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COURSE  DESCRIPTION
	1. Course title: ELECTRIC DRIVE
	2. Course code: Es1-32-VI

	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 all specialty 

	9. Semester: VI

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

	11. Course instructor:                                                                   Michał JELEŃ, Ph.D.

	12. Course classification:                                                                basic subject of study

	13. Course status:                                                                            compulsory /elective

	14. Language of instruction:                                                              English

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

	16. Course objectives: Student has obtained the knowledge on: principles and systems of electromechanical energy conversion in drive systems, methods and systems of speed control, measurements of drive systems.

	17. Description of learning outcomes:

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


	1.
	Student is able to define basics of operation of electrical drives and principles of modelling of drive systems
	Exam, discussion during the realization of lab
	Lecture, laboratory exercises
	K_W06+ 
K_W10++

	2.
	Student knows basic power electronic converters used in drive systems and control systems of them
	Exam, discussion during the realization of lab
	Lecture, laboratory exercises
	K_W10++

K_W11+

K_W12+

	3.
	Student is able to analyze and make calculations of basic drive systems
	Exam, written test
	Lecture, classes
	K_U13+

K_U21+

K_U21++

K_U23+

K_U24+

K_U26+

	4. 
	Student is able to design and choose the elements of basic drive system
	Exam, written test
	Lecture, classes
	K_U23+

K_U24+

K_U25+++

K_U26+

	5.
	Student is able to perform measurements of electrical and mechanical quantities of drive system, is able to use the appropriate methods and measuring tools, can make a research report and present the results in numerical and graphical form
	Discussion during the realization of lab
	Laboratory exercises
	K_U07++ 

K_U08++

K_U12++

K_U16+

	6.
	Student is aware of the importance of proper design and operation of electrical drive systems and energy conversion efficiency to the environment
	Exam, written test, discussion during the realization of lab
	Lecture, classes, laboratory exercises
	K_K02++

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

30 h lectures/ 15 h classes/ 15 h Laboratory

	19. Syllabus description:

Lectures:
Basics. Main components of the controlled electrical drive: motor, driven machine, gearing, control device. Fundamental dynamic equation of the drive system. Transitory states. Stationary operation. Speed/torque diagram, operating quadrants, motor and braking operations. Basic characteristics of electric motors and driven machines. Effective load.

DC drives. Mathematical model and characteristic curves of DC motor. Block diagram, dynamical behavior. Armature (voltage) and field control. Speed control of DC motor using a thyristor or transistor converter. Braking operation: regenerative braking, dissipative braking. Control-loop structures of the of the DC power-electronic drives. DC traction. 

AC drives. Fundamental equations and characteristic curves of 3-phase induction machines. Starting, braking and speed control operations: methods and systems. Behavior of an induction machine under frequency control. Drive systems with induction motor supplied by frequency inverter. Pulse-width modulation (PWM). PWM inverter with U/f control. Behavior of induction motor in field oriented frames of reference. Field–oriented control of induction motor. Direct torque control of induction machine. Speed control of a wound-rotor induction motor. Doubly fed induction machine.

Drive systems with 3-phase synchronous motors. Fundamental equations and characteristic curves. Starting and speed control operations. Drive systems with synchronous motor supplied by frequency inverter. Synchronous motor with permanent magnets. Brushless DC machine. 

Switched reluctance motor (SRM) drives. Principle of operation. Machine topologies. Power converters in the supply systems of SRM motors.

Servo drives. Requirements and systems. Induction and synchronous servo motors. Servo inverters. The levels of servo drives control: drive control and motion control. 

Classes
Converting of the moment of inertia of the load to the motor shaft. Determining the impact of changes of supply voltage, additional resistance in the rotor circuit and the magnetic flux on the mechanical characteristic and the operating point of the drive with DC motors. Calculations of separately-excited dc motor supplied with power electronic converters. Calculations of operating points of drive systems with asynchronous motors in the various operating states. Calculations of starting systems of electrical motors. The selection of the motor for a given type of operation and given load.
Laboratory:

1. V/f control method of an induction motor

2. Field-oriented control method of an induction motor

3. Starting methods of an induction motor
4. Servo drives
5. Separately-excited dc motor supplied with thyristor rectifier

6. Drive system with brushless dc motor



	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.

	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
15h / 15h
3

Laboratory
15h / 15h 
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): 1

	26. Comments:




Approved:

…………………………….


…………………………………………………

(date, Instructor’s signature)



(date, the Director of the Faculty Unit signature)
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