M.Tech (Electrical Engineering) with specializationin Power Electronics & Drives

(Effective from the session: 2013-2014)
Course Structure & Scheme of Evaluation

| Semester

Subject Subject Name L| T| P| Credits Total
Code Marks

TA | MSE | ESE
EE2103 Power Electronics 3 N1 |0 4 20 20 60 100
EE 2104 Advanced Electrical 3/1|0 4 20 20 100
Machines

EE21xx Elective | 3 1 O 4 20 20 60 100

EE21xx Elective Il 3] 1] O 4 20 20 60 100

EE21xx Elective Il 0| O] 6 4 5( 0 50 100

Total Credits = 20

Il Semester

Subject Subject Name L| T| P| Credits Total
Code Marks

TA | MSE | ESE

EE2203 Electric Drives 3 1 0 4 20 20 60 100

EE2204 Advanced Power 3110 4 20 20 100
Electronics

EE22xx Elective IV 3] 1 O 4 2( 20 100
EE22xx Elective V 3 1 @ 4 20 20 100
EE22xx Elective VI 0l O 6 4 5( 0 100

Total Credits = 20

Il Semester

Subject Code Subject Name Credits Eval (100

EE 2393 State of Art Seminar 4 Marks

EE 2394 Thesis 16 Marks

IV Semester

Subject Code Subject Name Credit§ Eval (100

EE 2492 Thesis 20 Marks

Note: The distribution of thesis evaluation markh e as follows:

1. Supervisor(s) evaluation component 60%

2. Oral Board evaluation component 40%
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First Semester

EE 2103 Power Electronics:

Introduction to Power Electronics Systems, Role of Power Eleatsoin the field of electric power
control.

Controlled Rectifiers: Phase controlled Rectifiers operation on resiséimd inductive loads,
use of free-wheeling diode, Single -Phase and Tpinase controlled and Fully controlled bridge
rectifiers, Semi-converters, Dual converters, Hffet source impedance on converter, Line
commuted inverters

Choppers: Principle of operation and control technique of mber, classification of Choppers,
current and voltage waveforms for resistive, intkgctand motor loads, Power Transistor and
MOSFET based chopper circuits, step up choppeitamgbplication.

Inverters : Single-phase and Three-phase (six-step) invenets®ge and current waveforms,
Bridge Inverter, voltage control & PWM strategie§ W¥SI., Series and parallel inverters,
Methods of voltage control, and various techniqoigghase width modulation. Comparisons of
voltage source and current source inverters arniddpplications.

AC to AC ConverterCycloconverters single-phase and three-phase Step-up and Step dow
cycloconverter, Full bridge and half

Applications- Static circuit breakers, UPS, Static frequencyvester, Power factor control,
regulation of voltage or current in high power aggtions: power supplies, motor controls and
power amplifiers, control techniques, analysis design

References:

1. M. H. RashidPRower Electronics

2. Vineeta Agrawal & Krishna KantRower Electronics

3. G. K. Dubey, S. R. Doradla, A. Joshi & V. P. Sinlihyristorised Power Controllers

4. P. C. SenPower Electronics

5. P. S. BimbhraPower Electronics

6. Ned Mohan, T. M. Undeland& W. P. RobblPower Electronics (Converter, Applications
& Design)

R .S. Ramstrandower Electronics

M. H. RashidPower Electronics Handbook (Academic Press)

© N
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EE 2104 Advanced Electrical Machines

Review and analysis: Direct-Current Machinesference frame theorgymmetrical Induction
Machines, Synchronous Machines, Theory of Brushiesslachines, winding functions and
machine designpachine equations for improving analysis and nmiodedf machines coupled to
power electronic circuits, analysis of unbalanopération, generalized approach to machine
parameters identification, Linearized Machine Eourst, Reduced-Order Machine Equations,
Symmetrical and Unsymmetrical 2-Phase Induction ivtees.

Reference:

1. Paul C. Krause, Oleg Wasynczuk, Scott D. Sudhadiyé&h Pekarekinalysis of Electric
Machinery and Drive Systems, 3rd Edition.

2. T.A. Lipo, T. M. Jahnsintroduction To Electric Machines And Drives

3. D. W. Novotny and T. A. LipoVector Control and Dynamics of AC Drives

4. Peter Vas.Sensor less vector and direct torque control

Second Semester

EE 2203 Electrical Drives:

Review of classical speed control methods for DQomsy induction motor and synchronous
motors, Applications of solid state controller suds choppers, rectifiers, inverters
&cycloconverters in drive system and their perfong® characteristics, Closed loop control of
solid state DC drives. DC motor, stepping motat gariable reluctance motor drives. Variable
frequency control of ac drives. Vector control néliiction motor and synchronous motors, AC
and DC motor drives in transportation system &ttoa; Case studies.

References:

J. M. D. Murphy,Power electronics control of AC motoRerganon Press, Newyork
P. C. SenThyristor DC drivesWiley Inter Science Publication

Vineeta AgarwalFundamentals of Electric drivedgarwal Publishing House

G. K. Dubey, Fundamentals of Electric driveBlarosa Publishing House

B. K. Bose Modern Power Electronics & AC DriveRearson

V. Subramanayani,hyristor control of Electric drivesTata McGraw Hill Publication
S. B. DewanThyristorized power controller driveViley Inter Science Publication

NoosrwNOE

EE 2204 Advanced Power Electronics:

Unit 1. DC-DC converters & power supplies
i. Review of DC-DC converter circuits. SEPIC and Cuwerters; Analysis of non-ideal
switches and circuit elements in DC-DC convertefficiency calculation, voltage transfer
characteristics with continuous and discontinuosictor current.
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ii. Representation of dynamics of buck, boost and fatwaonverters; state-space averaging,
PWM controller; control loop design, voltage comhtrourrent mode control; Limiting of
inrush current; Inductor and capacitor components.

iii. Isolated DC-DC Converters: Push-Pull Full-Bridged adalf-Bridge, Forward &Flyback
Converters, Boost-Derived Converters, Differentsitems of the SEPIC and Cuk Converter

Unit 2: DC-AC Inverters

Review of assumed knowledge on DC-AC inverter disgladvanced modulation techniques,
SVM; Compensation for dead time and device voltdggs. Current source inverters, multi-
level and Z-source inverters, Rectifier/invertethabi-directional power flow.

Unit 3: Resonant converters

Hard switched and Soft Switched Converter: Zenseni switched (ZCS) DC-DC converter,
Zero-voltage switched (ZVS) DC-DC converter, LoagsBnant Converters, Series-resonant and
Parallel-resonant converter/inverter, Series-paratiesonant converter, Resonant DC-link
inverter/converter. Resonant Switch Converter, DC+4@sonant link inverters, hybrid resonant
link inverters, Quasi resonant link converters, Higequency link Integral half cycle Converters,

Unit 4: Modern Rectifiers

Power and Harmonics in Non-sinusoidal Systems,e”ilglth Modulated Rectifiers, Modeling,
analysis, and control of low-harmonic rectifierspd8t, fly back, and other topologies for
controlling the input current waveform of an acrdctifier, Switched mode rectifiers, Average-
current, peak-current-mode, critical conduction moahd nonlinear carrier control techniques,
Determination of rms currents, and comparison efgpmances of popular topologies, System
considerations. Modelling losses and Simulation.

Unit 5: Research Studies,

Literature review and discussions in emerging powlectronics topics such as: Solar Power
Conversion Systems, Wind Power Conversion, Bat@marging, Power Factor Correction,
Matrix converter, synchronous link converters.

Textbook:

1. N. Mohan, T. M. Undeland & W. P. RobiBpwer Electronics; Converters, Applications
and DesignJohn Wiley, Second Edition, 1995, New York.

2. J. G. Kassakian, M.F. Schlecht & G. C. Verghd®enciples of Power Electroni¢s
Addison Wesley, 1991.

3. R. W. EricksonfFundamentals of Power Electronjdsluwer Academic Publications, 1997.

4. D. W. Hart|ntroduction to Power Electroni¢$rentice Hall International, 1997.

5. Erickson and Maksimovidrundamentals of Power Electronjc@nd edition, Springer
Science Business (2000), ISBN 0-7923-7270-0
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List of Professional Electives for PE and Drives

List of Professional Elective |

EE 2121 Power Semiconductor Devices

EE 2122 Microprocessor and micro-controller besgslems
EE 2111 Optimization Techniques

EE 2131 Flexible AC Transmission Systems

PwbdPE

List of Professional Elective |l

EE 2123 Control Techniques in Power Electronics
EE 2124 CAD of Power Electronics

EE 2125 Virtual Instrumentation

EE 2135 Renewable Energy & Grid Integration

PwnE

List of Professional Elective Il

EE 2151 Advanced Control Lab
EE 2152 Power Electronics Lab
EE 2153 Power System Lab

EE 2161 Mini Project/ Term project

PN

List of Professional Elective IV

1. EE 2221 Advanced Digital Design
2. EE 2222 Electric Traction and Vehicles
3. EE 2223 Advanced Control Systems

List of Professional Elective V

1. EE 2224 Micro Electromechanical Systems
2. EE 2225 Special topics in Power Electronics
3. EE2226 Intelligent Control of Drives

List of Professional Elective VI

1. EE 2251 Instrumentation Lab

2. EE 2252 Advanced Power Electronics & Drives Lab
3. EE 2253 Advanced Power System Protection Lab
4. EE 2261 Mini Project / Term Project
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EE 2121 Power Semiconductor Devices

1. Power switching devices overview— Attributes of an ideal switch, application
requirements, circuit symbols; Power handling cdipab- (SOA); Device selection strategy
On-state and switching losses — EMI due to swighiPower diodes - Types, forward and
reverse characteristics, switching characteristicating.(review to be done looking at other)

2. Current controlled and voltage controlled devices : BJT's — Construction, static
characteristics, switching characteristics; Negatiemperature co-efficient and secondary
breakdown; Power MOSFETs and IGBTs — Principle oltage controlled devices,
construction, types, static and switching charasties, steady state and dynamic models of
MOSFET and IGBTSs - Basics of GTO, MCT, FCT, RCTCIGand SiC.

3. Firing and protecting circuits : Necessity of isolation, pulse transformer, optqteu—
Gate drives circuit: SCR, MOSFET, IGBTs and badeving for power BJT. - Over voltage,
over current and gate protections; Design of snubbe

4. Thermal protection : Heat transfer — conduction, convection andataxh; Cooling —
liquid cooling, vapour, phase cooling; Guidancelear sink selection — Thermal resistance
and impedance Electrical analogy of thermal comptmeheat sink types and design —
Mounting types, Packaging and power modules.

References

1. B.W Williams, Power Electronics Circuit Devices and Applications
2. Rashid M.H. Power Electronics Circuits, Devices and ApplicasoRrentice Hall India,
Third Edition, New Delhi, 2004Edition 2)
3. Krishna Kant and Vineeta Agarw&pwer ElectronicsBPB Publications, New Delhi
4. M D Singh and K.B Khanchandampwer ElectronicsTata McGraw Hill, 2001.
5. Mohan, Undcland and RobinBpwer Electronics- ConceptsApplications and
Design John Wiley and Sons, Singapore, 2000.

EE2122 Microprocessor and micro-controller based stems

Introduction to the general structure of advancetroprocessors and microcontrollers,

Discussions on architectures, instruction sets, omgnhierarchies, pipelining and RISC

principles, interfacing to input and output devicaser interface design, real-time systems, and
table-driven software, single chip microcomputdrgerrupt structures, Parallel/serial 1/O,

Analog 1/0, DMA operations, Peripheral controllersaboratory based experiments and
projects with these devices

References
1. John B. Peatmamesign with PIC MicrocontrollersPearson Education Asia, 2000.
2. John B. Peatmamesign with MicrocontrollersMcGraw Hill, 1995.
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3. Barry B Brey, INTEL Microprocessors 8086/8088, 80186/80188, 8048ftium
Processor, Pentium I, 1lI, I,\/7‘h Edition PHI 2006

EE 2111 Optimization Techniques

Introduction to optimization-classification. Line@rogramming — Problem in two variable-
graphical solution — Formulation of LP problemsnore than two variables- standard form
simplex method-simple-Algorithm special cases-2 splsa method- Duality and Dual LP
problems-10.

Application of LP in Transportation problem-Baladcand unbalanced transportation problems-
Use of North West corner rule-Least cost coeffitimethod-Vogel approximation method.
Non-linear programming problem — philosophy of nuca methods, various elimination
method for one dimensional problems- unconstraerad constrained optimisation, Non linear
programming problems, Use of univariate method tteRa search method — Steepest descent
method-Davidon, Fletcher Power method — cuttingi@lanethod , Penalty function-Derivative
free method, Finite differential and method of swi squares and non-linear equations-
comparison of methods.

Classical optimization techniques — single variapteblem-multivariable optimisation with
constraints and without constraints Necessary affttignt conditions.

Basics ideas of Feometric programming-Dynamic m@ogning and Integer programming

References:

1. S. S. RaoDptimization theory and application

2. L. S. Srinath,Linear programming theory and application

3. Leunberger D,Linear & non linear programming?™® ed. Addition —Wesley, 1984

4. Schirisieer A..Theory of linear and integer programmingphn Wiley and sons 1986

EE 2131 Flexible AC Transmission Systems

Introduction to FACTS, challenges and needs, Pd@w in AC transmission line, Power flow

control, Description and definition of FACTS coriteos, Static power converter structures,
Voltage-sourced and current-sourced convertersy€rter output and harmonic control, power
converter control issues, Shunt Compensation: S8TATCOM, Operation and control,

Configurations and applications, Series Compensafl€€SC, mitigation of sub-synchronous
resonance, SSSC, Combination of shunt-series caapen: UPFC, Power flow studies with
FACTS controllers, operational constraints, IPF®QL, other FACTS Controllers: TCPAR,
TCBR etc.

References:

1. N.G.HingoraniFACTS

2. K.R. Padiyar,FACT's Controllers in Transmission & Distribution

3. V. K. Sood, HVDC and FACTS Controllers: Applications of Stafionverters in Power
Systems
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4. Enrique Acha, C.R. Feurte-Esquivel and othktsdelling and Simulation in Power
Networks Wiley.

EE 2123 Control Techniques in Power Electronics

State space modeling and simulation of linear systediscrete time models, conventional
controllers using small signal models, variableduire and sliding mode control, hysterisis and
ramp comparison controllers, output and state faekllswitching controllers, Linear Quadratic
Controller (LQR), Deadbeat controller, Structured azontrol of following power converters:
single phase H-bridge and three phase invertertilewdl inverters, PWM for inverters,
Implementation of Power Electronics Controllers:alag and digital controllers, DSP
implementation, ASIC’'s and embedded controller, BRGand Virtual Instrumentation,
Introduction to simulation method for power eleaim converter system , Modeling of
Elements, Computer simulation of state equationge®rreduction for simulation study,
Eigenvalue analysis, Participation factor, Seqatntiethods of simulation, Modern trends in
CAD methods

References:

N. Mohan and otheRower Electronics, Converters, Applications andiDes

M. H. Rashid (ed)Power Electronics Handbook

M. P. Kazmierkowski,Control in Power ElectronicéSelected Problems)

D. O. NeacsypPower Switching Converte(dMedium and High Power)

H. Sira-Ramirez & others,Control Design Techniques in Power Electronics besi

A. Ghosh and G. Ledwich Ppwer Quality Enhancement using Custom Power Dsvice

ogkhwnhPE

EE 2124 CAD of Power Electronics

Introduction to simulation method for powedectronic converter system , Modeling of
Elements, Computer simulation of state equatiomie®reduction for simulation study ,
Eigenvalue analysis, Participation factor, Seqantiethods of simulation, Modern
trends in CAD methods.

References

1. Rashid, M. Simulation of Power Electronic Circuits using PSE|®HI, 2006
2. Rajagopalan, V.Computer Aided Analysis of Power Electronic systbtascell —
Dekker Inc., 1987.

3. John KeownMicrosim, Pspice and circuit analysiBrentice Hall Inc., 1998

EE- 2125 Virtual Instrumentation
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Introduction, Virtual instrumentation (VI) advagts, Graphical programming techniques,
Data flow programming , VI's and sub VI's, Struaar Arrays and Clusters, Data acquisition
methods, File I/0, DAQ hardware, PC hardware: dpggasystems, Instrumentation buses, ISA,
PCI, USB, PXI, Instrument control, Data communicatstandards, RS-232C, GPIB, Real time
operating systems, Reconfigurable I/O, FPGA.

References
1.S. Gupta & J. JohNjirtual Instrumentation Using Lab VIEW
2.Robert Bishopl.ab VIEW 7 Express Student Edition
3.National Instrumentd,ab VIEW User Manual
4. National Instrument$,ab VIEW RT User Manual
5.National Instrument$,ab VIEW FPGA Module User Manual
6.Leonard SokoloffApplication Lab VIEW
7.Nesimi ErtugruL.ab VIEW For Electrical Circuits, Machine Driveséhabs
8.John EssickAdvanced Lab VIEW Labs
9.Gary Johnsongab VIEW Graphical Programming

EE 2135 Renewable Energy & Grid Integration

wind energy conversion systems, Wind turbines, iharbcharacteristics, Various electrical
generators, Induction generators, doubly-fed indacgenerator, Synchronous generator and
permanent magnet synchronous generator (PMSG).rRmmgersion through power electronics
converters, Maximum Power point tracking (MPPT), n@olled rectifiers and DC-DC
converters for MPPT, Voltage source inverters, Miogeand control of WECS for grid
interface, Standalone and grid interface applicaticGolar photovoltaic (PV) system,
classifications, PV characteristics, MPPT methdd€-DC converters and VSI, roof-top and
domestic PV systems, Grid connected PV system, €eld, classification and characteristics,
power electronics interfaces, Hybrid systems, Oteaewable sources of energy, Integration of
renewable energy systems.

Components required for grid integration. Enengyagge components and integration with the
grids. Large energy storage technologies (MW). @ridgration issues and standards. Adequate
converter topologies, tariff related to renewalvlergy interface.

References:

M. R. Patelwind and Solar Power Systenisilor & Francis CRC Press, USA, 2006.

M. H. Rashid (ed)Power Electronics Handboplcademic Press, Florida, 2001.

Bin Wu, Yonggiang Lang, Navid ZargarPower Conversion and Control of Wind
Energy System$VILEY 2011.

4. A. Ghosh and G. LedwictRower Quality Enhancement using Custom Power Dsyvice
Kluwer Academic Publisher, Boston, MA, 2002.

wnN e
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EE 2154 Power Electronics Lab |

Power Electronics - Hardware

1. To design and implement single phase and threeeptiasie-bridge modules under varying
load condition.

2. To design and implement controlled bridge rectifismg single-phase and three-phase SCR
bridge modules.

3. To program the given microprocessor (8085) for wayyhe firing angle of SCR triggering.

4. To implement the gate drive for IGBT bridge modws an inverter and study its
characteristics.

5. To test the isolated gate drivers for transistamsistor logic (TTL) pulses to the MOSFET
bridge module by varying the pulse width.

Power Electronics — Simulation

6. To simulate the Buck and Boost converter using B&Roftware and obtain the variation of
output voltage with duty cycle variation.

7. To simulate the Buck-boost converter using PSPIGHEwvare and obtain the variation of
output voltage with duty cycle variation.

8. To simulate Bipolar and Unipolar Sinusoidal Pulsed¥ Modulation (SPWM) using
PSPICE software for half-bridge and full-bridgeenter respectively.

Renewable Energy — Hardware

9. To demonstrate the |-V and P-V characteristics dfrRodule with varying radiation and
temperature level. Also demonstrate the |-V and ERdracteristics of series and parallel
combination of PV modules.

10.To show the effect of variation in tilt angle on Piodule power. Also demonstrate the effect
of shading on module output power.

11.Workout power flow calculations of standalone P¥teyn of DC load with battery.

Renewable Energy — Simulation

12.  To verify the static @A characteristics of a three bladed wind turbine

13. To simulate a given PV Array and to plot the I-Nacacteristics using Matlab.

FACTS — Simulation

14.To design and simulate static VAR compensator aliiT&®OM using Matlab and plot their
characteristics.

15.To design and simulate firing angle control of teir controlled reactor (TCR) using
Matlab and tabulate the theoretical and simulatddes.

15.To design and simulate firing angle control of thtgr switched capacitor (TSQising
Matlab and tabulate the theoretical and simulatddes.

16. Static VAR Compensator

17.Comparison between DSTATCOM and STATCOM

18. Basic Series compensation circuit
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Advanced Electrical Machines — Hardware

19. Study of V-curves of a synchronous Motor

Advanced Electrical Machines — Simulation

20.Modeling & Simulation of the Starting and stoppingnsients for a DC Motor

21.Modeling & Simulation of the Starting and stoppingnsients for a 3 Ph Induction Motor

22.To simulate the PWM control of an induction moteimg Matlab Simulink.

23.To Model the dynamics of switched reluctanoetor using Matlab Simulink.

24.To Model the dynamics of three-phase round-rotorsaient-pole synchronous machine
using Matlab Simulink.

25. Simulation of electrodynamic force for a simpleatlemechanical system

26. Study of ANSYS based linear magnetic circuit.

27.Design of Induction Motor using ANSYS software.

EE 2221 Advanced Digital Design

Design principles for complex digital systems,rdten, top-down/bottom-up, divide and
conquer, and decomposition, Description techniguet)ding block diagrams, register transfer
and hardware description languages, Consideratiotransmission line effects on digital
systems, Synchronous design, state machine deBigsign for testability, PALs, FPGAs,
standard cells, timing considerations, fault vectond fault grading.

References:
1. Nripendra N Biswas ,“Logic Design Theory” Prentldell of India,2001
2. Logic and Computer Design Fundamentals, M. Morranb Charles R. Chime'®3
Edition, PHI

EE2222 Electric traction and vehicles

Electric Traction Services, Nature of Traction LsadVain Line and Suburban Train
configurations, Conventional and Modern TractionvBs, Traction Motors, Tractions Drives,
Braking Systems, Semiconductor Converter Controtiees, Induction and Synchronous
motor drives, VSI/CSI drives, Polyphase ac n®wtfor traction Drives, Diesel Electric
traction, Energy Conservation, Interlocking andussgring operations and Protection.

Introduction to Alternative Vehicles, Electric Vehes, Hybrid Electric Vehicles, Electric and
Hybrid, Vehicle Components, Vehicle Mass and Penforce, Electric Motor and Engine
Ratings, Electric and Hybrid Vehicle History, We&blHWheel Analysis, EV/ICEV Comparison,
Electric Vehicle Market, Vehicle Mechanics, RoadWwayndamentals, Laws of Motion, Vehicle
Kinetics, Dynamics of Vehicle Motion, Propulsionvrer Velocity and Acceleration, Tire—
Road Force Mechanics, Propulsion System Design

Alternative Vehicle Architectures, Electric VehisleHybrid Electric Vehicles, Plug-In Hybrid
Electric Vehicle, Power train Component Sizing, Bla&nalysis and Packaging, Vehicle
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Simulation Battery Energy Storage, Batteries incile and Hybrid Vehicles, Battery Basics,
Battery Parameters Electrochemical Cell FundamgnBattery Modeling, Traction Batteries,
Battery Pack Management Alternative Energy Storagegl Cells, Ultra capacitors,
Compressed Air Storage, Flywheels Control of AC Maes, Vector Control of AC Motors, dq
Modeling, Induction Machine Vector Control PM MakhiVector Control

Internal Combustion Engines, BMEP and BSFC, Vehklel Economy, Emission Control
System, Power train Components and Brakes, Poveém tCLomponents, Gears, Clutches,
Differential Transmission, Vehicle Brakes Coolings&ms, Climate Control System, Power
train Component Cooling System Hybrid Vehicle CohtBtrategy, Vehicle Supervisory
Controller, Mode Selection Strategy, Modal ConBtiategies

References

SandeepDhamej&lectric Vehicle Battery SystemElsevier

John Fenton & Ron Hodkinsohightweight Electric/Hybrid Vehicle DesigrElsevier
Seth Leitman, Bob BranBuild Your Own Electric VehicleMcGraw Hill

Igbal HusainElectric and Hybrid Vehicles: Design Fundament@gcond Edition by
CRC, Press 2010

5. MehrdadEhsani; YiminGao; Ali Emadi, Modern Electridybrid Electric, and Fuel
Cell Vehicles: Fundamentals, Theory, and Destggcond Edition CRC Press 2009

PwbdbPE

EE2223 Advanced Control Systems

Review of Modeling and Analysis of LTI SystemsModeling of physical Systems. Design
specifications and performance indices, Motion wantsystems, Transportation lags.
Approximation of time-delay functions., Sensitivity control systems to parameter variations.
Effects of disturbance of signals, Disturbanceata.

Analysis in state-space:A perspective on state-space design, State vasaBtate models for
physical systems. SISO and MIMO systems. Solutibrstate equations. Transfer function.
Eigenvalues and eigenvectors. Jacobian linearizatechnique. State transformations and
diagonalisation. Transformation to phase-variablanonical form. Controllability and
observability. Duality property. Stability.

Introduction to Discrete-time Systems:

Basic elements of discrete-time control systenrazigform and properties. Inverse Z-transform.
Difference equation and its solution by Z-transfamathod. Z-transfer function. State diagram
of digital systems. Time delay. Direct, cascade gadallel decomposition of Z-transfer
functions.

Feedback control designContinuous control design. Proportional, dervatand integral cont
Feedback control design Continuous control dedtgoportional, derivative and integral control
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action. PID controller tuning rules. Ziegler-Nichoimethod. Two degree of freedom control
systems. Compensator design using Bode diagramequéncy response approach. Lag, Lead,
Lag-lead compensator.Control law design for fulitstfeedback by pole placement. Full order
observer system. Observer based state feedbadckiaBep principal.

Non linear system:

Classification and types of non-linearity. Phenoapgaculiar to non-linear systems. Methods of
analysis. Linearization based on Taylor's seriepaesion. Jacobian Linearization. Phase
trajectory and its construction. Phase-plane arsbfslinear and non-linear sustems. Existence
of limit cycles. Describing function of typical ndimearities. Stability analysis by DF method.
Introduction to DIDF. Popov’s circle criterion. 8thty analysis by Lyapunov’s indirect and
direct methods, Lypunov’s theorem.

Reference Books:

1. Ogata, K ModerrControl EngineeringPHI Learning

2. Kuo, B.C. Automation Control SystemBrentice Hall

3. Roy Choudhury, PModern Control Engineerindrentice Hall

4. Nagrath, J. J. Gopal,,Montrol System Engineerinjew Age Publishers

5. Schulz, D.G. and Melsa, L.Stakeinctions and Linear Control SystemcGraw-Hill.
6. Stepheni, Shahian, Savant, Hostetsign of feedback control systerxford University
Press.

7. VidyasagarNonlinear System AnalysiBrentice-Hall.

8. Gibson, J.ENon linear SystemMc. Grawhill.

9. Gopal. M, Digital Control and State Variable MethgdBMH.

EE2224 Micro Electro Mechanical Systems

UNIT: INTRODUCTION

Intrinsic characteristics of MEMS- Energy Domainsdatransducers, sensors & Actuators,
introduction to Microfabrication, Silicon based MEBEMprocesses, new materials, review of
Electrical & mechanical concepts in MEMS, semicartdu devices, stress and strain analysis,
flexural beam bending, Torsional deflection.

Unit Il: Sensors and Actuators-I

Electrostatic sensors, parallel plate capacitgplieations, Interdigitated finger capacitor, comb
drive devices, thermal sensing and actuation, thkerexpansion, thermal couples, thermal
resistors, applications, magnetic actuators, micegnetic components, case studies of MEMS
in magnetic actuators.

Unit Ill: Sensors & actuators-ll

Piezoresistive sensors, piezoresistive sensor ialgtestress analysis of mechanical elements,
applications to inertia, pressure, tactile and flegnsors, piezoelectric sensors and actuators,
piezoelectric effects, piezoelectric materials, l@magions to inertia, Acoustic, tactile and flow
sensors.

Unit IV: Micromachining

Silicon Anisotropic Etching, Anisotropic wet etchgindry etching of silicon, plasma etching,
deep reaction ion etching (DRIE), isotropic wethatg, gas phase Etchants, case studies, basic
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surface micromachining processes, structural andfisgal materials, acceleration of sacrificial
Etch, striction and antistriction methods, assenabl$D MEMS, foundry process.

Unit V: polymer and Optical MEMS
Polymers in MEMS, polimide, SU-8, liquid crystallpmer (LCP), PDMS, PMMA, Parylene,
fluorocarbon, application to acceleration, pressfimv and tectile sensors , optical MEMS,
lenses & mirrors, Actuators for Active optical MEMS
Text books:
1. Chang Liu,Foundations of MEMSPearson Education Inc., 2006.
2. James J. Allenylicro electro mechanical system desi@RC press published in 2005.
References:
1. Nadimmaluf, An introduction to micro electro mechanical systégsign Artech House,
2000.
2. Mohamed Gad-el-Hak, editohe MEMS handboolCRC press Baco Raton, 2000
3. Tairan hsu,MEMS and micro systems design and manufactlitdH, New delhi,2002
4. Julian W. Gardner, Vijay K. Varadan, Osama O. Awiealém, micro sensors MEMS and
smart devicesJohn Wiley& Sons Ltd, 2002.

EE2225 Special topics in Power Electronics

Section 1: Power management circuits, Buck, hoibgtback, and other popular DC DC
converters, Steady state, dynamic, large signalysisatechniques, Role of IC
design in creating the system

Section 2:  Block level IC Design Block diagramhaopower management IC , Block level
analog circuits in the IC and their design, CMOBaldg Building Blocks, Review of basic
building blocks of Analog ICs (CS, CG, CD gain siagDifferential stage, mirrors, etc.)
Opamps and Comparators, Reference circuits an@geltegulators, Temperature and power
supply sensitivity

References:

1. Erickson and Maksimovi¢-undamentals of Power Electronic22nd edition, Springer
2. Science+Business (2000), ISBN 0-7923-7270-02.

3. Allen and HolbergCMOS Analog IC DesigrOxford University Press, 2 edition Co
4. http://focus.ti.com/lit/ds/symlink/tps40192.pdf

5. http://www.intersil.com/data/fn/fn6745.pdf
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EE 2226 Intelligent Control of Drives

INTRODUCTION TO NEURAL NETWORKS :Introduction — biological neurons — Atrtificial
neurons — activation function — learning rules edfédorward networks — supervised learning —
perception networks — adaline — madaline — backamation networks — learning factors — linear
separability — Hopfield network — discrete Hopfieletworks

ARCHITECTURE - TYPES: Recurrent auto association memory — bi-direcliosmssociative
memory — temporal associative memory — Boltzmanrchim@ Hamming networks — self —
organizing feature maps — adaptive resonance thestyork — Instar — Outsar model — counter
propagation network — radial basis function network

INTRODUCTION TO FUZZY SETS AND SYSTEMS: Crisp set — vaguness — uncertainty and
imprecision — fuzzy set — fuzzy operation- propest crisp versus fuzzy relations — fuzzy relation
— cardinality operations, properties — fuzzy Casteproduct and composition — non — interactive
fuzzy sets — tolerance and equivalence relatiofiszzy ordering relations — fuzzy morphism —

composition of fuzzy relations

FUZZY LOGIC CONTROLLER : Fuzzy to crisp conversion — Lambda cuts for fuseys and
relations — definition methods — structure of fuadmgic controller — database — rule base —
Inference engine

APPLICATION AND DESIGN : Applications of Neural network and Fuzzy system $omgle
phase fully controlled converter, single phaseatage controller, DC Drive and AC Drive
Designing of controllers using Simulation Softwdfezzy Logic Toolbox — Modeling of DC
Machines using Simulation Software and Simulinlolbox

References:

1. Lawrence Fausafundamentals of neural network®rentice Hall of India, New Delhi, 1994.

2. Timothy J. Rosg;uzzy Logic with Engineering ApplicatigidcGraw Hill International
Edition, USA, 1997.

3. Bart koskoNeural Networks and Fuzzy Systefientice Hall of India, New Delhi,

EE 2252 Advanced Power Electronics & Drives Lab

List of experiments

1. To perform the 4-quadrant operation using IGBT Had®pper capable of driving a
0.5-hp dc motor.

2. To perform the control of 3-phase induction motsing IGBT based 3-phase inverter
capable of driving a 0.5 hp ac motor.

3. To perform the Sensor less vector control drive3tgh, 1-hp induction motor.

4. To perform the closed loop controlled MOSFET basedrix converter fed induction
motor.

5. To control the speed of BLDC motor using pulse tiditodulation (PWM) method.
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6. To control the speed of three-phase induction masing three-phase AC voltage
controller by varying the firing angle of thyristor

7. To study the Zero Current Source (ZCS) Resonanterter.

8. To design a flyback converter and study its charastics.

9. To design a push pull converter and study its ahtaristics.

10.To design forward converter & study its characterss

11.To design a SEPIC converter & study its charadtesis

12.To design a suitable single-phase three level tavas follows

13. Full bridge (H-bridge), (b) Neutral point clampddigde clamped)

14.To design a three-phase neutral point clampeddegekne frequency inverter.

15.To test the performance of Microprocessor contdolieversible DC drive using 1
phase SCR dual converter.

16.To test the performance of Micro-controller basedersible regenerative DC drive
using 4-quadrant MOSFET based chopper.

17.To perform slip power recovery using thyristorisedctifier Bridge converter for
wound rotor induction motor.

18.To determine the speed-torque characteristics oflesiphase AC motor using
thyristorised AC voltage controller with open loapd closed loop control.

19.To control the given 3-phase induction motor usimgerter module and SCR AC
regulator module with PC interface.

20.To control the given DC motor using Chopper modahel SCR Converter module
with PC interface.

21.To control the pulse width modulation (PWM) voltagsurce inverter (VSI) fed 3-
phase AC drive with DSP controller.

22.To control the speed of a given three-phase indoctimotor by V/F
(voltage/frequency) control.

23.To perform 3-ph VSI fed PWM inverter AC drive.
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