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	Cilj kursa
Sticanje znanja za proračun tokova snaga i naponskih prilika u složenim elektroenergetskim mrežama. Osposobljavanje slušalaca Kursa za korišćenje programskog paketa ETAP (Electrical Transient Analyzer Program) koji se primenjuje za projektovanje, monitoring, kontrolu i analizu prenosnih, distributivnih i industrijskih mreža.

	Ishod kursa
Polaznici Kursa će biti osposobljeni da samostalno rešavaju zadatke iz oblasti analize stacionarnih režima u složenim elektroenergetskim mrežama. Takođe, polaznici će biti osposobljeni da koriste programski paket ETAP u procesu planiranja i eksploatacije elektroenergetskih mreža. 

	Sadržaj kursa
Lekcija 1 (2 časa): 

Naziv lekcije: Uvodna predavanja
Slušaoci Kursa će imati prilike da nauče osnove elektroenergetskih sistema (EES-a): istorijski pregled razvoja elektroenergetike, modeli elemenata i ekvivalente šeme EES-a, osnovni proračuni i metode za proračun tokova snaga. Upoznaće se sa osnovama ETAP programskog paketa, njegovom namenom i mogućnostima. 
Lekcija 2 (2 časa): 

Naziv lekcije: Programski paket ETAP
U ovoj lekciji biće obrađene sledeće teme: (1) instalacija i pokretanje ETAP programa, (2) opis korisničkog interfejsa ETAP programa, (3) crtanje i uređenje jednopolnih šemi, (4) opis paleta sa svim alatkama programa i (5) opis modula za proračune naizmeničnih mreža.
Lekcija 3 (2 časa): 

Naziv lekcije: Modeliranje elemenata EES-a
U ovoj lekciji biće detaljno opisani modeli elemenata EES-a. Nakon toga, biće objašnjeno kako se vrši unos elemenata EES-a u radni prozor ETAP programa i definisanje parametara elemenata EES-a. Razmatraće se sledeći elementi: sabirnice, napojna mreža, kablovi i vodovi, potrošači, transformatori, kondenzatori, prigušnice, generatori (vetrogeneratori, fotonaponski izvori) i filteri.
Lekcija 4 (2 časa): 

Naziv lekcije: Formiranje ekvivalente šeme EES-a
U ovoj lekciji biće objašnjeno kako se vrši formiranje ekvivalente šeme sistema u ETAP programu i definisanje neophodnih tehničkih parametara za sve elemente razmatranog sistema. 
Lekcija 5 (3 časa): 

Naziv lekcije: Proračun tokova snaga – metode proračuna
U ovoj lekciji biće obrađene osnovne metode za proračun tokova snaga i naponskih stanja: Gauss-ova, Gauss-Seidel-ova, Newton-Raphson-ova, Stott-ova i nazad/napred (eng. backward/forward sweep) metoda. Takođe, biće pokazano kako se vrši formiranje matrice admitansi čvorova i klasifikacija čvorova EES-a. Nakon teorijskog opisa metoda, biće izložena analiza tokova snaga u ETAP programskom paketu.
Lekcija 6 (2 časa):  

Naziv lekcije: Proračun tokova snaga u kolima naizmenične struje primenom ETAP programa 
Softverski paket ETAP biće primenjen za proračun tokova snaga u standardnim IEEE test sistemima iz literature (IEEE 13, IEEE 33, IEEE 69 i IEEE 85). Biće izložen postupak generisanja rezultata nakon unosa svih ulaznih podataka, prikaz rezultata na jednopolnoj šemi (mogućnosti prikaza vrednosti napona čvorova, tokova snaga/struja, gubitaka snage, mernih jedinica, nazivnih podataka elemenata EES-a, opterećenja, pada napona…), diskusija rezultata i memorisanje izveštaja sa različitim podacima koji se odnose na razmatrani test sistem.
Lekcija 7 (2 časa):  

Naziv lekcije: Ostali proračuni u ETAP programu
Pored analize naizmeničnih tokova snaga, ETAP program nudi mogućnost proračuna tokova snaga u kolima jednosmerne struje (DC Load Flow Analysis), proračuna tokova snaga u neuravnoteženim sistemima (Unbalanced Load Flow Analysis), proračuna optimalnih tokova snaga (Optimal Power Flow), kao i proračuna harmonijskih tokova snaga (Harmonic Analysis). Ove funkcije će ukratko biti predstavljene u ovoj lekciji.

	Literatura 
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	Ukupan broj časova aktivne nastave u toku semestra: 15

	Metode izvođenja nastave

Predavanja, vežbe, simulacije, konsultacije.

	Ocena  znanja (maksimalni broj poena 100)

	Predispitne obaveze
	poena
	Završni ispit 
	poena

	aktivnost u toku predavanja
	5
	pismeni ispit
	50

	praktična nastava
	5
	usmeni ispt
	40

	kolokvijum-i
	
	
	

	seminar-i
	
	
	


Verzija na engleskom
	KALCEA

	Course title: Calculation of load flows using the ETAP software

	Teacher: Miloš Milovanović

	Course status: Optional

	ECTS credit points: 2

	Condition for listening the course: Does not exist.

	Objective of the course

The main objective of the Course is to acquire knowledge for the calculation of load flows and voltage conditions in complex power transmission and distribution networks. It aims to provide learning opportunities to listeners and enable them to use the ETAP (Electrical Transient Analyzer Program) software package, which is used for designing, monitoring, controlling and analyzing transmission, distribution and industrial networks.

	Outcome of the case

Participants will be trained to independently solve different tasks in the field of the analysis of stationary regimes in complex power networks. Also, participants will be trained to use the ETAP software package in the process of planning and exploitation of power networks.

	Course content

Lesson 1 (2 hours):

Lesson title: Introductory lectures

Participants will have the opportunity to learn the basics of Electric Power Systems (EPSs): a brief historical overview of the development of EPSs, models of elements and equivalent schemes of EPSs, basic calculations and methods for load flow analysis, and voltage drop calculations. They will become familiar with the basics of the ETAP software package, its purpose and possibilities.
Lesson 2 (2 hours):

Lesson title: ETAP Load Flow Analysis Software
This lesson will cover the following topics: (1) Installing and running the ETAP program, (2) ETAP program user interface, (3) Drawing and editing one-line schematic diagrams, (4) Many bars, standard toolbar, system toolbar, as well as AC elements, and (5) Modules for AC network calculations (i.e. Load Flow, Optimal Power Flow, and Unbalanced Load Flow modules).

Lesson 3 (2 hours):

Lesson title: Modeling of the EPS elements
In this lesson, the models of the EPS elements will be described in detail. After that, it will be explained how to enter the EPS elements into the working window of the ETAP program and define parameters of the EPS elements. The following elements will be considered: buses, power grid, cables and lines, loads, transformers, capacitors, inductors, generators (wind generators, photovoltaic sources), and filters.
Lesson 4 (2 hours):

Lesson title: Forming equivalent schemes of the EPS
In this lesson, it will be explained how to create the equivalent system scheme in the ETAP program and define the necessary technical parameters for all the elements of the considered system.

Lesson 5 (3 hours):

Lesson title: Calculation of load flows - numerical methods 
In this lesson the basic methods for calculating load flows and voltage conditions in transmission and distribution networks will be covered, i.e. Gauss, Gauss-Seidel, Newton-Raphson, Stott, and Backward/Forward Sweep (BFS) methods. Also, the process of forming the bus admittance matrix and classification of buses in a power system will be presented. After the theoretical description of the methods, the analysis of the load flows in the ETAP software package will be presented.

Lesson 6 (2 hours):

Lesson title: Calculation of load flows in AC networks using the ETAP program

The ETAP software package will be applied for the calculation of load flows in the standard IEEE test systems from the literature (i.e. IEEE 13, IEEE 33, IEEE 69, and IEEE 85). The procedure for generating results, an overview of results on an one-line scheme (i.e. possibility of displaying bus voltage values, power/current flows, power losses, measurement units, nominal data of the EPS elements, load, voltage drop...), discussion of the results, and saving of the reports with various data related to the considered test system will be presented.

Lesson 7 (2 hours):

Lesson title: Other calculations in the ETAP program
In addition to the calculation of load flows in AC networks, the ETAP program offers the possibility of calculating load flows in direct current (DC) networks (DC Load Flow Analysis), load flows in unbalanced systems (Unbalanced Load Flow Analysis), optimal power flows (Optimal Power Flow), as well as harmonic power flows (Harmonic Analysis). These functions will be introduced in this lesson.

	Literature 

[1] ETAP user guide 12.6, Operation Technology, 2014.
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	Total number of hours of active teaching during the semester: 15

	Teaching methods

Lectures, exercises, simulations, consultations.

	Knowledge assessment (maximum number of points 100)

	Pre-exam obligations
	points
	Final exam
	points

	activity during the lecture
	5
	written part of the exam
	50

	practical work
	5
	oral part of the exam
	40

	colloquiums
	
	
	

	seminars
	
	
	


