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COURSE  DESCRIPTION
	1. Course title: Control of power electronic drives
	2. Course code: Es2-ELEN-16o-II

	3. Validity of course description: 2016/2017

	4. Level of studies: BA, BSc programme / MA,MSc programme or 1st cycle / 2nd cycle of higher education

	5. Mode of studies:  intramural studies / extramural studies

	6. Field of study: ELECTROTECHNICS
	(FACULTY SYMBOL) RE5

	7. Profile of studies: general academics

	8. Programme:               for PUE specialty 

	9. Semester: II

	10. Faculty teaching the course:                                                Department of Power Electronics, Electrical Drives and Robotics

	11. Course instructor:                                                                   Grzegorz JAREK, Ph.D.

	12. Course classification:                                                                directional technical subject of study

	13. Course status:                                                                            compulsory /elective

	14. Language of instruction:                                                              English

	15. Pre-requisite qualifications: dynamics of drive systems, technical electrodynamics, electric machines, physics, power electronics, automation and control theory

	16. Course objectives: Student has obtained the in-depth knowledge on: methods and systems of speed control of drive systems, servodrives, special drives with the use of stepper motors and reluctance motors. Student has obtained the skills in designing complex power electronic drive systems and selection of components for specific applications

	17. Description of learning outcomes:

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


	1.
	Student has obtained the in-depth knowledge on: methods and systems of speed control of drive systems, servodrives, special drives
	Exam, performing the presentation at the seminar, discussions at the seminar
	Lecture, seminar
	K_W06+++

K_W09++

K_W10++

	2.
	The student has knowledge of development trends in the field of drive systems, including electric motors, power converters, microprocessor control systems, industrial networks used in controlling drives.
	Exam, performing the presentation at the seminar, discussions at the seminar, project
	Lecture, seminar, project
	K_W04++

	3.
	The student is able to assess the suitability of known methods and tools to solve engineering tasks
	Exam, discussions at the seminar, project
	Lecture, seminar, project
	K_U12++

	4. 
	The student is able to design complex drive system taking into account the specific criteria by choosing rationally its components.
	Project
	Project
	K_U03++

K_U07++

K_U08+

K_U09++

K_U10++

K_U11++

K_U13++

K_U14+++

	5.
	The student is able to obtain information from various sources, including foreign languages, process them, make a critical evaluation, draw conclusions and can transmit the information obtained using different techniques
	Exam, performing the presentation at the seminar, discussions at the seminar, project
	Lecture, seminar, project
	K_U01++

K_U02++

K_U04++

	6.
	The student is able to think in a creative way
	Exam, discussions at the seminar, project
	Lecture, seminar, project
	K_K01++

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

30 h lectures/ 15 h project / 15 h seminar

	19. Syllabus description:

Lectures:

Complement of information of frequency inverters used in AC drives. Drives with multilevel voltage inverters. Properties of a drive with induction motor powered by the current inverter. Pulse width modulation in current inverter. Drives with cycloconverter. 
Modern methods of control of a squirrel cage induction motor: direct torque control with a vector modulator, control with forced dynamics - idea, implementation, robustness against change drive parameters, applications. Control with time optimality.
Drives with slip ring induction machine. Asynchronous cascade with constant torque. Double-fed asynchronous machine in application of drive and generation. Field-oriented control method of double-fed asynchronous machine. Direct control of reactive power and speed of the double-fed asynchronous machine.
Systems for frequency control of the synchronous motor speed. Mathematical model of the synchronous motor. Basic principles of frequency control. Scalar control and vector control with methods of current and field vector orientation. Synchronous motor powered by the current inverter external commutated: circuit schematic, static properties, start-up.
The use of simulators and observers in control systems of electric drives. Estimating unavailable state variables in control drives with AC motors. Algorithmic methods of estimation of flux and speed of asynchronous motors. Exemplary solutions of simulators and observers.
Adaptive control drive systems: the purpose of use, system solutions.

Electrical servo drives. Definition of servo drive. Servo converters and servo motors: requirements and basic properties. Components of equipment electrical servo drives. Levels of control systems: sequential control, motion control and drive control. Basic motion profiles. Decentralized and centralized motion control. Classification of control systems: independent, synchronized, coordinated. Typical servo drives control structures. The use of feedback and feedforward in the servo drives.
Stepper motors and their application in drive systems. Control of stepping motors. The use of switched reluctance motors. Methods and systems of control of drives with switched reluctance motors.
Control of low damped drive systems. Drives with elastic ties. Methods of suppressing oscillation in low damped drives. Structures of control systems and tuning controller in low damped drives.
The impact of high power converter drive systems  for the mains. Methods of reducing consumption of reactive power and harmonic distortion introduced by drives powered with thyristor rectifiers. Compensated frequency converters. Field-oriented control method of PWM rectifiers.
Project:
Overview of the principles of design and selection of the drive systems components. Computer aided design tools.

The topics of individual projects includes converter-fed DC and AC drives of exemplary industrial equipment such as pumps, fans, motors hoisting machine tool, industrial robots, etc. The project includes the calculation and selection of the drive motor, power electronic inverter, switchgear equipment, security and other elements of the main circuit , selection of the structure of the control system, calculation of selected parameters and characteristics of the drive system..
Seminar:

Estimating unavailable state variables in power electronic drives with s squirrel cage induction motor, estimating rotary speed of the machine. Methods of measuring the velocity and position of the shaft. Servo drives - control issues. Solutions of control of drives with elastic joint. Methods for field oriented control of squirrel cage motors. Control of forced dynamics. Systems of direct torque control of an asynchronous motor. Cooperation of drive systems with mains, control methods of PWM rectifiers. Network equipment used in master control systems. Issues drive control BLDCM / PMSM. Identification of the parameters of the drive system. Solutions for medium voltage converter drives. Application of predictive control in drives. Other issues in the field of motion control.

	20. Examination: Yes  No semester: VI


	21. Primary sources:

1. Kazmierkowski M. P., Tunia H.: Automatic Control of Converter-Fed Drives. Elsevier, 1994 
2. Kazmierkowski M. P., Krishnan R., Blaabjerg F.: Control in power electronics : selected problems. Amsterdam : Academic Press, 2002.
3. Kiel E.: Drive solutions, Mechatronics for Production and Logistics. Springer Verlag, Berlin 2008.

	22. Secondary sources:
1. Brosch P. F.: Variable-speed Drives for Automation. Vogel Verlag, Wurzburg, 1999


	23. Total workload required to achieve learning outcomes
Lp.

Teaching mode :
                  Contact hours / Student workload hours
1

Lecture
30h / 30h
2

Classes
3

Laboratory
4

Project
15h / 15h 
5

Seminar
15h / 15h
6

Other
/

Total number of hours
60h / 60h


	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): 1

	26. Comments:




Approved:

…………………………….


…………………………………………………

(date, Instructor’s signature)



(date, the Director of the Faculty Unit signature)
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