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VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELGAUM
SCHEME OF TEACHING AND EXAMINATION FOR
M.TECH. POWER ELECTRONICS (EPE)

(2014-16)
| Semester Credit Based
Teaching hours/week Marks for
; Practical / Duration
Subject Name of the Subject Field Work / | of Exam Total | oo its
Code Lecture . . LA, Exam | Marks
Assignment/ | in Hours
Tutorials

12MAT11 | Applied Mathematics 4 2 50 100 150 | 4

14 EPE 12 Power Semiconductor Devices 4 2 50 100 150 | 4

14 EPE 13 Modeling and Simulation of Power Eledtron 4 2 3 50 100 150 | 4

Systems

14 EPE 14 Solid State Power Controllers 4 2 3 50 100 150 | 4
14 EPE 15X | Elective-l 4 2 3 50 | 100 150 | 4

14 EPE 16 | Power Electronics Laboratory - | -- 3 3 25 50 75 2

14 EPE 17 | Seminar - 3 -- 25 - 25 |1

Total 20 16 18 300 550 850 23

Elective — |
Subject Code | Name of the Subject
14EPE151 Embedded System Design
14EPE152 Soft Computing
14EPE153 Advanced Control Systems




VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELGAUM

SCHEME OF TEACHING AND EXAMINATION FOR
M.TECH. POWER ELECTRONICS (EPE)

(2014-16)
Il Semester Credit Based
Teaching hours/week Marks for
; Practical / Duration
Subject Name of the Subject Field Work / of Exam Total Credits
Code Lecture X . IA Exam | Marks
Assignment/ | in Hours
Tutorials
14EPE21 AC and DC Drives 4 2 3 50 100 150 4
14 EPE 22 | Switched Mode Power Conversion 4 2 3 50 00 1] 150 4
14 EPE 23 | Power Electronics System Design using ICs 4 2 3 50 100 150 4
14 EPE24 | FACTS Controllers 4 2 3 50 100 150 4
14 EPE 25X| Elective-ll 4 2 3 50 100 150 4
14 EPE 26 | Power Electronics Laboratory - Il 3 3 25 50 75 2
14 EPE 27 | Seminar - 3 -- 25 - 25 1
**Project Phase-I -- -- -- -- -- -- -
(6 week Duration)
Total 20 16 18 300 550 850 23

** Between the Il Semester and 1ll Semester, afteavailing a vacation of 2 weeks.

Elective — I

Subject Code Name of the Subject

14EPE251 Real Time Digital Signal Processing

14EPE252 Modeling and Analysis of Electrical Mads

14EPE253 Electro Magnetic Compatibility




VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELGAUM
SCHEME OF TEACHING AND EXAMINATION FOR

M.TECH. POWER ELECTRONICS (EPE)

(2014-16)
[l Semester: INTERNSHIP CrediBased
No. of Hrs./Week Duration Marks for
Cogéz(z Subject Lecture Practical/ of Exam A | Exam I\-/lrg:?ls
u Field Work in Hours X Credits
Seminar/Presentation on Internship - 25
14EPE31 (After 8 weeks from the date of commencement) h 25 1
-- 75
14EPE32| Report on Internship 75 15
. . - 50
14EPE33| Evaluation and Viva-Voce 50 4
25
Total -- -- -- 125 150 20




VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELGAUM

SCHEME OF TEACHING AND EXAMINATION FOR

M.TECH. POWER ELECTRONICS (EPE)

(2014-16)
IV Semester Credit Based
No. of Hrs./Week Duration Marks for
Subject Subiect Field Work / of Exam Total
Code J Lecture | Assignment/| . IA Exam Marks | Credits
. in Hours
Tutorials
14EPE41 | HVDC power Transmission 4 - 3 50 100 150 4
14EPE 42X | Elective-lll 4 - 3 50 100 150 4
14EPE43 | Evaluation of Project Phase — II - - - 25 - 25 1
14EPE44 | Evaluation of Project work — IlI - - - 25 - 25 1
14EPE45 Evaluation of Project Work and Viva-voce - - 3 - 100+100 200 18
Total 8 -- 09 50 400 550 28
Grand Total (I to IV Sem.) : 2400 Marks; 94 Credis
Elective - 1l

Subjectcode

Name of the Subject

14EPE421 Power Quality Enhancement using Custom Power Dsvice
14EPE422 PWM Converters and Applications
14EPE423 DSP Applications to Drives




Note:

1) Project Phase — |:6 weeks duration shall be caaigdbetween Il and Il Semesters. Candidates in
consultation with the guides shall carryout literatsurvey / visit to Industries to finalise theitof
dissertation.

2) Project Phase — II1:16 weeks duration. 3 days ifojept work in a week during 11l Semester.
Evaluation shall be taken during the first two weekthe IV Semester. Total Marks shall be 25.

3) Project Phas- Il :24 weeks duration in IV Semester. Evaluation shalla@n up during th
middle of IV Semester. At the end of the semeBteject Work evaluation and Viva-Voce
Examinations shall be conducted.

Total Marks shall be 250 (Phase - Il EvaluationM2&rks, Phase — 11l Evaluation:25 Marks,
Project Evaluation marks by Internal Examiner @@)i50, Project Evaluation marks by External
Examiner :50, Viva-Voce Examination:100 Marks).

Marks of Evaluation of Project

* The ILLA. Marks of Project Phase — Il & Ill shall bent to the University along with Project
Work report at the end of the Semester.
4) During the final viva, students have to submittlad reports.

5) The Project Valuation and Viva-Voce will be condectby a committee consisting of the following:

a) Head of the Department (Chairman)

b) Guide

c) Two Examiners appointed by the university (Outnm external examiners at least one should
be present).



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - |
APPLIED MATHEMATICS
Subject Code 14MAT11 | IA Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week -- Number of TutorialHours/wee | 02
Total No. of Lecture Hours 52 Exam Marks 100

Numerical Methods: Solution of algebraic and transcendental equatidestive methods based on second degree equatialler method,(no derivation) Chebyshev
method, general iteration method (first order),éamedion of convergence, system of non-linear eqnat and complex roots — Newton-Raphson methotynpmial
equations — Birge —Vieta method and Bairstow's meth

Numerical Solution of Partial Differential Equations: Classification of second order equations, parabadjuations- solution of one dimensional heat egouaexplicit
method,Crank-Nicolson method and Du Fort-Frankethod hyperbolic equations- solution of one dimenal wave equation.

System of Linear Algebraic Equations and Eigen Vala Problems: Iterative methods - Gauss-Seidal method, SOR ndetigen value problems — Gerschgorian circle,
Eigen values and Eigen vectors of real symmetritriogs -Jacobi method, Givens method.

Interpolation: Hermite interpolation, spline interpolation, nuneatisolution of differential equations — Numerovthoa.

Optimization: Linear programming- formulation of the problennaghical method, general linear programming probleimplex method, artificial variable technique -M-
method.

Graph Theory: Basic terminologies, types of graphs, sub grapginaphs isomorphism, connected graphs-walks, pa&ihgjits, connected and disconnected graphs,
operations on graphs, Eulerian paths and cirddaspiltonian paths and circuits, applications ofpdrs

Linear Algebra: Vector spaces, linear dependent, independencis, das dimension, elementary properties, examples.
Linear Transformations: Definition, properties, range and null space,kraand nullity, algebra of linear transformationswertible, singular and non-singular
transformations, representation of transformatlmnsatrices.

REFERENCE BOOKS

M K Jain, S R K lyengar and R K Jain, “Numerical thi@ds for Scientific and Engineering ComputatioMé&w Age International, 2004.
M K Jain, “Numerical Solution of Differential Equans”, 2"Edition, New Age International, 2008.

Dr. B.S. Grewal, “Numerical Methods in Engineeramd Science”, Khanna Publishers, 1999.

Dr. B.S. Grewal, “Higher Engineering Mathematic$1>Edition, Khanna Publishers, 2011.

NarsinghDeo, “Graph Theory with Applications to Ereering and Computer Science”, PHI, 2012.

Kenneth Hoffman and Ray Kunze, “Linear Algebra®Elition, PHI, 2011.
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M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - |
POWER SEMICONDUCTOR DEVICES
Subject Code 14EPE12 | IA Marks 50
No. of Lecture Hours/Week 04 Exam Hours 03
Number of Practical Hours/week 02 Number of TutorialHours/wee | --
Total No. of Lecture Hours 52 Exam Marks 100

Power DiodesBasic structure and V-l characteristics, breakdawltages and control, on-state losses, switchirgyaitteristics-turn-on transient, turn-off transiend
reverse recovery transient, Schottky diodes, srmutglagiirements for diodes, diode snubber, modelimdysimulation of power diodes.

Thyristors: - Basic structure, V-1 characteristics, turn-on pas;en-state operation, turn -off process, swiggltinaracteristics, turn-on transient and di/dttitons, turn-
off transient, turn-off time and reapplied dv/dhifations, gate drive requirements, ratings ofigtgrs, snubber requirements and snubber desigdeling and simulation
of thyristors.

Triacs: Basic structure and operation-1 characteristiangs, snubber requirements, modeling and sinwradf triacs
Gate Turnoff Thyristor (GTO): Basic structure and operation, GTO switching ottaréstics, GTO turn-on transient, GTO turn -oirtsient, minimum on and off state
times, gate drive requiremispnmaximum controllable anode current, overcurreotgution of GTO’S, modelling and simulation of GTRY’

Power BJT'S:Basic structure and V-I characteristics, breakdewltages and control, secondary breakdown anadrgrol- FBSOA and RBSOA curves - on state losses,
switching characteristics, resistive switching sfieations, clamped inductive switching specificats, turn-on transient, turn-off transient, stordgmee, base drive
requirements, switching losses, device protecsmtbber requirements for BJT'S and snubber dessgvitehing aids, modeling and simulation of powdiTEs.

Power MOSFET'S:- Basic structure, V-l characteristics, turn-on pss;eon state operation, turn-off process, switcleingracteristics, resistive switching specificagion
clamped inductive switching specifications - tamiransient and di/dt limitations, turn-off trasi, turn off time, switching losses, effect ofe@ese recovery transients on
switching stresses and losses - dv/dt limitatioyetjng requirements, gate charge - ratings of MOSEEFBSOA and RBSOA curves, device protection bdrar
requirements, modeling and simulation of Power MEEIS.

Insulated Gate Bipolar Transistors (IGBT'S): Basic structure and operation, latch up IGBT, duwiftg characteristics, resistive switching spectfass, clamped inductive
switching specifications - IGBT turn-on transiel®BT turn off transient- current tailing - gatingquirements -ratings of IGBT'S, FBSOA and RBSOAwves; switching
losses - minimum on and off state times - switghirequency capability - overcurrent protectionl@BT'S, short circuit protection, snubber requiestts and snubber
design.

New Power Semiconductor Devices MOS gated thyristors, MOS controlled thyristorsMOS GTQO'’S, base resistance controlled thyristersitter switched thyristor,
thermal design of power electronic equipment, miodednd simulation, heat transfer by conducticemsient thermal impedance - heat sinks, heatfermhg radiation and
convection - heat sink selection for power semicmbor devices.

REFERENCE BOOKS

1. Ned Mohan, Tore M. Undeland, William P. Robbinspir Electronics Converters, Applications, and Be’si3°Edition. Wiley India Pvt Ltd, 2011.
2. G. Massobrio, P. Antognetti, “Semiconductor Dewvitedeling with Spice”, McGraw-Hill, 2'Edition, 2010.

3. B. JayantBaliga, “Power Semiconductor Device§Edition, International Thompson Computer Press, 1995

4. V.Benda, J. Gowar, and D. A. Grant, “Discrete amdgrated Power Semiconductor Devices: Theory/Apmlications”, John Wiley & Sons, 1999.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - |
MODELING AND SIMULATION OF POWER ELECTRONIC SYSTEMS
Subject Code 14EPE13| IA Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week 02 Number of TutorialHours/wee --
Total No. of Lecture Hours 52 Exam Marks 100

Computer Simulation of Power Electronic Convertersand Systems:Challenges in computer simulation, simulation pescdypes of analysis, mechanics of simulation,
circuit-oriented simulators, equation solvers, cangon of circuit oriented simulators and equatolvers.

Modeling of Systemstnput-Output relations, differential equations dimetarization, state space representation, trarigfestion representation, modeling of an armature
controlled DC Motor, poles and zeros circuit avérgg method of modelling approach for switched powkectronic circuits, space vector modeling, speeetors,

representation of space vectors in orthogonal dinates, space vector transformations, modelingadiction motor, state space representation ofdthemodel of the
induction motor.

Digital Controller Design:Controller design techniques, Bode diagram metldD, controller, design, root locus method, statacepmethod. Tracker, controller design,
controlling voltage, controlling current.

Discrete Computation Essentialdumeric formats, fixed -point numeric format, flogg -point numeric format, tracking the base pdanthe fixed point system, addition
of numbers, subtraction of numbers, multiplicattdmumbers, normalization and scaling, multiplioatalgorithm, arithmetic algorithm reciprocal, sopieoot, reciprocal of
square root, sine and cosine exponential, logaritmplementation examples, pi controller, sine aosine, pulse width modulation, space vector pesar-modulation.

REFERENCE BOOKS

1 .Ned Mohan, Tore M. Undeland, William P. Robbitiwer  Electronics Converters, Applicationsda Design”, 3 rd Edition, John Wiley & So2609.
2. L.Umanand,"Power Electronics Essentials and i&ppbns",1st Edition, John Wiley & Sons, 2009.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - |
SOLID STATE POWER CONTROLLERS
Subject Code 14EPE14 | IA Marks 50
No. of Lecture Hours/Week 04 Exam Hours 03
Number of Practical Hours/week 02 Number of TutorialHours/wee | --
Total No. of Lecture Hours 52 Exam Marks 100

Line Commutated Converters: Phase control, single phase semi-converter & fatiptrolled converter, three phase semi controftefililly controlled converter, dual
converters, power factor improvement methods, effiésource inductance, single phase series cargetivelve pulse converter and design of conveiteuits.

Inverters: Principle of operation, performance parameterglsiphase bridge inverters and three phase ingerter

Voltage Control of Single Phase Inverters:Single/multiple, pulse/SPWM/ modified SPWM methousltage control of three phase inverter, SPWNdtHiarmonic
PWM/Space vector modulation, harmonic reductiomsezut source inverter, comparison between VSI &.CSI

Multilevel Inverters: Introduction, types, diode clamped multi-levelénters, features & applications.

DC-DC Converters: Principle of operation, analysis of step-down atep-up converters, classification of chopper &puyer circuit design.
REFERENCE BOOKS

1. Ned Mohan, Tore M. Undeland, William P. Robbinsptr Electronics Converters, Applications, and Besi3°Edition,Wiley India Pvt Ltd, 2011

2. Rashid M.H,“Power Electronics: Circuits Devices amplications”, 3°Edition, Pearson,2011.
3. B. K. Bose, “Modern Power Electronics & AC Drive$HI,2012.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - |
EMBEDDED SYSTEM DESIGN(ELECTIVE-I)
Subject Code 14EPE151] IA Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week -- Number of TutorialHours/wee | 02
Total No. of Lecture Hours 52 Exam Marks 100

Introduction to Embedded System An embedded system, processor, hardware unttyad embedded into a system, example of an emdegidgem, OS services, I/O,
N/W, O/S, real time and embedded OS.

Processor and Memory Organization:Structural unit in a processor, processor seledto an embedded systems, memory devices, menetegton for an embedded
system, allocation of memory to program statemantsblocks and memory map of a system, direct mgiesses.

Real Time System:Types, real time computing, design issues, samydtems, hardware requirements- processor intrimi)cARM various system architecture, high
performance processors - strong ARM processorseasithg modes, instruction set, basic alp progrartesyupt structure.

Real Time Operating System:Fundamental requirements of RTOS, real time ketyyés, schedulers, various scheduling modules ex@imples, latency (interrupt
latency, scheduling latency and context switchatgrcy), tasks, state transition diagram, taskrobhtock. Inter-task communication and synchroti@aof tasks, building
real time applications.

REFERENCE BOOKS

1. Rajkamal “Embedded System Architecture: Prograrmgr& Design”,

TMH, 2010.

2. David E. Simon, “An Embedded Software Primegafson Education,

1999.

3. Philip. A. Laplante, “Real-Time Systems Desigid @nalysis- An Engineer’s Handbook™&dition, Pearson.

4. Jane W.S. Liu, “Real-Time Systems”, Pearson &tioig Inc,2012.

5. K.V.K K Prasad, “Embedded Real Time Systems:dgpts Design and Programming”, Dreamtech PressD&dhi, 2003.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - |
SOFT COMPUTING(ELECTIVE-I)
Subject Code 14EPE152| IA Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week -- Number of TutorialHours/wee | 02
Total No. of Lecture Hours 52 Exam Marks 100

Learning and Soft Computing: Examples, basic tools of soft computing, basichmutatics of soft computing, learning and statistaggproaches to regression and
classification.

Single-Layer Networks: Perceptron, Adaptive linear neuron (Adaline), amelitMS algorithm.
Multilayer Perceptrons: Error back propagation algorithm, generalized delte, practical aspects of error back propagatigorithm.

Radial Basis Function Networks:lll-posed problems and the regularization techejatabilizers and basis functions, generalizedl&dsis function networks.
Fuzzy Logic SystemsBasics of fuzzy logic theory, mathematical simii@s between neural networks and fuzzy logic mqdelzy additive models.

Support Vector Machines: Risk minimization principles and the concept offonm convergence, VC dimension, structural risknimization, support vector machine
algorithms.
Case StudiesNeural-network based adaptive control, computeplycs.

REFERENCE BOOKS

Vojislav Kecman, “Learning and Soft Computing”, Pssm Education (Asia) Pvt. Ltd. 2004.

Simon Haykin, "Neural Networks: A Comprehensive Radation”, Pearson Education (Asia) Pvt. Ltd., Roenitall of India, 2008.
M.T. Hagan, H.B. Demuth and M. Beale, "Neural NetwDesign", Thomson Learning, 2002.

Bart Kosko, "Neural Networks and Fuzzy System&nfce Hall of India, 2010.

George J. Klir and Bo Yuan, "Fuzzy Sets and Fuzzgit: Theory and Application", PHI, 2012.
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Digital Control Systems Review of difference equations and Z - transfqristransfer function (Pulse transfer function); Zransforms analysis, sampled data systems,
stability analysis (Jury’s Stability Test and Béar Transformation), pulse transfer functions aifférént configurations for closed loop discretei control systems.

Modern Control Theory: State model for continuous time and discrete taystems, solutions of state equations (for botitiouous and discrete systems), concepts of
controllability and observability (for both contious and discrete systems), pole placement by faatiback (for both continuous and discrete systerdl order and

reduced order observes (for both continuous andetis systems), dead beat control by state fe&dlmmtimal control problems using state variabl@rapch, state

M.TECH. POWER ELECTRONICS (EPE)

SEMESTER - |
ADVANCED CONTROL SYSTEMS(ELECTIVE-I)
Subject Code 14EPE153| IA Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week -- Number of TutorialHours/wee | 02
Total No. of Lecture Hours 52 Exam Marks 100

regulator and output regulator, concepts of moeffelrence control systems, adaptive control systerdsdesign.

Non Linear Control Systems Common nonlinearities, singular points, stapitf nonlinear systems - phase plane analysis asdribing function analysis, Lyapunov’'s

stability criterion, Popov’s criterion.

REFERENCE BOOKS

1
2.
3.
4
5

Ogata. K. “Modern Control Engineering™Bdition, PHI, 2010.
Ogata K “Discrete Time Control Systems™dition, PHI, 2011.

Nagarath and Gopal, “Control Systems EngineeriNgiy Age International Publishers, 2012.
M Gopal “Modem Control System Theory”, New Age Imational,2011.

M. Gopal, “Digital Control & State Variable MethddgMH, 2011.




M.TECH. POWER ELECTRONICS (EPE)

SEMESTER - |
POWER ELECTRONICS LABORATORY - |
Subject Code 14EPE16 | IA Marks 25
No. of Lecture Hours/Week -- Exam Hours 03
Number of Practical Hours/week 03 Number of TutorialHours/wee --
Total No. of Lecture Hours -- Exam Marks 50

Analysis of static and dynamic characteristic of SkET and IGBT

Performance analysis of two quadrant chopper

© oNouA~rLON B

Diode clamped multilevel inverter

10. ZVS operation of a Synchronous buck converter

Performance of single phase fully controlled andisgontrolled converter for RL load for continuousrrent mode
Performance of single phase fully controlled anaisgontrolled converter for RL load for discontirugocurrent mode
Study of effect of source inductance on the peréoroe of single phase fully controlled converter

Performance analysis of three phase fully contrdcdlied semi-controlled converter for RL load for tamous current mode
Performance analysis of three phase fully contrcdlied semi-controlled converter for RL load foregistinuous current mode
Performance analysis of single phase bridge invéteRL load and voltage control by single pulsetiv modulation




M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - |
SEMINAR
Subject Code 14EPE17 | IA Marks 25
No. of Lecture Hours/Week -- Exam Hours --
Numberof contact Hour/week 03 Number of TutorialHours/wee --
Total No. of contactHours -- Exam Marks --

The aim of the seminar is to inculcate self-leagnifiace audience, enhance communication skill,l\revim group discussion and present his
ideas.
Each student, under the guidance of a Facultgqgsired to

)] Choose a topic of his/her interest relevant to @wurse of Specialization

i) Carryout literature survey, organize the subjepid®in a systematic order

i) Prepare the report with own sentences

iv) Type the matter to acquaint with the use of Miooft-equation and drawing tools or any such faeiti
V) Present the seminar topic at least for 20 minutakycand/or through power point slides

Vi) Answer the queries and involve in debate/discudsisting for about 10 minutes

vii)  Submit two copies of the typed report with a listeferences

The participants shall take part in discussiorosidr friendly and stimulating environment in whible students are motivated to reach high
standards and become self-confident.

The internal assessment marks shall be awardedbsnmittee consisting of at least two staff mersliesed on the relevance of the topic,
presentation skill, participation in the questior @nswer session and quality of report



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - Il
ACANDDC DRIVES
Subject Code 14EPE21| 1A Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week 02 Number of TutorialHours/wee --
Total No. of Lecture Hours 52 | Exam Marks 100

Electric Drives: Introduction — block diagram-classification dé&rical drives-choice of electrical drives- fumdantal torque equation- components of load torgteady
state stability.

DC Drives: Single Quadrant Drive: 1-Phase semi and half veawveverter drives, Two quadrant Drive: 1-phase aptiése full converter drive.
Two and Four Quadrant drive: 1-phase and threesgptiaal converter drive, different braking methadd closed loop control of DC drives.

AC Drives:Voltage and current source inverter - inver@mtool-six step and PWM operation, Control of Intloic motor drive -V/f and field oriented controldirect and
indirect vector control,voltage and current souns@rter fed induction motor drives,stator and ratoltage control methods, slip energy recoveryegi

Closed Loop Control of AC Drives Stator voltage contrdf,/f control, slip regulation, speed control of stétr@mer’s drive, current control, brushless DC mpstepper
motor and variable reluctance motor drives stataitation schemes of AC generator.

REFERENCE BOOKS

1. Bose B. K, “Modern Power Electronics & AC DriveBHI, 2011.

2. Murphy JMD, Turnbull F.G., “Thyristor Control &C Motors” Pergamon Press Oxford, 1998.

3. R.Krishanan “Electric Motor Drives”, EEE, PHQIDO.

4. MehrdadEhsani, YiminGao, AlinEmadi, “Modern Bhéx, Hybrid Electric and Fuel Cell Vehicle Fundameds, Theory and
Design” Speciallndian Edition, CRC Press 2011.

5. High Performance Control of AC Drives “HaitharbukRub,Atiflgbal, JaroslawGuzinski, Wiley, 2012.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - Il
SWITCHED MODE POWER CONVERSION
Subject Code 14EPE22| 1A Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week 02 Number of TutorialHours/wee --
Total No. of Lecture Hours 52 | Exam Marks 100

DC — DC Converters (Basic Converters).Linear voltage regulators (LVRS), a basic switchmawnverter(SMPC), comparison between LVR & SMPGngiple of
operation and analysis of buck converter analysiductor current ripple and output voltage ripptapacitor resistance effect, synchronous rectiioatdesign
considerations, buck converter for discontinucwisent operation, principle of operation and gsial of boost converter, inductor current ripplel autput voltage ripple,
inductor resistance effect, design consideratidmsgst converter for discontinuous current opengbrinciple of operation and analysis of buck-stoconverter analysis,
inductors current ripple and output voltage ripmlesign considerations, buck-boost converter fdiscontinuous current operation, principle of ofieraand analysis of
CUK converter , inductor current ripple and outpaltage ripple, capacitor resistance effect, desmmsiderations, single ended primary inductanceeder(SEPIC).

Derived Converters Introduction, transformer models, principle ofeoation and analysis of fly back converter-condiimsiand discontinuous current mode of operation,
design considerations,principle of operation anal\yais of forward converter, design consideratiatmible ended(Two switch) forward converter, pphe of operation
and analysis of push-pull converter, design comaigns, principle of operation and analysis of fluldge and half-bridge DC-DC converters, designsiderations, current
fed converters, multiple outputs.

Control of DC-DC Converter: Modeling of DC-DC converters, power supply conticdntrol loop stability, small signal analysis, &hi transfer function, filter transfer
function, PWM transfer function, Type-2 error arfipli with compensation, design, PSpice simulatiérfeedback control, Type-3 error amplifier with cpemsation,
design.

Resonant Converters Introduction, resonant switch ZCS converter, giple of operation and analysis, resonant switcts£énverter, principle of operation and analysis,
series resonant inverter,series resonant DC-DCertety parallel resonant DC-DC converter, seriegalfel resonant DC-DC converter, resonant conk@rtemparison,
resonant DC link converter.

Design of inductor and transformers for SMPC.

REFERENCE BOOKS

Daniel W Hart, “Power Electronics”, Tata McGraw IH2011.

Rashid M.H., “Power Electronics — Circuits Devieasl Applications”, 8 Edition, Pearson, 2011.

D M Mitchel, “DC-DC Switching Regulator Analysis” &Graw-Hill Ltd, 1988.

Umanand L and Bhatt S R, “Design of Magnetic Conguis for Switched Mode Power Converters”, New Agierinational, New Delhi, 2001

Ned Mohan, Tore M. Undeland, William P. Robbinsptr Electronics Converters, Applications, and Be’si3° Edition, Wiley India Pvt Ltd, 2010.
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M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - Il
POWER ELECTRONICS SYSTEM DESIGN USING ICS
Subject Code 14EPE23| 1A Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week 02 Number of TutorialHours/wee --
Total No. of Lecture Hours 52 | Exam Marks 100

Introduction: Measurement techniques for voltages, curraawep, power factor in power electronic circuitdhetrecording and analysis of waveforms, sensirgpeéd.
Switching Regulator Control Circuits : Introduction, isolation techniques of switchiregulator systems, PWM systems.

Commercial PWM Control ICs and their Applications: TL 494 PWM Control IC, UC 1840 Programmable lafe PWM controller, UC 1524 PWM control IC, UC
1846 current mode control IC, UC 1852 resonantemalver supply controller.

Switching Power Supply Ancillary, Supervisory & Peiipheral Circuits and Components: Introduction, Opto-couplers, self-biased techemused in primary side of
reference power supplies, Soft/Start in switchiow@r supplies, current limit circuits, over voltgg®tection, AC line loss detection.

Phase — Locked Loops (PLL) & Applications PLL Design using ICs, 555 timer & its applicatipranalog to digital converter using IC’s, dipi@ analog converters
using ICs, implementation of different gating citsu

Programmable Logic Controllers (PLC): Basic configuration of a PLC, Programming and Ph@gram modification, power converter control usiicCs.

REFERENCE BOOKS

1. G.K.Dubey, S.R. Doradla, A. Johsi, and R. MSkaha, “Thyristorised Power Controllers™gdition, New Age International, 2010.
2. Chryssis “High Frequency Switching Power Suppli€&®Edition, MGH, 1989.
3. Unitrode application noteéittp://www.smps.us/Unitrode.html




M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - Il
FACTS CONTROLLERS
Subject Code 14EPE24| 1A Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week 02 Number of TutorialHours/wee | --
Total No. of Lecture Hours 52 | Exam Marks 100

Introduction: Basics of power transmission networks - contrgd@iver flow in AC - transmission line- flexible A€ansmission system controllers — application of FSC
controllers in distribution systems.

AC Transmission Line and Reactive Power Compensatio Analysis of uncompensated AC Line - passive reacfigwer compensation - compensation by a series
capacitor connected at the midpoint of the linburg compensation connected at the midpoint ofitlee- comparison between series and shunt capactompensation
by STATCOM and SSSC - some representative examples

Static Var Compensator: Analysis of SVC - Configuration of SVC- SVC Contmyl— voltage regulator design - some issues - bares and filtering - protection aspects —
modeling of SVC — applications of SVC.

Thyristor and GTO Controlled Series Capacitor: Introduction - basic concepts of controlled sedesmpensation -operation of TCSC - analysis of TC&@xtrol of
TCSC - modeling of TCSC for stability studies - GTi@ristor controlled series capacitor (GCSC) -igaition of sub synchronous resonance with TCSC @8&C -
applications of TCSC.

Static Phase Shifting Transformer:General - basic principle of a PST - configuratioh&SPST improvement of transient stability usii®SS - damping of low frequency
power oscillations - applications of SPST.

Static Synchronous Compensator (STATCOM):Introduction - principle of operation of STATCOMa- simplified analysis of a three phase six pul$&BCOM -
analysis of a six pulse VSC using switching funesic multi-pulse converters control of type 2 centers - control of type | Converters - multilewalltage source
converters - harmonic transfer and resonance in,\4p@lications of STATCOM.

SSSC and UPFC:

SSSC-operation of SSSC and the control of powev flonodelling of SSSC in load flow and transientdiy. Unified Power Flow Controller (UPFC) — Pdiple of
operation — modes of operation — applications —etiodg of UPFC for power flow studies.

Special Purpose FACTS Controllersinterline Power Flow Controller - operation and toh

REFERENCE BOOKS

1. K.R Padiyar, “FACTS Controllers in Power Transmissand Distribution”, New Age International, 2007.
2. Narain G Hingorani and L. Gyugyi, “Understanding@&RS: Concepts and Technology of Flexible AC Tramssioin Systems”, Wiley India, 2011.
3. Y.H.Songand A. T. Johns, “Flexible AC TransnogsBystem”, Institution of Engineering and Techiggla2009.

4.Mohan Mathur, R., Rajiv. K. Varma, “ThyristorBased Facts Controllers for Electrical TransmisSgatems”,
IEEE press and John Wiley & Sons, Inc.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - Il
REAL TIME DIGITAL SIGNAL PROCESSING(ELECTIVE-II)
Subject Code 14EPE251] IA Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week -- Number of TutorialHours/wee | 02
Total No. of Lecture Hours 52 Exam Marks 100

Digital Signal Processing FundamentalsReview of DSP fundamentals ; FIR filter designwiyndowing; adaptive filtering techniques, Fouraralysis of signal using
FFT, introduction to real time DSP and Motorola BS8X, architecture, instruction set, addressing espdimple 5630X program, real time digital FIRéii| real time
LMS adaptive filters, real time frequency domaiongassing.

REFERENCE BOOKS

1.0ppenheim and Schafer, “Digital Signal ProcessiRgentice Hall, 2011.

2.Philip L Se Leon, “Real Time Digital Signal Preseng using the MotorolaDSP S630XEVM”,2002.

3.J G Proakis,DimitrisG Monolikis, “DigitalSignaf&tessing: Principles, Algorithms and Applicatiofarson Education"Edition, 2012.
4. Samuel Stearns, “Digital Signal Processing Eithmples in MATLAB”, CRC Press, 2011.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - I
MODELING AND ANALYSIS OF ELECTRICAL MACHINES(ELECTI  VE-II)
Subject Code 14EPE252| IA Marks 50
No. of Lecture Hours/Week 04 Exam Hours 03
Number of Practical Hours/week - Number of TutorialHours/wee | 02
Total No. of Lecture Hours 52 Exam Marks 100

Basic Concepts of Modeling:Basic two pole machine representation of commutatachines, 3-phase synchronous machine with arttbwitdamper bar and 3-phase
induction machine, Kron’s primitive machine-voltagerrent and torque equations.

DC Machine Modeling: Mathematical model of separately excited DC moteady state and transient state analysis, sudd#icaion of inertia load, transfer function of
separately excited DC motor, mathematical modelcaseries motor, shunt motor, linearization techegyfor small perturbations.

Reference Frame Theory:Real time model of a two phase induction machirensformation to obtain constant matrices, thresspho two phase transformation, power
equivalence.

Dynamic Modeling of Three Phase Induction Machine:Generalized model in arbitrary frame, electromaignetrque, deviation of commonly used induction amot
models-stator reference frames model, rotor reerdrames model, synchronously rotating referemamés model, equations in flux linkages, per urdded, dynamic
simulation.

Small Signal Equations of the Induction Machine:Derivation of small signal equations of inductiomchine, space phasor model, DQ flux linkages mddglation,
control principle of the induction motor.

Transformer Modeling: Introduction, single phase transformer model, thpease transformer connections, per phase anahgsisial systems, per unit normalization, per
unit three phase quantities, change of base, peanalysis of normal system, regulating transfasrier voltage and phase angle control, auto toansdrs, transmission
line and transformers.

Modeling of Synchronous Machinesintroduction, voltage equations and torque equatiomachine variables, stator voltage equationarbitrary and rotor reference
frame variables, Park's equations, torque equstiosubstitute variables, rotor angle and angterden rotors, per unit system, analysis of stegate ©peration.

Dynamic Analysis of Synchronous MachinesDynamic performance during sudden change in inprque and during a 3-phase fault at the machémmibals,
approximate transient torque versus rotor angleacheristics, comparison of actual and approxiniaesient torque-angle characteristics during aleacchange in input
torque; first swing transient stability limit, commison of actual and approximate transient torqugdeacharacteristics during a 3-phase fault anthehine terminals, critical
clearing time, equal area criterion, computer satiah.

REFERENCE BOOKS

P.S.Bimbra, “Generalized Theory of Electrical Maws”, 8"Edition, Khanna Publications, 1995.

R. Krishnan, “Electric Motor Drives - Modeling, Alyais & Control”, PHI Learning Private Ltd, 2009.

P.C.Krause, Oleg Wasynczuk, Scott D.Sudhoff, “Asyf Electrical Machinery and Drive Systems™Erlition, Wiley(India),2010.
Arthur R Bergen and Vijay Vittal, “Power System Aysis”, 2" Edition, Pearson, 2009.

PrabhaKundur, “Power System Stability and ContréMH, 2010.

Chee-MunOng, “Dynamic Simulation of Electric Machiip using Matlab / Simulink”,Prentice Hall, 1998.
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M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - Il
ELECTRO MAGNETIC COMPATIBILITY (ELECTIVE-II)
Subject Code 14EPE253| IA Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week -- Number of TutorialHours/wee | 02
Total No. of Lecture Hours 52 Exam Marks 100

Review of EMI Theory:Sources of EMI, noise pick up modes and reductchriques for analog circuits.

Emissions and Reduction Techniquetlse of co-axial cables and shielding of signaldjneonducted and radiated noise emission in povestrenic equipment and
reduction techniques, EMI induced failure mechasi$on power electronic equipment, EMC in desiguligital circuits.

Electrostatic Discharge:ESD and switching interference reduction, susbdiyi aspects of power electronic and digital gmuent, shielding of electronic equipment.
EMC Standards and Test Equipment

REFERENCE BOOKS

Otto H. W., “Noise Reduction Techniques in ElectcoBystems”, ' Edition, John Wiley and Sons, 1988.

Paul Clayton, “Introduction to Electromagnetic Caatipility”, 2" Edition, Wiley Interscience, 2006.

William B. Greason, “Electrostatic Damage in Eledics: Devices and Systems”, John Wiley and So®861

Joseph Di Giacomo, “Digital Bus Hand Book”, McGrédill Publishing Company, 1990.
White, R. J., “Handbook Series of Electromagnatterdference and Compatibility”, Don White consuttaimc. 1981.
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M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - Il
POWER ELECTRONICSLABORATORY - Il
Subject Code 14EPE26| 1A Marks 25
No. of Lecture Hours/Week -- Exam Hours 03
Number of Practical Hours/week 03 Number of TutorialHours/wee --
Total No. of Practical Hours -- Exam Marks 50

1.Study and performance analysis of single phasedantrolled converter fed separately excited BIGtor for continuous current mode.

2.Study and performance analysis of single phagedantrolled converter fed separatelyexcited D@tbt for discontinuous current mode.

3.Study and performance analysis of three phagedahtrolled converter fed separatelyexcited DCtdidor continuous current mode.

4.Study and performance analysis of three phasedahtrolled converter fed separately excited DGtdf for discontinuous current mode.

5.Performance analysis of a practical choppeDf€dDrives system for class-A and class-C commutagiod analysis of wave forms in continuous mode.
6. Simulation study of buck, boost and buck- baastverter (basic topologies) and analysisof wave$ofor continuous current mode (CCM).

7. Simulation study of buck, boost and buck-boostverter (basic topologies) and analysis of wave&for discontinuous current mode (DCM).

8. Simulation study of forward converter and flchk@onverter and performance analysis of variougaarms.

9. Resonant converter simulation study and analysis

10.Closed loop operation of a buck and boost caere



M.TECH. POWER ELECTRONICS (EPE)

SEMESTER - Il
SEMINAR
Subject Code 14EPE27 | IA Marks 25
No. of Lecture Hours/Week -- Exam Hours --

Number of contact Hours/week

03

Number of TutoriaHours/wee

Total No. of Hours

Exam Marks




M.TECH. POWER ELECTRONICS (EPE)

OT

SEMESTER - 11l
INTERNSHIP
Subject Code | 14EPE31| IA Marks Seminar/Presentation
Duration 16 weeks| Exam | 14EPE32| Report on Internship
Marks | 14EPE33| Internship Evaluation and Viva-voce 50




M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - IV
HVDC POWER TRANSMISSION

Subject Code 14EPE41| 1A Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/wee -- Number of TutorialHours/wee | --
Total No. of Lecture Hours 52 | Exam Marks 100

DC Power Transmission Technologyintroduction, comparison with AC transmission, laggiion of DC transmission, description of DC sarission system, Planning of
HVDC transmission, modern trends in DC transmissiqerating problems.

HVDC Converters: Introduction to Line commutated converter, chadeonverter configuration for any pulse numberalgsis of 6 and 12 pulse Graetz bridge converter
without overlap, effect of smoothing reactor. Twaldr hree level voltage source converters, PulsetW\ibdulation. Analysis of converter in two andelr and three and
four valve conduction modes, LCC bridge charadiess Twelve pulse converter, detailed analysicaiverters. Analysis of Capacitor Commutated arithge source
converters.

Control of Converters and HVDC link: DC link control principles, converter control chateristics, firing angle control, current andiestion angle control, Starting and
stopping of Dc link, Power control, Frequency cohtReactive power control, Tap changer controleEgancy control and Telecommunication requiremeesitrol of
voltage source converter.

Converter Faults and Protection: Converter faults, protection against over curreat@r voltages in converter station, surge arregtmtection against over voltages.
Protection against faults in voltage source comvert

Smoothing Reactor and DC line: &oothing reactors, Effects of corona loss, DC limgulators, Transient over voltages in DC line,tBc¢tion in dc line, Detection and
protection of faults, DC breaker

Reactive Power Control:Reactive power control in steady state and trahskate, sources of reactive power, SVC and STATCOM

Harmonics and Filters:Introduction, Generation of harmonics, design of & DC filters.

Power Flow Analysis in AC/DC Systemsintroduction, dc system model, solution procedimelusion of constraints, case study, on line @oflow analysis for security
control, power flow analysis under dynamic conditippower flow with VSC based HVDC system.

Stability Analysis and Power Modulation: Introduction to stability concepts, power modulatigractical considerations in the application afdulation controllers,
voltage stability, analysis of voltage stabilityaaynchronous AC/DC system.

Multi Terminal DC Systems: Introduction, applications, types, control andtpction.

REFERENCE BOOKS

1. K. R. Padiyar, “"HVDC Power Transmission Systems&wNAge International, 2012.

2. E.W.Kimbark “Direct Current Transmission”, Vol.1,il&y Inter-Science, London, 2006.

3. Arrilaga, “High Voltage Direct Current Transmissipithe Institute of Engineering and Technolog{Ealition, 2007.
4. S Kamakshaiah and V Kamaraju, “HVDC TransmissiamiH, 2011.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - IV
POWER QUALITY ENHANCEMENT USING CUSTOM POWER DEVICE S
MITIGATION(ELECTIVE- IIl)

Subject Code 14EPEA421] IA Marks 50
No. of Lecture Hours/Week 04 Exam Hours 03
Number of Practical Hours/week -- Number of TutorialHours/wee --
Total No. of Lecture Hours 52 Exam Marks 100

Introduction and Characterization of Electric Power Quality: Electric Power Quality, Power Electronic applioas in Power Transmission Systems, Power Eleatroni
applications in Power Distribution Systems. Po@®eality terms and Definitions, Power Quality Perbb.

Analysis and Conventional Mitigation Methods: Analysis of Power Outages, Analysis of Unbalan&ealysis of Distortion, Analysis of Voltage Sagpalysis of Voltage
Flicker, Reduced Duration and Customer impact wfa@es, Classical Load Balancing Problem, HarmBeiduction, Voltage Sag or Dip Reduction.

Custom Power DeviceslIntroduction, Utility-Customer Interface, Custoravi®er Devices, Custom Power Park, Status of Appticanf CP Devices, Closed-Loop
Switching Control, Second and higher order Systems.

Solid State Limiting, Breaking and Transferring Devices: Solid State Current Limiter, Solid State Breakssues in Limiting and Switching operations, S@iate
Transfer Switch, Sag/Swell Detection Algorithms.

Load Compensation using DSTATCOM:Compensating Single-Phase Loads, Ideal Three-FBtasaet Compensator Structure, Generating Referenoei@s Using
Instantaneous PQ Theory, Generating referencergarusing instantaneous Symmetrical Componentse@eAlgorithm for generating reference currentsp@&ating
Reference currents when the Source is Unbalanced.

Realization and Control of DSTATCOM: DSTATCOM Structure, Control of

DSTATCOM Connected to a Stiff Source, DSTATCOM Cected to weak Supply Point, DSTATCOM Current Colrtnoough Phasors, DSTATCOM in Voltage Control
Mode.

Series Compensation of Power Distribution SystenRectifier Supported DVR, DC Capacitor SupporteéR) DVR Structure, Voltage Restoration, Series wetrilter.
Unified Power Quality Conditioner: UPQC Configurations, Right-Shunt UPQC Charactesstieft-Shunt UPQC Characteristics, Structure @ontrol of Right-Shunt
UPQC, Structure and Control of Left-Shunt UPQC.

REFERRENCE BOOKS

1. Arindam Ghosh et.al, Power Quality Enhancement ¢y§instom Power Devices,Kluwer Academic Publish@G22
2. Math H J Bollen, “Understanding Power Quality Pebb; Voltage Sags and Interruptions”, Wiley In@al1.

3. Roger C Dugan, et.al, “Electrical Power Systemsliftia3™ Edition, TMH, 2012.

4. G T Heydt, “Electric Power Quality”, Stars in CiedPublications, 1991.

5. Ewald F Fuchs, et.el, “Power Quality in Power Systnd Electrical Machines”, Academic Press, Elge@09.

6. C. Shankaran “Power Quality”, CRC Press, 2013.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - IV
PWM CONVERTERS AND APPLICATIONS(ELECTIVE- IIl)

Subject Code 14EPE422| IA Marks 50
No. of Lecture Hours/Week 04 | Exam Hours 03
Number of Practical Hours/week -- Number of TutorialHours/wee | --
Total No. of Lecture Hours 52 Exam Marks 100

AC/DC and DC/AC Power Conversion:Overview of applications of voltage source coneest

PWM Techniques: Pulse modulation techniques for | — phase bridges clamping PWM, space vector based PWM, advaiR@edl techniques.

Loss Calculations:Practical devices in converters, calculation otaving and conduction losses, compensation fod dieae and DC voltage regulation.
Modeling: Dynamic model of PWM converters; constant V/F ictitn motor drives; estimation of current rippledanrque ripple in inverter fed drives.
Converters with Compensation:Line-side converters with power factor compensatieactive power compensation, harmonic currempamnsation.
REFERENCE BOOKS

1. Mohan, Undeland and Robbins, “Power Electronicanv@oter, Applications and Design”, Wiley India, 201

2. Erickson RW, “Fundamentals of Power Electronicgiag@man Hall, 1997.
3. Joseph Vithyathil, “Power Electronics- Principlesl@pplications”, TMH, 2011.



M.TECH. POWER ELECTRONICS (EPE)
SEMESTER - IV
DSP APPLICATIONS TO DRIVES(ELECTIVE- 1l1)

Subject Code 14EPEA423| IA Marks 50
No. of Lecture Hours/Week 04 Exam Hours 03
Number of Practical Hours/week -- Number of TutorialHours/wee --
Total No. of Lecture Hours 52 Exam Marks 100

Introduction: To the TMS320LF2407 DSP Controller, C2xx DSP CRthiecture and instruction set.  General Purpogaitfoutput (GPIO) functionality interrupts on
the TMS320LF2407, Analog-to-Digital Converter (AQ@Vent managers (EVA, EVB).

DSP-Based Applications:Of DC-DC buck-boost converters, DSP based cowtrgtepper motors, DSP-Based control of permanegnet brushless DC machines, Park
and Clarke's transformations.

Space Vector Pulse Width Modulation, DSP-basedrobaf permanent magnet synchronous machines.

DSP-based vector control of induction motors

REFERENCE BOOKS

1. Hamid Toliyat and Steven Campbell, “DSP-Based Etenechanical Motion Control”, CRC Press, 2011.

2. P.C.Krause, Oleg Wasynczuk, Scott D.Sudhoff, “Asilyf Electrical Machinery and Drive Systems™ Edition, Wiley India,2010
3. Chee-Mun Ong, “Dynamic Simulation of Electric Mao@iy using Matlab / Simulink”, Prentice Hall,1998.
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