M.Tech Programme
Electrical Engineering- Power System and Control
Curriculum and Scheme of Examinations

SEMESTER I
End Marks
. Hrs/ Sem Internal End
Code Name of Subject Credits week Exam | Continuous | Semester Remarks
No. Total
(hours) | Assessment | Exam

Advanced Of the 40 marks of internal assessm
EMA |Mathematics for 40 60 100 25 marks for tests and 15 marks
1003 |Power System 3 3 3 assignments. End sem exam

Control conducted by the University
EPC Computer Aided

Power System 3 3 3 40 60 100 Do
1001 ,

Analysis
EAC |Power Conversior
1001 |Techniques 3 3 3 40 60 100 Do
EMC Modeling of
1002 |Electrical 3 3 3 40 60 100 Do

Machines
EPC Operation and
1002 Control of Power 3 3 3 40 60 100 Do

System
ECC |Dynamics of
1003 |Linear Systems 3 3 3 40 60 100 Do
EAC |Power System L
1101 |simulation Lab 1 2 - 100 - 100 No End Sem Examinations
EAC .
1102 Seminar 2 2 - 100 - 100 Do

TOTAL 21 29 440 360 800 7 Hours of De&irrtkmental assistanc

(1%}




SEMESTER 11

End Marks
. Hrs/ Sem Internal End
C,\?ge Name of Subject Credits | \eek | Exam |Continuous Semester Total Remarks
' (hours) [Assessment| Exam
Of the 40 marks of intern
EAC assessment, 25 marks for tests
'é:lﬁ?ocrﬁg g;tvgtzs 3 3 3 40 60 100|15 marks for assignmentSnd sen
2001 exam is conducted by t
University
EPC [Power System
2002 |Dynamics and 3 3 3 40 60 100 Do
Control
** |Stream Electivel|l 3 3 3 40 60 100 Do
* % 1
ﬁtream Elective 3 3 3 40 60 100 Do
**
Department 3 3 3 40 60 | 100 Do
Elective
ECC |[Research End Sem Exam is conducted by
2000 [Methodology 2 2 3 40 60 | 100 Individual Institutions
EAC |Advanced Power o
2101 |System Lab 1 2 - 100 100 No End Sem Examinations
EAC |Seminar
! 2 2 : 100 100 do
2102
EAC |Thesis —
2103 |Preliminary 2 2 - 100 100 do
Part |
TOTAL 29 23 540 360 900 6 Hours of Devrigrr}(mental assista




SEMESTER |1

List of Stream Elective -

EAE 2001
EPE 2001
EPE 2002
EPE 2004
EME 2002

Distributed Generation and Control
Transient Analysis in Power System
Flexible AC Transmission Systems

Soft Computing Application to Power Syste
PWM Converters and Application

List of Stream Elective-I1|

EPC 2001
ECC1002
ECC2001
ECC2002

Digital Protection of Powest®&yn
Digital Control Systems
Optimal Control Theory

Non Linear Control Systems

List of Department Electives

EAD 2001
EPC 1003
EPD 2001
EPD 2002

Deregulation in Power Systems

Power Quality
New and Renewable Source of Energy

SCADA System and Application



SEMESTER I

Credit | Hrs/ | End Marks Remarks
Code/Name of Subject week | Sem  |Continuous End
No. Exam |Assessment|Semester |Total
Exam
hours
** | Stream Elective| 3 3 3 40 60 100 End Sem Exam is condugted
1| by the Individual Institutions
** | Stream Elective 3 3 3 40 60 100 Do
v
** Non- Dept. 3 3 3 40 60 | 100 Do
(Interdisciplinary
Elective
EAC Thesis — 5 14 - 200 200 No End Sem Examinations
3101| Preliminary —
Part Il
TOTAL 14 23 320 180 500 6 Hours of Departmental
assistance work

List of Stream Electives-I11

EAE 3001 Power System Management

EAE 3002 Captive Power Systems

EAE 3003 Smart Grid Technology and Applications
EAE 3004 Control of Industrial Drives

EAE 3005 Voltage Stability Analysis in Power Syste

List of Stream Electives-1V

EAE 3006 Advanced Digital Signal Processing

EPE 3001 Distribution System Planning and Autoorati
EPE 3002 Power System Stability and Reliability
EPE 3003 EHV AC & DC Transmission System

EPE 3004 Static Var Controllers and Harmonic Fifig
EPE 3005 Power System Instrumentatio

List of Interdisciplinary Electives

EPI 3001 Renewable Energy Sources and Technology
EPI 3002 Energy Auditing and Management
EAI 3001 Autonomous Power Systems



SEMESTER IV

Marks
_ Continuous  |ynjversity Exam
Code|Subject| cyedits | Hrsweek | Assessment Total
Committee Evaluation|Voce
EAC |Thesis 12 21 150 150 200 100 600
4101
Total 12 21 8 Hours of Departmental

assistance work

Note: 6to8hoursper week isfor department assistance



SEMESTER |



EMA 1003 ADVANCED MATHEMATICSFOR POWER SYSTEM CONTROL 3-0-0-3

Structure of the cour se

Lecture : 3Hvgdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Cour se obj ective:

1. Introduce various optimization methodsralgde students to apply them in practical problems

2. Equip the Students with a thorough understandinggctor spaces, probabilities, random proceds an
queuing theory
L earning outcome:

Basic knowledge of vector spaces and optimizatimoty which are essential for higher studies and
research in Engineering.

Module 1

Concepts of optimization: Statement of optimizatiproblem - Classification -Engineering
applications- Linear Programming- Graphical meth8dnplex method -Duality- Sensitivity analysis -
Transportation and assignment problems.

Nonlinear programming- Unconstrained optimizati@chniques-Direct search methods-Descent
methods -Constrained optimization - Direct and recti methods - Kuhn tucker conditions.

M odule2

Dynamic programming- Multistage decision processneégpt of sub optimization and Principle of
optimality -Computational procedure

Advanced optimization techniques- Genetic Algoritieimulated annealing methods-Tabu Search
— Particle swarm optimization — ant colony algarith

Module 3

Vector Space: Vector space, subspace, linedependence of vectors - Dimension dabis
(Definitions, theorems without proof and problentgjear transformations, Rank and nullity, Innesdict,
Norm of a vector, Orthogonal vectors, Gram Schi@idhogonalization process.

Probability and Random Processes: Gaussian prageBsecrete time Markov chains, Chapman-
Kolmogorov Equations, classification of stategedsly State Probabilities, continuous - time Markbain:
State occupancy times, transition rates, Steadte $teobabilities, Global balance equations, Appiccato
Birth - death process and Queuing models (M/M/1 &éii/c models with infinite capacity).

References:
1. Singiresu S Rao, "Engineering Optimization Theorgt Bractices, John Wiley & Sons, 1998.
2. Engineering optimization, Methods and Applicatienss V Reklaitis, A Ravindran & K M Rajsdell
3. Alberto leon-Garcia, Probability and Random Proesg$er Electrical Engineering, Pearson, 2/e., 2009
4. S M Ross, Introduction to Probability Models, Eigey10th ed 2009.
5. Sundarapandian, Probability Statistics and Quetimepry, PHI, 2009.
6. T Veerarajan, Probability and Random Process, Mataraw Hill, 3rd ed., 2011
7. Peter V. O. Niel,'Advanced Engineering Mathematic4” edition, Brooks Cole Publications.
8. GreenbergAdvanced Engineering Mathemati®garson Edn.

Structure of the question paper
The question paper contains three questions frain e@dule out of which two questions are to be ansd/by
the student.



EPC 1001 COMPUTER AIDED POWER SYSTEM ANALYSIS 3-0-0-3

Structure of the cour se

Lecture : 3Hvgdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective
1. To introduce computer applications in analysis@iver systems
2. To understand the solution methods and techniquedvied in power system studies

Cour se Outcome
A better understanding of the merits and demefitgitical analytical solution methods which are thasis for
valid techniques in solving power system problems

Module 1

Review of solution of Linear System of equatiorys Gauss Jordan method, Gauss elimination, LU
factorization and LDU factorization
Load Flow Studies: Overview of Gauss, Gauss- Seiddl Newton Raphson Methods, Decoupled Load Flow,
Fast Decoupled Load Flow, DC load flow, Three phasad Flow and Harmonic Load flow. Sparsity
techniques, Triangular factorization and Optimalesing.

Incorporation of FACTS devices in Load Flow: Stafiap Changing, Phase Shifting (PS), Static Var
Compensator (SVC), Thyristor Controlled Series Cengator (TCSC) and Unified Power Flow Controller
(UPFC)

Module 2

Elementary linear graph theory —Incidence and agtwnatrices. Development of network matrices
from Graph theoretic approach, Building algorithon Bus impedance matrix, Modification ofg g matrix due
to changes in primitive network.

Short Circuit studies — Types of Faults — Shortuit study of a large power system — Algorithm for
calculating system conditions after fault — thrberscircuit, three phase to ground, double linground, line
to line and single line to ground fault.

Module 3

State estimation — least square and weighted $epsire estimation methods for linear and noninea
systems. Static state estimation of power systémeetions only and line only algorithms, Treatrheh bad
data — detection, identification and suppressionanf data.

Contingency Analysis- adding and removing mudtidines, Analysis of single and multiple
contingencies, Contingency Analysis by DC modekt&w reduction for contingency and fault studies

References

Power System Analysis- John J. Grainger, WillianSBevenson, Jr., Tata McGraw-Hill Series in ECE.
Modern Power system Analysis!® Bdition- I. J. Nagrath and D. P. Kothari, Tata Ma® Hill, 1980
Computer modeling of Electrical Power SystemsAridliga and N. R. Watson, Wiley, 2001
Computer methods in power system analysis- G.Wjdgsaad El-Abiad McGraw Hill, 1968

Power System Analysis- Hadi Saadat, McGraw Hill

Power System Harmonic Analysis - Jos Arrillaga,d&r&€. Smith, Neville R. Watson, Alan Wood,
John Wiley and Son, 1997

Computational methods for large sparse power systaralysis: An object oriented approach, S A
Soman, S A Khaparde, Shubha Pandit, Kluwer acadputitishers

8. Computer Aided Power System Analysis- G. L. Kudfeentice Hall, 1986

9. Large networks by matrix methods, H E Brown, JohfeW

oghwnE
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Structure of the question paper
The question paper contains three questions frain e@dule out of which two questions are to be ansd/by
the student.



EAC 1001 POWER CONVERSION TECHNIQUES 3-0-0-3

Structure of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination . 60 Marks

Course Objective:
To Familiarize various Power Electronic converdiechniques

Cour se Outcome
A better understanding of the merits and demefitgibcal analytical solution methods which are thasis for
valid techniques in solving power system problems

Module 1

AC voltage controllers: Analysis of single-phasevaltage controller with R and RL load, Performance
parameters, Sequential control of single-phaseliage controllers.

DC-DC converters: Buck, boost, buck-boost and Q'agologies-Representation with ideal switches,
Steady state analysis in continuous conduction meieg inductor volt-sec balance-- current and agst
ripples. Design relations for inductor and capasit@iscontinuous Conduction Mode operation ofikhsack
and boost converter-Isolated dc-dc converters:dgtetate analysis of fly back, forward, push-pulticbridge
topologies.

Module 2

Switched Mode Inverters: Topologies of single-ghasif-bridge, full-bridge and three-phase bridge
Voltage Source Inverters-Representation using isieéthes- stepped wave and PWM operation- SingAgte
PWM-Selective Harmonic Elimination--Space Vector MW valuation of dwell times- Principles of Current-
Controlled VSI- Hysteresis control and PWM curreantrol. Current Source Inverters:  Analysis apacitor
commutated single phase CSI feeding resistive anetipductor loads.

Module 3

Resonant Converters - Second-Order Resonant Girclibad Resonant Converters - Resonant Switch
Converters — Resonant DC-Link Converters with ZVS

Series-Resonant Inverters: Voltage-Source SeriesiiRet Inverters - Voltage-Source Parallel-Resonant
Inverters - Voltage-Source Series—Parallel-Resoimaetters

Resonant DC-Link Inverters : The Resonant DC-Limkerter - The Parallel-Resonant DC-Link Inverter -
Current Research Trends

Auxiliary Resonant Commutated Pole Inverters: LesseHard-Switched Inverters - Analysis of ARCP &ha
Leg - Analysis of ARCP H-Bridge - Analysis of ARAPree-Phase Inverter

References
1. Ned Mohangt. al., “Power Electronics: Converters, Design and Applicasi; Wiley
2. V. RamanarayananCburse Notes on Switched Mode Power Converté&epartment of Electrical
Engineering, Indian Institute of Science, Bangalore
G. K. Dubey et.al., “Thyristorised Power ControllefsNew Age International
John Vithayathil, Power Electronics: Principles and Applicatidn3ata McGraw Hill
Bin Wu, “High Power Converters and AC Drive$EEE Press, Wiley Interscience, 2006.
L. Umanand, Power Electronics: Essentials and Applicatigria/iley, 2009
Thimothy L. Skvarenina, The Power electronics handboolCRC press2002

Noohkw

Structure of the question paper
The question paper contains three questions fram e@dule out of which two questions are to be aned/by
the student.



EMC 1002 MODELING OF ELECTRICAL MACHINES 3-0-0-3

Structur e of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: To develop the basic elements of generalizedryhaind to derive the general equations for
voltage and torque of all type of rotating machiaed to deal with their steady state and transiralysis

Module 1

Unified approach to the analysis of electrical mae performance - per unit system - basic two pole
model of rotating machines- Primitive machine -splegroperties assigned to rotor windings - transier and
rotational voltages in the armature voltage andjuerequations resistance, inductance and torquexmat
Transformations - passive linear transformatiomichines- invariance of power - transformation fribmee
phase to two phase and from rotating axes to statyoaxes-Park's transformation

Module 2

DC Machines: Application of generalized theory &parately excited, shunt, series and compound
machines. Steady state and transient analysissférafunctions. Sudden short circuit of separaeetgited
generator, sudden application of inertia load fmasately excited dc motor.

Synchronous Machines: Synchronous machine reaceamtdime constants-Primitive machine model
of synchronous machine with damper windings on hbmtks. Balanced steady state analysis-power angle
curves. Transient analysis- sudden three phasd shiouit at generator terminals - armature cusseamnd
torque. - Transient power angle curve .

Module 3

Induction Machines: Primitive machine represeotat Steady state operation-Equivalent circuit-
Double cage rotor representation - Equivalent drcdingle phase induction motor- Voltage and Terqu
equations.

References
1. P.S.Bhimbra,Generalized theory of electrical machineskhanna Publishers,
2002
2. Charles V.Johne4dJnified theory of electrical machines °.
3. Adkins and Harley ‘General theory of ac machines’.
4. C. Concordia;Synchronous Machines'.
5. M.G. Say,Introduction to Unified theory of electrical mactas’
6. E W.Kimbark,‘Power System Stability Vol. Il P’.

Structure of the question paper
The question paper contains three questions fraim e@dule out of which two questions are to be aned/
by the student.



EPC 1002 OPERATION AND CONTROL OF POWER SYSTEM 3-0-0-3

Structur e of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment 1 40 Mark
End semester Examination : 60 Marks.

Course Objective: Objective of the course is to make the studewntsra the importance of Economic
operation as well as control of power system.

Module1

Introduction-Review of Thermal units.-The Lambtration method-First order gradient method
base point and participation
factors.

Generation with limited supply-Take or pay fuehtract-composite generation production cost
function- solution of gradient search techniquearddimits and slack variables

Module 2

Hydro-thermal coordination-Long range and shomge scheduling- Hydro-electric plant
models- scheduling problems types of schedulingblpros. Scheduling energy -short-term
hydrothermal scheduling problem- Pumped storagedpthnts- pumped storage hydro scheduling
A-y iteration.

Inter change evaluation and power pools-Economieralhange evaluation with unit
commitments. Types of interchange. Energy bankmggs pools. Power system security-system
monitoring-contingency analysis- security consedinoptimal power flow- Factors affecting power
system security. State estimation in power systanoduction

Module 3

Control of generation-Automatic Generation contRgview-AGC implementation - AGC
features -Modeling exercise using SIMUL1NK. AGC lwibptimal dispatch of Generation- Voltage
control-AGC including excitation system.

MVAR control - Application of voltage regulatorsynchronous condenser — transformer taps — static
VAR compensators

References

1. Allen J.Wood and Wollenberg B.F., ,Power Generat@peration and contrdl, John Wiley & Sons,
Second Edition,1996.

S S. VadherdPower system Analysis and stabilitghanna Publishers

Kirchmayer L.K., ,Economic Control of Interconnedt8ystem§ John Wiley & Sons, 1959.
Nagrath, 1.J. and Kothari D.P., “Modern Power Systénalysis, TMH, New Delhi, 2006.

A Montieelli., 'StateEstimation in Electric power system-A Generalisggprdach

Ali Abur & Antonio Gomez ExpositdPower system state estimation-Theory and
Implementatioh Marcel Dekker Inc.

Hadi Sadat,Power system AnalysisTata McGraw Hill

Recent literature.
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Structure of the question paper

The question paper contains three questions frain e@dule out of which two questions are to be aned/ by
the student.



ECC1003 DYNAMICSOF LINEAR SYSTEMS 3-0-0-3

Structure of the cour se

Lecture :IBHWeek Credits: 3
Internal Assessment : 40 Marks.
End semester Examination: 60 Marks

Course Objectives

To provide a strong foundation on classical and enodontrol theory.
To provide an insight into the role of controllémsa system.

To design compensators using classical methods.

To design controllers in the state space domain.

To impart an in depth knowledge in observer design.

agrwnRE

L ear ning Outcomes

Upon successful completion of this course, studeiitde able

To analyse a given system and assess its perfoenanc

To design a suitable compensator to meet the redjspecifications.

To design and tune PID controllers for a giveneiyst

To realise a linear system in state space domairiaavaluate controllability and observability.
To design a controller and observer for a giverteaysand evaluate its performance.

aorwnRE

Module 1

Design of feedback control systems- Approaches yistesn design-compensators-performance measurescada
compensation networks-phase lead and lag compendasign using both Root locus and Bode plots-systesing
integration networks, systems with pre-filter, Ptbntrollers-effect of proportional, integral andrigative gains on
system performance, PID tuning , integral windug soiutions.

Module 2

State Space Analysis and Design- Analysis of staiibn by pole cancellation - Canonical realizatio Parallel and
cascade realizations - reachability and constrilitiab stabilizability - controllability - observaility -grammians. Linear
state variable feedback for SISO systems, Analgbistabilization by output feedback-modal controilidy-formulae for
feedback gain -significance of controllable Canofiem-Ackermann's formula- feedback gains in terofisEigen
values - Mayne-Murdoch formula - Transfer functewproach - state feedback and zeros of the traffigfetion - non
controllable realizations and stabilizability -camitable and uncontrollable modes - regulator peold - non zero set
points - constant input disturbances and integediback.

Module 3

Observers: Asymptotic observers for state measureopen loop observer-closed loop observer-formditaeobserver

gain - implementation of the observer - full orded reduced order observers - separation princigdenbined observer -
controller — optimality criterion for choosing olpger poles - direct transfer function design praged - Design using
polynomial equations - Direct analysis of the Diaptine equation.

MIMO systems: Introduction, controllability, obsability, different companion forms.

References
1. Thomas Kailath. “Linear System”, Prentice Hall,.IBaglewood Cliffs. NJ. 1998
2. Benjamin C Kuo, “Control Systems”, Tata McGraw HAD02
3. M Gopal, “Control Systems-Principles and DesigrétarMcGraw Hill
4, Richard C Dorf & Robert H Bishop, “Modern Contrgistems”, Addison Wesley™&dition, 1998
5. Gene K Franklin & J David Powell, “Feedback Contabl Dynamic Systems”, Addison -Wesle;}fj 3

Edition
Friedland B, “Control System Design: An Introduatito State Space Methods”, McGraw Hill, NY 1986
M R Chidambaram and S. Ganapathy, “An Introductmrthe Control of Dynamic Systems”, Sehgal
Educational Publishers, 1979
8. C.T. Chen, “Linear system theory and Design”, Oafdniversity Press, New York, 1999

No

Structure of the question paper

For the end semester examination the question mapesists of at least 60% design problems and al@ivs.
The question paper contains three questions fram e@dule out of which two questions are to be ansd/by
the student.



EAC 1101 POWER SYSTEM SIMULATION LABORATORY 0-0-2-1

Structur e of the cour se

Practical :2Hrs Week Credits: 1
Internal Assessment :50 Marks

End semester Examination :NIL

1. Load flow studies — IEEE 5 bus system, IEEE 44 $ystem, IEEE 30 bus systems.
2. Short circuit studies and transient stabilitydés.

3. Voltage Instability Analysis.

4. Harmonic Analysis

5. Economic Load Dispatch with thermal power plants

5. Economic Load Dispatch with Hydro thermal powtemts.

7. Simulation of Facts controllers

8. Simulation of single -area and Two -area Systems

9. Load forecasting and unit commitment

10. Simulation of IGBT inverters.
11. Simulation of thyristor converters.

In addition to the above, the Department can affflaw other experiments
Minimum of 10 experiments are to be conducted



EAC 1102 SEMINAR

Structure of the Course Credits: 2
Seminar : 2 hrs/week
Internal Continuous Assessment : 100 Marks

The student is expected to present a seminar irobtiee current topics in Power System and
Control related areas. The student will undertakdetailed study based on current journals,
published papers, books, on the chosen subjectsabdhit seminar report at the end of the
semester.

Marks:
Report Evaluation : 50

Presentation : 50



SEMESTER I



EAC 2001 ADVANCED POWER ELECTRONIC SYSTEMS 3-0-0-3

Structure of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination . 60 Marks

Course Objective:
To introduce various advanced power electronicgesys and various applications of Power Electronics
power system

Cour se Outcome
A better understanding of the various advancernsmdsapplications of power electronics in varioetdf

Module 1

Power electronics application in HVDC: Pulse numk@onverter configuration, Analysis of Graetz citcu
Bridge characteristics, 12 pulse converter Prirspbf DC Link control-Converter control charactécs
System control, Firing angle control- Current amtiretion angle control, DC link power control, Réiae
power control and VAR sources, MTDC system

Power electronic control in distributed generation

Module 2
Power Quality conditioners — shunt and series cosgers-DStatcom-Dynamic voltage restorer-unified/gr
quality conditioners-case studies.

Control Methods for Power Converters: IntroductioiPower Converter Control using State-Space Ayetia
Models - Sliding-Mode Control of Power ConverterBuzzy Logic Control of Power Converters

Module 3

Microprocessors & Digital ICs for Control of Pow&lectronics and Drives: Introduction, Microcomputer
control of Power Electronic Systems, Real time oanusing microcomputers, microcontrollers, advahce
microprocessor for control of Power Electronic 8ys$, ASICS for control of Power Electronic Systems.
Design of Micro-processor Based control System, dimpment tools Applications: Digital control of
permanent magnet synchronous motor drive for Béeeghicle propulsion.

References
1. Ned Mohangt. al., “Power Electronics: Converters, Design and Applicas; Wiley
2. V. RamanarayananCburse Notes on Switched Mode Power Converté&spartment of Electrical
Engineering, Indian Institute of Science, Bangalore

3. G. K. Dubeyet.al., “Thyristorised Power ControllefysNew Age International

4. John Vithayathil, Power Electronics: Principles and Applicatidn3ata McGraw Hill

5. Bin Wu, “High Power Converters and AC Drive4EEE Press, Wiley Interscience, 2006.

6. L. Umanand, Power Electronics: Essentials and Applicatigria/iley, 2009

7. Thimothy L. Skvarenina,The Power electronics handboolCRC press2002

8. Bimal K.Bose, “Power Electronics & Variable FrequagnDrives”, IEEE Press, 2000, Standard
Publishers and Distributor, Delhi.

9. Bimal K.Bose, “Microcomputer Control of Electric es (Part )", IEEE Press, 1987.

Structure of the question paper
The question paper contains three questions frain e@dule out of which two questions are to be ansd/by
the student.



EPC 2002 POWER SYSTEM DYNAMICS AND CONTROL 3-0-0-3

Structure of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment 1 40 Mark
End semester Examination : 60 Marks.

Course Objective: To introduce various types of small signal stgbiproblems that will encounter in power
systems and also to introduce means to overcome the

Module1

Concept of Power system stability-Types of stapiliassical model of single machine connected to
infinite bus and a multi machine system-mathemhbtieadeling of power system elements for stabilitydges-

Synchronous machines. Excitation systems and Pmimeer controllers-Transmission lines-Loads-HVDC and
FACTS devices

M odule2

Small Signal Analysis-Fundamental concepts of 8tabof Dynamic Systems: State Space representation
Linearization-Eigen properties of state matrix-Sn&ignal Stability of Single Machine Infinite Bus{iB)
System-Heffron-Phillips constants-Effects on Exaita system -Block diagram representation with &xcand
AVR-Power System Stabiliser(PSS): State matrix uditlg PSS-Small Signal Stability of Multi Machine
Systems-Special Techniques for analysis of vergdasystems: Analysis of Essentially Spontaneous
Oscillations in Power Systems(AESOPS) algorithmgiified Arnoldi Method(MAM), Characteristics of
Small Signal Stability Problems: local problems agidbal problems-Small Signal Stability Enhancement

Using Power System Stabilisers-Supplementary condfo Static Var Compensators-Supplementary
Control of HVDC transmission links-Inter area olstibns

Module3

Sub synchronous Resonance-Turbine-Generator tafsiGharacteristics-Torsional interaction with Power
System Controls-Sub synchronous resonance-Impaoetfork switching disturbances-Torsional intekatti
between closely coupled units-Hydro generator @oedicharacteristics

References

1. Anderson and FourdRower System Control and StabilityGalgotia Publications, 1981
2.KR Padiyar;Power System Dynamicg™ Edition, B.S. Publishers, 2003

3. P Kundur,Power system Stability and ContrdficGraw-Hill Inc., 1994

4.P W Sauer & M A PaiPower System Dynamics and StabilRgarson, 2003

5. Olle | Elgerd, Electric Energy Systems Theory an Introductigt! Edition, McGraw-
Hill, 1983

6. E W Kimbark,'Power System StabilityViley & IEEE Press, 1995

7. Yao-nan-Yu,Electric Power Systems Dynamigstademic Press, 1983

Structure of the question paper

The question paper contains three questions franm edule out of which two questions are to be ansd/ by
the student.



ECC2000 RESEARCH METHODOLOGY 2-0-0-2

Structure of the course

Lecture - 2 hrs/week Credits: 2
Internal Assessment : 40 Marks
End semester Examination : 60 Marks

Course Objective
6. To formulate a viable research question
7. To distinguish probabilistic from deterministic éxpations
8. To analyze the benefits and drawbacks of diffenegtthodologies
9. To understand how to prepare and execute a feasidarch project

L earning Outcomes

Upon successful completion of this course, studeiilisbe able to understand research concepts in
terms of identifying the research problem, collegtrelevant data pertaining to the problem, toycarr
out the research and writing research papers/{desssrtation.

Modulel

Introduction to Research Methodology - Objectived types of research: Motivation towards research

- Research methodss. Methodology. Type of research: Descriptiws. Analytical, Applied vs.
Fundamental, Quantitatiwes. Qualitative, and Conceptuas.Empirical.

Research Formulation - Defining and formulating tlesearch problem -Selecting the problem -
Necessity of defining the problem - Importancetefature review in defining a problem. Literatuesiew:
Primary and secondary sources - reviews, treatiseographs, patents. Web as a source: searching the
web. Critical literature review - Identifying gapeas from literature review - Development of wotkin
hypothesis. (15 Hours)

Modulell

Research design and methods: Research designc- Bastiples- Need for research design — Features
of a good design. Important concepts relating seaech design: Observation and Facts, Laws and
Theories, Prediction and explanation, Inductiondu@tion. Development of Models and research plans:
Exploration, Description, Diagnosis, Experimentatend sample designs. Data Collection and analysis:
Execution of the research - Observation and Calleaf data - Methods of data collection - Sampling
Methods- Data Processing and Analysis strategiggta Analysis with Statistical Packages - Hypothesi
Testing -Generalization and Interpretation. (15 i$du

Modulelll

Reporting and thesis writing - Structure and congps of scientific reports -Types of report - Tachh
reports and thesis - Significance - Different stepthe preparation, Layout, structure and Languzfge
typical reports, lllustrations and tables, Bibliagiy, referencing and footnotes. Presentation; Oral
presentation - Planning - Preparation -Practice akikly presentation - Use of audio-visual aids -
Importance of effective communication.

Application of results of research outcome: Envinemtal impacts —Professional ethics - Ethical
issues -ethical committees. Commercialization efwork - Copy right - royalty - Intellectual proper
rights and patent law - Trade Related aspectstelldntual Property Rights - Reproduction of pui#g
material - Plagiarism - Citation and acknowledgeiméteproducibility and accountability.



References

1. C. R. Kothari,Research Methodolog$ultan Chand & Sons, New Delhi,1990

2. PanneerselvanResearch Methodologfrentice Hall of India, New Delhi, 2012.

3. J. W. BamessStatistical Analysis for Engineers and Scienti$eta McGraw-Hill, New York.

4. Donald CooperBusiness Research Methpdata McGraw-Hill, New Delhi.

5. Leedy P. D.Practical Research: Planning and DesjgvicMillan Publishing Co.

6. Day R. A.,How to Write and Publish a Scientific Pap&ambridge University Press, 1989.

7. Manna, Chakrabortialues and Ethics in Business ProfessiBnentice Hall of India, New
Delhi, 2012.

8. Sople,Managing Intellectual Property: The Strategic Imative, Prentice Hall of India, New
Delhi, 2012.



EAC 2101 ADVANCED POWER SYSTEMSLAB 0-0-2-1

Structure of the course

Lecture : 2Hv8dek Credits: 1
Internal Assessment : 50 Mark
End semester Examination : Nil
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13.
14.
15.
16.
17.
18.
19.

Load flow studies incorporating FACTS devices

Three phase unbalanced Load flow analysis, Shecuffiand Transient stability Studies
Optimal Load Flow

Load Flow analysis using Neural Network

Simulation of HVDC systems

State Estimations using Neural Network

Contingency Analysis using Neural Network

Power system Security using Neural Network

Fuzzy Logic load flow

. Fuzzy Logic based AGC, Single area system, Two sysgem
. Fuzzy Logic based small signal stability analysis

. Study of load frequency control problem of (i) untolled and (ii) controlled cases-

Economic Dispatch of (i) Thermal Units and (ii) Timal Plants using Conventional and
ANN & GA algorithms

Application of GA for optimal capacitor placementdistribution systems

Load flow in distribution systems

Network reconfiguration in distribution systems

Tracing power flow in transmission systems

Generation and transmission loss allocation ingldeted environment
Modelling of a fuel cell power plant for standalcaygplication and grid interface.

Micro-Grid Simulation during Grid-Connected andcalsied Modes of Operation

In addition to the above, the Department can offéew experiments.

Minimum of 10 experiments are to be conducted



EAC 2102 SEMINAR

Structure of the Course
Duration : 2 hrs/week Credits: 2
Continuous Assessment : 100 Marks

The student is expected to present a seminar irobtie current topics in the stream of specialsat
The student will undertake a detailed study baseduwrent published papers, journals, books on the
chosen subject, present the seminar and submihaenaiport at the end of the semester.

Distribution of marks

Seminar Report Evaluation - 50 marks
Seminar Presentation - 50 marks



EAE 2001 DISTRIBUTED GENERATION AND CONTROL

3-0-0-3
Structur e of the cour se
Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Description: This course focuses on the new renewable energgdbealkectric energy generation
technologies and their integration into the powed.grhe principles of new energy based distribugederation
technologies: solar, wind, and fuel cells. Interoection of distributed generation sources to padigtribution
grid. Economic aspects of distributed generation.

Cour se objectives
1. Have a working knowledge of the emerging power gaien technologies such as photovoltaic arrays,
wind turbines, and fuel cells.

. Model renewable electrical energy systems for aanglgnd design.

. Calculate the basic performance parameteisesktsystems, such as efficiency and cost.

. Perform basic assessment and design of a reteeelabtrical energy system for a given application

. Determine the requirements for interconnectingreewable electrical energy system to the utdigctric
power grid.

GO~ WN

Module 1

Distributed Generation Definition, Distributed @eation advantages, challenges and needs.- Non
conventional and renewable energy sources-Wind Rawiad turbine and rotor types, wind speed —power
curve, power coefficient, tip speed ratio, wind rgyedistribution, environmental impact. Photovattand
Thermo-solar power —Solar cell technology, Phot@iol power characteristics and Thermo-solar power
generation.- Biomass Power, Fuel cells types, tgbdsdal power generation schemes, mini and migrdro
power schemes, and Micro turbines for DG, bulbtabdlar turbines. Energy Storage for use with [bsted
Generation-Battery Storage, Capacitor Storagea ghipacitors and Mechanical Storage: Flywheels,pedm
and Compressed Fluids.

Module 2
Grid Interconnection Options, Pros and Cons of DGG#d Interconnection, Standards of
interconnection. Recent trends in power electrod@ interconnection. General power electronic DG
interconnection topologies for various sources ematrol. Control of DG inverters, current controidaDC
voltage control for stand alone and grid parallpkmations. Protection of the converter, Controlgafi
interactive power converters, phase locked loogaclzonization and phase locking techniques, ctirren
control, DC bus control during grid faults, coneertaults during grid parallel and stand alone apen.
Module 3
Intentional and unintentional islandiod distribution systems. Passive and active detecof
unintentional islands, non detection zones. Reagbower support using DG. Power quality improvement
using DG, Power quality issues in DG environment.
Economic aspects of DG- Generation cost, investneritfs analysis. Hybrid energy systems.
Distributed generation in the Indian scenario -ecatadies.

References:

1. “Distributed Power Generation, Planning & Evaluatidy H. Lee Willis & Walter G. Scott, 2000
Edition, CRC Press Taylor & Francis Group.

2. “Renewable energy power for a sustainable futuseGldfrey Boyle ,2004 Oxford University Press
in association with the Open university.

3. "Fundamentals of renewable energy systems “by DiMuke, S.Chakrabarti, New Age International
Publishers.



4. Advanced Power Electronic Interfaces for Distriltut&nergy Systems Part 1: Systems and
Topologies by W. Kramer, S. Chakraborty, B. Kroppglad H. Thomas, March 200&chnical
ReportNREL/TP-581-42672

In addition to readings from the textbook, the seuwill use selected papers and articles from psideal
magazines and industry internet sources as referaaterials.

Structure of the question paper
The question paper contains three questions frain e@dule out of which two questions are to be aned/ by
the student.



EPE 2001 TRANSIENT ANALYSISIN POWER SYSTEM 3-0-0-3

Structur e of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective:To introduce various types of transient over \g#tain power system and the methods to
overcome them

Module 1

Lightning and travelling waves Transients in electric power systems - internad axternal
causes of over voltages - lightning strokes - nmatitecal model to represent lightning - stroke to

tower and midspan - travelling waves in transmigsslimes selection of typical wave to represent
over voltages.

SwitchingTransients Switching transients - the circuit closing traerdi- the recovery transient
initiated by the removal of the short circuit — ddei frequency transients

Module 2

Abnormal switching transients - current suppressicapacitance switching - arcing ground -
transformer inrush current - ferro resonance - rauwtonnections - transients in switching a three
phase reactor- three phase capacitor.

Surges in transformersStep voltage - voltage distribution in transfornwinding -winding
oscillations - Travelling wave solutions - Trangfar core under surge conditions.

Module 3

Voltage surges -Transformers - Generators and motdiransient parameter values for
transformers - Reactors - Generators - Transmidgie@s Protective Deviceand Systems Basic idea
about protection - surge diverters - surge absserbground fault neutralizers - protection of lireesd

stations by shielding -ground wires - counter pwisedriven rods - modern lightning arrestors -
insulation coordination - protection of alternatoiredustrial drive systems.

References:

Allen GreenwoodElectrical transients in power system#filey Interscience, 1971
Bewely LW, "Travelling Waves and transmission systeisVer Publications, New York,1963

Gallaghar P J and Pearmain AHlgh Voltage Measurement, Testing and Desighn Wiley and sons, New
York, 1982.

.Klaus RagalledSurges and High voltage networktess, 1980.
Diesendrofw "Over Voltages on High Voltage Systeni¥nsselaer Book Store, roy, New York, 1971.

Structure of the question paper

The question paper contains three questions fraim @@dule out of which two questions are to be ansivby the
student.



EPE 2002 FLEXIBLE AC TRANSMISSION SYSTEM 3-0-0-3

Structur e of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: Advances in Power electronics Industry led toidagevelopment of Power Electronics
controllers for fast real and reactive power cdnfitte aim of the course is to introduce these ackarents

Module 1

Power flow in Power Systems-Benefits of FACTS Braission line compensation- Uncompensated
line -shunt compensation - Series compensationsé’hagle control. Reactive power compensationuatsh
and series compensation principles — reactive casgi®n at transmission and distribution level atiStversus
passive VAr Compensators — Converters for St&@tnpensation

Module 2

Static shunt Compensator - Objectives of skantpensations, Methods of controllable VAR
generation - Variable impedance type VAR Generalb@R , TSR, TSC, FC-TCR Principle of operation,
configuration and control , Switching converteréyyp)AR generators- Principle of operation, configioa
and control , SVC and STATCOM , Comparison betw8#C and STATCOM- Applications

Module 3

Static Series compensator - Objectives of sermmpensations , Variable impedance type series
compensators - GCSC. TCSC, TSSC - Principle ofatpen, configuration and control. Application of
TCSC for mitigation of SSR. Switching convertetpé Series Compensators (SSSC)- Principle of
operation, configuration and control.  Static tdge and Phase Angle Regulators (TCVR &TCPAR):
Objectives of Voltage and Phase angle regulatotsyri$tor controlled Voltage And Phase angle
Regulators

Unified Power Flow Controller: Circuit Arrangeme@peration and control of UPFC- Basic principle
of P and Q control- independent real and reactox@ep flow control- Applications - Introduction taterline
power flow controller. Modeling and simulationfeACTS controllers

References:
T J E Miller,"Reactive Power Control in Power Systemkhn Wiley, 1982

2. J Arriliga and N R WatsoriComputer modeling of Electrical Power Systemsley, 2001

3. NG Hingorani and L GyugyilUnderstanding FACTSEEE Press, 2000

4. KR Padiyar, “FACTS Controllers in Power Transnmagsand Distribution”, New Age International
Publishers, 2007

5. Y.H. Song and A.T. John%¥lexible ac Transmission Systems (FACIEE) Press, 1999

6. Ned Mohan et.dlPower Electronics John Wiley and Sons.

7. Dr Ashok S & KS Suresh kumar, 'FACTS Controlleds @pplications 'course book for STTP 2003

8. Current Literature

Structure of the question paper
The question paper contains three questions franm edule out of which two questions are to be ansd/ by
the student.



EPE 2004 SOFT COMPUTING APPLICATION TO POWER SYSTEM 3-0-0-3

Structure of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment 1 40 Mark
End semester Examination : 60 Marks.

Course Objective: The course provides exposure to soft computingiegpres and its applications in
Power Systems

Module1

Biological foundations - ANN models - Types of aetiion function - Introduction to Network
architectures -Multi Layer Feed Forward Network (FMEN) - Radial Basis Function Network (RBFN) -
Recurring Neural Network (RNN). Supervised and pesvised learning - Error-correction learning - Higim
learning — Boltzmen learning - Single layer and tiayer perceptrons - Least mean square algorithm —
Back propagation algorithm — application in powgstems-load flow analysis-contingency analysis-powe
quality analysis

Module 2

Fuzzy set operations - Properties - Memiigrdunctions - Fuzzy to crisp conversion - fifization
and defuzzification methods -fuzzy control systetuzzy logic model s-applications in power systeh@c
single area system-small signal stability

Module3
Genetic AlgorithmIntroduction - basic concepts —application
Adaptive fuzzy systems - hybrid systems - Adaph\eiro fuzzy Inference System (ANF1S) controllers

References

1. J.M. Zuradalntroduction to artificial neural system3aico Publishers, 1992.

2. Simon HaykinsNeural Networks A comprehensive foundatioacmillan College, Proc, Con, Inc,
New York. 1994.

3. D. Driankov. H. Hellendorn, M. Reinfranlguzzy Control An Introduction Narora Publishing
House, New Delhi, 1993.

4. HJ. Zimmermannkuzzy set theory and its applicatiorid,1 Edition, Kluwer Academic
Publishers, London.

5. G.J. Klir, Boyuanfuzzy sets and fuzzy logrrentice Hall of India (P) Ltd, 1997.

6. Stamatios V Kartalopoulosinderstanding neural networks and fuzzy logic besitepts and
applications Prentice Hall of India (P) Ltd,
New Delhi, 2000.

7. Timothy J. Rosgruzzy logic with engineering applicatioMdcGraw Hill, New York.

8. Suran Goonatilake, Sukhdev Khebbal (Edsfglligent hybrid systemdphn Wiley & Sons,
New York, 1995.

9. Vose Michael D.Simple Genetic AlgorithmFoundations And Theor2rentice Hall of India.

10. Rajasekaran & PalNeural Networks, Fuzzy Logic, and Genetic Algorgh8ynthesis and
Applications Prentice-Hall of India, 2007.

11. J.S.Roger Jang, C.T.Sun and E.Mizutani, NEURO FUZRD SOFT COMPUTING,
prentice hall inc., New Jersey, 1997.

12. Recent Journals

Structure of the question paper
The question paper contains three questions frarn eedule out of which two questions are to be ansd by
the student.



EME 2002 PWM CONVERTERSAND APPLICATIONS 3-0-0-3

Structure of the cour se

Lecture : 3Hvgdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks

Course Objective : To equip the students with knowledge of PWM techaithat has emerged from recent
research and various topologies of multi-level esters and application of PWM converters

Module 1

Use of Single-Pole-Double-Throw Single-Pole-Mdltirow switches to describe Converter
Topologies: Basic switch constraints-Implementatioh various switch schemes using available power
semiconductor devices.

Topologies of Inverters and Rectifiers--relaticgtvibeen Pole voltages, Line voltages and Line-ta-loa
neutral voltages in multi-phase two-level inveriBesic modulation methods--duty ratio--sine-triang|
modulation--implementation of unipolar and bipataodulation--three-phase inverters- Harmonic peréoroe
of Unipolar and Bipolar modulation schemes in singhase and three phase inverters-linear modulatidn
over modulation

Module 2

Space vector PWM - conventional sequence- 30 degnel 60 degree bus clamped PWM--relation
between sine-triangle and space vector PWM--dcutilisation of SPWM and SVPWM. Over modulation in
SVPWM-Over modulation zones.
Synchronised and non-synchronised PWM-Multileveln@oters: Topologies. Neutral Point Clamped and
Flying Capacitor Topologies. Cascaded Multileveldriers. Multilevel Converters Modulation -- Carrieased
approach-Conventional Space Vector Modulation @@l inverters.

Module 3

Applications of PWM converters--Active front endctifier--vector control of front-end rectifier-
Control of Shunt active filter-

PWM converters in AC drives-Current Control in inkegs: Current controlled PWM VSI -Hysteresis Cohtr
fixed band and variable band hysteresis.

Selective Harmonic Elimination-Derivation of sirtarieous transcendental equations for elimination of
harmonics-PWM Current Source Inverters--Current c8p&ectors- Space Vector Modulation of CSI--
Application of CSI in high-power drives-Fundamergehciples of Hybrid schemes with CSI and VSI.
References:

Books:

Joseph Vithayathil, “Power Electronics”, McGraw-Hil

Bin Wu, “High Power Converters and AC Drives,”

Ned Mohanegt. al., “Power Electronics: Converters, Design and Appi@ss,” Wiley
L. Umanand, “Power Electronics: Essentials and #spgibns,” Wiley, 2009.
Werner Leonhard, “Control of Electrical Drives,™ &d., Springer

Bimal K. Bose, “Modern Power Electronics and AC\J2s,” Prentice Hall

ok wNE

Technical Papers:

1. J.Holtz, “Pulse width modulation - a survey”, IEEEans. IE, Vol. IE-39(5), 1992, pp.

2. J.Holtz, “Pulse width modulation for electronic pawveonversion”, Proc. IEEE, Vol. 82(8), 1994, pp.
1194-1214.

3. V.T.Ranganathan, “Space vector modulation - a statview”, Sadhana, Vol. 22(6), 1997, pp. 675-
688.

4. L.M.Tolbert, F.Z.Peng and T.G.Habelter, “MultileuaVerters for large electric drives, IEEE
Transactions on Industry Applications, Vol.35, Ngpf. 36-44, Jan./Feb. 1999.



5. Sangshin Kwak, Hamid A. Toliyat, “A Hybrid Solutidar Load-Commutated-Inverter- Fed Induction
Motor Drives,” IEEE Trans. on Industry Applicatign®l. 41, no. 1, January/February 2005.

6. Sangshin Kwak, Hamid A. Toliyat, “A Hybrid Convert8ystem for High-Performance Large
Induction Motor Drives,” IEEE Trans. on Energy Cension, vol. 20, no. 3, September 2005.

7. Sangshin Kwak, Hamid A. Toliyat, “A Current Soulogerter With Advanced External Circuit and
Control Method,” IEEE Trans. on Industry Applicaig vol. 42, no. 6, November/December 2006.

8. A.R. Beig, and V.T. Ranganathan, “A novel CSI-faduction Motor Drive,” IEEE Trans. on Power
Electronics, vol. 21, no. 4, July 2006.

9. H.Stemmler, “High-power industrial drives,” PrdEEE, Vol. 82(8), 1994, pp. 1266- 1286.

ThesigReports:

1. A.R.Beig, “Application of three level voltage soarmverters to voltage fed and current fed high @ow
induction motor drives” -Ph.D. Thesis of Electri€algineering, 11Sc, Bangalore,April 2004.

2. G. Narayanan, “Synchronised Pulsewidth Modulatitrat8gies based on Space Vector Approach for
Induction Motor Drives”-Ph.D. Thesis of Electridahgineering, 11Sc, Bangalore,August 1999.

3. Debmalya Banerjee, “Load Commutated Current Soutogerter fed Induction Motor drive with

sinusoidal voltage and current,” - PhD. Thesis lecEical Engineering, 11Sc, Bangalore, June 2008.

Structure of the question paper

The question paper contains three questions fram e@dule out of which two questions are to be ansd/by
the student.



EPC 2001 DIGITAL PROTECTION OF POWER SYSTEM 3-0-0-3

Structure of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: To get an overall idea of different types of staBtays and its applications, and about
the modern techniques used in power system protecti

Module1

General philosophy of protection- Qualities ofwghg - Definitions - Characteristic Functions; §#ication —
analog-digital- numerical; schemes and design-fadtfecting performance —zones and degree of grote
faults-types and evaluation; Instrument transfoatfier protection.

Module 2

Basic elements of digital protection —signal coiediing- conversion subsystems- relay units-sequence
networks-fault sensing data processing units- I \Wavelet based algorithms: least square andreliffel
equation based algorithms-travelling wave protecsichemes

Module 3

Protection of power system apparatus —protectiayeatrators — Transformer protection — magnetizingsh
current — Application and connection of transformigierential relays — transformer over currenttpotion.
Bus bar protection, line protection, distance mtitm—long EHV line protection, Power line carrm@ptection.
References:

1. AT John and A K Salman- Digital protection faoower systems-IEE power series-15, Peter Peregrines
Ltd,UK,1997

2. C. Russeil. Mason, The art and science of ptiggecelaying, John Wiley &sons, 2002

3. Donald Reimert, ,Protective relaying for powengration systems, Taylor & Francis-CRC press 2006
4. Gerhard Ziegler-Numerical distance protectidanfens, 2nd ed, 2006

5. A.R.Warrington, Protective Relays, Vol .1&2, @haan and Hall, 1973

6. T S.Madhav Rao, Power system protection stalays with microprocessor applications, Tata McGHilv
Publication, 1994

7. Power System Protection Vol. I, I, llI&IV, THastitution Of Electrical Engineers, Electricitysfociation
Services Ltd., 1995

8. Helmut Ungrad , Wilibald Winkler, Andrzej Wisaviski, Protection techniques in electrical energtesms,
Marcel Dekker, Inc. 1995

9. Badri Ram, D.N. Vishwakarma, Power system mtaia and switch gear, Tata McGraw Hill, 2001

Structure of the question paper
The question paper contains three questions froom @aodule out of which two questions are to be
answered by the student.



ECC1002 DIGITAL CONTROL SYSTEMS 3-0-0-3

Structure of the course

Lecture : 3Hrs/We Credits: 3
Internal Assessment : 40 Mark

End semester Examination : 60 marks

Course Objectives

To introduce the concepts of digital control.

To analyse the stability using different methods.

To design compensators using classical methods.

To impart in-depth knowledge in state space desigtigital controllers and observers.
To analyse the system performance with controherestimator in closed loop.

arwNE

L earning Outcomes
Upon successful completion of this course, studeiitde able:
1. To analyse a given discrete-time system and agsgssrformance.
2. To design a suitable digital controller for a givsrstem to meet the specifications.
3. To design a digital controller and observer foineeq system and evaluate its performance.

Modulel

Analysis in Z-domain: Review of Z Transforms, PulBensfer Function and sample and hold, effect of
damping, mapping between the s plane and the 2 pstability analysis of closed loop systems inzhplane,
Jury’s test, Schur Cohn test, Bilinear TransfororgtiRouth-Hurwitz method in w-plane. Discrete eqlents:
Discrete equivalents via numerical integration-gadeo matching-hold equivalents.

Modulell

Digital Controller Design for SISO systems: Des@sed on root locus method in the z-plane, desigedon
frequency response method design of lag compensedol compensator , lag lead compensator, degigiD
Controller based on frequency response methodcDiDesign-method of Ragazzini. Design using Stakec8
approach, pulse transfer function matrix, disceditm of continuous time state space equationstrGitability,
Observability, Control Law Design, decoupling bgtstvariable feedback, effect of sampling period.

Modulelll

Estimator/Observer Design: Full order observergduced order observers, Regulator Design, Separatio
Principle -case with reference input. MIMO systenmdroduction to MIMO systems, Design Concept - €as
Studies.

References
1. Gene F. Franklin, J. David Powell, Michael Workm@dbigital Control of Dynamic Systems”, Pearson,
Asia.
2. J. R. Liegh, "Applied Digital Control", Rinchart $/inston Inc., New Delhi.
3. Frank L. Lewis, "Applied Optimal Control & Estimati”, Prentice-Hall, Englewood Cliffs NJ, 1992.
4. Benjamin C Kuo, “Digital Control Systems”"2Edition, Saunders College publishing, Philadelphia
1992.

5. K. Ogata, “Discrete-Time Control Systems”, Pear&dncation, Asia.

6. C. L. Philips, H T Nagle, “Digital Control SystemsPrentice-Hall, Englewood Cliffs, New Jersey,
1995.

7. R. G. Jacquot, “Modern Digital Control Systems”,rigtel Decker, New York, 1995.

8. M. Gopal, “Digital control and state variable medkt Tata Mc Graw Hill, 1997.

Structure of the question paper
The question paper contains three questions frarh eedule out of which two questions
are to be answered by the student.



ECC2001 OPTIMAL CONTROL THEORY 3-0-0-3

Structure of the cour se

Lecture : 3Hrs /Week Credits: 3
Internal Assessment : 40 Marks.
End semester Examination : 60 Marks.

Cour se objectives

1. To design suitable performance measure to meefpibefication requirements.

2. To analyse the physical system and design theat@tby optimizing the suitable performance cider
by satisfying the constraints over the state apdts

3. To apply the design algorithms to various physsyatems.

4. Provides a solid foundation on functions, functisnaarious norms, etc.

L earning Outcomes
4. Formulate the optimal controller design problem.
5. Apply constrained optimization to various physisgstems.
6. Implement optimal control algorithms to track thesponse of the system through a predefined
trajectory

Modulel

Optimal control problems- mathematical models-g@acof performance measures, constraints- clasgifin
of problem constraints-problem formulation-examples

Dynamic Programming- Optimal control law-princigieoptimality - Application to decision

making-routing problem-Hamilton Jacobi Bellman dipa Standard Regulator Problem:

Solution of finite time regulator Problem — Dis@étinear Regulator Problem — Infinite time

Regulator Problem — Stability.

Modulell

Calculus of Variations: basic concepts - variatbra functional - extremals — fundamental theoramalculus
of variation - Euler equation - Piecewise smootlrearals — constrained extrema — Hamiltonian - resngs
condition for optimal control.

Modulelll
Pontryagin’s Minimum Principle: Minimum time prolohe Minimum Control Effort problem, Minimum Fuel
problem, Minimum Energy problem, Singular intery&ffects of Singular Intervals, Numerical Examples

References

1. Donald E Kirk, “Optimal Control Theory- An introdtion”, Prentice-Hall Inc. Englewood Cliffs, New
Jersey, 1970.

2. Brian D O Anderson, John B Moore, “Optimal Contkitear Quadratic methods”, Prentice-Hall Inc,
New Delhi, 1991.

3. Athans M and P L Falb, “Optimal control- An Intradion to the Theory and its Applications”,
McGraw Hill Inc, New York, 1966.

5. Sage A P, “Optimum Systems Control”, Prentice-Had] Englewood Cliffs, New Jersey, 1968.

6. D. S. Naidu, "Optimal Control Systems", CRC Pressvifork Washington D. C. , 2003.

Structure of the question paper
The question paper contains three questions frarm e@dule out of which two questions are to be aned/by
the student.



ECC2002 NONLINEAR CONTROL SYSTEMS 3-0-0-3

Structur e of the course

Lecture : 3Hrs /&¥e Credits: 3
Internal Assessment : 40 Marks.
End semester Examination : 60 Marks.

Course objectives

1. To study the essentials of Non-linear control.

2. To extend the analysis techniques for classicatirobtheory to nonlinear system.

3. To analyse the physical s ystem with inherent moeality for stability and performance.
4. To provide the necessary methods for designingalbeits for Non-linear systems.

L ear ning Outcomes

1. The student will gain insight into the complexityrmnlinear systems.

2. The student will be able to apply methods of charézing and understanding the behavior of
systems that can be described by nonlinear orditiffigrential equations.

3. The student will be able to use tools includingptpiaal and analytical for analysis of nonlinear
control systems.

4. The student will be able to use a complete treatmidesign concepts for linearization via
feedback.

5. The student will demonstrate an ability to interaet communicate effectively with peers.

Modulel

Describing function analysis: Fundamentals-Deseghbtunction of saturation, dead-zone,

on-off non-linearity, backlash, Hysteresis-DesargiFunction Analysis of Non-linear Systems, Dugbun Describing
Function (DIDF)-Existence of Limit Cycles.

Phase plane analysis: Concept of Phase Portraitg+#ar Points Characterization - Analysis

of Non-linear Systems Using Phase Plane TechniqDiassification of Equilibrium Points

-Stable & Unstable — Limit Cycle Analysis- Existene Stability.

Modulell

Concept of stability: Definition of Stability - Sidity in the Sense of Lyapunov, Analysis of Instiys, Absolute Stability,
Zero- Input and BIBO Stability, Second method ofpynov- Stability theory for Continuous and Diser&étme Systems -
Aizermanns and Kalman's conjecture - Constructiobyapunov function for non linear systems - Methad Aizerman-
Zubov - Variable Gradient Method.

Absolute Stability:- Lure’s Problem - Kalman- Yalawich-Popov Lemma - Circle Criterion Popov's stiépiCriterion -
Popov's Hyper Stability Theorem.

Modulelll

Non-linear control system design: Design via Limestion — Stabilization — Regulation via Integrabr@ol — Gain
Scheduling Feedback Linearization — Stabilizatiotraeking — Regulation via Integral Control - Cadedesigns-Back
Stepping Design.

References
1. Hassan K Khalil, “Nonlinear Systems”, Macmillan Hsbhing Company, NJ, 2004.
2. John E Gibson, “Nonlinear Automatic Control”, Mca®r Hill, NewYork.
3. Jean-Jacques E. Slotine and Weiping Li, “Appliechivear Control”, Prentice-Hall, NJ, 1991.
4. M Vidyasagar, “Nonlinear Systems Analysis”, Pregtidall, India, 1991,
5. Shankar Sastry, “Nonlinear System Analysis, Stigtélnd Control”, Springer, 1999.
6. Alberto Isidori, “Nonlinear control systems: anroduction”, Springer-Verlag, 1985.

Structure of the question paper

For the end semester examination the question mapesists of at least 60% design problems and at&wivs.
The question paper contains three questions frain e@dule out of which two questions are to be ansd/by
the student.



EAD 2001 DEREGULATION IN POWER SYSTEMS 3-0-0-3

Structure of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment 1 40 Mark
End semester Examination : 60 Marks.

Course Objective: Objective of the course is to introduce the deragion in the power
industry.

Module 1

The Electric Industry and Its Traditional Regulatducture: Electric Utility Functions and SystefrBlectric
Utility Resources and Organization -Vertical Inttipn and Monopoly Regulation - Electric Utility Biness
Frameworks - Government Regulatory Agencies andrigsions

The Electric Industry Under De-Regulation — An Qaew: De-Regulation: Concepts and Evolution,
Competition at the Wholesale Generation Level, pesielently Operated Regional Transmission Gridshe T
Electric Utility Industry Under De-Regulation

History of the Electric Power Industry: Growth ofeEtrical Usage - The Growth of Electrical Systems
Technology - The Rise of the Electrical Utilitydinstry

Module 2

Distributed Generation and Storage: Distributed &oweneration - Types of Distributed Generators -
Distributed Power Storage

Regulation and De-Regulation: Why Were Electriditits Regulated? Why De-Regulate? The Good ardl Ba
of Utility Regulation -Goals for and Effects of Bregulation - Comparing Four Approaches to Reguiadiod
De-Regulation - Increased Services From and FiabReessures On LDCs

De-Regulation at the Wholesale Power Level: Theold4ale Power Marketplace — bidding of electricity
Buying Energy vs. Buying Capacity - Wholesale PoRecing

Module 3

The Power Grid in the De-Regulated Industry: Getimmaand Transmission in a De-Regulated Industfne
Wholesale Transmission Level - Transmission Serfgcing- Location Based Pricing.

Power Distribution in a De-Regulated Industry: Opartess Distribution - Changes in Distribution Qyéms
- Will Distribution Performance Improve Due to “Costition™?

Retail Sales in a Fully De-Regulated Industry: d dagregation and Services - RESCO Identities addstry
Position.

Deregulation Scenario in India — Indian Electrickgt 2003

References:;

1) Understanding Electric Utilities and De-Regulati@ff, Edition, Lorrin Philipson H. Lee Willis. CRC
Press

2) Current Literature
Structure of the question paper

The question paper contains three questions &&ch module out of which two questions are to be
answered by the student.



EPC 1003 POWER QUALITY 3-0-0-3

Structure of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: Objective of the course is to discuss various poyeality issues and different methods to
control them

Sfllabus

Module 1

Understanding Power quality -Power quality isSnedistribution systems - Sources and Effects of
power quality problems, Power quality monitoringeed for power quality monitoring, types of powesatity
disturbances - Voltage sag (or dip) ,Transiefsrtsduration voltage variation, Long duration &gk variation,
voltage imbalance, waveform distortion, and voltigker- methods of characterizatiodRewer Quality Costs
Evaluation - Causes and effects of power qualigyudbances.

Module 2

Harmonics -mechanism of harmonic generation-haroiodices (THDTIF, DIN, C - message weights).
standards and recommended practices - Harmonicesour SMPS, Three phase power converters, arcing
devices, saturable devices, fluorescent lamps- HaienAnalysis - Fourier series and coefficient® thurier
transforms, discrete fourier transform, fast fouti@nsform, Window function- Effects of Power f&ya
harmonics on Power System equipment and loads

Module 3

Harmonic elimination - Design philosophy of filtdsreduce harmonic distortion - Power conditioners
,passive filter, active filter - shunt , seriesphg filters, Computation of harmonic flows- Vd regulation-
devices for voltage regulation-capacitors for \gdtaegulation. Dynamic Voltage Restorers for sagllsand
flicker problems

Electromagnetic Interference (EMI -introductiome&uency Classification - Electrical fields - Matjne
Fields - EMI Terminology - Power frequency fieldsligh frequency Interference - EMI susceptibilitiEMI
mitigation -Cable shielding- Health concerns of EMI

References4

1.R.C.Durgan, MF Me Granaghen, H W BedBfectrical Power System QualityMcGraw hill
2.Jose Arillaga, Neville R WatsofRower System Harmonic&Viley, 1997

3. C.SankaranPower Quality', CRC Press2002

4.G T Heydt,'Power Quality',stars in circle publication Indiana 1991

5.Math H Bollen,"Understanding Power Quality Problems'

6. Power Quality hand Book

7.J.B.Dixit & Amit Yadav ; Electrical Power Quality

8. Recent literature

Structure of the question paper
The question paper contains three questions frarm e@dule out of which two questions are to be aned/
by the student.



EPD2001 NEW AND RENEWABLE SOURCESOF ENERGY 3-0-0-3

Structur e of the course

Lecture : 3HvEdek Credits: 3
Internal Assessment 1 40 Mark
End semester Examination : 60 Marks.

Course Objective: This subject provides sufficient knowledge aboet pnomising new and renewable sources

of energy so as to equip students capable of wgnkith projects related to it aim to take up reskarork in
connected areas

Module 1
Direct solar energy-The sun as a perennial safregergy; flow of energy in the universe and thele
of matter in the human ecosystem; direct solar ggnetilization; solar thermal applications - wategating

systems, space heating and cooling of buildingsr smoking, solar ponds, solar green houses,soéamal
electric systems; solar photovoltaic power genanasolar production of hydrogen.

Module 2

Energy from oceans-Wave energy generation - patesutd kinetic energy from waves; wave energy
conversion devices; advantages and disadvantageavef energy- Tidal energy - basic principles; Itigawer
generation systems; estimation of energy and padantages and limitations of tidal power genematOcean
thermal energy conversion (OTEC); methods of odearmal electric power generation Wind energy -Hdas

principles of wind energy conversion; design of dwiills; wind data and energy estimation; site d&lac
considerations.

Module 3

Classification of small hydro power (SHP) statiathascription of basic civil works design considienss;
turbines and generators for SHP; advantages arihtions. Biomass and bio-fuels; energy plantatitiogas
generation; types of biogas plants; applications
of biogas; energy from wastes

Geothermal energy- Origin and nature of geotheematgy; classification of geothermal resourcesesettic of
geothermal power plants; operational and envirotah@noblems

New energy sources (only brief treatment expedted)-cell: hydrogen energy; alcohol energy; nuclesion:
cold fusion; power from satellite stations

References

1. John W Twidell and Anthony D WeiRenewable energy resourceEnglish Language Book Society
(ELBS), 1996

2. Edited by Godfrey Boyl&Renewable energy -power for sustainable fut@eeford University Press in
association with the Open University, 1996

S A Abbasi and Naseema AbbaRienewable energy sources and their environmeamiadat'Prentice-
Hall of India, 2001

G D Rai,'Non-conventional sources of enerd¢tianna Publishers, 2000
G D Rai,'Solar energy utilizationKhanna Publishers, 2000

S L Sah,;Renewable and novel energy sourcigsl, Publications, 1995
S Rao and B B Parulekar, 'Energy Technolpfjpanna Publishers, 1999
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Structure of the question paper

The question paper contains three questions fram e@dule out of which two questions are to be ansd/by
the student.



EPD 2002 SCADA SYSTEMS AND APPLICATIONS 3-0-0-3

Structur e of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: Objective of the course is to introduce SCADA sys$e its components,
architecture, communication and applications.

Module 1

Introduction to SCADA Data acquisition systemsekrion of SCADA, Communication technologies-.
Monitoring and supervisory functions- SCADA applioas in Utility Automation, Industries- SCADA Sysh
Components: Schemes- Remote Terminal Unit (RTUglligent Electronic Devices (IED),Programmable
Logic Controller (PLC), Communication Network, SCACserver, SCADA/HMI Systems

Module 2

SCADA Architecture: Various SCADA architecturesyadtages and disadvantages of each system - single
unified standard architecture -IEC 61850-SCADA Camivation:Various industrial communication
technologies -wired and wireless methods and fipdcs-Open standard communication protocols

M odule3

SCADA Applications: Utility applications- Transmiea and Distribution sector -operations, monitoring

analysis and improvement. Industries - oil, gas avater. Case studies, Implementation. Simulation
Exercises

References:

1. Stuart A Boyer. SCADA-Supervisoiy Control and Datequisition’, Instrument

Society of America
Publications. USA. 1999.

Gordan Clarke, Deon RzynAzvs,Practical Modern SCAPwtocols: DNP3, 60870J and Related
Systems', Newnes Publications, Oxford, UK,2004

Structure of the question paper

The question paper contains three questions éach module out of which two questions are to be
answered by the student.



SEMESTER II1



EAE3001 POWER SYSTEM MANAGEMENT 3-0-0-3

Structur e of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: Objectives of the course is to introduce variousragional and management issues in power
system

Module 1

Deregulation: Introduction - Deregulation of Eléctitilities - Energy Generation under new enviramn-
Competitive whole sale electricity market - Transsmn expansion in new environment —Transmission
Open Access - Pricing Electricity in Deregulatedimnment- Availability based Tariff

Advances in online control of Power System - Amilan of Internet and GPS in power system control

Module 2

Load characteristics and load forecast: Basic tiefirs- load definitions, load factor definitiordiyersity principle

in distribution systems, Load Forecast- factorediiig load forecasting methods, small areas loagcésting,
spatial load forecasting methods, simulation, tiremdnd mixed load forecasting methods

Basics of Power System Economics & Short-term Qjoerdlanning of Power System, Load curves and load
duration curves, Economic load dispatch- concephaifginal cost and Kuhn-Tucker's condition of optimin
power dispatch, participation factors

Module 3

Electrical Safety: Hazards of electricity - Electi Safety Equipment - Safety Procedures and msthod
Grounding of Electrical Systems and Equipment -URatgry and Legal Safety Requirements and Standards
Safety Audits - Rescue and first aid procedures.

Energy Management: Energy Conservation Through Ddngde Management-Load Management- Reactive
Power Control.

Blackouts and cascading failures: Blackout mectmanisnodeling of blackouts and cascading failures,
prediction of blackouts, control of blackouts — €asudies: July 12 India Blackout, August 14, 26G8 kout

in North America power grid

References:

1. LoilLeilLai. 'Power System Restructuring anddggilation: Trading Performance and Information
Technology" John Wiley, 2001

2. 'Proceedings of IEEE February 2000

3. Steven Stoft, '‘Power System Economies', IEEE PRS2

4. John Cadick, Mary Capelli - Schellpfeffer, Denids. Electrical Safety Handbook", Me Graw Hill,
2005.

5. David. J. Mame, cMc-Graw Hills' National Electricghfety Code (NESC) Handbook', Me Graw Hill,
2002

6. Craig B Smith, 'Energy management principles*, Bergn Press

7. K. Bhattacharya, M. H. J. Bollen and J. E. Daal@geration of restructured power systems, Kluwer
Academic Publishers, USA, 2001.

8. Technical analysis of Aug. 14, 2003 blackout, Repbthe NERC Steering Group, 2004
(www.nerc.con)

9. Current Literature

Structure of the question paper
The question paper contains three questions &&ch module out of which two questions are to be
answered by the student.



EAE3002 CAPTIVE POWER SYSTEMS 3-0-0-3

Structur e of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: Objectives of the course is to introduce captivegrasystems and energy storage systems in
power system

Module-1

Captive Power Plants: Selection Considerations es@li Generator Captive Power Plants — Comparison of
different types of captive power plants - Selectaod Installation Factors - Sizing of a Genset:hH8&peed
Engine or Slow/Medium Speed Engine, Capacity Coatimns, Air Cooling Vs. Water Cooling, get over-
heated during summer months - Safety Featuresall®laDperation with Grid- Maximum Single Load b
Set - Unbalanced Load Effects - Neutral Earthin@ite Condition Effects on Performance Derating -
Operational Factors - Load Pattern & DG Set CapaciSequencing of Loads - Load Pattern - Load
Characteristics - Power Factor - Unbalanced Loaahdient Loading

Module -2

Classification of EES systems -Roles of electrexargy storage (EES) system — Emerging needsE& E
Types and features of energy storage systems Mmehastorage systems - Pumped hydro storage (PHS)
Compressed air energy storage (CAES) - Flywheetggnstorage (FES) - Electrochemical storage syste
Secondary batteries - Flow batteries - Chemicatgsnstorage: Hydrogen (H2) - Synthetic natural @alNG) -
Electrical storage systems: Double-layer capaciiotsC) -Superconducting magnetic energy storageESM
Thermal storage systems - Standards for EES - Taalloomparison of EES technologies

Module -3

Combined Cycle Power Plant: Introduction - Typicgtles - Gas Turbine - G as Turbine HRSG Systems
Steam Turbine -Combined Cycle Plants -Availabititd reliability

SMPS- Characteristics — Steady state Analysis {r@bmethods:-Design of feedback compensation.
UPS: Necessity - types - typical layouts of UP@n8talone high quality Electronics Power Supplies

References:
1. Bueuru of Energy Efficiency, Study material for Eyemanager programme, 2012
2. Irving M.Gaottilieb “Power supplies, Switching Regtors, Inverters and Converters” BPB
Publications — 1985
3. RK Chetty “Switched Power Supply Design” BPB Pudlion- 1987
4. Current Literature

Structure of the question paper
The question paper contains three questions &&ch module out of which two questions are to be
answered by the student.



EAE3003 SMART GRID TECHNOLOGIES & APPLICATIONS 3-0-0-3

Structur e of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark

End semester Examination : 60 Marks.

Course Objective: 1. Develop a conceptual basis for Smart Grid

2. Equip the Students with a thorough understanairvarious communication
technologies and management issues with smart grid.
Learning outcome: A clear understanding of smart grid technologyrtal#e students to pursue research in
that area.

Module -1

Introduction to Smart Grid: Evolution of Electriai@ Concept of Smart Grid, Definitions, Need of &8mGrid,
Functions of SmartGrid, Opportunities & BarriersSshart Grid, Difference between conventional & gngaid,
Concept of Resilient & Self-Healing Grid, Preseatelopment & International policies in Smart Gfhse study

of Smart Grid . CDM opportunities in Smart Grid.

Smart Grid Technologies: Introduction to Smart Mgt&eal Time Pricing, Smart Appliances, Automiieter
Reading(AMR), Outage Management System(OMS), Riulgyibrid Electric Vehicles(PHEYV), Vehicle to Grid,
Smart Sensors, Home & Building Automation, Phaséti®tp Transformers. Smart Substations, Substation
Automation, Feeder Automation. Geographic InfororatSystem (GIS), Intelligent Electronic Devices()E®
their application for monitoring & protection, Srhatorage like Battery, SMES, Pumped Hydro, Congaegir
Energy Storage, Wide Area Measurement System(WARIEse Measurement Unit(PMU).

Module -2

Micro grids and Distributed Energy Resources: Cphad micro grid, need & applications of micro grid
formation of micro grid, Issues of interconnectignotection & control of micro grid. Plastic & Ongia solar
cells, Thin film solar cells, Variable speed windngrators, fuel cells, micro turbines, Captive poplants,
Integration of renewable energy sources.

Module-3

Power Quality Management in Smart Grid: Power Qua&li EMC in Smart Grid, Power Quality issues of &ri
connected Renewable Energy Sources, Power Quabitygitoners for Smart Grid, Web based Power Quality
monitoring, Power Quality Audit.

Information and Communication Technology for Snfarid: Advanced Metering Infrastructure (AMI), Home
Area Network (HAN), Neighbourhood Area Network (NANVide Area Network (WAN). Bluetooth, Zig-Bee,
GPS, Wi-Fi, Wi-Max based communication, Wirelessshéetwork, Basics of CLOUD Computing & Cyber
Security for Smart Grid. Broadband over Power (BEL). IP based protocols.

References:
1.Ali Keyhani, Mohammad N. Marwali, Min Dai “Integion of Green and Renewable Energy in Electricétow
Systems”, Wiley
2.Clark W. Gellings, “The Smart Grid: Enabling EgpeEfficiency and Demand Response”, CRC Press
3. JanakaEkanayake, Nick Jenkins, Kithsiri Liyandgnzhong Wu, Akihiko Yokoyama,* Smart Grid:
Technology and Applications”, Wiley
4. Jean Claude Sabonnadiere, NouredineHadjsaidrt®rids”, Wiley Blackwell
5. Tony Flick and Justin Morehouse, “Securing thea& Grid”, Elsevier Inc. (ISBN: 978-1-59749-57p-7
6. Peter S. Fox-Penner, “Smart Power: Climate Ghahg Smart Grid, and the Future of Electric ik

Structure of the question paper
The question paper contains three questions é&ach module out of which two questions are to be
answered by the student.



EAE3004 CONTROL OF INDUSTRIAL DRIVES 3-0-0-3

Structur e of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective:  This course introduces various control of dc drivesalar and vector control of induction
motor drives, control of synchronous motor drivaes] control of brush less dc and ac motor drives

Module-1

Separately Excited DC Motors and DC series motsystem model-braking-speed control-motor dynamics
DC Drivesfully controlled rectifier drives-inverter operati-half-controlled rectifier drives-single quadrand
quadrant and four quadrant drives-power in load smgce circuits-closed loop control of DC drivematsfer
function-micro computer control of DC drives-blogiagram and flowchart

Module -2

Three Phase Induction Motors -equivalent circuékong-speed control-variable voltage operationalala
frequency operation(review)-constant  volts/Hzperation-Voltage source inverter drives-Piigielth
Modulated inverter drives-space vector PWM vebsiCSI drives-slip power recovery drives-Vector
control-DC drive analogy-direct vector control-ingit vector control-Direct Torque Control (DTC)

Module -3

Synchronous Motor Drives -Volt/hertz ~ controlof synchronous  motor-closed loop operesielf-
controlled synchronous motors Switched ReluctanotoDrives. Permanent Magnet Brushless DC motor
Drives, Sensor less Speed Control of DC and ACd3riv

References:

1. Bimal K Bose,Modern Power Electronics and AC DrivesPearson Education Asia, 2003
2. Peter Vas;Sensorless Vector and Direct ContrplOxford London, 1998

3. Dubey G K.'Power Semiconductor Controlled Drive#rentice-Hall, New Jersey, 1989
4. Peter Vas,'Sensorless Vector and Direct ContrpDxford London, 1998

5. Muhammad H Rashid?ower Electronic Circuits, Devices and ApplicasbnPearson Edn Asia, 2003

6.NK De,PK Sen, 'Electrical Drives' , Prentice-Hdllmdia, 2002
7.Dewan S B, G R Slemons, A Straughan, 'Power Semticttar Drives' , John Wiley and Sons, 1984

8 Jay P AgarwalPower Electronic Systems Theory and Desigtrentice Hall, New Jersey, 2001
9 J M D Murphy; Thyristor Control of AC DrivesPapermon Press, 1973

10T J.E Miller,” Brushless PM and Reluctance Motor Driv€sLarendon Press, Oxford
Structure of the question paper

The question paper contains three questions éach module out of which two questions are to be
answered by the student.



EAE3005 VOLTAGE STABILITY IN POWER SYSTEMS 3-0-0-3

Structur e of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective:  Introduce the analysis of voltage stabilitpower systems

Module -1

Introduction to Voltage Stability: Definitions: Vialge Stability, Voltage Collapse, Voltage Secur®yysical
relation indicating dependency of voltage on reactbower flow; Factors affecting Voltage collapsed a
instability; Previous cases of voltage collapsédences.

Graphical Analysis of Voltage Stability: ComparisohVoltage and angular stability of the systema@iical
Methods describing voltage collapse phenomenon:@d/Q-V curves; detailed description of voltaghapse
phenomenon with the help of Q-V curves.

Module -2

Analysis of Voltage Stability: Analysis of voltagéability on SMLB system: Analytical treatment aathlysis.

Voltage Stability Indices: Voltage collapse proxiynindicator; Determinant of Jacobin as proximitgicators;
Voltage stability margin.

Module -3

Power System Loads: Loads that influences voltagdildy: Discharge lights, Induction Motor, Air-
conditioning, heat pumps, electronic power suppliéd lines and cables.

Reactive Power Compensation: Generation and Alisarpf reactive power; Series and Shunt compensatio
Synchronous condensers, SVCs; OLTCs; Booster Toensfs.

Voltage Stability Margin Stability Margin: Competied and un-compensated systems.

Voltage Security: Definition; Voltage security; Meids to improve voltage stability and its pract@spects.

References:
1) “Power System Voltage Stability”- C.W.TAYLOR, Mc 8w Hill, 1994.

2) ‘“Performance, operation and control of EHV powemsmission system”- A.CHAKRABARTHY,
D.P. KOTARI and A.K.MUKOPADYAY, A.H.Wheeler Publigig, | Edition, 1995.

3) “Power System Dynamics: Stability and Control” -RKPADIYAR, Il Edition, B.S.Publications
Structure of the question paper

The question paper contains three questions &ach module out of which two questions are to be
answered by the student.



EAE3006 ADVANCED DIGITAL SIGNAL PROCESSING 3-0-0-3

Structur e of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective:  To introduce the signal processing fundamendalsign of filter and various issues with digital
signal processing

Module -1

Discrete time signals, systems and their repre8ensa Discrete time signals- Linear shift invatiaystems-
Stability and causality- Sampling of continuousdisignals- Discrete time Fourier transform- Diseréourier
series- Discrete Fourier transform- Z- transformsderties of different transforms- Linear convabatiusing
DFT- Computation of DFT

Module -2

Digital filter design and realization structuresedign of IIR digital filters from analog filters-mipulse
invariance method and Bilinear transformation metHelR filter design using window functions- Comigan
of IR and FIR digital filters- Basic IIR and FIRtér realization structures- Signal flow graph negentations

Module -3

Analysis of finite word-length effects

Quantization process and errors- Coefficient qgation effects in IR and FIR filters- A/D convessinoise-
Arithmetic round-off errors- Dynamic range scalif@verflow oscillations and zero input limit cycles lIR

filters

Statistical signal processing

Linear Signal Models . All pole, All zero and Paero models .Power spectrum estimation- Spectialysis
of deterministic signals . Estimation of power gp&m of stationary random signals-Optimum linedtefs-
Optimum signal estimation-Mean square error estomadptimum FIR and IIR filters.

References:
1. Sanijit K Mitra, Digital Signal Processing: A cputer-based approach ,Tata Mc Grow-Hill editior089
2. Dimitris G .Manolakis, Vinay K. Ingle and StephBl. Kogon, Statistical and Adaptive Signal Proaess
Mc Grow Hill international editions .-2000
3. Alan V . Oppenheim, Ronald W. Schafer, DisciEtae Signal Processing, Prentice-Hall of India Rtl.,
New Delhi, 1997
4. John G. Proakis, and Dimitris G. Manolakis, BifiSignal Processing(third edition), Prentice-H#llindia
Pvt. Ltd, New Delhi, 1997
5. Emmanuel C. Ifeachor, Barrie W. Jervis , Digigibnal Processing-A practical Approach, Addison .
Wesley,1993
6. Abraham Peled and Bede Liu, Digital Signal Pssggg, John Wiley and Sons, 1976
7. Oppenheim and Schaffer, ‘Discrete time Signatessing’, PHI, 1999.

Structure of the question paper
The question paper contains three questions &&ch module out of which two questions are to be
answered by the student.



EPE 3001 DISTRIBUTION SYSTEM PLANNING AND AUTOMATION 3-0-0-3

Structure of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: Objective of the course is to introduce variousvamcements in the
distribution systems

Module 1

Power System: General Concepts - Distributionafgr - Management - systems study - Loads
and Energy Forecasting: Power loads - Area Prelnyisurvey load forecasting - Regression analysis
- Correlation analysis - Analysis of time serie§actors in power system loading -Technological
forecasting— Sources of error

Planning, Design and Operation methodology: Systaitulations, Network elements -
Distribution load flow: Radial systems, distributicsystems with loops - fault studies - effect of
abnormal loads, Voltage control - line circuitsartmonics- urban distribution - load variations

Distribution system expansion planning — load ctizristics — load forecasting — desigoncepts —
optimal location of sub station — design of radiias — solution technique.

Module2

Optimization of distribution systems: Introductjo@osting of Schemes, Typical network
configurations - Long and Short term planning, nativcost modelling, voltage levels - Synthesis
of optimum line networks - Application of linearggramming to network synthesis -Optimum
Phase sequence — Economic loading of distributiansformers- Worst case loading of distribution
transformers

Distribution automation: Distribution automation Definitions - Project Planning -
Communication, Sensors, Supervisory Control and aDatcquisition (SCADA), Consumer
Information systems (CIS), Geographical InformatBystems (GIS)

Power System reliability: Basic Reliability Contepnd Series, Parallel, Series-Parallel Systems-
Development of State Transition Model to Deternihme Steady State Probabilities

Module3

Consumer Services: Supply industry - Natural mahop Regulations - Standards - Consumer
load requirements — Cost of Supply - load managémémeft of power ~ Energy metering - Tariffs:
Costing and Pricing, Classification of Tariffs Deregulated Systems: Reconfiguring Power systems-
Unbundling of Electric Utilities- Competition andrBct access

Voltage control — Application of shunt capacitafgeloss reduction — Harmonics in the system #csta

VAR systems —loss reduction and voltage improvement

References:

1. A.S.Pabla,'Electrical Power Distribution Systemd™ Edn, TMH, 1997

2. Turan Gonen'Electrical Power Distribution EngineeringMcGraw Hill, 1986

3. Colin Bayliss, 'Transmission and Distribution Electrical n§ineering',Butterworth

Heinemann, 1996

4. Pansini: Electrical Distribution Engineering

5. E. Lakervi & E J Holmes .Electricity distributioretwork design., PEdition Peter Peregrimus Ltd.

6. Dhillan, B.S., ‘Power System Reliability, Safetgd &fanagement’, An Arbor Sam, 1981
Structure of the question paper

The question paper contains three questions éach module out of which two questions are to be
answered by the student.



EPE 3002 POWER SYSTEM STABILITY AND RELIABILITY 3-0-0-3

Structure of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment 1 40 Mark
End semester Examination : 60 Marks.

Course Objective: To equip the engineers for operating power systam® effectively and reliably utilizing
the resources in an optimal manner

Module 1

Concept of Power system stability-Types of stgbiliransient stability analysis: An Elementary Vied

Transient Stability-Structure of a complete powetam model for transient stability analysis-TransiStability
Enhancement

Voltage Stability Analysis-Definition and Criterdechanism of Voltage Collapse-Static Analysis:
V-Q sensitivity analysis, Q-V modal analysis-Detaration of Shortest distance to instability-The thawmation
load flow analysis-Important voltage stability indg-Prevention of Voltage Collapse

Module?2

Concept of reliability, non-repairable componentgzard models, components with preventive

maintenance, ideal repair and preventive maintenarepairable components, normal repair and prisent
maintenance.

System reliability, monotonic structures, relidpil of series-parallel structures, the V out of 'rf
configuration, the decomposition methods, mininial and cut method, state space method of system
representation, system of two independent compsnénb components with dependent failures, comginin

states, non-exponential repair times failure effemalysis, State enumeration method, applicatooman-
repairable systems.

Other methods of system reliability, fault freealgsis. Monte Carlo simulation, planning for rellép,
outage definitions, construction of reliability nebsl

Module 3

Generating capacity reserve evaluation, the géinaeranodel, the probability of capacity deficiency,
the frequency and duration method, comparison ef réiability indices, generation expansion plagnin
uncertainties in generating unit failure rates #mdoad forecasts. Operating reserve evaluaticite stpace
representation of generating units, rapid startrentdeserve units, the security function approach.

Interconnected systems, two connected systemsindépendent loads, two connected system with edeeb!
loads, more than two systems interconnected.

References:
1. K R Padiyar;Power System Dynamicg™ Edition, B.S. Publishers, 2003
2. P. Kundur,Power system Stability and ContrtfcGraw-Hill Inc., 1994
3. T Van Cutsem, C Vournasybltage Stability of Electric Power Systeridywer Academic
Publishers, 1998
4. J JEndrenyiReliability modeling in electric power system3bhn Wiley & Sons
5. Singh C, and Billinton RSystem reliability modeling and evaluatiddytchinston,

Structure of the question paper

The question paper contains three questions &&ch module out of which two questions are to be
answered by the student.



EPE 3003 EHV AC&DC TRANSMISSION SYSTEM 3-0-0-3

Structure of the course

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: To enable the students gain a fair knowledge @nciincepts and technology of
EHV AC & DC transmission systems

Module 1

EHV AC transmission-configuration-features-intetiag¢e substations-applications- interconnected
AC networks-HVDC system-classification-configuratiequipment in HVYDC substations-Power flow in AC
and HVDC lines-EHV AC vs HVDC-economic comparisoNPIC power flow- power conversion principle-
power loss in DC system-steady state Ud/ld chariatites
Converter circuits-single phase and three phaseitiranalysis of bridge converter-with and withouerlap-
grid control- control characteristics-constant mmam ignition angle control-constant current con@ntinction
angle control
Harmonics-characteristics of harmonics-means ofugied harmonics-telephone interference-filters-gng
frequency and double frequency-tuned filters-DQniamic filter

Module 2

Reactive power requirements in HVDC substatiofiseebf delay angle and extinction angle-shortustrc
ratio in planning of HYDC
DC line oscillations and line dampers-over voltggetection-DC lightning arresters-DC circuit breakebasic
concepts types & characteristics
Earth electrode-location and configuration-eartiirrematerials of anode-sea electrode —shore etestroubles
by earth currents and remedial measures

Module 3

EHV AC TransmissiofComponents of transmission system-voltage gradieihtonductor-single and
bundled conductor
Corona & corona losses in EHVAC and HVDC-criticalface gradient-Peeks law-critical disruptive vgéa
and critical electric stress for visual corona-lation requirements of EHV AC and DC transmissimes -
Electrostatic field of EHV lines-biological effedise wire maintenance-insulation coordination-ilasion for
power frequency-voltage-switching over voltagedighg performance-calculation of line & ground paeters

References:
1. EW Kimbark,'Direct Current Transmission Volume - Fohn Wiley -New York
2. Rakosh Das Begamudr&HV AC Transmission Engineeringlew Age International (p) Ltd."?
Edition, 1997
3. KR Padiyar,HVDC Power Transmission SystenWiley Eastern Ltd.
4. S.Rao,EHV AC and HVDC Transmission Engineering & Praetjiihanna Publishers Delhi.

Structure of the question paper
The question paper contains three questions éach module out of which two questions are to be
answered by the student.



EPE 3004 STATIC VAR CONTROLLERS & HARMONIC FILTERING 3-0-0-3

Structure of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: To familiarize the different control schemes ftatie var compensators to mitigate power
quality problems in Power System

Module 1

Fundamentals of Load Compensation , Steady-SteéetRe Power Control in Electric Transmission
Systems , Reactive Power Compensation and Dynaenforfance of Transmission Systems .

Converters for Static Compensation . Single Phasd Three Phase Converters and Standard
Modulation Strategies (Programmed Harmonic Elimoratand SPWM) . GTO Inverters . Multi-Pulse
Converters and Interface Magnetics Multi-Leveldrters of Diode Clamped Type and Flying Capacitgpel
and suitable modulation strategies. Multi-leveVerters of Cascade Type and their modulation . €puirr
Control of Inverters.

Module 2

Static Reactive Power Compensators and their @ontiShunt Compensators, SVCs of Thyristor
Switched and Thyristor Controlled types and themtool, STATCOMSs and their control, Series Compénsa
of Thyristor Switched and Controlled Type and th€iontrol, SSSC and its Control, Sub-Synchronous
Resonance and damping, Use of STATCOMs and SSSAdsdansient and Dynamic Stability Improvement in
Power Systems

Module 3

Passive Harmonic Filtering . Single Phase Shumtedt Injection Type Filter and its Control, Three
Phase Three-wire Shunt Active Filtering and the@ntool using p-q theory and d-q modelling . Thréage
four-wire shunt active filters . Hybrid Filteringsing Shunt Active Filters . Series Active FilterimyHarmonic
Cancellation Mode . Series Active Filtering in Hamit Isolation Mode . Dynamic Voltage Restorer diisd
control . Power Quality Conditioner

References
1. T.J.E Miller Reactive Power Control in Elect8gstems John Wiley & Sons,1982.

2. N.G. Hingorani & L. Gyugyi Understanding FACTSoncepts and Technology of Flexible AC Transmission
Systems. IEEE Press, 2000.

3. Ned Mohan et.al Power Electronics. John Wiley Sons 2006

Structure of the question paper
The question paper contains three questions &&ch module out of which two questions are to be
answered by the student.



EPE 3005 POWER SYSTEM INSTRUMENTATION 3-0-0-3

Structur e of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective:  To impart principles of different measuremgratesms and methods of various electrical
parameters.

Module 1

Generalized performance characteristics of instnime Static and dynamic characteristics, devetyrof
mathematical model of various measurement systéiassification of instruments based on their order.
Dynamic response and frequency response studiesroforder, first order and second order instrument
Theory of errors: systematic and random erromjtdi of error, probable error and standard dewmatio
Gaussian error curves, combination of errors.

Module 2

Transducers, classification & selection of transdsc strain gauges, inductive & capacitive tranedsc
piezoelectric and Hall-effect transducers, therengstthermocouples, photo-diodes & photo-transsemcoder
type digital transducers, signal conditioning aglémetry, basic concepts of smart sensors andcagiph. Data

Acquisition Systems.
Module 3

Measurement of voltage, current, phase angle, &gy active power and reactive power in power tplan
Energy meters and multipart tariff meters. Capagitioltage transformers and their transient belma@arrent
Transformers for measurement and protection, cortgpesors and transient response.

Introduction to SCADA: Data acquisition systems,okNion of SCADA, Communication technologies,
Monitoring and supervisory functions, SCADA apptioas in Utility Automation, Industries

References

1. B D Doeblin,’'Measurement systemsApplication and DesigriyicGraw Hill New York.
2. John P. BentleyPrinciples of Measurement SystenPearson Education .

3. JW Dally, W F Reley and K G McConné&hstrumentation for Engineering measurements (séco
edition),John Wiley & sons Inc New York, 1993

4. K. B. Klaasen,'Electronic Measurement. And Instrumentatio@ambridge University Press.

5. Helfrick and Cooper, “Modern Electronic Instrumetitan and Measurement Techniques”, Prentice-
Hall of India

6. Jones, B.E., “Instrumentation Measurement and Faeklh Tata McGraw-Hill, 1986.
Golding, E.W., “Electrical Measurement and Measgrinstruments”, 3rd Edition

8. Stuart A. Boyer: SCADA-Supervisory Control and DAtuisition, Instrument Society of America
Publications,USA,2004
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Structure of the question paper
The question paper contains three questions éach module out of which two questions are to be
answered by the student.



EPI 3001 RENEWABLE ENERGY SOURCESAND TECHNOLOGY 3-0-0-3

Structur e of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: This subject provides sufficient knowledge aboetphomising new and renewable sources
of energy so as to equip students capable of wgrkith projects related to it and to take up resieavork in
connected areas.

Module 1

Solar Thermal Systems : Solar radiation spectmaliation measurement, technologies. Applications:
Heating, Cooling, Drying, Distillation, Power geatton. Design consideration of solar water heater.

Solar Photovoltaic Systems : Operating principlgsotovoltaic cell concepts, Cell, module, array,
series and parallel connections, maximum power tpwacking. Applications, Battery charging. Desigh
standalone PV system.

Fuel Cell: Principle of working, construction aapplications.

Module 2

Wind Energy: Wind patterns and wind data, factoffiencing wind, wind shear, turbulence, wind
speed monitoring, Betz limit, WECS: classificatiocharacteristics, applications, site selection. eBymf
windmills. Design of wind turbines. Characteristafsvind generators. Load matching

Microhydel :Operating principles, components afiarohydel power plant. types and characteristfcs o
turbines, selection and modification, load balagcin

Module 3

Biomass: Operating principles, combustion and feation, types of biogas plants, applications,diesel

Ocean EnergyOcean energy resources, principles of ocean theznmelgy conversion systems, ocean thermal
power plants- wave energy, characteristics, enangiypower from the waves, wave energy conversorces.
Tidal power, energy estimation, site selectionegyfidal power plants.

Geothermal energytypes of geothermal energy sites, site selectieattgermal power plants.

Reference

1. John W Twidell and Anthony D WeiRenewable energy sourcdsnglish Language, Book society
(ELBS), 1996

Godfrey Boyle Renewable Energyxford

D.P.Kothari, K.C.Singal, Rakesh RanjaRenewable Energy Sources and Emerging Technologies
Prentice Hall of India, New Delhi, 2009

B.H. Khan,Non-Conventional Energy Resource¥, Pata McGraw Hill, New Delhi, 2010

Chetan Singh SolankRenewable Energy TechnologiBsentice Hall of India, New Delhi, 2009
Tasneem Abbasi, S.A.AbbaBlenewable Energy Sourc&entice Hall of India, New Delhi, 2010

Siraj Ahmed Wind Energy- Theory and Practicerentice Hall of India, New Delhi, 2010
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Structure of the question paper
The question paper contains three questions &&ch module out of which two questions are to be
answered by the student.



EPI 3002 ENERGY AUDITING & MANAGEMENT 3-0-0-3

Structure of the cour se

Lecture : 3HvEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: Understanding, analysis and application of eleatrenergy management-measurement and
accounting techniques-consumption patterns- coaervmethods-application in industrial cases.

Module 1

System approach and End use approach to efficenbliElectricity; Electricity tariff types; Ener@uditing:
Types and objectives-audit instruments.

Electric motors-Energy efficient controls and stagtefficiency-Motor Efficiency and Load Analysi&nergy
efficient /high efficient Motors-Case study; Loaditdhing and selection of motors.

Variable speed drives; Pumps and Fans-Efficientti©brstrategies- Optimal selection and sizing -Gyt
operation and Storage; Case study

Module 2

Transformer Loading/Efficiency analysis, Feederedtss evaluation, case study.

Reactive Power management-Capacitor Sizing-Degré&onmpensation-Capacitor losses-Location-Placement-
Maintenance, case study.

Peak Demand controls- Methodologies-Types of Indldbads-Optimal Load scheduling-case study.

Lighting- Energy efficient light sources-Energy eervation in Lighting Schemes- Electronic ballaswer
quality issues-Luminaries, case study.

Module 3:

Cogeneration-Types and Schemes-Optimal operafi@ogeneration plants-case study; Electric loads
of Air conditioning & Refrigeration-Energy consetim measures- Cool storage. Types-Optimal operatio
case study; Electric water heating-Gysers-SolareWHeaters- Power Consumption in Compressors, Energ
conservation measures; Electrolytic Process; Coangtdntrols- software-EMS

References

1. Handbook orEnergy Audit and Environment ManagemeMtP Abbi and Shashank Jain, TERI, 2006

2. Handbook ofEnergy AuditsAlbert Thumann, William J. Younger, Terry Nieh@909

3. Giovanni Petreccalndustrial Energy Management: Principles and Apalions, The Kluwer
international series -207,1999

4. Anthony J. Pansini, Kenneth D. Smallir@glide to Electric Load Managemer®ennwell Pub; (1998)

5. Howard E. Jordanknergy-Efficient Electric Motors and Their Appligats Plenum Pub Corp; 2nd

edition (1994)

Turner, Wayne CEnergy Management Handbqdklburn, The Fairmont Press, 2001

Albert Thumann Handbook of Energy Audijtsairmont Pr; 5th edition (1998)

IEEE Bronze Book-Recommended Practice for Energy Conservation arstl €ffective planning in

Industrial facilities IEEE Inc, USA. 2008

9. Albert Thumann, P.WPIlant Engineers and Managers Guide to Energy Corsmem Seventh
Edition-TWI Press Inc, Terre Haute, 2007

10. Donald R. WEnergy Efficiency ManuaEnergy Institute Press, 1986
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Structure of the question paper
The question paper contains three questions &&ch module out of which two questions are to be
answered by the student.



EAI13001 AUTONOMOUSPOWER SYSTEMS 3-0-0-3

Structur e of the cour se

Lecture : 3HVEdek Credits: 3
Internal Assessment : 40 Mark
End semester Examination : 60 Marks.

Course Objective: Objectives of the course is to introduce autononpowuger systems to students

Module-1

Classification of EES systems -Roles of electrimaérgy storage (EES) system — Emerging needsE& £
Types and features of energy storage systems Mmehastorage systems - Pumped hydro storage (PHS)
Compressed air energy storage (CAES) - Flywheeigsnstorage (FES) - Electrochemical storage syste
Secondary batteries - Flow batteries - Chemicatgnstorage: Hydrogen (H2) - Synthetic natural (BNG) -
Electrical storage systems: Double-layer capaciiotsC) -Superconducting magnetic energy storageESM
Thermal storage systems - Standards for EES - Tealloomparison of EES technologies

Module -2

Captive Power Plants: Selection Considerations es@i Generator Captive Power Plants — Comparison of
different types of captive power plants - Selectan Installation Factors - Sizing of a Genset:hH&peed
Engine or Slow/Medium Speed Engine, Capacity Coatimns, Air Cooling Vs. Water Cooling, get over-
heated during summer months - Safety Featuresall®aDperation with Grid- Maximum Single Load D&

Set - Unbalanced Load Effects - Neutral Earthin@ite Condition Effects on Performance Derating -
Operational Factors - Load Pattern & DG Set CdpaciSequencing of Loads - Load Pattern - Load
Characteristics - Power Factor - Unbalanced Loaohdient Loading

Module -3

SMPS- Characteristics — Steady state Analysis {rf@bmethods:-Design of feedback compression
UPS: Necessity - types - typical layouts of UP&n8talone high quality Electronics Power Supplies

Combined Cycle Power Plant: Introduction - Typicgtles - Gas Turbine - G as Turbine HRSG Systems
Steam Turbine -Combined Cycle Plants -Availabitibd reliability

References:
1. Bueuru of Energy Efficiency, Study material for Emyemanager programme, 2012
2. Irving M.Gaottilieb “Power supplies, Switching Regtors, Inverters and Converters” BPB
Publications — 1985
3. RK Chetty “Switched Power Supply Design” BPB Pudlion- 1987
4. Current Literature
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