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COURSE  DESCRIPTION
	1. Course title: POWER SYSTEM PROTECTION
	2. Course code: Es2-ELEN-14o-II

	3. Validity of course description: 2018/2019

	4. Level of studies: MA,MSc programme / 2nd cycle of higher education

	5. Mode of studies:  intramural studies

	6. Field of study: ELECTRICAL ENGINEERING
	(FACULTY SYMBOL) RE

	7. Profile of studies: general academics

	8. Programme:               Power Engineering

	9. Semester: II

	10. Faculty teaching the course:                                                Institute of Power systems and Control

	11. Course instructor:                                                                   dr inż. Bernard Witek, doc. w Pol. Śl.

	12. Course classification:                                                                basic subject of study

	13. Course status:                                                                            compulsory

	14. Language of instruction:                                                              English

	15. Pre-requisite qualifications. Electrical machines, power engineering, power system operation, disturbances in power systems. The student who initiates the course should have competence in the knowledge and skills of: basic characteristics of the disturbances occurring in the operation of the power system or its components, which must be covered by the protection functions; knowledge of the characteristics and understanding of the utility of the power system protection as well as evaluation of their performance in relation to the power system operation; analogue and digital signal processing for measurement, protection, control and regulation functions.

	16. Course objectives. The aim of the subject is to acquire relevant competences in the following areas: assign appropriate protection criteria to different objects and power systems, define methods of identification of emergency conditions in the work of primary components of EPS, ability to select thresholds for starting the decision criteria of protection, evaluation of factors falsifying the input signals of PSP, minimizing information errors contained in misleading measurement data.

	17. Description of learning outcomes:

	Nr
	Learning outcomes description
	Method of assessment
	Teaching methods
	Learning outcomes reference code

	1
	Student is able to characterize basic protection criteria dedicated to various objects of EPS.
	Exam – questions
	Lecture
	K2A_W08+

K2A_W10++

	2
	Student is able to correlate the nature of the disturbance in EPS operation with the necessary set of input data and the location of their acquisition needed for proper identification by protection system.
	Exam – questions
	Lecture
	K2A_W08++

K2A_W09++

K2A_U13+

	3
	Student knows and is able to parameterize the protection criteria for defining tripping values as well as the need for adaptive techniques.
	Exam – questions
	Lecture
	K2A_W04+, K2A_W09++

K2A_U09+, K2A_U13+

	4
	Student knows the potential factors falsifying the accuracy of the decision criteria, their origin and ways of minimizing.
	Exam – questions, seminar - discussion
	Lecture, seminar
	K2A_W03+

K2A_U01+

K2A_U12++

	5
	Student has the ability to analyze comparative functionalities of the performance of the protection criteria assigned to different EPS objects
	Exam – questions, seminar - discussion
	Lecture, seminar
	K2A_U01+

K2A_U12++, K2A_U13+

	6
	Student is able to adapt known decision criteria (protective functions) to specific operating conditions of protected objects (e.g. low-sag power lines).
	Exam – questions, seminar - discussion
	Lecture, seminar
	K2A_W04+ 

K2A_U01+, K2A_U09+

K2A_U10+, K2A_U13+

	7
	Student understands the role of PSP structures in the process of continuous delivery of electricity to the consumers with respect to quality requirements.
	Exam – questions, seminar - discussion
	Lecture, seminar
	K2A_U01+

K2A_U09+

	18. Teaching modes and hours
Lecture /  BA /MA Seminar / Class / Project / Laboratory

30 h Lecture / 15 h MA Seminar

	19. Syllabus description:

Lecture: Fundamentals of power system protection – basic decision criteria: overcurrent (time-dependent and time-independent), overvoltage, undervoltage, power direction, differential, impedance and frequency.
Structures of electric power system protection (PSP) dedicated to EPS objects and schemes. Protection of transformers and auto-transformers: biased differential, time-overcurrent, underimpedance, ground-fault, Buchholz, overload. Protection of power lines: non-directional and directional overcurrent, differential, phase-comparison, distance, directional-comparison, autoreclosure. Protection of synchronous generators: phase faults (differential, time-overcurrent, distance), inter-turn faults, rotor-ground faults, NPS, loss of excitation, pole-slipping, overload, overvoltage, underfrequecy, reverse power. Protection of generator-transformer units: biased-differential, distance, overfluxing. Busbar protection: differential – low-impedance and high-impedance, phase comparison, directional current, multicriterial busbar protection – phase and current. Influence of measuring transformers saturation on protection operation, breaker back-up protection. Protection for HV three-phase motors: phase faults, stator ground faults, overload protection, NPS, undervoltage, out-of-step (for synchronous motors).
Seminar: Methods of identification of signals deformation due to the saturation of the measuring transducers. Shaping the measurement characteristics of amplitude and phase comparators. Primary current triggers. Low and high voltage fuses - construction, basic features and applications. Hardware implementation of analogue differential current protection of power transformers. Differential protection with adaptive measuring properties. Comparative analysis of different protection solutions of power transformers and generators protection. Power swing in the power system and methods of detection. Out-of-step protection of synchronous generators. Protection of distributed generation systems connected to high voltage networks. Protection of co-generation systems. Protection of distributed generation systems connected to the medium voltage network. Conditions of distance protection operation in power lines with low-sag (high-temperature) conductors.

	20. Examination: Yes

	21. Primary sources:

1. Ungrad H., Winkler W., Wiszniewski A.: Protection Techniques in Electrical Energy Systems. Marcel Dekker Inc., New York, 1995.

2. Horowitz S.H., Phadke A.G.: Power System Relaying. John Wiley & Sons 2008.

3. Gers J.M., Holmes L.J.: Protection of Electricity Distribution Networks. IEE, London 2004.
4. Żydanowicz J. : Elektroenergetyczna automatyka zabezpieczeniowa, t. 1 Podstawy zabezpieczeń elektroenergetycznych, WNT, Warszawa 1979.

5. Żydanowicz J. : Elektroenergetyczna automatyka zabezpieczeniowa, t. 2 Automatyka eliminacyjna, WNT, Warszawa 1985.
6. Witek B.: Projektowanie elektroenergetycznych układów przesyłowych. Wybrane zagadnienia teoretyczne. Wydanie III, Wydawnictwo Politechniki Śląskiej, Gliwice 2013.

	22. Secondary sources:
1. El-Hawary M.E.: Introduction to Electrical Power Systems. IEEE, John Wiley & Sons 2008.

2. W. Winkler et al.: Power System Protection in the Examples and Tasks. Volume 1: Disturbances in the Operation of the Power System and its Components. Wydawnictwo Politechniki Śląskiej, Gliwice 2006. (book in polish)
3. CIGRE Report: Protection Using Telecommunications. JWG 34/35.11, August 2001.

4. IEEE Guide for Protective Relay Applications to Transmission Lines, 2000.
5. Ziegler G.: Numerical Differential Protection. Principles and Applications. Publicis Corporate Publishing, Erlangen, 2005.
6. Ziegler G.: Numerical Distance Protection. Principles and Applications. Publicis MCD, Erlangen, 1999.

7. Dawid Z., Halinka A., Mikrut M., Pilch Z., Szewczyk M., Witek B., Winkler W.: Power System Protection - Laboratory. Skrypty uczelniane nr 2184, Gliwice 1999. (book in polish).
8. Information available on Internet.

	23. Total workload required to achieve learning outcomes
Lp.

Teaching mode :
                  Contact hours / Student workload hours
1

Lecture
30 h / 45 h - Including literature studies supplementing and extending the content presented during lectures (15 h), preparation for lectures and exams (27 h), participation in exam (3h)
2

Classes
/
3

Laboratory
/
4

Project
/
5

BA/ MA Seminar
15h / 30 h - including a literature studies that allow to prepare a seminar presentation (15 h), preparation for discussion after the presentation (5 h) preparation for other seminars (10 h)
6

Other
/

Total number of hours
45 /75


	24. Total hours: 120

	25. Number of  ECTS credits: 4

	26. Number of ECTS credits  allocated for contact hours: 2

	27. Number of ECTS credits  allocated for in-practice hours (laboratory classes, projects): 0

	26. Comments: 




Approved:

…………………………….


…………………………………………………

(date, Instructor’s signature)



(date , the Director of the Faculty Unit signature)
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