electrical power, electrical engineering and electromechanical equipment and
related complexes and systems.

To master the methods of mathematical and physical modeling of objects and processes in electrical
power, electrical engineering and electromechanical systems.

Adhere to the principles and rules of academic integrity in educational and scientific activities.
Communicate freely orally and in writing in the state and foreign languages on modern scientific and
technical problems of electric power, electrical engineering and electromechanics.

Plan and implement scientific research and innovative projects in the field of electrical power
engineering, electrical engineering, and electromechanics.

Solve professional tasks in the design, installation and operation of electrical, electrical engineering,
electromechanical complexes and systems.

Use laws and engineering principles, high-level mathematical apparatus for the design, modeling,
construction, production, installation, operation, maintenance and disposal of objects in the field of
electrical machines, electrical appliances, electrical household appliances and electric transport.
Collect and interpret the necessary data, determine the current state and trends in the development of
indicators and characteristics of electrical equipment in the field of electric machines, electrical
appliances, electrical household appliances and electric transport, in particular with the use of modern
information technologies.

Know the principles of construction and operation of special-design EMs, be able to select and apply them
according to the field of application.

Student workload

The total duration of the course is 120 hours (4 ECTS credits): lectures - 32 hours, laboratory classes - 16
hours, self-study — 72 hours.

Course prerequisites

The discipline is based on the bachelor's degree program.

Features of the course, teaching and learning methods, and technologies

Lectures are conducted interactively using multimedia technologies. Active forms of classes are used:
lecture, lecture-dialogue, lecture-questionnaire, laboratory classes, engineering seminar, interview,

consultation.
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Laboratory work involves familiarization with methods for experimentally determining the
characteristics of electrical machines and transformers of special designs.
When completing an individual task, elements of the research method are applied.

Program of the course

Topics of the lectures

Topic 1. General issues of special electrical machines and transformers.

Definition and scope of application of special electrical machines and transformers. Classification of
special electrical machines and transformers.

Topic 2. Special transformers.

Frequency transformers, types and design. Phase number transformers, types and design.
Topic 3. Instrument transformers: current and voltage

Areas of application, purpose, structure, principle of operation, design features.

Topic 4. Welding and furnace transformers

Areas of application, purpose, structure, principle of operation, design features.

Topic 5. Pulse transformers for rectifier units

Areas of application, purpose, structure, principle of operation, design features.

Topic 6. Peak transformers

Areas of application, purpose, structure, principle of operation, design features.

Topic 7. Sound and ultrasonic frequency transformers

Areas of application, structure, principle of operation, design features.

Topic 8. Rolling rotor engine

History of development and areas of application, principle of operation, design and varieties.
Topic 9. Induction motors

Principle of operation, design and varieties.

Topic 10. Valve-inductor motor

History of development and areas of application, principle of operation, design and varieties.
Topic 11. Synchronous machines with longitudinal-transverse excitation

Areas of application, structure and principle of operation. Asynchronous synchronous turbogenerator.
Synchronous compensator with longitudinal-transverse excitation

Topic 12. Special asynchronous machines

Asynchronous machines with fixed rotor: phase and induction regulators.

Asynchronous generators: structure, principle of operation. Self-excitation of asynchronous generators.
Topic 13. Valve-induction motors

Areas of application, structure, principle of operation, power supply circuits.

Topic 14. Linear and arc induction motors

Areas of application, structure and principle of operation.

Topic 15. Unipolar electric machines

Areas of application, structure and principle of operation.

Topic 16. Electromechanical amplifier and electromechanical dynamometer

Areas of application, structure and principle of operation.

Topics of the laboratory classes

Laboratory work 1. Study of current and voltage transformers
Laboratory work 2. Study of the phase regulator

Laboratory work 3. Investigation of a valve-inductor motor

Laboratory work 4. Study of the operation of a motor with a rolling rotor
Laboratory work 5. Study of an electromechanical amplifier.

Laboratory work 6. Defense of laboratory work

Laboratory work 7. Test No. 1

Laboratory work 8. Test No. 2
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Self-study

The discipline involves completing the calculation task "Calculation of characteristics of special electrical
machines and transformers."

The calculation task contains a report on the task completion according to the selected option. Successful
defense of the calculation task is estimated at 30 points and is included in the examination grade.
Students are recommended additional materials (videos, articles) for independent study.

Literature and educational materials

Course materials and recommended reading

1. Yatsun M. A. Electric machines: textbook / M. A. Yatsun; Ministry of Science and Technology of Ukraine,
National University "Lviv. Polytechnic". - L., 2011.

2. Metelsky V. P. Electric machines and micromachines: a manual for students of higher education / V. P.
Metelsky; Zaporizhzhya National Technical University - 3rd ed., supplemented and revised -
Zaporizhzhya: ZNTU, 2010.

3. Novikov Yu. D., Petrenko M. Ya. Special electric machines. - K.: 1993.

4. Tkachuk V. I. Electromechanotronics: Textbook for students of electromechanical profile of higher
education institutions of Ukraine / V. I. Tkachuk. - L.: Publishing House of the National University "Lviv
Polytechnic", 2001.

5. Theory and synthesis of DC valve motors: monograph / V. I. Tkachuk, I. E. Bilyakovsky, 0. V. Makarchuk,
L. V. Kasha, O. V. Greshchuk. - Lviv:Publishing house of Lviv Polytechnic, 2011.

6. Electric machines and transformers: a manual / M. O. Ostashevsky, O. Yu. Yuryeva; edited by V. I.
Milikh. - Kharkiv: FOP Panov A. M., 2017.

7. Milikh V.I. Research of power transformers: Laboratory practical course on "Electrical machines" for
students of electrical engineering specialties / V. I. Milikh, O. Yu. Yuryeva, A. G. Miroshnychenko, V. D.
Yukhymchuk. - Kh.: NTU "KhPI", 2010.

8. Milikh V. I. Research of synchronous machines: lab. practical / V. I. Milikh, B. O. Yegorov, G. G. Yegorov,
A. G. Miroshnychenko, V. D. Yukhymchuk. - Kharkiv: NTU “KhPI1”, 2010.

9. Research of DC machines: lab. practical / V. D. Yukhymchuk, M. O. Ostashevsky, T. P. Pavlenko; ed. V. L.
Milikh. - Kharkiv: NTU "KhPI", 2008.

Additional literature

1. Jigneshkumar P. Special Electrical Machinery / P. Jigneshkumar. - Wiley, 2024

2. Milikh V. I. Letter designations of quantities and parameters of electric machines. - Kharkiv, NTU
"KhPI", 2007.

3. Conventional graphic designations of elements on electrical diagrams: methodological guidelines on
electrical engineering for teachers and students of electrical engineering specialties / compiled by V. D.
Yukhymchuk. - Kharkiv: NTU “KhPI”, 2009.
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Assessment and grading

Criteria for assessment of student Grading scale
performance, and the final score structure Total National ECTS
100% of the final grade consists of the results of the points
exam (25%) and the ongoing assessment (75%). The 90-100  Excellent A
exam is conducted using oral exam papers. The 82-89 Good B
ongoing assessment consists of grades for tests (2 out ~ 75-81 Good C
of 10 points), laboratory work defense (5 out of 5 64-74 Satisfactory D
points) and calculation task defense (30 points). 60-63 Satisfactory E
35-59 Unsatisfactory FX
(requires additional learn-
ing)
1-34 Unsatisfactory (requires F

repetition of the course)

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/

Approval

Approved by 28.08.2024 Head of the department
Andrii YEHOROV

28.08.2024 Guarantor of the educational
professional program
Yevhen BAIDA

28.08.2024 Guarantor of the educational
science program
Volodymyr MILYKH
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