D. Power Systems Specialization

SYLLABUSES

	MATH 402A
	Advanced Mathematics
	Lectures
	Labs
	Project
	ECTS

	
	
	4
	0
	No
	8

	Prerequisites:
	None



	Aims:
	To provide the basic foundation mathematical background necessary for the design, analysis and implementation of advanced electrical  engineering problems 



	Outcomes:
	By the end of this course students should be able to understand the concepts of:

· Implicit functions and Jacobians;

· Infinite series and integrals, differentiation of integrals; 

· Taylor Series for several variables; 

· Fourier series and boundary value problems;

· Special functions (Bessel, Legendre, error, elliptic), and 

· Calculus of variations.



	Description:
	· Vector Differential Calculus- Grad, Div, Curl, Curvature and Torsion.

· Vector Integral Calculus-Integral theorems, Line Integrals, Green’s 

           Theorem, Surface Integrals, Triple Integrals, Stoke’s Theorem.

· Complex Numbers and Functions, Conformal Mapping, Cauchy-

· Riemann equations, exponential and logarithmic functions.

· Complex Integration- Line integrals in the complex plane, Cauchy’sTheorem, Cauchy’s integral formula, derivatives of analytic functions.

· Power Series- Taylor series, Uniform Convergence.

· Laurent Series, Residue Integration, Evaluation of Real Integrals



	Textbooks: 
	· “Advanced Engineering Mathematics” 8th Edition, Edwin Kreyzig.



	References:
	· C. Henry Edwards, David E. Penney, “Calculus, Matrix Version”, Pearson   Education; 6thEdition, August 2002.
· James Stewart, “Calculus: Concepts and Context”, Thomson Learning; 3rd Bk & CD edition, November 1, 2004.
· Murray R. Spiegel, “Advanced Mathematics for Engineers and Scientists”, Schaum's Outline Series.



	Assessment:
	· Final Exam: 60%

· Coursework: 40%




	EE 432
	Power Transmission Lines
	Lectures
	Labs
	Project
	ECTS

	
	
	4
	0
	No
	8

	Prerequisites:
	None



	Aims:
	To provide the basic foundation for the function and structure of power systems, transmission lines, generalized circuit constants, circle diagrams, and system representation.



	Outcomes:
	By the end of this course students should acquire an understanding of:

· Series Impedance representation of a TL.

· Shunt Admittance representation of a TL.

· The theory of current and voltage variations on a TL.

· The concept of modeling a power system. 

· The representation of a power system by Bus Impedance Matrix.


	Description:
	Topics Covered:

· Series Impedance of a Transmission Line.

· Shunt Admittance of a Transmission Line.

· Current and Voltage relationships on a Transmission Line.

· System Modeling

· Bus Impedance Matrix.

· Load Flow Solutions and Controls.



	Textbooks: 
	· Elements  of  Power System Analysis, Stevenson, W.D. , McGraw Hill Inc., 4th   Edition, 1982



	References:
	· Power Systems Analysis, Saadat H., 2004, McGraw Hill, 2nd Ed.

· Analysis of faulted Power Systems, Anderson P. M., IEEE Press

· Power Systems Protection, Anderson P. M., IEEE Press

· Electrical Power Systems Quality, Dugan R.C., Santoso S., McGranaghan M.F, Beaty H.W, McGraw Hill, 2nd  Edition, 2003

· AC-DC Power System Analysis, Arrillaga J., Smith B.C., IEE Publ, 1998

· Power System Analysis, Grainger J.,  McGraw Hill, 1994, 1st Ed.



	Assessment:
	· Final Exam: 60%

· Coursework: 40%




	EE 433
	Electric Power System Analysis
	Lectures
	Labs
	Project
	ECTS

	
	
	4
	0
	No
	8

	Prerequisites:
	EE 432



	Aims:
	To provide an understanding of load flow studies, load flow control, symmetrical components, short circuit on machines and systems, system protection, elements of system stability, economic operation.



	Outcomes:
	By the end of this course students should :

· acquire an understanding of the flow of Load in a Power System.

· acquire an understanding and application of Symmetrical Components.

· acquire an understanding of Short Circuits in Power Systems.

· acquire an understanding of the concepts involved in the Protection a Power System.

· acquire an understanding of the Power System Stability. 

· acquire an understanding of Economics involved in the Operation of a Power System. 



	Description:
	Topics Covered:

· Load Flow Studies.

· Symmetrical Components.

· Short Circuit Studies on machines and Power Systems.

· Power System Protection.

· Elements of Power System Stability.

· Economic Operation of a Power System.



	Textbooks: 
	· Elements  of  Power System Analysis, Stevenson, W.D. , McGraw Hill Inc., 4th   Edition, 1982



	References:
	· Wood Pole Overhead Lines, Wareing B., IEE Power & Energy Series, 2005
· Power Systems Analysis, Saadat H., McGraw Hill, 2nd Ed., 2004

· Electrical Systems Design, Bosela T.R, Prentice Hall, 2002
· Power Systems Analysis, Bergen A., Vittal V., Prentice Hall, 2nd Edition, 2000
· AC-DC Power System Analysis, Arrillaga J., Smith B.C., IEE Publ.,1998

· Power System Analysis, Grainger J.,  McGraw Hill, 1st Ed., 1994
· Computer Analysis of Power Systems, Arrilaga J., Arnold C.P., John Wiley and sons, 1990


	Assessment:
	· Final Exam: 60%

· Coursework: 40%




	EE 434
	Electromagnetic Energy Conversion
	Lectures
	Labs
	Project
	ECTS

	
	
	4
	0
	No
	8

	
	

	Aims:
	To provide an understanding of the analysis of realistic machine performance; steady state and dynamic response of d-c, synchronous and induction machines; fractional horsepower a-c motors.



	Outcomes:
	By the end of this course students should have the:

· Knowledge of the fundamentals of electromagnetic energy conversion.

· Ability to analyze performance of various types of single-phase induction machines.

· Ability to analyze performance of three-phase synchronous machines.

· Ability to analyze two-phase motors.  Unbalanced operation of two-phase motors.

· Ability to analyze machine performance under small-signal dynamic conditions.

· Understanding the performance of brushless-dc machines.



	Description:
	Topics Covered: 
· Electromagnetic energy conversion equation in various ac & dc machines

· Single-phase motors, split-phase and capacitor motors, shaded-pole motors, universal motor

· Symmetrical components.

· Unbalanced operation of two-phase motors.

· Application of control theory to machine dynamics.  Block diagrams, dynamic equations, transfer functions of electromechanical systems.

· Brushless-dc motors, switched reluctance motors.





	Textbooks: 
	· Basic Electric Machines, Del Toro V., Prentice Hall, 1990



	References:
	· Electrical Machines, Drives and Power Systems, Wildi T. Prentice Hall 6th Edition, 2006

· Fundamentals of Applied Electromagnetics, Ulaby T.F., Media Edition, Prentice Hall, 2004

· Electric Machinery Fundamentals, Chapman S., MGraw Hill, 4th Edition, 2004

· Electric Motor Drives: Modeling, Analysis, and Control, Krishnan R., Prentice Hall, 2001 

· Principles of Electrical machines and Power Applications, M.El.Hawary, IEEE Press, 2nd Edition

	Assessment:
	· Final Exam: 60%

· Coursework: 40%


	EE 483
	Power Electronics
	Lectures
	Labs
	Project
	ECTS

	
	
	4
	0
	No
	8

	Prerequisites:
	None

	Aims:
	To provide an understanding  of Electrical and thermal characteristics of power thyristors, BJTs and FETs, diodes, triacs, diacs, and UJTs; applications in energy conversion and control, switching power supplies, converters and inverters

	Outcomes:
	By the end of this course students should have the:


· Understanding of the fundamentals of power electronic switching circuits.
· Understanding the basics of power electronic devices, power electronic circuits and protection of power electronic devices.

· Ability to design circuits with power semi-conductor diodes.

· Ability to analyze and design circuits with power transistors.

· Understanding and use of silicon controlled rectifiers and other thyristors in power switching circuits

· Ability to analyze and design basic chopper circuits.

· Ability to perform thermal analysis on designs.

· Ability to design protection circuits for devices.

· Ability to use commercial software to design simple power electronic circuits.



	Description:
	Topics Covered: 
· Introduction to Power Electronics. 

· Introduction to Computer Aided Design & Simulation (Using SABER )
· Power Semiconductor Diodes 

· Diode Circuits and Rectifiers

· Thyristors, IGBT’s  MCT’s

· Controlled Rectifiers

· DC Choppers

· Simulation and Design Examples

· Thermal Analysis and Cooling

· Protection of Devices

· Design project





	Textbooks: 
	· Power Electronics Circuits, Devices and Applications, Rashid M., 

Prentice Hall, 2004, 3rd Edition

	References:
	· Fundamentals of Electric Circuits, Alexander, Charles, McGraw Hill, 2004
· Modern Power Electronics and AC drives, Bimal B., Prentice Hall, 2002



	Assessment:
	· Final Exam: 60%

· Coursework: 40%




	EE 533
	Computer Methods in Power Systems
	Lectures
	Labs
	Project
	ECTS

	
	
	4
	0
	No
	8

	Prerequisites:
	None

	Aims:
	To provide an introduction to Load Flows:  Y-bus matrix, theory of load flow methods, modeling of system components – transmission lines, transformers, electromagnetic transients: distributed transmission lines,  line energization, multiphase transmission lines, line constants calculation, capacitor switching, representation of transformers. Also, provide an understanding of nonlinear parameters, transformer saturation curves and representation of saturation, and the ability to perform computer simulations of actual or test systems. 



	Outcomes:
	By the end of this course students should have the:


· Understanding of Load Flows:  Y-bus matrix, theory of load flow methods. 

· Understanding of  modeling of system components – transmission 

      lines, transformers. 

· Ability to perform computer simulations of actual or test systems. 

· Understanding of electromagnetic transients: distributed transmission lines,  line energization, multiphase transmission lines, line constants calculation,  transients caused by faults, transient recovery voltage,  capacitor switching, representation of transformers,
· Understanding of  Nonlinear parameters, Transformer saturation curves and representation of saturation.



	Description:
	Material to be Covered:

(  Load Flows:  Y-bus matrix, theory of load flow methods. 

(  Modeling of system components – transmission lines, transformers. 

(  Computer simulations of actual or test systems. 

(  Electromagnetic Transients:

(   Closing of Breakers

(   Representation of sources, switches and other branches.

(  Representation of loads
(  Distributed Transmission Lines

(  Line Energization

(  Multiphase Transmission Lines
(  Line Constants Calculation
(  Transients Caused by Faults
(  Transient Recovery Voltage

(  Capacitor Switching  
(  Reclosing into Trapped Charges
(  Representation of Transformers
(  Nonlinear parameters, Transformer saturation curves and

representation of saturation.





	Textbooks: 
	· Computer Analysis of Power Systems, Arrilaga J., Arnold C.P., John Wiley and sons, 1990

	References:
	· “Electromagnetic Transients Program Workbook”, Electric Power Research Institute

· “ATPDraw user’s Manual”, by Laszlo Prikler & Hans Kr. Hoidalen.

	Assessment:
	· Final Exam: 60%

· Coursework: 40%




 
  
 

	EE 534
	Power System Stability


	Lectures
	Labs
	Project
	ECTS

	
	
	4
	0
	No
	8

	Prerequisites:
	None



	Aims:
	To introduce students to Power Stability Concept and equip them with the necessary tools so as to carry stability analysis techniques on Power Systems. 



	Outcomes:
	By the end of this course students should have the:


· Understanding of power System Stability and be able to apply various techniques to carry out Stability analysis.

· Understanding of the dynamic equations used for stability analysis for small and large perturbations.

· Understanding of modeling techniques of various power system units and be able to use the PSCAD simulation program for Stability analysis purposes.



	Description:
	Material to be Covered:

· Definition of the Stability Problem

· Classical Transient Analysis

· The "Swing" Equation

· Transient Power Formula

· Dynamic Equations And Solution Techniques
· Power System Stability Under Small Perturbations

· Linearized Models

· Modal Analysis

· Torsional Dynamics & Subsynchronous Resonance

· Power System Stability Under Large Perturbations

· The Single Generator Case

· The Multi-Generator Case

· Computational Methods of Analysis

· Dynamic Models of Synchronous Machines        

· Load Modeling   

· Load behavior, Limitations of classical load mode

· Effects of load models on simulation results

· Simulation of Power System Dynamics (lab work)

· Topics for Term Papers (Examples)

· Sub-synchronous Resonance

· Voltage Stability/ Voltage Collapse

· Load Modeling

 

	Textbooks: 
	· Power System Stability and Control, Anderson, Fouad, IEEE Press

	References:
	· Power Systems Analysis, Saadat H., McGraw Hill, 2nd  Ed.,2004
· Electrical Power Systems Quality, Dugan R.C., Santoso S., McGranaghan M.F, Beaty H.W, McGraw Hill, 2nd  Edition, 2003
· Power Systems Electromagnetic Transients Simulation
Arrillaga, J., Watson, N., Inspec/Iee 1/12/, 2002

· Elements  of  Power System Analysis, Stevenson W.D., McGraw Hill Inc., 4th   Edition, 1982

	Assessment:
	· Final Exam: 60%

· Coursework: 40%


	EE 537
	Faulted Power Systems


	Lectures
	Labs
	Project
	ECTS

	
	
	4
	0
	No
	8

	Prerequisites:
	None



	Aims:
	To provide an introduction to the various types of faults that can occur in power systems and equip students with the necessary tools to carry out fault analysis. 



	Outcomes:
	By the end of this course students should have the:


· Understanding of “an” operator and the practicality of symmetrical components.

· Understanding of the various types of faults in a power system and be able to apply mathematical analysis techniques for the estimation of the magnitude of the fault current.

· Ability to approach simultaneous fault analysis techniques on both the transmission and the distribution system.



	Description:
	Material to be Covered:

·  Review of Symmetrical components, 3-phase, SLG, 2LG, and L-L faults.
 
· Open-circuit faults.  Fault analysis using computer software.  Data preparation. Output interpretation.  Equivalent circuits from results of fault analyses. 
 
·  “Professional Exam” type questions dealing with fault analysis. 
 
·  Fault analysis in commercial/industrial type installations  
 
·  Sequence Impedances of transmission lines, machines and transformers. 
 
·  Simultaneous Faults. 
 
· Examples of various applications requiring fault analysis.  




	Textbooks: 
	· Analysis of Faulted Power Systems, Anderson M.P., IEEE Press. 

	References:
	· Protection of Electricity Distribution Networks, Gers J., Holmes E. 2nd  Edition, IEE publ., 2005

· Power Systems Analysis, Saadat H.  , 2004, McGraw Hill, 2nd Ed.

· Overvoltage Protection of Low-voltage Systems, Hasse P. Inspec/IEE, 2nd Edition

·  “Elements of Power System Analysis”, by Stevenson, McGraw-Hill
· “IEEE Red Book”, IEEE
· Digital Protection for Power Systems, A.T. Johns and S.K. Salman, IEE publ.,1997 

	Assessment:
	· Final Exam: 60%

· Coursework: 40%
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