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General information
Summary

The educational component " Design of objects of electric power branch" is aimed at mastering the basics
of designing mechanical and electrical parts of objects of the electric power system and networks,
modern methods of choosing their equipment, solving design problems regarding the electric power
system and networks, as well as their objects.

Course objectives and goals

The formation of modern thinking and special knowledge on the problems of the construction of
elements of electric power industry objects as a component of supporting decision-making regarding
their design and operation.

Format of classes

Lectures, practical classes, laboratory classes, self-employment work, consultations. Final control - exam.
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Competencies

General competences:

KO01. Ability to abstract thinking, analysis and synthesis.

KO02. Ability to apply knowledge in practical situations.

KO05. Ability to search, process and analyze information from various sources.

Special (professional) competences

K11. The ability to solve practical problems using automated design and calculation systems (ADCS).

K12. The ability to solve practical problems involving the methods of mathematics, physics and electrical

engineering.

K13. The ability to solve complex specialized tasks and practical problems related to the operation of

electrical systems and networks, the electrical part of stations and substations, and high-voltage

equipment.

K16. The ability to solve complex specialized tasks and practical problems related to the problems of
production, transmission and distribution of electric energy.

K19. Awareness of the need to increase the efficiency of electric power, electrotechnical and
electromechanical equipment.

K20. Awareness of the need to constantly expand one's own knowledge of new technologies in electric
power, electrical engineering and electromechanics.

K25. Obtaining and using professional knowledge and understanding related to the processes of
transmission, distribution of electricity and electricity supply in compliance with the specified
parameters of technological processes and electricity quality.

Learning outcomes

PR0O1. Know and understand the principles of operation of electrical systems and networks, power
equipment of electrical stations and substations, protective grounding and lightning protection devices
and be able to use them to solve practical problems in professional activities.

PRO7. To carry out the analysis of processes in electric power, electrotechnical and electromechanical
equipment, relevant complexes and systems.

PR08. Choose and apply suitable methods for the analysis and synthesis of electromechanical and electric
power systems with given indicators.

PRO09. To be able to evaluate the energy efficiency and reliability of electric power, electrotechnical and
electromechanical systems.

PR10. Find the necessary information in scientific and technical literature, databases and other sources of
information, evaluate its relevance and reliability.

PRP17. Solve complex specialized problems in the design and maintenance of electromechanical systems,
electrical equipment of power stations, substations, systems and networks.

PR19. Apply appropriate empirical and theoretical methods to reduce losses of electrical energy during
its production, transportation, distribution and use.

PR20. To solve professional problems in the design, installation and operation of electric power,
electrotechnical, electromechanical complexes and systems.

PR22. Know and be able to develop simple designs of electric power and electrotechnical objects and
evaluate the mechanical strength of the developed designs

PR24. To know and understand the processes of transmission, distribution of electricity and electricity
supply in compliance with the specified parameters of technological processes and the quality of
electricity.

Student workload

The total volume of the discipline is 150 hours. (5 ECTS credits): lectures - 32 hours,
practical classes - 48 hours, self-employment work - 70 hours

Course prerequisites

To successfully study the discipline, it is necessary to have knowledge about the calculations of electrical
parameters of electrical networks and systems and to know the factors that affect the construction of
overhead power lines. The study of the discipline is directly based on the knowledge and skills that
students have acquired in the following disciplines of ZP 9. Higher mathematics; ZP 10. Physics; SP 4.
Theoretical foundations of electrical engineering part 1; SP 5. Theoretical foundations of electrical



engineering part 2; SP 9. "Electrical systems and networks", SP 14. "High voltage technology", VP2.3
"Design of electrical systems and networks", VP2.4 "System-forming networks and their modes".
Features of the course, teaching and learning methods, and technologies

Lectures are conducted interactively using multimedia technologies. In practical classes, including during
the performance of laboratory work, a project approach to learning is used, attention is focused on the
application of information technologies during the performance of tasks.

The plan of lectures, laboratory works and practical classes, the terms of all types of control are brought
to the attention of students at the beginning of the academic semester. At the beginning of each lecture,
the topic of the lecture and the list of questions to be considered, their connection with the presented and
subsequent material, as well as the material that students must master independently, are announced.

At the beginning of the laboratory classes, students' performance of homework and their knowledge of
theoretical material are monitored.

To implement the course project, software products developed at the EPT department for electrical
calculations of overhead power lines are used.

Study materials are available to students on the Office Microsoft 365 platform and on the department's
website.

Program of the course

Topics of the lectures

Introduction, The purpose of study and tasks of the academic discipline. General provisions for the
design of overhead lines (OL) and high voltage substations

Section 1. Overhead wires.

Topic 1. Structures of wires. Wire splitting and its parameters. Optimization of the design of wires.

Topic 2. Analysis of methods for determining the cross-section and optimal design of phase wires. The
expediency of normalizing the limits of economic current loads (powers). Technical and economic
justification of the construction of the wire

Topic 3. The latest types of power transmission lines with increased throughput.

Section 2. Isolation of overhead lines.

Topic 1. The choice of insulation of overhead lines according to the conditions of reliable operation, safety
of maintenance and movement under them.

Topic 2. Mechanical characteristics of linear insulation.

Topic 3. Insulation of wire suspension and its constructive solutions. Calculations of the number of
insulators in the garland.

Topic 4. Means and methods of protecting power lines from lightning

Section 3. Supports of overhead lines.
Topic 1. Construction schemes of supports
Topic 2. Types of supports and their characteristics. Special supports

Section 4. Substation equipment and its construction.

Topic 1. The main substation equipment and its selection. Application of modern types of equipment in
the reconstruction of substations. Auxiliary equipment of substations

Topic 2. The main schemes of substations and justification of their choice. Designs of distribution devices
Topic 3. Selection of substation insulation

Section 5. Design and construction documentation, contents, volume

Topics of practical classes

Topic 1. Determination of the parameters of the OL replacement schemes and the required cross-section
of the wires.

Topic 2. Technical and economic calculations of wire construction

Topic 3 Calculation of wire parameters on a PC

Topic 4. Calculations of the capacity of the overhead line phase.

Topic 5. Determination of the optimal design of the phases of the transmission line without taking into
account the wire sag.

Topic 6. Determination of the optimal design of the phases of the transmission line taking into account
the wire sag.



Topic 7. Study of stress distribution along a garland of insulators

Topic 8. The method of calculating the intensity of the electric field and magnetic induction along the
cross section of the line

Topic 9. Modeling the distribution of electric field strength depending on the height and cross-section of
the line

Topic 10. Modeling the distribution of electric field strength along the length and cross-section, taking
into account the sagging of the wire

Topic 11. Calculations of the number of insulators in the garland.

Topic 12. Modern types of equipment from the world's leading manufacturers

Topic 13. Selection of the main scheme of the substation.

Topic 14. Elegaz substations and their features

Topic 15. Determination and substantiation of insulation gaps in the design of OL.

Topic 16. Types and types of insulating suspensions.

Individual tasks

The educational component " Design of objects of the electrical industry " involves the implementation of
a course project (KP). The results of the calculations are drawn up in a written report, which is subject to
protection

Topic. Calculations of the parameters of the wires of the ultra-high voltage overhead lines.

The course project contains the following sections:

1. Introduction.

2. Study of the method of mirror images.

3. Determination of the optimal design of phases of power transmission lines.

4. Study of the effect of wire sag on line parameters.

5. Study of stress distribution along a garland of insulators.

6. The method of calculating the electric field strength and magnetic induction along the cross section of
the line.

7. Modeling of the electric field intensity distribution depending on the height and cross-section of the
line.

8. Modeling the distribution of electric field strength along the length and cross-section, taking into
account the sagging of the wire.

9. Conclusion.

10. List of used sources

Self-study

The components of students' independent work are the study of literature on issues identified in lectures,
preparation for tests, practical and laboratory classes, and the implementation of a course project.
Control of the component of the work program, which is mastered during the student's independent
work, is carried out:; from practical classes - by checking completed tasks; from laboratory work - by
checking the performed calculation task and by checking the material during admission to the
performance of laboratory work, as well as checking and protecting reports after the performance of
laboratory work.

Course materials and recommended reading

Basic literature:
1. Shilaja Chandrasekaran Multiobjective optimal power flow using interior search algorithm: A case
study on a real-time electrical network / Computational Intelligence, Volume36, Issue3, August 2020,
Pages 1078-1096. https://doi.org/10.1111/coin.12312
2. Marco Stecca; Laura Ramirez Elizondo; Thiago Batista Soeiro; Pavol Bauer; Peter Palensky A
Comprehensive Review of the Integration of Battery Energy Storage Systems Into Distribution Networks
/ IEEE Open Journal of the Industrial Electronics Society ( Volume: 1), Date of Publication: 18 March
2020, Page(s): 46 - 65, DOI: 10.1109/0]J1ES.2020.2981832
3. Teodora Nedic, Aco Janiéijevié, Koviljka Stankovié, Nenad Kartalovi¢ A Three-electrode gas arrester for
low voltage isolation coordination / International Journal of Electrical Power & Energy Systems, Volume
120, September 2020, https://doi.org/10.1016/j.ijepes.2020.106002
4. Roger L. Brauer Safety and Health for Engineers / John Wiley & Sons, 2022.
5. Kuchanskyy V., Tereshchuk V. Method of Regulating the Operating Modes of Main Electrical Systems in
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Terms of Voltage and Reactive Power / Systems, Decision and Control in Energy III. - 2022. - C. 23-38.
6. Ivanov, H., Blinov, L, Parus, Y. Simulation model of new electricity market in Ukraine. In: 2019 IEEE 6th
International Conference on Energy Smart Systems (2019). https://doi.org/10.1109/ESS.2019.8764184
7. Gautam M., Mishra A. Effect of Grounding Resistance and Lightning Arrester Non-linear Characteristics
in Electrical Distribution System / University of Nevada, Reno, DOI: https://doi.org/10.31224 /2568

Additional sources of information

1. Butt 0. M., Zulqarnain M., Butt T. M. Recent advancement in smart grid technology: Future prospects in
the electrical power network //Ain Shams Engineering Journal. - 2021. - T. 12. - Ne. 1. - C. 687-695.
https://doi.org/10.1016/j.asej.2020.05.004

2. Ghahramani M. Morteza Nazari-Heris, Kazem Zare, Behnam Mohammadi-ivatloo_Optimal energy and
reserve management of the electric vehicles aggregator in electrical energy networks considering
distributed energy sources and demand side management //Electric Vehicles in Energy Systems:
Modelling, Integration, Analysis, and Optimization. - 2020. - C. 211-231. https://doi.org/10.1007 /978-3-
030-34448-1 8

3. Alessandro Bosisio, Matteo Moncecchi, Andrea Morotti, Marco Merlo Machine Learning and GIS
Approach for Electrical Load Assessment to Increase Distribution Networks Resilience / Energies. - 2021.
-T.14.-Ne. 14. - C. 4133. https://doi.org/10.3390/en14144133

Assessment and grading

Criteria for assessment of student performance, Grading National ECTS
and the final score structure scale

Description of the final score structure, course Total points

requirements, and necessary steps to earn points, 90-100 Excellent A

especially paying attention to self-study and 82-89 Good B

individual assignments. 75-81 Good C
64-74 Satisfactory D

100 points of the final assessment make up the ¢p-43 Satisfactory E

assessment results: 35-59 Unsatisfactory FX

Exam: written task (2 questions) and oral report - 40 (requires additional

points. learning)

The current assessment is 60 points, of which: 1-34 Unsatisfactory F

- course project - 50 points; (requires repetition of

- control papers (questions on theory) - 10 points (5 the course)

points for each);

Norms of academic integrity and course policy

The student must adhere to the Code of Ethics of Academic Relations and Integrity of NTU "KhPI": show
discipline, education, benevolence, honesty, responsibility. Conflict situations should be openly discussed
in study groups with the teacher, and if it is impossible to resolve the conflict, it should be brought to the
attention of the employees of the institute's directorate.

Regulatory and legal support for the implementation of the principles of academic integrity of NTU "KhPI"
is posted on the website: http://blogs.kpi.kharkov.ua/v2/nv/akademichna-dobrochesnist/
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