ELECTRICAL ELECTRONICS ENGINEERING

EXC 601 — Power Electronics

Unit-1 Power Electronic Devices: Power diodes, power transistors, GTO, Triac, Diac, Power MOSFET,
IGBT, LASCR, Fast recovery diode, schottey diode, construction, principle , operation & characteristics
of SCR, Two transistor analogy, turn on & off of SCR, commutation techniques (Class A,B,C,D,E, & F
Commutation), UJT, ramp triggering, SCR rating & protection, snubber circuit, heating, cooling &
mounting of SCR, series and parallel operation of SCR, String efficiency.

Unit-11 Rectifier: Single phase half wave & full wave uncontrolled and controlled rectifier circuit with
resistive, resistive & inductive load (continuous & non continuous conduction), & RLE loads, average
load voltage and load current, active and reactive power, effect of free wheeling diode and source
inductance, comparison of mid point & bridge rectifier circuits.

Unit-111 Inverter: Series and parallel inverter, Voltage source & current source inverter, Single phase
and three phase bridge inverter, Self cumulated inverters,, Mc- murray & MC murray bed ford inverters,
Voltage control of single phase and three phase bridge inverter, Harmonics & their reduction.

Unit-1V Chopper: Chopper operation, Step up & step down choppers, chopper configuration (A, B, C,
D, & E), Steady state analysis, Current & voltage commutation of chopper circuits, Jones & Morgens
chopper.

Unit-V AC voltage controllers: AC voltage controllers using SCRs & traics, single phase full wave
controller with R and RL load, RMS load voltage, load current and input power factor, three phase AC
voltage controller, Dual converter, Switched mode voltage regulator, buck, Boost, & Chuck regulators,
Single phase & three phase cyclo convertor.

References:
1. M.H. Rashid, Power Electronics Circuits, Devices and Applications, Pearson

Education, Singapore, 1993.

M Ramsmoorthy, An Introduction to transistor and their application, Affiliated East-West Press.
P.C. Sen, Power Electonics, TMH.

M.D. Singh, K.B. Khanchandani, Power Electronics, TMH, Delhi, 2001.

Chakravarti A., Fundamental of Power Electronics and Drives, Dhanpat Ray & Co.

P.S. Bhimbhra, Power Electonics, Khanna Pub.

Vedam Subramanyam, Power Electronics New Age International Revised 11 ed. 2006.
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List of Experiments (Extendable):

1. To study V-I characteristics of SCR.

To study UJT trigger circuit for half wave and full wave control.

3. To study single-phase half wave controlled rectified with R load (ii) L load with and without
freewheeling diode.
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ELECTRICAL ELECTRONICS ENGINEERING

4. To study single phase (i) fully controlled (ii) half controlled bridge rectifiers with resistive and
inductive loads.

To study single-phase ac voltage regulator with resistive and inductive loads.

To study single phase cyclo-converter.

To study triggering of (i) IGBT (ii) MOSFET (iii) power transistor.

To study three-phase fully/half controlled bridge rectifier with resistive and inductive loads.

© N o o
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ELECTRICAL ELECTRONICS ENGINEERING

EXC- 602 Electrical Drives

Unit I- Introduction to Electric Drives: Elements of drive systems, requirement of electric drives, rating
& selection of drives, groups and individual drives, constant power and constant torque drives. Review of
characteristics of AC & DC motors, load torque, load-drive, speed torque characteristics, quadrant speed
torque characteristics, load equalization, stability of electric drives, moment of inertia and torque of motor
load combination.

Unit 11-DC Drives: Starting, braking, transient & steady state analysis phase controlled and chopper
controlled drives, speed control, energy recovery systems, dual converter.

Unit 111- Induction Motor Drives: Starting braking and speed control, PWM, voltage source inverter
and current sources fed im drives, cyclo converter fed drive, vector control drives, slip power recovery,
conventional control methods, rotor impedance control, converter controlled-Static Scherbius & Static
Krammers drives.

Unit V- Synchronous Motors Drives: Starting, braking, transient analysis, synchronous motors variable
speed drives, V/F control, cyclo converter fed synchronous motor drive.

Unit V- Special Motor Drives: Fundamentals of switched reluctance motors, stepper motors, permanent
magnet motor, vector control, digital control of drives.
Traction: Electric traction, machine tool drive, electric cars, steel & cements plants, textile & paper mills.

References:
1. G.K. Dubey "Fundamentals of Electrical Drives"-. Narosa Publications
2. 2. Gopal K. Dubey "Power semiconductor Controlled Drives"- PHI
3. S.K. Pillai, "A first course of Electrical Drive” New age International.
4. Ned Mohan Electrical Drive Wiley India
5. V. Subramanyam "Thyristor control of Electric Drive" Tata Mc Graw Hill Pub.
6. S.Shiva Nagaraju power semiconductor drive PHI learning

List of Experiments:

1. To study the starting and running characteristics of converter fed DC traction motor.

2. To study the energy recovery systems and braking of a DC drive.

3. To study the braking methods of a three-phase induction motor.

4. To study the performance of VSI fed three-phase induction motor using PWM technique.

5. To control the speed of a three phase slip ring Induction motor using rotor impedance control.
6. To study the performance of Vector Controlled three phase Induction motor drive.

7. To Study frequency Controlled Synchronous motor drive
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EXC-603 Switchgear and Protection

Unit | Faults: Introduction, need for protective schemes, nature and cause of faults, types of fault, per
unit representation, analysis of symmetrical fault, current limiting reactors, current transformers, potential
transformers and their applications in their protection schemes.

Unit Il Protective Relays :Requirement of relays, universal torque equation, non directional and
directional over current relays, earth fault relays, distance relays ,impedance, mho and reactance relays,
differential relays ,negative sequence relays ,under frequency relays, static relays, microprocessor and
computer based protective relaying, apparatus and line protection: alternator, transformer, bus bar and
motor protection using relay, feeder protection, radial and ring main system, microprocessor based
protective schemes.

Unit I11 Circuit Breakers: Functions of switchgear, elementary principles of arc extinction ,arc control
devices, recovery voltage and restriking voltage, current chopping and capacitance current breaking, bulk
oil, low oil, air break, air blast, and sulphur hexafluoride and vacuum circuit breakers , HVDC breakers,
rating, testing of circuit breakers.

Unit 1V Surge Protection: Switching surges, lightning phenomenon, traveling waves on transmission
lines, over voltage due to lightning, protections against lightning, lightning arresters ,types ,lightning
arrester selection ,surge absorbers.

Unit V Earthing and Insulation Co-Ordination: Solid, resistance and reactance earthing, arc
suppression coil, earthing transformers, earth wires, earthing of appliances, insulation coordination:
determination of line insulation, insulation levels of sub-station equipment, co-ordination amongst items
of substation equipment, introduction to Indian electricity rules.

References:

1. CL Wadhwa, Electrical Power systems, New age International.

2. B. Ravindran and M Chander, Power System protection and Switchgear, New Age
International reprint 2006.

3. Badrirka, Power System protection and switchgear, TMH

4. Haddi Saadet, Power System Analysis, TMH

5. Switchgear & protection Sunil S. Rao. Khanna Publication

List of Experiments:
1. Determination of drop out factor of an instantaneous over current relay.

2. Determination of operating characteristic of IDMT relay.
3. Determination of operating characteristic of differential relay.

SSSUTMS SEHORE Page 4



ELECTRICAL ELECTRONICS ENGINEERING

4. Study and operation of gas actuated protective relay.
5. Study and operation of static over current relay.

6. Analysis of power system faults (Symmetrical & Asymmetrical) using MATLAB.
7. Study of SF6 circuit breaker

8. Protectional simulation study of generator, Transformer, Feeder & Motor protection.
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Elective-1 EXC-604(A) Neural Networks

Unit-1

Neural Network (NN) Introduction, benefits of neural network, models of a neuron, neural network as
directed graph, network architectures, artificial intelligence and neural network. Learning processes: error
correction learning, memory based learning, Hebbian learning, competitive learning, Boltzman learning,
learning tasks, adaptation, statistical nature of learning process, statistical learning theory.

Unit-11

Perceptrons Single layer perceptrons: adaptive filtering problem, unconstrained optimization technique,
linear least squares filter, least mean square algorithm (LMS), perceptron convergence theorem Multi
layer perceptron: architecture, back propagation algorithm, generalization, approximations of functions,
network pruning technigues.

Unit-111

Radial Basis Function (RBF) Networks Cover’s theorem on the separability of patterns, interpolation
problem, supervised learning as an Ill-posed hyper surface reconstruction problem, regularization theory,
regularization network, generalized radial basis function networks (RBF), estimation of the regularization
parameter, approximation properties of RBF networks, comparison of RBF networks and multilayer
perceptrons, Kernel regression and its relation to RBF networks, learning strategies.

Unit-1vV

Information- Theoretic Models Entropy, maximum entropy principle, mutual information, Kullback-
Leibler divergence, mutual information as an objective function to be optimized, maximum mutual
information principle, infomax and redundancy reduction, spatially coherent and incoherent features,
independent components analysis, maximum likelihood estimation, maximum entropy method.

Unit VvV

Dynamically Driven Recurrent Networks introduction, recurrent network architectures, state space model,
non-linear autogressive with exogenous inputs model, computational power of recurrent networks,
learning algorithms, back propagation through time, real time recurrent learning, Kalman filter, decoupled
Kalman filter, vanishing gradients in recurrent networks, system identification, model reference adaptive
control.

References: 1. Haykin: Neural Networks- A Comprehensive Foundation, PHI Learning.
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2. Sivanandam, Sumathi and Deepa: Introduction to Neural Networks using Matlab, TMH.
3. Freeman and Skapura: Fundamentals of Neural Networks- algorithms, applications and programming
techniques, Pearson Education.
4. Hagan, Demuth and Beale: Neural Network Design, Cengage Learning.
5. Anderson: An introduction to Neural Networks, PHI Learning.
6. Satish Kumar: Neural Networks, TMH.
EX 604 (B) — Energy Conservation

Unit-1 General Energy Problem: Energy use patterns and scope for conservation, energy audit, energy
monitoring, energy accounting analysis, and targeting, energy management, types of energy audit,
qualities and function of energy managers, language of an energy manager, check list for top
management, loss of energy in material flow, energy performance, maximizing system efficiency, input
energy requirements, energy auditing instruments, material load energy balance diagram.

Unit- 111 Thermodynamics of Energy Conservation: Basic principle, irreversibility, second law,
efficiency analysis of systems, primary energy sources, optimum use of prime-movers, energy recovery in
thermal systems, waste heat recovery techniques, thermal insulation, thermal energy audit in heating,
ventilation and air conditioning, friction, lubrication, predictive and preventive maintenance.

Unit-111 Load curve analysis: Load curve analysis & load management, DSM, energy storage for power
systems (mechanical, thermal, electrical & magnetic), restructuring of electric tariff from energy
conservation consideration, economic analysis depreciation method, time value of money, evaluation
method of projects, replacement analysis, pay back period, energy economics, cost benefit risk analysis,

Unit-1V Energy Efficient System: Energy efficient electric drives, energy efficient house keeping,
energy efficient motors, energy flow networks, simulation & modeling, matrix chart.

Unit-V Energy conservation: Energy conservation policy, energy conservation task before industry,
energy conservation equipment’s , co-generation, energy conservation process, energy conservation in
transportation system in electric vehicle industry, sugar, textiles, cement industries, electrical energy
conservation in building, heating, lighting & domestic gadgets .

References:

Energy Management — W.R. Murphy & G. Mckey Butler worths.
Energy Management Head Book- W.C. Turner, John Wiley.
Energy Management Principles- Craig B. Smith, Pergamon Press.
Energy Conservation- Paul O Callagan- Pergamon Press.

Design & Management of energy conservation. Callaghan.

Elect, Energy Utilization & Conservation. Dr. Tripathi S.C.
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EXC-604(C) Reactive Power Control & FACTS
UNIT-I

Introduction: Facts basic concepts and general system considerations, power flow in ac system, definitions
on facts, basic types of facts controllers, benefits from facts Technology, static var compensator (SVC):
principle of operation and control strategy, thyristor controlled phase angle regulator (TCPAR): principle

of operation and control strategy.
UNIT-1I

Transient Stability Analysis: Analysis of Power systems installed with FACTS devices. Control with
FACTS: Power Transmission Control using UPFC, power transmission control using phase shifting

transformer (PST), power transmission control using SSSC.
UNIT-11

Oscillation Stability Analysis and Control with FACTS: Linearised model of power systems installed with
FACTS based stabilizers, Heffron-Phillips model of a SMIB system installed with SVC, TCSC and TCPS,
Heffron-Phillips model of a SMIB system with UPFC, Heffron-Phillips model of a multi-machine system
installed with SVC, TCSC and TCPS.

UNIT-1V

Design of FACTS based stabilizers: Analysis of damping torque contribution by FACTS based stabilizers
installed in SMIB systems, selection of installing locations and feedback signal for FACTS based

stabilizers, Dynamic Voltage restorer.
UNIT-V

Power flow Controller: Unified Power Flow Controller (UPFC), principle of operation, configuration and
control, simulation of UPFC, steady state model of UPFC, interline power flow controller (IPFC), principle
of operation, configuration and control, static compensator (STATCOM), principle of operation and

control, application for mitigation of SSR.
References:

1. “Understanding FACTS Devices” N.G. Hingorani and L. Guygi. IEEE Press Publications 2000.
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2. Flexible AC Transmission System: Y.H.Song and A.T.Jhons, IEE, 1996(A Book)
3. Dr Ashok S & K S Suresh Kumar “FACTS Controllers and applications” course book for STTP, 2003.
4. Ned Mohan et.al, Power Electronics, John Wiley and Sons.

5. K. R. Padiyar, FACTS Controllers in Power Transmission and Distribution, New Age International,
First Edition.

EXC-605(A) High Voltage Engineering

Unit —I Introduction: Basics of HV technology, advantages of transmitting electrical power at high
voltages, need for generating high voltages in laboratory, applications of high voltage.
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Unit —Il Insulation & Breakdown: Classification of HV insulating media, its properties, gaseous
dielectrics, ionizations, Townsend's theory & its limitations, streamer's theory breakdown in non uniform
fields, corona discharges, Paschen's law and its significance, time lags of breakdown, breakdown in solid
dielectrics, intrinsic breakdown, avalanche breakdown, thermal breakdown, and electro mechanic
breakdown, breakdown of liquids dielectric, suspended particle theory, electronic breakdown, electro
convection breakdown, cavity breakdown (bubble's theory).

Unit —I11 High Voltage AC DC : HV AC transformer, need for cascade connection, working of
transformers units connected in cascade, series resonant circuit, principle of operation and advantages,
tesla coil, HV DC voltage doubler circuit, Cock Croft- Walton type high voltage DC set.

Unit —IV: Impulse Voltage and current Introduction to standard lightning and switching impulse
voltages, analysis of single stage impulse generator, expression for output impulse voltage, multistage
impulse generator, its components, triggering of impulse generator by three electrode gap arrangement,
triggering gap, oscillograph time sweep circuits, generation of switching impulse voltage, generation of
high impulse current.

Unit -1V High Voltage Tests on Electrical Apparatus: Definitions of technologies, tests on isolators,
circuit breakers, cables insulators and transformers.

Unit -V Measurement of High Voltages: Electrostatic voltmeter, generating voltmeter, series resistance
micro ammeter, HV DC measurements, standard sphere gap measurements of HV AC & HV DC,
potential dividers, resistance dividers, capacitance dividers, mixed RC potential dividers, surge current
measurement.

References:
1. E. Kuffel and W.S. Zaengl, "High voltage engineering fundamentals", 2nd edition,
Elsevier, press, 2005.
M.S.Naidu and Kamaraju, "High Voltage Engineering”, 3rd edition, THM, 2007.
L. L. Alston, "High Voltage technology", BSB Publication, 2007..
4. Rakosh Das Begamudre, Extra High voltage AC transmission engineering, Wiley
Easternlimited, 1987.
Transmission and distribution reference book-Westing House.
6. C.L.Wadhwa, High voltage engineering, New Age International Private limited, 1995.
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EXC-605(B) Special Machines
UNIT 1
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Square wave permanent magnet brushless dc motor, magnetic circuit analysis on open circuit torque &
emf equations, torque speed characteristics, efficiency, commutation, winding inductances, armature
reaction and controllers.

UNIT 2

Sine wave permanent magnet brushless dc motor, torque & emf equation, Inductance of phase winding,
synchronous reactance, phasor diagram, torque-speed characteristics.

UNIT 3
Switched reluctance motor, static torque production, partition of energy and the effects of saturation,
Dynamic torque production, torque speed characteristics, shaft position sensing, solid rotors.

UNIT 4
Linear Induction Motors, construction, performance, thrust-speed characteristic, application, end effect.

UNIT5
Stepper motor — variable reluctance stepper motor, single stack stepper motor multistack stepper motor,
permanent magnet stepper motor, Important features of stepper motor, torque v/s stepping rate
characteristics, Drive circuits, unipolar drive circuits, Bipolar drive circuits.

Reference Books:

1.Brushless Permanent Magnet & Reluctance Motor Drives — T.J.E.Miller
2.Principles of Electric Machines & Power Electronics — P.C.Sen
3.Electric Drives — G.K.Dubey
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EXC-605 (C) Design for Testability
UNIT- |
Introduction to Testing Process:CMOS Testing, Reliability, Failures & Faults, Levels of Testing, Test
economics, Elementary Testing Concepts, System and Field Testing, Burn in boards.

UNIT- 11

Logic Simulation & Fault modelling: Delay Models, Event driven simulation, general fault simulation,
fault detection and redundancy, fault equivalence and fault dominance. Stuck-at faults, bridging faults,
transistor faults, delay faults etc. Fault detection using Boolean Difference, Path Sensitization. Fault
Collapsing

UNIT- 1
Test generation for combinational & sequential circuits:D-algorithm, PODEM, SPOOF. Automatic
Test Pattern Generation. Primitive and Propagation Cubes. Fanout Oriented Test Generation.

Controllability and Observability. Testing of sequential circuits as iterative combinational circuits, state
table verification, random testing.

UNIT- IV
Design for testability: Ad-hoc methods, Full scan & Partial scan design. Boundary scans. Testability
analysis.

UNIT-V

Built-in self-test & IDDQ testing: RAM BIST, Logic BIST Random and weighted random pattern
testability BIST Pattern generator and response analyzer Scan-based BIST architecture Test point
insertion for improving random testability. IDDQ testing, IDDQ test patterns, IDDQ measurement Case
studies, Design for IDDQ testability

TEXT / REFERENCE BOOKS:
e N. Weste and K. Eshraghian, Principles of CMOS VLSI design, Addison-Wesley.

« Parag K. Lala, Fault Tolerant and Fault Testable Hardware Design, BS Publication.
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Open Elective

EXC-606(A) Artificial Intelligence

Unit 01: Introduction: Organization of the brain, biological neuron, biological and artificial neuron
models, historical developments, essentials of artificial neural networks, artificial neuron model,
operations of artificial neuron, types of neuron activation function, ANN architectures

Unit 02: Classification Taxonomy of ANN: Connectivity, neural dynamics (activation and synaptic),
learning strategy (supervised, unsupervised, reinforcement), learning rules. perceptron models: training
algorithms: discrete and continuous perceptron networks, perceptron convergence theorem. multilayer
feed forward neural networks

Unit 03: Memory: Associative memory, bi-directional associative memory, architecture, BAM training
algorithms, storage and recall algorithm, BAM energy function, self-organizing maps (SOM) and
adaptive resonance theory (ART).

Unit 04: Fuzzy Logic system: Fuzzy versus crisp, fuzzy sets, membership function, basic fuzzy set
operations, properties of fuzzy sets, fuzzy relations, fuzzy control, predicate logic (interpretation of
predicate logic formula, inference in predicate logic), fuzzy logic (fuzzy quantifiers, fuzzy inference),
fuzzy rule based system, defuzzification methods.

Unit 05: Intelligent Tools: Introduction to genetic algorithm, biological background, GA operators,
selection, encoding, crossover, mutation, chromosome, expert system, software architecture, rule base
system.

References:
1. Simon Haykin, “Neural Networks: A Comprehensive Foundation”, 2nd Edition, Pearson
Education

2. S. Rajsekaram, G. A. Vijayalaxmi Pai, “Neural Networks, Fuzzy Logic & Genetic
Algorithms Synthesis & Applications”, Practice Hall India

3. James A. Anderson, “An Introduction to Neural Networks”, Practice Hall India Publication

4. Mohamed H. Hassoun, “Fundamentals of Artificial Neural Network”, Practice Hall

5. Kelvin Waruicke, Arthur Ekwlle, Raj Agarwal, “Al Techniques in Power System”, IEE
London U.K.

6. S.N. Sivanandam, S. Sumathi, S. N. Deepa, “Introduction to Neural Network Using
MATLAB 6.0”, Tata McGraw Hill.
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EXC-606(B) OPERATING SYSTEM
UNIT I

Introduction:- History of operating System, Types of Operating System: Batch Processing, Real Time,
Multitasking & Multiprogramming, Time-sharing system, Operating system services, Operating system
structure, System Call & System Boots, Operating system design & Implementations, System protection,
Buffering & Spooling.

UNIT 11

Processes Management:- The Process concept, The process control block, Systems programmer's view of
processes, Operating system services for process management, Scheduling algorithms, First Come first
serve, Round Robin, Shortest run time next, Highest response ratio next, Multilevel Feedback Queues,
Performance evaluation of scheduling algorithms stated above.

UNIT 111

Deadlock:- Characterization, Methods for deadlock handling, deadlock prevention, deadlock avoidance,
deadlock detection, recovery from deadlock, Process Management in Linux. File Management:- File
system, access methods, free space managements, allocation methods, directory systems, protection,
organization, sharing & implementation issues, Disk & Drum Scheduling, File system in Linux &
Windows

UNIT IV

I/0 Management:- 1/0 devices organization, /0 devices organization, 1/0 buffering, I/0 Hardware, Kernel
I/0 subsystem, Transforming 1/0O request to hardware operations. Device Management:- Path
managements, Sub module, Procedure, Scheduler, Handler, Interrupt Service Routine.

UNIT V

Memory Management:- Memory Hierarchy, MFT & MVT, logical and physical address space, Concept
of swapping and Paging, Memory management without swapping or paging, contiguous and non-
contiguous allocation, segmentation, demand paging, page replacement algorithms, allocation of frames,
thrashing, demand segmentation and paging combined with segmentation. Structure & implementation of
Page table, Virtual memory, Cache Memory Organization.

REFERENCES:

1. Silberschatz ,”Operating system”, Willey Pub.

2. Stuart,”Operating System Principles, Design & Applications”,Cengage Learning.

3. Tannanbaum, “Modern operating system”,PHI Learning.
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EXC-606(C) Power Controller

UNIT 1

Various power semiconductor devices i.e. SCR, GTO, MOSFET, BJT, IGBT & MCT’s & their
protection, series-parallel operation, Heat sink calculations, Design of firing circuit for converters,
choppers & inverters.

UNIT 2

Analysis & design of 1-¢ bridge converter, 3-¢ bridge converter with and without freewheeling diode,
effect of source impudence, power factor improvement techniques, and pulse width modulated converters,
Dual converters, converter for HVDC application & DC drives.

UNIT 3
Analysis & design of voltage commutated, current commutated and load commutated choppers,
multiquadrant choppers, chopper for traction application. Resonant choppers, SMPS.

UNIT 4

Detailed analysis of 1-¢ VSI, 3-¢ VSI (180° mode, 150° mode & 120° mode of conduction), various
inverter commutation circuits, harmonic reduction techniques, PWM inverters, Inverters for HVDC
application & AC drives. Advantages & limitation of current source inverters over VSI, 1-phase and 3-
phase CSI. Resonant inverters.

UNIT5

1-¢ to 1-¢, 3-¢ to 3-¢ cycloconverter  circuits, circulating current scheme, non-circulating current
operation, Mean output voltage, harmonics in supply current waveform & input-power factor. Concept of
power quality

Reference Books :

1. Thyristorised Power Controllers - G.K.Dubey, Doradla, Joshi, Sinha

2. Power Electronics - C.W.Lander

3. Power Electronics - Rashid

4. Thyristorised power controlled converters & cycloconverters - B.R.Pelly
5. Power Electronics - N.Mohan

6. Power Electronics Application - Vithyathil.
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EXC-607 Industrial Training Project - |
The selection of topic should be from the subjects the student has studied so far or any topic related to real
life
problem. He should do the literature survey, analyze the problem and propose some solution for the same.
The analysis of the problem may be done with the help of some software or any hardware (which may be
made by the student).Following points are important:
1. Presentation of project with the help of power point presentation at the end of the semester is

compulsory.

2. A detailed report regarding the topic should be submitted before the internal examination
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