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15D21101 ADVANCED POWER SYSTEM PROTECTION
UNIT-1: STATIC RELAYS

Advantages of static relays - Basic construction of static relays — Level detectors — Replica
impedance-mixing circuits-general equation for two input phase and amplitude comparators —
Duality between amplitude and phase comparator.

UNIT-11: COMPARATORS

Amplitude: Circulating current type and opposed voltage type rectifier bridge comparators —
Direct and Instantaneous comparators. Phase Comparators: Coincidence circuit type block spike
phase comparator, techniques to measure the period of coincidence — Integrating type — Rectifier
and vector product type phase comparators. Multi —Input Comparators: Conic section
characteristics — Three input amplitude comparator — Hybrid comparator — Switched distance
schemes — Polyphase distance schemes-Phase fault scheme — Three phase scheme — combined
and ground fault scheme.

UNIT-111: STATIC OVER CURRENT, DIFFERENTIAL AND DISTANCE RELAYS
Introduction-Instantaneous over current relay — Time over current relays - Basic principles-
Definite time and Inverse definite time over current relays. Analysis of static differential relays —
static relay schemes — Dual bias transformer differential protection — Harmonic restraint relay.
Static Relays: Static impedance — reactance - MHO and angle impedance relay sampling
comparator — realization of reactance and MHO relay using a sampling comparator.

UNIT-1V: POWER SWINGS

Effect of power swings on the performance of Distance relays - Power swing analysis — Principle
of out of step tripping and blocking relays — Effect of line length and source impedance on
distance relays.

UNIT-V: NUMERICAL RELAYS

Over current relays — Impedance relays — Directional relay — Reactance relay (Block diagram
and flow chart approach only). Generalized mathematical expression for distance relays -
Measurement of resistance and reactance — MHO and offset MHO relays — Realization of MHO
characteristics — Realization of Offset MHO characteristics (Block diagram and flow chart
approach only) Basic principle of Digital computer relaying.

TEXT BOOKS:

T.S.Madhava Rao, Power system Protection static relay, Tata McGraw Hill, 2" Edition, 1989.
REFERENCE BOOKS:

Badri Ram and D.N.Vishwakarma, Power system Protection and Switchgear, Tata McGraw Hill,
First Edition -1995.

S H Horowitz and A G Phadke, Power System Relaying, 3" edition, John Wiley & Sons, 2008.
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15D21102 POWER SYSTEM STABILITY & CONTROL

UNIT-1: THE ELEMENTARY MATHEMATICAL MODEL AND SYSTEM RESPONSE
TO SMALL DISTURBANCES

A Classical model of one machine connected to an infinite bus — Classical model of
multimachine system — Problems — Effect of the excitation system on Transient stability. The
unregulated synchronous Machine — Effect of small changes of speed — Modes of oscillation of
an unregulated multimachine system — Regulated synchronous machine — Voltage regulator with
one time lag — Governor with one time lag — Problems.

UNIT-11: DYNAMIC STABILITY
Concept of Dynamic stability — State space model of one machine system connected to infinite

bus — Effect of excitation on Dynamic stability — Examination of dynamic stability by Routh’s
criterion.

UNIT-111: POWER SYSTEM STABILIZERS
Introduction to supplementary stabilizing signals - Block diagram of the linear system -

Approximate model of the complete exciter — Generator system — Lead compensation — Stability
aspect using Eigen value approach.

UNIT-1V: EXCITATION SYSTEMS

Excitation system response — Non-continuously regulated systems — Continuously regulated
systems — Excitation system compensation — State space description of the excitation system -
Simplified linear model — Effect of excitation on generator power limits. Type —2 system:
Rotating rectifier system, Type-3 system: Static with terminal potential and current supplies -
Type —4 system: Non — continuous acting - Block diagram representation — State space modeling
equations of these types.

UNIT-V: STABILITY ANALYSIS

Review of Lyapunov’s stability theorems of non-liner systems using energy concept — Method
based on first concept — Method based on first integrals — Quadratic forms — Variable gradient
method — Zubov’s method — Popov’s method, Lyapunov function for single machine connected
to infinite bus. What is voltage stability — Factors affecting voltage instability and collapse —
Comparison of Angle and voltage stability — Analysis of voltage instability and collapse —
Integrated analysis of voltage and Angle stability — Control of voltage instability

TEXT BOOKS:

1. P.M.Anderson, A.A.Fouad, “Power System Control and Stability”, IOWA State University
Press, Galgotia Publications, Vol-I, 1* Edition.

REFERENCE BOOKS:

2. M.A Pai, Power System Stability-Analysis by the direct method of Lyapunov, North Holland
Publishing Company, New York, 1981.
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15021103 POWER SYSTEM WIDE AREA MONITORING AND CONTROL

UNIT -1 : COMPUTER CONTROL OF POWER SYSTEMS

Need for real - time and computer control of power systems, operating states of a power system -
3 state & 5 states operation of power system - Supervisory Control and Data Acquisition system
(SCADA), implementation considerations, energy control centers. WAMS (Wide Area
Measurement system): Architecture, Components of WAMS, GUI (Graphical User Interface),
Applications: Voltage Stability Assessment, Frequency stability Assessment, Power Oscillation
Assessment, Communication needs of WAMS, WAMPAC (Wide Area Monitoring Protection &
Control), RAS (Remedial Action Scheme). Standards: IEEE 1344, IEEE C37.118 (2005), IEEE
Standard C37.111-1999 (COMTRADE), IEC61850 GOOSE.

UNIT - Il : STATE ESTIMATION IN POWER SYSTEMS
Introduction, Power system state estimation, Maximum likelihood, Weighted least Square
estimation, Weighted least square estimation. State Estimation of AC Networks: Types of
measurements, Linear weighted least square (WLS) estimation theory, DC Load flow based
WLS state estimation, Linearised model of WLS state estimation of Non - Linear AC power
systems, sequential and non - Sequential methods to process measurements, Typical results of
state estimation on an Ac network.
UNIT - 111 : TYPES OF STATE ESTIMATION AND NETWORK OBSERVABILITY
State estimation by conventional WLS (normal equations), Orthogonal decomposition and its
algorithm, hybrid method. Tracking of state estimation, Dynamic state estimation, Detection and
identification of bad measurements, estimation of quantities not being measured. Network
observability and pseudo-measurements, observability by graphical technique and
triangularisation approach, Optimal meter placement, Application of power system state
estimation.
UNIT - IV : POWER SYSTEM SECURITY ANALYSIS
Concept of security, Security analysis and monitoring, factors affecting power system security,
detection of network problems, an overview of security analysis. Contingency analysis for
generator and line outages by Interactive Linear Power Flow (ILPF) method, Fast decoupled
inverse Lemma based approach, network sensitivity factors, Contingency selection, concentric
relaxation and bounding.
UNIT - V: VOLTAGE STABILITY
Basic concepts, Voltage collapse — general characterization, clasiffication, Voltage stability
analysis — modeling, dynamic analysis, static analysis, shortest distance to instability,
continuation power flow analysis, prevention of voltage collapse — design measures, operating
measures.
TEXT BOOKS:
1. Allen J. Wood and Bruce Woolenberg, Power System Generation, Operation and
Control, John Wiley and Sons, 1996.
2. John J. Grainger and William D Stevenson Jr, Power System Analysis, McGraw Hill ISE,
1994,
3. P. Kundur, Power System Stability and Control, McGraw Hill.
4. Fahd Hashiesh, M. M. Mansour , Hossam E. Mostafa Fahd Hashiesh , M. M. Mansour ,
Hossam E. Mostafa, Wide Area Monitoring, Protection and Control: The Gateway to
Smart Grids, Lambert Academic Publishing.
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REFERENCE BOOKS:

1. E. Handschin, Real-time Control of Electrical Power Systems, Elsevier Publications &
Co, 1988.

2. Special Issue on Computer Control of Power Systems, IEEE Proc, July 1974.
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15021104 POWER QUALITY ISSUES & IMPROVEMENT

UNIT I: INTRODUCTION TO POWER QUALITY

Definition of Power Quality - Power Quality Progression - Power Quality Terminology - Power
Quality Issues - Susceptibility Criteria - Responsibilities of Power Suppliers and Users - Power
Quality Standards.

UNIT Il: POWER FREQUENCY DISTURBANCE & TRANSIENTS

Introduction to Power Frequency Disturbance - Common Power Frequency Disturbances - Cures
for Low Frequency Disturbances - Voltage Tolerance Criteria - ITIC Graph - Introduction to
Transients - Transient System Model - Examples of Transient Models and Their Response -
Power System Transient Modeling - Types and Causes of Transients - Examples of Transient
Waveforms — Three Phase unbalance — single phase faults — phase to phase faults — two phase to
ground faults — seven tips of three phase unbalanced sag.

UNIT I11: HARMONICS & ELECTROMAGNETIC INTERFERENCE (EMI)

Definition of Harmonics - Harmonic Number (h) - Odd and Even Order Harmonics - Harmonic
Phase Rotation and Phase Angle - Voltage and Current Harmonics - Individual and Total
Harmonic Distortion - Harmonic Signatures - Effect of Harmonics On Power System Devices -
Guidelines For Harmonic Voltage and Current Limitation - Harmonic Current Mitigation -
Introduction to EMI - Frequency Classification - Electrical Fields - Magnetic Fields - EMI
Terminology - Power Frequency Fields - High Frequency Interference - EMI Susceptibility -
EMI Mitigation - Cable Shielding - Health Concerns of EMI.

UNIT IV: GROUNDING AND BONDING

Introduction to Grounding and Bonding - Shock and Fire Hazards - NEC Grounding
Requirements - Essentials of a Grounded System - Ground Electrodes - Earth Resistance Tests -
Earth Ground Grid Systems - Power Ground System - Signal Reference Ground (SRG) - SRG
Methods - Single and Multipoint Grounding - Ground Loops - Electrochemical Reaction -
Examples of Grounding Anomalies.

UNIT V: MEASURING AND SOLVING POWER QUALITY PROBLEMS

Introduction to Power Quality Measurements - Power Quality Measurement Devices - Power
Quality Measurements - Test Locations - Test Duration - Instrument Setup - Instrument
Guidelines

TEXT BOOKS:

1. Power quality by C. Sankaran, CRC Press

2. Electrical Power Systems Quality, Roger C. Dugan, Mark F. McGranaghan, Surya Santoso,
H.Wayne Beaty, 2™ Edition, TMH Education Pvt. Ptd.

REFERENCE BOOKS:

1. Understanding Power quality problems by Math H. J. Bollen IEEE Press
2. Power quality enhancement using custom power devices by Arindam Ghosh,Gerard
Ledwich,Kluwer academic publishers



M.Tech (EPS)/CEA/JNTUA w.e.f. 2015-16

15021107 MACHINES & POWER SYSTEMS LAB

Determination of Subtransient Reactance of a Salient Pole Machine

Determination of Sequence Impedances of a Cylindrical Rotor Synchronous Machine
3. Fault Analysis

)} LG Fault

N

i) LL Fault
iii) LLG Fault
iv)  LLLG Fault

4. Equivalent Circuit of a Three Winding Transformer
5. Separation of No Load losses of a Three Phase Squirrel Cage Induction Motor
6. Power Angle Characteristics of a Salient Pole Synchronous Machine
7. Scott Connection
8. Characteristics of IDMT Over Current Relay (Electro Magnetic Type)
9. Characteristics of Static Negative Sequence Relay
10. Characteristics of Over Voltage Relay

)] Electromagnetic Type

i) Microprocessor Type
11. Characteristics of Percentage Biased Differential Relay

) Electromagnetic Type

i) Static Type
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15D24101 SYSTEM RELIABILITY CONCEPTS
UNIT-I: Basic Probability Theory
Basic concepts — Rules for combining Probabilities of events — Failure Density and Distribution

functions — Bernoulli’s trials — Binomial distribution — Expected value and standard deviation for
binomial distribution — Examples.

UNIT-I11: Network Modeling and Reliability Evaluation

Basic concepts — Evaluation of network Reliability / Unreliability — Series systems, Parallel
systems, Series - Parallel systems, partially redundant systems — Types of redundancies -
Evaluation of network Reliability / Unreliability using conditional probability method — Paths
based and Cutset based approach — complete event tree and reduced event tree methods -
Examples.

UNIT-I11: Time Dependent Probability
Basic concepts — Reliability functions f(t), F(t), R(t), h(t) — Relationship between these functions

— Baths tubs curve — Exponential failure density and distribution functions - Expected value and
standard deviation of Exponential distribution — Measures of reliability - MTTF, MTTR, MTBF
— Evaluation of network reliability / Unreliability of simple Series, Parallel, Series-Parallel
systems - Partially redundant systems - Evaluation of reliability measure — MTTF for series and
parallel systems — Examples.

UNIT-1V: Discrete Markov Chains & Continuous Markov Processes
Basic concepts — Stochastic transitional Probability matrix — time dependent probability

evaluation — Limiting State Probability evaluation — Absorbing states — Markov Processes-
Modelling concepts — State space diagrams — time dependent reliability evaluation of single
component repairable model — Evaluation of Limiting State Probabilities of one, two component
repairable models — Frequency and duration concepts — Frequency balance approach - Examples.

UNIT-V: Multi Component & Approximate System Reliability Evaluation

Recursive relation for evaluation of equivalent transitional rates, cumulative probability and
cumulative frequency and ‘n’ component repairable model - Series systems, Parallel systems,
Basic reliability indices — Cutset approach — Examples.

Text Book:

1. System Reliability Concepts by V. Sankar, Himalaya Publishing House, 2015.

Reference Books:

1. Reliability Evaluation of Engineering Systems by Roy Billinton and Ronald N. Allan,
Reprinted in India B. S. Publications, 2007.

2. Reliability Engineering by E. Balagurusamy, Tata McGraw Hill, 2003.

3. Reliability and Maintainability Engineering by Charles E. Ebeling, Tata McGraw Hill, 2000.
4. Probability concepts in Electric Power system — G.J.Anders- 1* edition —1990 — John wiley
& sons.
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15D21105 FACTS & HVDC TRANSMISSION SYSTEMS

UNIT - I: SHUNT COMPENSATION

Objectives of shunt compensation - Methods of controllable var generation - variable impedance
type static var generators - switching converter type var generators - hybrid var generators —
Comparison of SVC and STATCOM.

UNIT - II: SERIES COMPENSATION

Objectives of series compensation — GTO Thyristor Controlled Series Capacitor (GCSC) -
Thyristor Switched Series Capacitor (TSSC) - Thyristor Controlled Series Capacitor (TCSC) -
Control schemes for TCSC, TSSC and TCSC.

UNIT- I11: UNIFIED POWER FLOW CONTROLLER (UPFC)

Introduction - The Unified Power Flow Controller - Basic Operating Principles - Conventional
Transmission Control Capabilities - Independent Real and Reactive Power Flow Control -
Control Structure - Basic Control System for P and Q Control - Hybrid Arrangements: UPFC
With a Phase Shifting Transformer.

UNIT- IV: CONVERTER AND HVDC SYSTEM CONTROL

Basic means of control-power reversal-constant current versus constant voltage control-desired
features of control- actual control characteristics.- constant minimum ignition angle control-
constant current control-constant extinction angle control-stability of control-tap changer
control-frequency control.

UNIT - V: HARMONICS AND FILTERS & INTERACTION BETWEEN AC AND DC
SYSTEMS

Characteristic Harmonics-troubles caused by harmonics-definitions of wave distortion or ripples
—means of reducing harmonics-design of AC filters —Dc side filters- Voltage interaction —-DC
power modulation —power frequency control-Large signal modulation —active and reactive power
coordination.

REFERENCE BOOKS:

1. Understanding FACTS: Concepts and Technology of Flexible AC Transmission Systems
by Narain G. Hingorani, Laszlo Gyugyi - Standard Publishers Distributors - IEEE Press —
First Edition — 2001.

HVDC power Transmission systems by K.R.Padiyar 2" edition, Wiley Eastern limited.
High voltage direct current transmission by J.Arrilaga, IEE power engineering series.
Direct current transmission by E.W.Kimbark, VVol-1, Wiley inter science-Newyork.

o
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15022101 MODERN CONTROL THEORY

Unit |

Fields, Vectors, and vector spaces; State space representation, state equations for dynamic
systems, solution of state equations; State transition matrix — Properties of state transition matrix;
evaluation. Fadeeva algorithm for conversion from state space to transfer function, Linearization
of non-linear models

Unit 1l

Non uniqueness of state model, Similarity transformation, Invariance of system properties.
Controllability — necessary and sufficient condition - Pole assignment using State feedback —
Ackerman’s formula for feedback gain determination; Observability. Duality. Effect of state
feedback on controllability and observability. Controllable subspace — decomposition of state
into controllable and uncontrollable components.

Unit 111

Design of full order observer — Bass Gura algorithm. The separation principle - Combined
observer — controller compensator. Design of reduced order observer. Unobservable subspace —
decomposition of state into observable and unobservable components — Canonical decomposition
theorem.

Unit 1V

Reducibility — realization of transfer function matrices. Model decomposition and decoupling by
state feedback. Design of robust control system for asymptotic tracking and disturbance rejection
using State variable equations. Transfer function interpretations — transfer function form of
observer and state estimate feedback. State space interpretation of internal model principle.

Unit VvV

Discrete time linear state regulator — Algorithm for the solution, Use of observer in
implementing the control law. Continuous time linear state regulator — Matrix Riccati equation.
Time invariant linear state regulator — the reduced matrix Riccati equation - An iterative method
to solve the reduced matrix Riccati equation. Suboptimal linear regulator.

Text Books:

1. Modern Control Engineering, Katsuhiko Ogata, 5 Edition, Prentice Hall India, 1997
2. Modern Control System Theory, M. Gopal, Revised 2™ Edition, New Age International
Publishers, 2005.



M.Tech (EPS)/CEA/JNTUA w.e.f. 2015-16

References:

1. Linear Systems, Thomas Kailath, Perntice Hall, 1980.

2. Control System Design, Graham C. Goodwin, StefanF. Graebe and Mario E. Salgado, Pearson
Education, 2000.

3. Linear System Theory and Design, Chi-Tsong Chen, OXFORD University Press.

4. Richard C. Dorf and Robert H. Bishop, Modern Control Systems, 11™ Edition, Pearson Edu

India, 2009.
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15D21106 DISTRIBUTED GENERATION & MICROGRID

UNIT I: DISTRIBUTED GENERATION AND MICROGRID CONCEPT

Distributed generation - Why integration of distributed generation? - Active distribution network
- Concept of Microgrid - A typical Microgrid configuration - Interconnection of Microgrids -
Technical and economical advantages of Microgrid - Challenges and disadvantages of Microgrid
development - Management and operational issues of a Microgrid - Dynamic interactions of
Microgrid with main grid — low voltage DC grid.

UNIT II: DISTRIBUTED ENERGY RESOURCES

Introduction - Combined heat and power (CHP) systems: Micro-CHP systems - Wind energy
conversion systems (WECS): Wind turbine operating systems - Solar photovoltaic (PV) systems:
Types of PV cell - Small-scale hydroelectric power generation - Other renewable energy sources
- Storage devices.

UNIT I11: MICROGRID AND ACTIVE DISTRIBUTION NETWORK MANAGEMENT
SYSTEM

Introduction - Impact on heat utilisation - Impact on process optimisation - Impact on market -
Impact on environment - Impact on distribution system - Impact on communication standards
and protocols - Network management needs of Microgrid - Microsource controller - Central
controller.

UNIT IV: SCADA AND ACTIVE DISTRIBUTION NETWORKS

Introduction - Existing DNO SCADA systems - Control of DNO SCADA systems - SCADA in
Microgrids - Human—machine interface (HMI) - Hardware components - Communication trends
in SCADA - Distributed control system (DCS) - Sub-station communication standardisation -
SCADA communication and control architecture - Communication devices - Observations on
SCADA and communication.

UNIT V: IMPACT OF DG INTEGRATION ON POWER QUALITY AND
RELIABILITY

Introduction - Power quality disturbances - Power quality sensitive customers - EXxisting power
quality improvement technologies - Impact of DG integration - Issues of premium power in DG
integration.

TEXT BOOK:

1. S. Chowdhury, S.P. Chowdhury and P. Crossley, “Microgrids and Active Distribution
Networks”, The Institution of Engineering and Technology, 2009.



M.Tech (EPS)/CEA/JNTUA w.e.f. 2015-16

15D21201 POWER SYSTEM RELIABILITY
UNIT-I : Generating System Reliability Analysis

Generation system model — Capacity outage probability tables — Recursive relation for capacitive
model building — Sequential addition method — Unit removal — Evaluation of loss of load and
energy indices — Examples.

UNIT-11 : Combined Generation and Load System Reliability Analysis

Frequency and Duration methods — Evaluation of equivalent transitional rates of identical and
non-identical units — Evaluation of cumulative probability and cumulative frequency of non-
identical generating units — 2-level daily load representation - Merging generation and load
models — Examples.

UNIT-I11 : Bulk Power System Reliability Evaluation

Basic configuration — Conditional probability approach — System and load point reliability
indices — Weather effects on transmission lines — Weighted average rate and Markov model —
Common mode failures.

UNIT-1V : Radial Distribution System Configuration Reliability Analysis

Basic Techniques — Radial networks — Evaluation of Basic reliability indices, performance
indices - Load point and system reliability indices — Customer oriented, loss and energy oriented
indices — Examples.

UNIT-V : Meshed System Reliability Analysis

Basic techniques — Inclusion of bus bar failures, scheduled maintenance — Temporary and
transient failures — Weather effects — Common mode failures — Evaluation of various indices —
Examples.

Text Books:
1. Roy Billinton and Ronald N. Allan, Reliability Evaluation of Power Systems, Plenum
Press, New York and London, 2" Edition, 1996.
2. J. Endrenyi , Reliability Modeling in Electric Power Systems, John Wiley & Sons, 1%
Edition, 1978.
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15D21202 SMART GRID DESIGN AND ANALYSIS

UNIT I: SMART GRID ARCHITECTURAL DESIGNS

Introduction — Comparison of Power grid with Smart grid — power system enhancement —
communication and standards - General View of the Smart Grid Market Drivers - Stakeholder
Roles and Function - Measures - Representative Architecture - Functions of Smart Grid
Components-Wholesale energy market in smart grid-smart vehicles in smart grid.

UNIT I1: SMART GRID COMMUNICATIONS AND MEASUREMENT TECHNOLOGY
Communication and Measurement - Monitoring, Phasor Measurement Unit (PMU), Smart
Meters, Wide area monitoring systems (WAMS)- Advanced metering infrastructure- GIS and
Google Mapping Tools.

UNIT I11: PERFORMANCE ANALYSIS TOOLS FOR SMART GRID DESIGN
Introduction to Load Flow Studies - Challenges to Load Flow in Smart Grid and Weaknesses of
the Present Load Flow Methods - Load Flow State of the Art: Classical, Extended Formulations,
and Algorithms —Load flow for smart grid design-Contingencies studies for smart grid.

UNIT IV: STABILITY ANALYSIS TOOLS FOR SMART GRID

Voltage Stability Analysis Tools-Voltage Stability Assessment Techniques-Voltage Stability
Indexing-Application and Implementation Plan of VVoltage Stability in smart grid-Angle stability
assessment in smart grid-Approach of smart grid to State Estimation-Energy management in
smart grid.

UNIT V: RENEWABLE ENERGY AND STORAGE

Renewable Energy Resources-Sustainable Energy Options for the Smart Grid-Penetration and
Variability Issues Associated with Sustainable Energy Technology-Demand Response Issues-
Electric Vehicles and Plug-in Hybrids-PHEV Technology-Environmental Implications-Storage
Technologies-Grid integration issues of renewable energy sources.

TEXT BOOKS:

1. James Momoh, “Smart Grid: Fundamentals of design and analysis”, John Wiley & sons Inc,
IEEE press 2012.

2. Janaka Ekanayake, Nick Jenkins, Kithsiri Liyanage, Jianzhong Wu, Akihiko Yokoyama,
“Smart Grid: Technology and Applications”, John Wiley & sons inc, 2012.

REFERENCE BOOKS:

1. Fereidoon P. Sioshansi, “Smart Grid: Integrating Renewable, Distributed & Efficient
Energy”, Academic Press, 2012.

2. Clark W.Gellings, “The smart grid: Enabling energy efficiency and demand response”,
Fairmont Press Inc, 2009.
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15D21203 RESTRUCTURED POWER SYSTEMS

UNIT I: KEY ISSUES IN ELECTRIC UTILITIES

Introduction — Restructuring models — Independent System Operator (ISO) — Power Exchange -
Market operations — Market Power — Standard cost — Transmission Pricing — Congestion Pricing
— Management of Inter zonal/Intra zonal Congestion.

UNIT 1lI: OPEN ACCESS SAME-TIME INFORMATION SYSTEM (OASIS) &
MARKET POWER

Structure of OASIS - Posting of Information — Transfer capability on OASIS. Market Power:
Introduction - Different types of market Power — Mitigation of Market Power - Examples.

UNIT I11: AVAILABLE TRANSFER CAPABILITY (ATC) & ELECTRICITY PRICING

Transfer Capability Issues — ATC — TTC — TRM — CBM Calculations — Calculation of ATC
based on power flow. Electricity Pricing: Introduction — Electricity Price Volatility Electricity
Price Indexes — Challenges to Electricity Pricing — Construction of Forward Price Curves —
Short-time Price Forecasting.

UNIT IV: POWER SYSTEM OPERATION IN COMPETITIVE ENVIRONMENT

Introduction — Operational Planning Activities of 1ISO- The ISO in Pool Markets — The ISO in
Bilateral Markets — Operational Planning Activities of a GENCO.

UNIT V: TRANSMISSION COST ALLOCATION METHODS & ANCILLARY
SERVICES MANAGEMENT

Introduction - Transmission Cost Allocation Methods : Postage Stamp Rate Method - Contract

Path Method - MW-Mile Method — Unused Transmission Capacity Method - MVA-Mile method

— Comparison of cost allocation methods. Ancillary Services Management: Introduction —

Reactive Power as an Ancillary Service — a Review — Synchronous Generators as Ancillary

Service Providers.

TEXT BOOKS :

1. Kankar Bhattacharya, Math H.J. Boller and Jaap E.Daalder, Operation of Restructured
Power System, Kulwer Academic Publishers, 2001.
2. Mohammad Shahidehpour and Muwaffaq alomoush, Restructured Electrical Power
Systems, Marcel Dekker, Inc., 2001.
REFERENCE BOOKS:

1. Loi Lei Lai, Power System Restructuring and Deregulation, John Wiley & Sons Ltd.,
England.
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15D22203 INTELLIGENT ALGORITHMS

UNIT I: Introduction and motivation. Approaches to intelligent control. Architecture for intelligent
control. Symbolic reasoning system, rule - based systems, the Al approach. Knowledge representation.
Expert systems. Data Pre - Processing: Scaling, Fourier transformation, principal - component analysis
and wavelet transformations.
UNIT 11
Concept of Artificial Neural Networks and its basic mathematical model, McCulloch - Pitts neuron
model, simple perceptron, Adaline and Madaline, Feed - forward Multilayer Perceptron. Learning and
Training the neural network. Networks: Hopfield network, Self - organizing network and Recurrent
network. Neural Network based controller, Case studies: Identification and control of linear and nonlinear
dynamic systems using Matlab / Neural Network toolbox.
UNIT 111
Genetic Algorithm: Basic concept of Genetic algorithm and detail algorithmic steps, adjustment of free
parameters. Solution of typical control problems using genetic algorithm. Concept on some other than GA
search techniques like tabu search and ant - colony search techniques for solving optimization problems.
UNIT IV
Introduction to crisp sets and fuzzy sets, basic fuzzy set operation and approximate reasoning.
Introduction to Fuzzy logic modeling and control of a system. Fuzzification, inference and
defuzzification. Fuzzy knowledge and rule bases.
UNIT V
Fuzzy modeling and control schemes for nonlinear systems. Self - organizing fuzzy logic control.
Implementation of fuzzy logic controller using Matlab fuzzy - logic toolbox. Stability analysis of fuzzy
control systems. Intelligent Control for SISO/MIMO Nonlinear Systems. Model Based Multivariable
Fuzzy Controller.
Text Books
1. Simon Haykins, Neural Networks: A comprehensive Foundation, Pearson Edition, 2003.
2. T.J.Ross, Fuzzy logic with Fuzzy Applications, Mc Graw Hill Inc, 1997.
3. David E Goldberg, Genetic Algorithms.
References
1. M.T.Hagan, H. B. Demuth and M. Beale, Neural Network Design, Indian reprint, 2008.
2. Fredric M.Ham and lvica Kostanic, Principles of Neurocomputing for science and Engineering,
McGraw Hill, 2001.
3. N.K. Bose and P.Liang, Neural Network Fundamentals with Graphs, Algorithms and
Applications, Mc - Graw Hill, Inc. 1996.
4. Yung C. Shin and Chengying Xu, Intelligent System - Modeling, Optimization and Control,
CRC Press, 20009.
5. N.K.Sinha and Madan M Gupta, Soft computing & Intelligent Systems - Theory &
Applications, Indian Edition, Elsevier, 2007.
6. John Yen and Reza Langari, Fuzzy logic Intelligence, Control, and Information, Pearson
Education, Indian Edition, 2003.
Witold Pedrycz, Fuzzy Control and Fuzzy Systms, Overseas Press, Indian Edition, 2008.
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15D54201 RESEARCH METHODOLOGY
(Audit Course)

UNIT |

Meaning of Research — Objectives of Research — Types of Research — Research Approaches — Guidelines
for Selecting and Defining a Research Problem — research Design — Concepts related to Research Design
— Basic Principles of Experimental Design.

UNIT 11

Sampling Design — steps in Sampling Design —Characteristics of a Good Sample Desigh — Random
Sampling Design.

Measurement and Scaling Techniques-Errors in Measurement — Tests of Sound Measurement — Scaling
and Scale Construction Techniques — Time Series Analysis — Interpolation and Extrapolation.

Data Collection Methods — Primary Data — Secondary data — Questionnaire Survey and Interviews.

UNIT 111

Correlation and Regression Analysis — Method of Least Squares — Regression vs Correlation —
Correlation vs Determination — Types of Correlations and Their Applications

UNIT IV

Statistical Inference: Tests of Hypothesis — Parametric vs Non-parametric Tests — Hypothesis Testing
Procedure — Sampling Theory — Sampling Distribution — Chi-square Test — Analysis of variance and Co-
variance — Multi-variate Analysis.

UNIT V

Report Writing and Professional Ethics: Interpretation of Data — Report Writing — Layout of a Research
Paper — Techniques of Interpretation- Making Scientific Presentations in Conferences and Seminars —
Professional Ethics in Research.

Text books:

1. Research Methodology:Methods and Techniques — C.R.Kothari, 2™ Edition,New Age
International Publishers.
2. Research Methodology: A Step by Step Guide for Beginners- Ranjit Kumar, Sage
Publications (Available as pdf on internet)
3. Research Methodology and Statistical Tools — P.Narayana Reddy and G.V.R.K.Acharyulu,
1% Edition,Excel Books,New Delhi.
REFERENCES:

1. Scientists must Write - Robert Barrass (Available as pdf on internet)
2. Crafting Your Research Future —Charles X. Ling and Quiang Yang (Available as pdf on
internet)
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15021209 POWER SYSTEM SIMULATION LAB

MATLAB

Y - Bus Formation Using MATLAB

Gauss — Seidel Load Flow Analysis using MATLAB

Fast Decoupled Load Flow Analysis using MATLAB

Fast Decoupled Load Flow Analysis for Distribution Systems using MATLAB

Point by Point Method using MATLAB

Step Response of Two Area System with Integral Control and Estimation of Tie Line
Power Deviation using SIMULINK

7. Step Response of Two Area System with Integral Control and Estimation of Tie Line
Frequency Deviation using SIMULINK

ocoukrwhE

MiPower

8. Load Flow Analysis using MiPower
)] Gauss Seidel Method
i) Newton Raphson Method
9. Short Circuit Analysis using MiPower
10. Transient Stability Analysis using MiPower
11. Economic Load Dispatch Analysis using MiPower
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15D21205 REACTIVE POWER COMPENSATION & MANAGEMENT

UNIT I : LOAD COMPENSATION

Objectives and specifications — Reactive power characteristics — Inductive and capacitive
approximate biasing — Load compensator as a voltage regulator — Phase balancing and power
factor correction of unsymmetrical loads - Examples.

UNIT Il : STEADY - STATE & TRANSIENT STATE REACTIVE POWER
COMPENSATION IN TRANSMISSION SYSTEM

Uncompensated line — Types of compensation — Passive shunt and series and dynamic shunt
compensation — Characteristic time periods — Passive shunt compensation — Static
compensations - Series capacitor compensation — Compensation using synchronous condensers —
Examples.

UNIT-111 : REACTIVE POWER COORDINATION & DEMAND SIDE MANAGEMENT

Objective — Mathematical modeling — Operation planning — Transmission benefits — Basic
concepts of quality of power supply — Disturbances - Steady — state variations — Effects of under
Voltages — Frequency — Harmonics, radio frequency and electromagnetic interferences.Load
patterns — Basic methods load shaping — Power tariffs - KVAR based tariffs penalties for voltage
flickers and Harmonic voltage levels.

UNIT-1V : DISTRIBUTION & USER SIDE REACTIVE POWER MANAGEMENT

System losses — Loss reduction methods — Examples — Reactive power planning — Objectives —
Economics Planning capacitor placement — Retrofitting of capacitor banks - KVAR requirements
for domestic appliances — Purpose of using capacitors — Selection of capacitors — Deciding
factors — Types of available capacitor, characteristics and Limitations.

UNIT-V : REACTIVE POWER MANAGEMENT IN ELECTRIC TRACTION SYSTEMS
AND ARC FURNACES
Typical layout of traction systems — Reactive power control requirements — Distribution

transformers - Electric arc furnaces — Basic operations- Furnaces transformer — Filter
requirements — Remedial measures — Power factor of an arc furnace.

TEXT BOOKS:

1. J.E.Miller, Reactive Power Control in Electric Power Systems, John Wiley and Sons,
1982 (Units 1 to 1V).
2. D.M.Tagare, Reactive power Management, Tata McGraw Hill, 2004 (Units V toVIIlI).
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15D21206 EHVAC TRANSMISSION SYSTEMS

UNIT - I: PRELIMINARIES

Necessity of EHV AC transmission — Advantages and problems — Power handling capacity and
line losses- Mechanical considerations — Resistance of conductors — Properties of bundled
conductors — Bundle spacing and bundle radius - Examples.

UNIT - 11: LINE AND GROUND REACTIVE PARAMETERS

Line inductance and capacitances — Sequence inductances and capacitances — Modes of
propagation — Ground return — Examples. Electrostatics — Field of sphere gap — Field of line
changes and properties — Charge — potential relations for multi-conductors — Surface voltage
gradient on conductors — Distribution of voltage gradient on sub-conductors of bundle —
Examples.

UNIT - 111: CORONA EFFECTS

Power loss and audible noise (AN) — corona loss formulae — Charge voltage diagram —
Generation, characteristics - Limits and measurements of AN — Relation between 1-phase and 3
-phase AN levels — Radio interference (RI) - Corona pulses generation, properties, limits —
Frequency spectrum — Modes of propagation — Excitation function — Measurement of RI, RIV
and excitation functions - Examples.

UNIT - IV: ELECTRO STATIC FIELD & TRAVELING WAVE THEORY

Electrostatic field: calculation of electrostatic field of EHV/AC lines — Effect on humans,
animals and plants — Electrostatic induction in unenergised circuit of double - circuit line —
Electromagnetic interference - Examples. Traveling wave expression and solution - Source of
excitation - Terminal conditions - Open circuited and short circuited end - Reflection and
refraction coefficients - Lumped parameters of distributed lines - Generalized constants - No
load voltage conditions and charging current.

UNIT -V: VOLTAGE CONTROL

Power circle diagram and its use — Voltage control using synchronous condensers — Cascade
connection of shunt and series compensation — Sub synchronous resonance in series capacitor —
Compensated lines — Static VAR compensating system.

TEXT BOOKS:

1. R. D. Begamudre, EHVAC Transmission Engineering, New Age International (p) Ltd.
2. S. Rao, HVAC and DC Transmission.
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15D21207 SOLAR ENERGY CONVERSION SYSTEMS

UNIT-1: SOLAR CELL FUNDAMENTALS

Place of PV in world energy scenario — need for sustainable energy sources — current status of
Renewable energy sources — place of photovoltaic in Energy supply — solar radiation — the sun
and earth movement — angle of sunrays on solar collectors — sun tracking — estimating solar
radiation empirically — measurement of solar radiation - Fundamentals of semiconductors —
charge carriers and their motion in semiconductor — P-N Junction Diode — an introduction to
solar cells.

UNIT-11: DESIGN OF SOLAR CELLS

Upper limits of cell parameters — short circuit current, open circuit voltage, fill factor, efficiency
— losses in solar cells — model of a solar cell, effect of series and shunt resistance on efficiency ,
effect of solar radiation on efficiency — solar cell design — design for high Isc — Design for high
Voc — design for high FF — Analytical techniques.

UNIT-111: SOLAR PHOTOVOLTAIC MODULES

Solar PV Modules from solar cells — series and parallel connection of cells — mismatch in
module — mismatch in series connection — hot spots in the module , bypass diode — mismatching
in parallel diode — design and structure of PV modules — number of solar cells in a module,
wattage of modules, fabrication of PV module — PV module power output.

UNIT-V: BALANCE OF SOLAR PV SYSTEMS

Basics of Electromechanical cell — factors affecting performance — batteries for PV systems —
DC to DC converters — charge controllers — DC to AC converters(Inverters) — Maximum Power
Point tracking (MPPT) — Algorithms for MPPT.

UNIT V: PV SYSTEM DESIGN AND APPLICATIONS

Introduction to solar PV systems — standalone PV system configuration — design methodology of
PV systems — design of PV powered DC fan without battery, standalone system with DC load
using MPPT, design of PV powered DC pump, design of standalone system with battery and
AC/DC load — wire sizing in PV system — precise sizing of PV systems — Hybrid PV systems —
grid connected PV systems.

TEXT BOOKS:

1. “Solar Photovoltaics Fundamentals, Technologies and Applications” by Chetan singh solanki, PHI
publications.

REFERENCES:

1. Solar Energy Fundamentals and applications by H.P. Garg, J. Prakash “Tata McGraw- Hill
publishers I* edition”

2. S.Rao & B.B.Parulekar, “Energy Technology”, 4th edition, Khanna publishers, 2005.
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15D21208 WIND ENERGY CONVERSION SYSTEMS

UNIT-1: FUNDAMENTALS OF WIND TURBINES

Historical background - basics of mechanical to electrical energy conversion in wind energy -
types of wind energy conversion devices — definition - solidity, tip speed ratio, power coefficient,
wind turbine ratings and specifications - aerodynamics of wind rotors - design of the wind
turbine rotor

UNIT-11: WIND TURBINE CONTROL SYSTEMS & SITE ANALYSIS

Power speed characteristics - torque speed characteristics - Pitch angle control — stall control —
power electronic control — Yaw control — Control strategy — wind speed measurements — wind
speed statistics — site and turbine selection.

UNIT-111: BASICS OF INDUCTION AND SYNCHRONOUS MACHINES

The Induction Machine — constructional features - equivalent circuit model - performance
characteristics - saturation characteristics — dynamic d-q model — the wound — field synchronous
machine — the permanent magnet synchronous machine — power flow between two synchronous
sources — induction generator versus synchronous generator

UNIT-1V: GRID CONNECTED AND SELF-EXCITED INDUCTION GENERATOR
OPEARTION
Constant — voltage, constant — frequency- single output system —double output system with
current converter & voltage source inverter — equivalent circuits — reactive power and harmonics
— reactive power compensation — variable — voltage, variable — frequency generation — the self-
excitation process — circuit model for the self — excited induction generator — analysis of steady
state operation — the steady state characteristics — the excitation requirement — effect of a wind
generator on the network .

UNIT-V: WIND GENERATION WITH VARIABLE-SPEED TURBINES AND
APPLICATION
Classification of schemes — operating area — induction generators — doubly fed induction
generator — wound field synchronous generator — the permanent magnet generator — Merits and
limitations of wind energy conversion systems — application in hybrid energy systems — diesel
generator and photovoltaic systems — wind photovoltaic systems.

TEXT BOOKS:

1. S.N.Bhadra,D.Kastha, S.Banerjee, “ wind electrical systems” Oxford University Press.
REFERENCES:

1. S.Rao & B.B.Parulekar, “Energy Technology”, 4th edition, Khanna publishers, 2005.

2. “Renewable Energy sources & Conversion Technology” by N.K.Bansal, Manfred Kleemann,

Michael Meliss. Tata Mcgraw Hill Publishers.



