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	1. Course title: DYNAMICS OF DRIVE SYSTEMS
	2. Course code: Es2-06-I

	3. Validity of course description: 2018/2019

	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 all specialty 

	9. Semester: I

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

	11. Course instructor:                                                                   Jarosław MICHALAK, Ph.D.

	12. Course classification:                                                                basic subject of study

	13. Course status:                                                                            compulsory /elective

	14. Language of instruction:                                                              English

	15. Pre-requisite qualifications: physics, electric machines, electrical drives, power electronics, automation and control theory, modeling of electrical machines and drives

	16. Course objectives: Student has obtained the knowledge on: mathematical description and modeling of drives systems, control methods and control systems for power electronics drive systems, identification methods of machine parameters, using simulation programs for modeling the drive systems.

	17. Description of learning outcomes:

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

	1.
	Student knows models and mathematic equations describing the DC and AC drive system elements: control system, power electronic converter, motor and load. Student knows simulation programs for modeling the drive systems
	Exam, discussion during the realization of lab
	Lecture, laboratory exercises
	K2A_W06+++ 
K2A_W10++

	2.
	Student knows control systems and control methods for complex drive systems
	Exam, discussion during the realization of lab
	Lecture, laboratory exercises
	K2A_W04++
K2A_W06+++
K2A_W09++

	3.
	Student is able to collect and use knowledge in mechanics, electrotechnics, power electronics and automatics to form goals and tasks during designing the control system for the drives
	Exam, discussion during the realization of lab
	Lecture, laboratory exercises
	K2A_U01+
K2A_U07++
K2A_U11+

	4. 
	Student is able to assess the suitability of analytical methods and models to solve problems related to simulation and control of complex drive systems
	Exam, discussion during the realization of lab
	Lecture, laboratory exercises
	K2A_U12++


	5.
	Student is able to design complex drive systems and its control taking into account the assumed criteria
	Exam, discussion during the realization of lab
	Lecture, laboratory exercises
	K2A_U14++

	6.
	The student is able to plan, prepare and carry out laboratory experiment and draw up a tests report 
	Discussion during the realization of lab, laboratory test reports
	Laboratory exercises
	K2A_U02+
K2A_U03++
K2A_U08+

	7.
	The student is able to generalize knowledge and apply it to solve new problems
	Exam, discussion during the realization of lab
	Lecture, laboratory exercises
	K2A_K01+

	18. Teaching modes and hours
Lecture /  BA /MA Seminar / Class / Project / Laboratory
30 h lectures/ 30 h Laboratory

	19. Syllabus description:
Lectures: Electric drive system as electromechanical system. Mechanical joints in drives systems: stiff joints and elastic joints. Mechanical equations describing the drive systems, operation in steady state and during transients. Operation of drive systems during electromechanical transients.
Control systems in electrical drives. Criteria and methods for rating the control quality. Dynamic properties correction in controlled drive systems. Methods (criteria) for designing the control system and controller tuning. Serial and parallel connection of controllers in control system. Typical cascade control system for drive with inner control loops. Role of limits in control systems.   
Mathematical models and dynamic properties of the separately excited DC motor - nonlinear and linear model and linear of motor, block diagrams, transfer functions, dynamic response. Start up and dynamics of the DC motor. Separately excited DC motor supplied power electronic converters - diagrams, characteristics, properties. The mathematical model of power electronic converter. Model of drive system consist of the DC motor and converter for continuous and discontinuous conduction. Structures of control systems drives with the separately excited DC motor.
The use of space vectors for the analysis of electromechanical systems. Model of induction machine. Per unit equations describing asynchronous induction motor in a coordinate system rotating at any speed. Coordinate systems: stationary ,, associated with the rotor d,q and synchronous x, y. Model of induction machine in field-oriented synchronous coordinate system x, y, 0 and its implications for methods of frequency control of induction motor. The identification methods of parameters of the drive. Simulators and observers for estimation fluxes and speed in induction motors.
Voltage source inverters with pulse width modulation (PWM) – pulse width modulation methods. Principles of frequency control of induction motors: minimal power losses control, constant flux control. Methods for ensuring constant flux in scalar and vector control of induction motor. Drive systems with scalar (voltage-frequency) control. Flux-oriented control (vector control) of induction motors: rotor and stator field-oriented control (FOC) and the direct torque control (DTC) methods.
Synchronous motor drive systems. Mathematical model of the synchronous motor. External and internal frequency control methods of synchronous motors. Field-oriented control of a synchronous motor. Permanent magnet synchronous motors (PMSM) - construction, basic properties, mathematical model. Control systems, drive properties, applications. Drives with DC brushless motor - features and control systems.
The influence of drive systems on power network. The power factor coefficient and high current harmonics generation caused by power electronic converter based drives. Methods of reduction of the reactive power consumption and current harmonic in power electronic converter based drives. Active front-end converters. Passive active power filters.
Using the computer simulation programs for investigation the dynamics and operation of drive systems.
Laboratory exercises:
1. Designing the control system and controllers tuning methods in drive systems
2. Flux-oriented control of asynchronous motor – simulation tests
3. Flux-oriented control of asynchronous motor – laboratory tests
4. Sensorless control, observers and simulators for flux and speed estimation in asynchronous machines
5. Direct Torque Control (DTC) of induction motor
6. Permanent magnet synchronous motor based driver system
7. Control systems and dynamic operations of servodrives
8. Double fed induction motor based driver system
9. Separately excited DC motor supplied by DC/DC transistor based converter.
10. Using Active Front-End converter in drive systems.
11. Parameterization of industrial drives.

	20. Examination: Yes  No semester: I

	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. Vas P.: Sensorless Vector and Direct Torque Control. Oxford University Press, 1998. 
4. Nyugen Phung Quang, Jorg Andreas Dittrich: Vector Control of Three-Phase AC Machines. Springer-Verlag Berlin Heidenberg 2015.
5. Krause P. C., Wasylczuk O., Sudhoff S. D.: Analysis of Electric Machinery and Drive Systems. Wiley-IEEE Press, 2 edition, 2002.

	22. Secondary sources:
1. Brosch P. F.: Variable-speed Drives for Automation. Vogel Verlag, Wurzburg, 1999
2. Kiel E.: Drive solutions, Mechatronics for Production and Logistics. Springer Verlag, Berlin 2008.

	23. Total workload required to achieve learning outcomes
	Lp.
	Teaching mode :
	                  Contact hours / Student workload hours

	1
	Lecture
	30h / 30h (28 h for familiarization with the indicated literature and preparing to exam, 2h for exam)

	2
	Classes
	

	3
	Laboratory
	30h / 30h (22 h for familiarization with the indicated literature and preparing for laboratory exercises, 8h for preparing laboratory  tests reports )

	4
	Project
	/

	5
	BA/ MA Seminar
	/

	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): 2

	26. Comments:
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(date, Instructor’s signature)				(date, the Director of the Faculty Unit signature)
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