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1C6002 SYSTEM IDENTIFICATION AND ADAPTIVE CONTROL LTPC

3003
OBJECTIVES:
e To introduce Non parametric methods
e To impart knowledge on parameter estimation methods
e To impart knowledge on Recursive ‘identification methods
e To impart knowledge on Adaptive control schemes
 Tointroduce stability, Robustness and Applications of adaptive control method
UNIT I NON PARAMETRIC METHODS 9

Non parametric methods: Transient analysis-frequency analysis—Correlation analysis—Spectral
analysis.

UNITIIL PARAMETER ESTIMATION METHODS 9
Least square estimation — best linear unbiased estimation under linear constraints — updating the
parameter estimates for linear regression models—prediction error methods: description of prediction
methods — optimal prediction — relation between prediction error methods and other identification
methods — theoretical analysis - Instrumental variable methods: Description of instrumental variable
methods — Input signal design for identification.

UNIT L RECURSIVE IDENTIFICATION METHODS 9
The recursive least square method — the recursive instrumental variable methods- the recursive
prediction error methods — Maximum Tikelihood. Identification of systems operating in closed loop:
Identifiability considerations — direct identification — indirect identification.

UNIT IV ADAPTIVE CONTROL SCHEMES 9

Introduction — Types of adaptive control-Gain scheduling controller—Model reference adaptive control
schemes—Self tuning controller-MRAC and STC: Approaches-The Gradient approach — Lyapunov
functions — Passivity theory — pole placement method — Minimum variance control — Predictive control.

UNITV  ISSUES INADAPTIVE CONTROL AND APPLICATIONS 9
Stability — Convergence — Robustness —Applications of adaptive control.
TOTAL: 45 PERIODS

OUTCOMES:
* Ability to apply advanced control theory to practical engineering problems.

TEXT BOOKS:

1. Soder Storm T and Peter Stoica, System Identification, Prentice Hall International,1989.

2. Astrom,K.J. and Wittenmark,B., “Adaptive Control”,Pearson Education, 2  Edition, 2001.

3. Sastry,S. and Bodson, M.,“ Adaptive Control- Stability, Convergence and Robustness”,
Prentice Hall inc., New Jersey, 1989.

REFERENCES:

1. Ljung L, System Identification: Theory for the user, Prentice Hall, Engle wood Cliffs,1987.

2. Bela.G.Liptak., “Process Control and Optimization”., Instrument Engineers’ Handbook.,
volume 2, CRC press and ISA, 2005.

3. William S.Levine, “Control Systems Advanced Methods, the Control Handbook, CRC
Press, 2011.
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EE6012 COMPUTER AIDED DESIGN OF ELECTRICAL APPARATUS LTPC
3003

OBJECTIVES:
¢ To introduce the importance of computer aided design method.
 To provide basic electromagnetic field equations and the problem formulation
for CAD applications.
To get familiarized with Finite Element Method as applicable for Electrical Engineering.
» Tointroduce the organization of a typical CAD package.
e Tointroduce Finite Element Method for the design of different Electrical apparatus.

UNIT | INTRODUCTION 9

Conventional design procedures — Limitations — Need for field analysis based design — Review of Basic
principles of energy conversion — Development of Torque/Force.

UNIT I MATHEMATICAL FORMULATION OF FIELD PROBLEMS 9
Electromagnetic Field Equations — Magnetic Vector/Scalar potential — Electrical vector /Scalar potential
— Stored energy in Electric and Magnetic fields — Capacitance - Inductance- Laplace and Poisson’s
Equations — Energy functional.

UNIT 1l PHILOSOPHY OF FEM 9
Mathematical models — Differential/Integral equations — Finite Difference method — Finite element
method — Energy minimization — Variational method- 2D field problems — Discretisation — Shape
functions — Stiffness matrix — Solution techniques.

UNIT IV CAD PACKAGES 9
Elements of a CAD System —Pre-processing — Modelling — Meshing — Material properties- Boundary
Conditions — Setting up solution — Post processing.

UNIT V DESIGN APPLICATIONS 9
Voltage Stress in Insulators — Capacitance calculation - Design of Solenoid Actuator — Inductance and
force calculation — Torque calculation in Switched Reluctance Motor.

TOTAL: 45 PERIODS
OUTCOMES:

* Ability to model and analyze electrical apparatus and their application to power system.

TEXT BOOKS:

1. 8.J Salon, ‘Finite Element Analysis of Electrical Machines’, Springer, YesDEE
publishers, Indian reprint, 2007.

2. Nicola Bianchi, ‘Electrical Machine Analysis using Finite Elements’, CRC Taylor &
Francis, 2005.

REFERENCES:

1. Joao Pedro, A. Bastos and Nelson Sadowski, ‘Electromagnetic Modeling by
Finite Element Methods’, Marcell Dekker Inc., 2003.

2. P.P.Silvester and Ferrari, ‘Finite Elements for Electrical Engineers’, Cambridge University
Press, 1983.

3. D.A.Lowther and P.P Silvester, ‘Computer Aided Design in Magnetics’, Springer
Verlag, New York, 1986.

4. S.R.H.Hoole, ‘Computer Aided Analysis and Design of Electromagnetic
Devices’, Elsevier, New York;1989.~. .- M

5. User Manuals of MAGNET, MAXWELL & ANSYS Softwares. n
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EE6011 POWER SYSTEM DYNAMICS LTPC
3003
OBJECTIVES:
° To introduce the basics of dynamics and stability problems
e  To educate on modeling of synchronous machines
o To educate on the excitation system and speed-governing controllers.
o To study small signal stability of a single-machine infinite bus system with excitation
system and power system stabilizer. o

o To educate on the transient stability simulation of multi machine power system.
UNIT I INTRODUCTION 9
Basics of system dynamics — numerical techniques — introduction to software packages to study the
responses. Concept and importance of power system stability in the operation and design - distinction
between transient and dynamic stability - complexity of stability problem in large system — necessity for
reduced models - stability of interconnected systems.
UNIT I SYNCHRONOUS MACHINE MODELLING 9
Synchronous machine - flux linkage equations - Park’s transformation - per unit conversion - normalizing
the equations - equivalent circuit - current space model - flux linkage state space model. Sub-transient
and transient inductances - time constants. Simplified models (one axis and constant flux linkage) - steady
state equations and phasor diagrams.
UNIT 1l MACHINE CONTROLLERS 9
Exciter and voltage regulators - function and types of excitation systems - typical excitation system
configuration - block diagram and state space representation of IEEE type 1 excitation system - saturation
function - stabilizing circuit. Function of speed governing systems - block diagram and state space
representation of IEEE mechanical hydraulic governor and electrical hydraulic governors for hydro
turbines and steam turbines.
UNIT IV TRANSIENT STABILITY . 2 & 9
State equation for multi machine system with one axis model and simulation — modelling of multi machine
power system with one axis machine model including excitation system and speed governing system and
simulation using R-K method of fourth order (Gill's technique) for transient stability analysis - power
system stabilizer. For all simulations, the algorithm and flow chart have to be discussed.
UNIT V DYNAMIC STABILITY 9
System response to small disturbances - linear model of the unregulated synchronous machine and its
modes of oscillation - regulated synchronous machine - distribution of power impact - linearization of the
load equation for the one machine problem — simplified linear model - effect of excitation on dynamic
stability - approximate system representation - supplementary stabilizing signals - dynamic performance
measure - small signal performance measures.

TOTAL : 45 PERIODS
OUTCOMES:

 Ability to understand and analyze power system operation, stability, control and protection.

TEXT BOOKS:

1. P.M. Anderson and A.A.Fouad, ‘Power System Control and Stability’, Galgotia Publications,
New Delhi, 2003. . K

2. P. Kundur, ‘Power System Stability and Control’, McGraw Hill Inc., USA, 1994.

3. R.Ramanujam, “Power System Dynamics — Analysis and Simulation”, PHI, 2009.

REFERENCES:

1. M.A.Pai and W.Sauer, ‘Power System Dynamics and Stability’, Pearson Education Asia, India, 2002.

2. James A.Momoh, Mohamed. E. El-Hawary. “ Electric Systems, Dynamics and Stability with
Artificial Intelligence applications”, Marcel Dekker, USA First Edition, 2000.

3. C.A.Gross, “Power System Analysis,” Wiley India, 2011.

4. B.M.Weedy, B.J.Lory, N.denkins, J.B:Ekanayake and G.Strbac,” Electric Power Systems”, Wiley
India, 2013. e SR

5. K.Umarao, “Computer Techniques and’MQdels in Power System,” |.K. International, 2007, =
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EE6603 POWER SYSTEM OPERATION AND CONTROL LTPC
3003

OBJECTIVES:

» To have an overview of power system operation and control.

 To model power-frequency dynamics and to design power-frequency controller.

+ To model reactive power-voltage interaction and the control actions to be

implemented for maintaining the voltage profile against varying system load.
* To study the economic operation of power system.
* To teach about SCADA and its application for real time operation and control of power systems.

UNIT I INTRODUCTION 9
An overview of power system operation and control - system load variation - load characteristics - load
curves and load-duration curve - load factor - diversity factor - Importance of load forecasting and
quadratic and exponential curve fitting techniques of forecasting — plant level and system level controls
UNIT II REAL POWER - FREQUENCY CONTROL 9
Basics of speed governing mechanism and modeling - speed-load characteristics — load sharing
between two synchronous machines in parallel - control area concept - LFC control of a single-area
system - static and dynamic analysis of uncontrolled and controlled cases - two-area system — modeling
- static analysis of uncontrolled case - tie line with frequency bias control - state variable model -
integration of economic dispatch control with LFC.
UNIT I REACTIVE POWER-VOLTAGE CONTROL 9
Generation and absorption of reactive power - basics of reactive power control - excitation systems —
modeling - static and dynamic analysis - stability compensation - methods of voltage control: tap-
changing transformer, SVC (TCR + TSC) and STATCOM — secondary voltage control.
UNIT IV UNIT COMMITMENT AND ECONOMIC DISPATCH 9
Formulation of economic dispatch problem — 1/0 cost characterization — incremental cost curve - co-
ordination equations without and with loss (No derivation of loss coefficients) - solution by direct method
and A-iteration method - statement of unit commitment problem — priority-list method - forward dynamic
programming.
UNIT V COMPUTER CONTROL OF POWER SYSTEMS 9
Need for computer control of power systems - concept of energy control centre - functions - system
monitoring - data acquisition and control - system hardware configuration — SCADA and EMS functions
- network topology - state estimation — WLSE - Contingency Analysis - state transition diagram showing
various state transitions and control strategies.

TOTAL : 45 PERIODS
OUTCOMES:

e Ability to understand and analyze power system operation, stability, control and protection.

TEXT BOOKS: . B

1. Olle.l.Elgerd, ‘Electric Energy Systems theory - An introduction’, Tata McGraw Hill Education Pvt.
Ltd., New Delhi, 34th reprint, 2010.

2. Allen. J. Wood and Bruce F. Wollenberg, ‘Power Generation, Operation and Control’, John Wiley
& Sons, Inc., 2003.

3. Abhijit Chakrabarti, Sunita Halder, ‘Power System Analysis Operation and Control’, PHI learning
Pvt. Ltd., New Delhi, Third Edition, 2010.

REFERENCES:

1. Nagrath I.J. and Kothari D.P., ‘Modern Power System Analysis’, Tata McGraw-Hill, Fourth Edition,
2011.

2. Kundur P., ‘Power System Stability and Control, Tata McGraw Hill Education Pvt. Ltd., New Delhi,
10th reprint, 2010.

3. Hadi Saadat, ‘Power System Analysis’, Tata McGraw Hill Education Pvt. Ltd., New Delhi, 21st
reprint, 2010. r ' )

4. N.V.Ramana, “Power System Opération and Control,” Pearson, 2011. M |

5. C.AGross, “Power System-Analysis,” Wiley India, 2011. «'




EE6009 POWER ELECTRONICS FOR RENEWABLE ENERGY SYSTEMS LTPC
3003
OBJECTIVES:
* To Provide knowledge about the stand alone and grid connected renewable energy systems.
 To equip with required skills to derive the criteria for the design of power converters for
renewable energy applications.
* To analyse and comprehend the various operating modes of wind electrical generators
and solar energy systems.
* To design different power converters namely AC to DC, DC to DC and AC to AC
converters for renewable energy systems.
* To develop maximum power point tracking algorithms.

UNIT | INTRODUCTION 9
Environmental aspects of electric energy conversion: impacts of renewable energy generation on
environment (cost-GHG Emission) - Qualitative study of different renewable energy resources: Solar,
wind, ocean, Biomass, Fuel cell, Hydrogen energy systems and hybrid renewable energy systems.

UNIT II ELECTRICAL MACHINES FOR RENEWABLE ENERGY CONVERSION 9
Reference theory fundamentals-principle of operation and analysis: IG, PMSG, SCIG and DFIG.

UNIT 1l POWER CONVERTERS 9
Solar: Block diagram of solar photo voltaic system -Principle of operation: line commutated converters
(inversion-mode) - Boost and buck-boost converters- selection of inverter, battery sizing, array sizing
Wind: Three phase AC voltage controllers- AC-DC-AC converters: uncontrolled rectifiers, PWM Inverters,
Grid Interactive Inverters-matrix converters.

UNIT IV ANALYSIS OF WIND AND PV SYSTEMS 9
Stand alone operation of fixed and variable speed wind energy conversion systems and solar system-
Grid connection Issues -Grid integrated PMSG, SCIG Based WECS, grid Integrated solar system

UNIT V HYBRID RENEWABLE ENERGY SYSTEMS ‘ 9
Need for Hybrid Systems- Range and type of Hybrid systems- Case studies of Wind-PV Maximum Power
Point Tracking (MPPT).

TOTAL : 45 PERIODS
OUTCOMES:

* Ability to understand and analyze power system operation, stability, control and protection.
* Ability to handle the engineering aspects of electrical energy generation and utilization.

TEXT BOOK:

1. S. N. Bhadra, D.Kastha, S.Banerjee, “Wind Electrical Systems”, Oxford
University Press, 2005.

2. B.H.Khan Non-conventional Energy sources Tata McGraw-hill Publishing
Company, New Delhi,2009.

REFERENCES:

1. Rashid .M. H “power electronics Hand book”, Academic press, 2001.
2. lon Boldea, “Variable speed generators”, Taylor & Francis group, 2006.
3. Rai. G.D, “Non conventional energy sources”, Khanna publishes, 1993.

4. Gray, L. Johnson, “Wind energy system’, prentice hall linc, 1995.

5. Andrzej M. Trzynnadlowski, ‘Introducti "j"(;j-Modern Power Electronics’, Second

edition, wiley India Pvt. Ltd, 2092 (7.
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EE6010 HIGH VOLTAGE DIRECT CURRENT TRANSMISSION LTPC
3003

OBJECTIVES:

*+ Tounderstand the concept, planning of DC power transmission and comparison with AC Power

transmission.

To analyze HVDC converters.

To study about the HVDC system control.

To analyze harmonics and design of filters.

To model and analysis the DC system under study state.

UNIT | INTRODUCTION 9
DC Power transmission technology — Comparison of AC and DC transmission — Application of DC
transmission — Description of DC transmission system — Planning for HVDC transmission — Modern
trends in HVDC technology — DC breakers — Operating problems — HVDC transmission based on VSC
— Types and applications of MTDC systems.

UNIT Il ANALYSIS OF HVDC CONVERTERS 9
Line commutated converter - Analysis of Graetz circuit with and without overlap - Pulse number — Choice
of converter configuration — Converter bridge characteristics — Analysis of a 12 pulse converters —
Analysis of VSC topologies and firing schemes.

UNIT 1ll CONVERTER AND HVDC SYSTEM CONTROL 9
Principles of DC link control — Converter control characteristics — System control hierarchy — Firing angle
control — Current and extinction angle control — Starting and stopping of DC link — Power control —
Higher level controllers — Control of VSC based HVDC link.

UNIT IV REACTIVE POWER AND HARMONICS CONTROL 9

Reactive power requirements in steady state — Sources of reactive power — SVC and STATCOM -
Generation of harmonics — Design of AC and DC filters — Active filters.

UNIT V POWER FLOW ANALYSIS IN AC/DC SYSTEMS 9

Per unit system for DC quantities — DC system model - Inclusion of constraints — Power flow analysis
— case study.

TOTAL: 45 PERIODS
OUTCOMES:

e Ability to understand and analyze power system operation, stability, control and protection.

TEXT BOOKS:

1. Padiyar, K. R., “HVDC power transmission system”, New Age International (P) Ltd., New Delhi,
Second Edition, 2010. S

2. Edward Wilson Kimbark, “Direct Current Transmission”, Vol. |, Wiley interscience, New York,
London, Sydney, 1971.

3. Rakosh Das Begamudre, “Extra High Voltage AC Transmission Engineering”, New Age International
(P) Ltd., New Delhi, 1990.

REFERENCES: 11 A

1. Kundur P., “Power System Stability and Control”, McGraw-Hill, 1993.

2. Colin Adamson and Hingorani N G, “High Voltage Direct Current Power Trans hs_ag'n Garrawiyznmg
Limited, London, 1960. peat PR“‘:.IEOLLEG E';G‘N

3. Arrillaga, J., “High Voltage Direct Cu ansmission”, Pe&,@nﬁrﬁgﬂmﬁ?"gﬁ'ﬁ%,‘mmf"“s" '
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4. S. Kamakshaiah, V. Kamaraj‘u, ‘HVDC Tr‘gnsmlsmon’, Tata McGraw Hﬁl Edr.maﬁﬁheﬁ’xrlvate Limited,

2011. H=) =)
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EE6801 ELECTRIC ENERGY GENERATION, UTILIZATION AND CONSERVATION LTPC

3003
OBJECTIVES:
* To analyze the various concepts behind renewable energy resources.
+ To introduce the energy saving concept by different ways of illumination.
* To understand the different methods of electric heating and electric welding.
* To introduce knowledge on Solar Radiation and Solar Energy Collectors
* To introduce concepts of Wind Energy and its utilization
UNIT I ELECTRIC DRIVES AND TRACTION 9

Fundamentals of electric drive - choice of an electric motor - application of motors for particular services
- traction motors - characteristic features of traction motor - systems of railway electrification - electric
braking - train movement and energy consumption - traction motor control - track equipment and
collection gear.

UNIT Il ILLUMINATION ce 9
Introduction - definition and meaning of terms used in illumination engineering - classification of light
sources - incandescent lamps, sodium vapour lamps, mercury vapour lamps, fluorescent lamps —design
of illumination systems - indoor lighting schemes - factory lighting halls - outdoor lighting schemes -
flood lighting - street lighting - energy saving lamps, LED.

UNIT 1l HEATING AND WELDING 9
Introduction - advantages of electric heating — modes of heat transfer - methods of electric heating -
resistance heating - arc furnaces - induction heating - dielectric heating - electric welding - types -
resistance welding - arc welding - power supply for arc welding - radiation welding.

UNIT IV SOLAR RADIATION AND SOLAR ENERGY COLLECTORS 9
Introduction - solar constant - solar radiation at the Earth’s surface - solar radiation geometry —
estimation of average solar radiation - physical principles of the conversion of solar radiation into heat
flat-plate collectors - transmissivity of cover system - energy balance equation and collector efficiency -
concentrating collector - advantages and disadvantages of concentrating collectors - performance
analysis of a cylindrical - parabolic concentrating collector — Feedin Invertors.

UNIT V WIND ENERGY 9
Introduction - basic principles of wind energy conversion - site selection considerations - basic
components of a WECS (Wind Energy Conversion System) - Classification of WECS - types of wind
Turbines - analysis of aerodynamic forces acting on the blade - performances of wind.

TOTAL : 45 PERIODS
OUTCOMES:

* Ability to understand and analyze power system operation, stability, control and protection.
* Ability to handle the engineering aspects of electrical energy generation and utilization.

TEXT BOOKS:
1. N.V. Suryanarayana, “Utilisation of Electric Power”, Wiley Eastern Limited,
New Age International Limited,1993.
2. J.B.Gupta, “Utilisation Electric power and Electric Traction”, S.K.Kataria and Sons, 2000.
3. G.D.Rai, “Non-Conventional Energy Sources”, Khanna Publications Ltd., New Delhi, 1997.

REFERENCES: bn |

1. R.K.Rajput, Utilisation of Electric Power, Laxmi publications Private Limited.,2007. || | ' ’

2. H.Partab, Art and Science of Utilisation of Electrical Energy”, Dhanpat Rai and Co., New Délhi, 2004.

3. C.L.Wadhwa, “Generation, Distribution and Utilisation of Electrical Energy”, New Age International
Pvt.Ltd., 2003. e IPAL —

4. S. Sivanagaraju, M. Balasubba Reddy, D.:Srilatha,” Generation and Utilizatior! l%@@gl&nﬂt@!‘ﬂ o
Pearson Education, 2010. 7. MGHAMED SATHAK 2-‘;(} OMR), Siruseri, I Par8

5. Donals L. Steeby,’” Alternative Energy Sources:and Systems’, Cengagai&éé’t?ﬂf&g% 03 103.



EE6004 FLEXIBLE AC TRANSMISSION SYSTEMS LTPC
3003

OBJECTIVES:

* To introduce the reactive power control techniques

* To educate on static VAR compensators and their applications

* To provide knowledge on Thyristor controlled series capacitors

e To educate on STATCOM devices

e To provide knowledge on FACTS controllers

UNIT I INTRODUCTION 9
Reactive power control in electrical power transmission lines -Uncompensated transmission
line - series compensation — Basic concepts of Static Var Compensator (SVC) - Thyristor
Controlled Series capacitor (TCSC) — Unified power flow controller (UPFC).

UNIT I STATIC VAR COMPENSATOR (SVC) AND APPLICATIONS 9
Voltage control by SVC — Advantages of slope in dynamic characteristics — Influence of SVC
on system voltage — Design of SVC voltage regulator —Modelling of SVC for power flow and
fast transient stability — Applications: Enhancement of transient stability — Steady state
power transfer — Enhancement of power system damping.

UNIT 1l THYRISTOR CONTROLLED SERIES CAPACITOR (TCSC) AND

APPLICATIONS 9
Operation of the TCSC - Different modes of operation — Modelling of TCSC - Variable
reactance model — Modelling for Power Flow and stability studies. Applications:
Improvement of the system stability limit — Enhancement of system damping.

UNIT IV VOLTAGE SOURCE CONVERTER BASED FACTS CONTROLLERS 9
Static Synchronous Compensator (STATCOM) - Principle of operation — V-1 Characteristics.
Applications: Steady state power transfer-enhancement of transient stability - prevention of
voltage instability. SSSC-operation of SSSC and the control of power flow —modelling of
SSSC in load flow and transient stability studies.

UNITV CO-ORDINATION OF FACTS CONTROLLERS 9
Controller interactions — SVC — SVC interaction — Co-ordination of multiple controllers using
linear control techniques — Control coordination using genetic algorithms.

TOTAL: 45 PERIODS

OUTCOMES:

* Ability to understand and analyze power system operation, stability, control and
protection.

TEXT BOOKS:

1. R.Mohan Mathur, Rajiv K.Varma, “Thyristor — Based Facts Controllers for Electrical
Transmission Systems”, IEEE press and John Wiley & Sons, Inc, 2002.

2. Narain G. Hingorani, “Understanding FACTS -Concepts and Technology of Flexible
AC Transmission Systems”, Standard Publishers Distributors, Delhi- 110 006, 2011.

3. K.R.Padiyar,” FACTS Controllers in Power Transmission and Distribution”, New Age
International(P) Limited, Publishers, New Delhi, 2008. 11 )

REFERENCES: WA K

1. A.T.John, “Flexible A.C. Transmission Systems”, Institution of Electrical and Electronic
Engineers (IEEE), 1999: | . )

2. V.K.Sood,HVDC and FACTS cont‘ro!’iiglrs — Applications of Static Convqﬁamlﬁ’ggyvgf ENG\NF"‘:N(’
System, APRIL 2004 , Kluwer Academic Publishers, 2004. ATHAK A O%R\“Samsef"v” gl

3. Xiao - Ping Zang, Christian Rehtanz and Bikash Pal, “Flexib?é"ﬂﬁffr@m@gﬁﬂ{%msm:
Modelling and Control” Springer, 2012, 34,5 Geint



EE6005 POWER QUALITY LTPC
3003
OBJECTIVES: _
e Tointroduce the power quality' problem
* To educate on production of voltages sags, over voltages and
harmonics and methods of control.

e To study overvoltage problems
* To study the sources and effect of harmonics in power system
» Toimpart knowledge on various methods of power quality monitoring.
UNIT I INTRODUCTION TO POWER QUALITY 9
Terms and definitions: Overloading - under voltage - over voltage. Concepts of transients -
short duration variations such as interruption - long duration variation such as sustained
interruption. Sags and swells - voltage sag - voltage swell - voltage imbalance - voltage
fluctuation - power frequency variations. International standards of power quality. Computer
Business Equipment Manufacturers Associations (CBEMA) curve.
UNIT II VOLTAGE SAGS AND INTERRUPTIONS 9
Sources of sags and interruptions - estimating voltage sag performance. Thevenin’s
equivalentsource - analysis and calculation of various faulted condition. Voltage sag due to
induction motor starting. Estimation of the sag severity - mitigation of voltage sags, active
series compensators. Static transfer switches and fast transfer switches.
UNIT 1lI OVERVOLTAGES' 9
Sources of over voltages - Capacitor switching — lightning - ferro resonance. Mitigation of
voltage swells - surge arresters - low pass filters - power conditioners. Lightning protection
— shielding — line arresters - protection of transformers and cables. An introduction to
computer analysis tools for transients, PSCAD and EMTP.
UNIT IV HARMONICS 9
Harmonic sources from commercial and industrial loads, locating harmonic sources.Power
system response characteristics - Harmonics Vs transients. Effect of harmonics - harmonic
distortion - voltage and current distortion - harmonic indices - inter harmonics — resonance.
Harmonic distortion evaluation - devices for controlling harmonic distortion - passive and
active filters. IEEE and IEC standards.
UNITV POWER QUALITY MONITORING 9
Monitoring considerations - monitoring and diagnostic techniques for various power quality
problems - modeling of power quality (harmonics and voltage sag) problems by
mathematical simulation tools - power line disturbance analyzer — quality measurement
equipment - harmonic / spectrum analyzer - flicker meters - disturbance analyzer.
Applications of expert systems for power quality monitoring.

' TOTAL: 45 PERIODS
OUTCOMES:

* Ability to understand and analyze power system operation, stability, control and

protection.

TEXT BOOKS:

1. Roger. C. Dugan, Mark. F. McGranagham, Surya Santoso, H.Wayne Beaty, ‘Electrical
Power Systems Quality’ McGraw Hill,2003.(For Chapters1,2,3, 4 and 5).

2. Eswald.F.Fudis and M.A.S.Masoum, “Power Quality in Power System and Electrical
Machines,” Elseviar Academic Press, 2013.

3. J. Arrillaga, N.R. Watson, S. Chen, 'Power System Quality Assessment', Wiley, 2011.

REFERENCES:

1. G.T. Heydt, 'Electric Power Quality', 2" Edition. (West Lafayette, IN, Stars in a Circle
Publications, 1994). (For Chapter 1, 2, 3 and 5)

2. M.H.J Bollen, ‘Understanding Power Quality Problems: Voltage Sags and Interruptions’,
(New York: IEEE Press, 1999). (For Chapters 1, 2, 3 and 5) | | =1l

3. G.J.Wakileh, “Power Systems Harmonics — Fundamentals, Analysis and Filtef Design,”
Springer 2007. A .

4. E.Aeha and M.Madrigal, “Power System Harmonics, Computer Modelling an alysis, ——
“Wiley India, 2012. .~ ol "R‘Néﬁé@ QF ENGINEE ?R‘-”G

5. R.S.Vedam, M.S.Sarma, “Power Quality — VAR Compensatiqp.inRowef Sgs‘iﬁmﬁsﬁmg"?‘ I Pl
Press 2013. : O e yiiv Gandhi ROAC 0 03,

2 scai "‘,ﬁﬂ“' %

6. C. Sankaran, ‘Power QLlality’, CRC prefsrs;‘_""i'aylor & Francis group, 2005""



EE6702 PROTECTION AND SWITCHGEAR LTPC
3003

OBJECTIVES:

¢ To educate the causes of abnormal operating conditions (faults, lightning and
switching surges) of the apparatus and system.

* Tointroduce the characteristics and functions of relays and protection schemes.

* Toimpart knowledge on apparatus protection

¢ Tointroduce static and numerical relays

e To impart knowledge on functioning of circuit breakers

UNIT | PROTECTION SCHEMES 9
Principles and need for protective schemes — nature and causes of faults — types of faults —
fault current calculation using symmetrical components — Methods of Neutral grounding —
Zones of protection and essential qualities of protection — Protection schemes

UNIT Il ELECTROMAGNETIC RELAYS 9
Operating principles of relays - the Universal relay — Torque equation — R-X diagram —
Electromagnetic Relays - Overcurrent, Directional, Distance, Differential, Negative
sequence and Under frequency relays.

UNIT I APPARATUS PROTECTION 9
Current transformers and Potential transformers and their applications in protection
schemes - Protection of transformer, generator, motor, busbars and transmission line.
UNIT IV STATIC RELAYS AND NUMERICAL PROTECTION 9
Static relays — Phase, Amplitude Comparators — Synthesis of various relays using Static
comparators

— Block diagram of Numerical relays — Overcurrent protection, transformer differential
protection, distant protection of transmission lines.

UNIT V CIRCUIT BREAKERS . 9
Physics of arcing phenomenon and arc interruption - DC and AC circuit breaking — re-striking
voltage and recovery voltage - rate of rise of recovery voltage - resistance switching - current
chopping - interruption of capacitive current - Types of circuit breakers — air blast, air break,
oil, SF6 and vacuum circuit breakers — comparison of different circuit breakers — Rating and
selection of Circuit breakers.

TOTAL : 45 PERIODS
OUTCOMES:

* Ability to understand and analyze power system operation, stability, control and
protection.

TEXT BOOKS:

1. Sunil S.Rao, ‘Switchgear and Protection’, Khanna Publishers, New Delhi, 2008.

2. B.Rabindranath and N.Chander, ‘Power System Protection and Switchgear’, New Age
International (P) Ltd., First Edition 2011.

3. M.L.Soni, P.V.Gupta, U.S.Bhatnagar, A.Chakrabarti, ‘A Text Book on Power System
Engineering’, Dhanpat Rai & Co.,1998:

REFERENCES:

1. Badri Ram ,B.H. Vishwakarma, ‘Power System Protection and Switchgear’, New Age
International Pvt Ltd Publishers, Second Edition 2011.

2. Y.G.Paithankar and S.R.Bhide, ‘Fundamentals of power system proteaction’, \Second
Edition, PrenticeHall of India Pvt. Ltd., New Delhi, 2010. VL ="

3. C.L.Wadhwa, ‘Electrical Power Systems’, 6th Edition, New Age International’(P) Ltd.,
2010 ™

4. Ravindra P.Singh, ‘ Switchgear and__POwer System Protection’, PHIMW&%?{B@@G\NEER\NG
Ltd., New Delhi, 2009. = 1 @ATHAK AJCOLLECE i, T Park

5. Bhavesh Bhalja, R.P. Maheshwari, Nilesh G. Chqtami?’PFStectjgm\amdd QX’@ ear
Oxford University Press, 2011. VS 3% mars = e
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EE6003 OPTIMISATION TECHNIQUES

OBJECTIVES:

To introduce the basic concepts of linear programming

To educate on the advancements in Linear programming techniques
To introduce non-linear programming techniques

To introduce the interior point methods of solving problems

To introduce the dynamic programming method

UNIT | LINEAR PROGRAMMING

Introduction - formulation of linear programming model-Graphical solution—
solving LPP using simplex algorithm — Revised Simplex Method.

UNITIIT ADVANCES IN LPP

Dualit theory- Dual simplex method - Sensitivity analysis—Transportation
problems— Assignment problems-Traveling sales man problem -Data
Envelopment Analysis.

UNIT Il NON LINEAR PROGRAMMING

Classification of Non Linear programming — Lagrange multiplier method — Karush
— Kuhn Tucker conditions—~Reduced gradient algorithms—Quadratic programming
method — Penalty and Barrier method.

UNIT IV  INTERIOR POINT METHODS

Karmarkar’s algorithm—Projection Scaling method-Dual affine algorithm—Primal
affine algorithm Barrier algorithm.

UNITV ~ DYNAMIC PROGRAMMING

Formulation of Multi stage decision problem-Characteristics—~Concept of sub-
optimization and the principle of optimality—Formulation of Dynamic
programming—-Backward and Forward recursion— Computational procedure—
Conversion offinal value problem in to Initial value problem.

LTPC
3003

TOTAL: 45 PERIODS

OUTCOMES:

e To understand ethical issues, environmental impact and acquire management skills.

TEXT BOOKS:
1. Hillier and Lieberman “Introduction to Operations Research”, TMH, 2000.
2. R.Panneerselvam, “Operations Research”, PHI, 2006

3. Hamdy ATaha, “Operations Research —An Introduction”, Prentice Hall India, 2003.

REFERENCES:
1. Philips, Ravindran and Solberg, “Operations Research”, John Wiley, 2002.

2. Ronald L.Rardin, “Optimization in Operation Research” Pearson Education Pvt. Ltd.

New Delhi, 2005.
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EiE703 FIBRE OPTICS AND LASER INSTRUMENTS LTP C
3663

OBJECTIVES:

» To expose the basic concepts of optical fibers and their industrial applications.

To provide adequate knowledge about Industrial application of optical fibres.

To provide basic concepts of lasers.

To provide knowledge about Industrial application of lasers

To provide knowledge about Industrial application of Holography and Medical applications of
Lasers.

- & & @

UNIT I OPTICAL FIBRES AND THEIR PROPERTIES 9
Principles of light propagation through a fibre - Different types of fibres and their properties, fibre
characteristics — Absorption losses — Scattering losses — Dispersion — Connectors and  splicers —
Fibre termination — Optical sources — Opfical detectors.

UNIT It INDUSTRIAL APPLICATION OF OPTICAL FIBRES 9

Fibre optic sensors — Fibre optic instrumentation system — Different types of modulators —

Interferometric method of measurement of length — Moire fringes — Measurement of pressure,
temperature, cumrent, voltage, liquid level and strain.

UNIT Hl LASER FUNDAMENTALS g
Fundamental characteristics of lasers — Three level and four level lasers — Properties of laser — Laser
modes — Resonator configuration — Q-switching and mode locking — Cavity damping — Types of lasers
— Gas lasers, solid lasers, liquid lasers, semiconductor lasers.

URIT IV INDUSTRIAL APPLICATION OF LASERS g
Laser for measurement of distance, length, velocity, acceleration, current, voltage and Atmospheric
effect — Material processing — Laser heating, welding, melting and timming of material - Removal and
vaporization.

UNIT V HOLOGRAM AND MEDICAL APPLICATIONS 9
Holography — Basic principle - Methods — Holographic interferometry and application, Holography for
non-destructive testing — Holographic components — Medical applications of lasers, laser and tissue
interactive — Laser instruments for surgery, removal of tumors of vocal cards, brain surgery, plastic
surgery, gynaecology and cncology.

TOTAL : 45 PERIODS

OUTCOMES:
» Ability to understand and analyze Instrumentation systems and their applications to various
industries.

TEXT BOOKS:
1. R.P Khare, Fiber Optics and Optoelectronics, Oxford university press, 2008.
2. J. Wilson and J.F.B. Hawkes, Introduction to Opto Electronics, Prentice Hall of India, 2001.

REFERENCES:

1. Asu Ram Jha, Fiber Optic Technology Applications to commercial, Industrial, Military and Space
Optical systems, PHI learning Private limited, 2009.

2. M. Arumugam, Optical Fibre Communication and Sensors, Anuradha Agencies, 2002,

3. John F. Read, Industrial Applications of Lasers, Academic Press, 1978.
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EEB006 APPLIED SOFT COMPUTING LTPC
3003

OBJECTIVES:

+ To expose the students to the concepts of feed forward neural netwarks.

+ To provide adequate knowledge about feedback neural networks

» To provide adequate knowledge about fuzzy and neurofuuzy systems

To provide comprehensive knowledge of fuzzy logic control to  real time systems.

To provide adequate knowledge of genetic algorithms and its application to economic dispatch

and unit commitment prablems.

UNIT § ARCHITECTURES - ANN g
* Introduction — Biological neuron — Artificial nsuron — Neuron madel — Supervised and unsupervised
learning- Single layer — Multi layer feed forward network — Leaming algorithm- Back propagation
netwark.

UNIT i NEURAL NETWORKS FOR CONTROL 9
Feedback networks — Discrete time Hopfield networks — Transient response of confinuous fime
system — Applications of artificial neural network - Process identification — Neuro controller for inverted
pendulum.

UNIT Hil FUZZY SYSTEMS g
Classical sets — Fuzzy sets — Fuzzy relations — Fuzzification — Defuzzification — Fuzzy rules -
Membership function — Knowledge base — Decision-making logic —  Infroduction to neuro fuzzy
system- Adaptive fuzzy system.

UNIT IV APPLICATION OF FUZZY LOGIC SYSTEMS g
Fuzzy logic control: Home heating system - liquid level control - aircraft landing- inverted pendulum —
fuzzy PID control, Fuzzy based motor control.

UNIT V GENETIC ALGORITHMS 9
Introduction-Gradient Search — Non-gradient search — Genetic Algonthms: binary and real
representation schemes, selection methods, crossover and mutation operators for binary and real
~ coding - constraint handling methods — applications to economic dispatch and unit commitment
problems.

TOTAL: 45 PERIODS

OUTCOMES:

»  Ability to understand and apply basic science, circuit theory, Electro-magnetic field theory
control theory and apply them to electrical engineering problems.
s To understand and apply computing platform and software for engineering problems.

TEXT BOOKS:

1. Laurance Fausett, Englewood cliffs, N.J., ‘Fundamentals of Neural MNetworks', Pearson Education,
1992,

2. Timothy J. Ross, ‘Fuzzy Logic with Engineering Applications’, Tata McGraw Hill, 1997,

3. S.N.Sivanandam and S.N.Deepa, Principles of Soft computing, Wiley India Edition, 2° Edition,
2013.

REFERENCES:

1. Simon Haykin, ‘Neural Networks', Pearson Education, 2003.

2. John Yen & Reza Langari, ‘Fuzzy Logic - Intelligence Control & Information’, Pearson Education,
New Delhi, 2003,

M.Gen and R Cheng, Genetic algorithms and Optimization, Wiley Series in Engineering Design
and Automation, 2000

Hagan, Demuth, Beale, * Neural Network Design”, Cengage Learning, 2012,
N.P.Padhy, * Artificial Intelligence and Intelligent Systems”, Oxford, 2013.
William S Levine, “Control System Advanced Methods,” The Control Handbook
CRC Press, 2011.
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ABSTRACT

Nowadays we are able to track vehicles using many
applications which helps in securing personal vehicles, public vehicles,
feet units and others. Furthermore there is a rapid increase in the
occurrence of the Road accident. This paper is about a system which is
developed to automatically detect an accident and alert the nearest
hospitals and medical services about it. This system can also locate the
place of the accident so that the. medical services can be directed
immediately towards it. The goal of this paper is to build up a Vehicle
accidental monitoring system using MEMS and IOT Technology. The
system comprises of accelerometer, Microcontroller, IOT Module support
in sending message. The accelerometer is used to detect fall and

Threshold Algorithm are used to detect accident
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CONCLUSION:

Previously with low volumes of data, intuitive decision making
would work. As the data size has grown to incredible proportions, human
ability to make completely intuitive decisions has been reduced. As a
result, data-driven decision making has become more prevalent to ensure
a reasonable path for success. This situation makes sense as it is easy to

see that data are not diminishing but rather increasing.

These data-driven decisions are based often on quantitative models
created using a typical closed-loop process: a cycle. The cycle described

in this book includes:

Problem definition and identification

Design and build of an analytical framework, if there isn’t one available
Data management, reporting, and visualization

Analysis to produce models

Execution and testing

Feedback

Each iteration adds more knowledge to the model. Each step in the cycle is

presented in a single chapter. Let us review key concepts of each chapter.

One of the problems organizations face when looking at the predictive
analytics life cycle is that in many instances the professionals choosing
the software and framework to conduct analytics do not understand the
entire cycle and end up choosing disparate “tools” as opposed to holistic
solutions. This creates issues for the researchers, such as delays accessing
the diverse data, difficulties comparing discoveries, incompatibilities with
previous results, chaﬂenges opcratlonahzlng the analytic models. ) »" ; -
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ABSTRACT

The aim Using the Internet of Things Technology for supervising solar
power generation can greatly enhance the performance, monitoring and
maintenance of the plant. With advancement of technologies the cost of renewable
energy equipment is going down globally encouraging large scale solar plant
installations. This massive scale of solar system deployment requires sophisticated
systems for automation of the plant monitoring remotely using web based
interfaces as majority of them are installed in inaccessible locations and thus

unable to be monitored from a dedicated location.

The Project is based on implementation of new cost effective methodology
based on IoT to remotely monitoring a solar plant for performance evaluation. This
will facilitate preventive maintenance, fault detection of the plant in addition to
real time monitoring. The power generated can be used for multiple purposes. For
example night street lamps, emergency lighting system in a household or even a

complete power solution for a home if scaled larger.




CHAPTER 7
CONCLUSION

Utilization of IOT for monitoring of a solar power plant is a vital step as day
by day renewable energy sources are getting incorporated into utility grid. Thus
automation and intellectualization of solar power plant monitoring will intensify
future decision making process for large scale solar power plant and grid
integration of such plants. In this paper we suggested an IOT based remote
monitoring system for solar power plant, the approach is studied, implemented and
successfully attained. The remote transmission of data to a server for management.
ToT based remote monitoring will upgrade energy effectiveness of the system by
making use of low power consuming advanced wireless modules thereby
decreasing the carbon foot print. Web Console based interface will reduce time of
manual monitoring and aid in the process of scheming task of plant management.
A provision of advance remotely manage the Solar PV plants of various operations
like remote shutdown, remote management is to be integrated with this system

later.

In solar tracking system there is two major theory to track the sun either by

using sensors usually (LDR) to get sun position or by using mathematical

equations programmed inside a microcontroller using sensors is very accurate
but it has a big problem ! , in cloudy days the sensors can't track the sun precisely
maybe in very cloudy day the tracker can't move using mathematical equations in
sunny day is not very accurate compared to sensors but it is acceptable to use it in
cloudy days so our project can run in two modes Equations mode or Sensors mode
dependent if there clouds or not. We get rid of the problem when the system run in

sensors mode .
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ABSTRACT

Most battery based AC loads require wide voltage gain DC-DC
converters to increase and equalize the relatively low voltage of solar cell with
DC link bus or energy-storage devices, such as super capacitors or batteries. This
project proposes new non-isolated DC-DC converters suitable for such
applications. The proposed converters combine the main characteristics of both
quadratic Boost and Cuk converters, offering high step-up voltage and control
simplicity using only one ground referenced active power switch. Additionally,
the proposed topologies present reduced voltage stress across the active power
switch when compared to other boost converters. The simulation results shows
the effectiveness of the system. The single phase VSI is operated at fundamental
frequency, which minimizes the switching loss. Its applicability and reliability are
demonstrated by various simulated results using MATLAB/Simulink platform

and hardware implementation.

v



CHAPTER 8
CONCLUSION

This project addressed the development and the design of new non-
isolated DC-DC topologies with high step-up voltage gain for multiphase fuel
cell applications. HQBC topologies were derived merging existing converters
that can boost the input voltage. Additionally, the new DC-DC HQBC
converters are characterized by increased voltage gains (compared to the
quadratic Boost). A straightforward theoretical development was made to
characterize the gain and voltage stress of semiconductors of HQBC topologies.
This study showed a reduction on the voltage stress across the power switch
when compared to the output voltage, or the quadratic Boost. The experimental
results allowed to verify the operation of the proposed circuits. They also
confirmed the high gains of the HQBC converters and that they are very similar
than the ones obtained by the theoretically predicted. The difference of these
values is due to the conduction voltage drops in the active switch, diodes and

inductor parasitic resistors.
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1. ABSTRACT

This project presents the design and implementation of an IoT-
based smart home intelligent system for monitoring controlling the
electrical and electronics appliances based upon the real time tracking of
the devices at home. The proposed outcome of this project aims as
multiple benefits of saving on electricity bills of the home as well as keep
the users updated about their home security with an option of controlling
the switching of the devices by using their simple toggle touch on their
Smartphone or computers.

In this project the system can be controlled by using our voice with
the help of the google assistant. And also, the network connection also
plays an important role in this project. In this project the usage of dc
appliances is involved, such’as dc light and fan. The fan which is been
used design according to the dc supply and the solar power is been stored

in battery which is rechargeable, the battery is been of 12 volts.




10. CONCLUSION

This project is a cost effective, eco-friendly and the safes and smartest
way to save energy. It clearly reduces the two problems that world is facing
today, saving of energy and also disposal of incandescent lamps, very
efficiently. According to statistical data we can save more that 45 % of
electrical energy that is now consumed by the highways. The main advantage
of the project is initial cost and maintenance is very low. The project has
presented an efficient solar operated fan with reduced power consumption as
compared to classical fans. In this project, a ceiling fan powered with a 40-watt
PV module of solar panel was designed. The design was necessitated by the
need to have a fan and light that could be powered with a renewable energy
source. A 12V DC battery was included in the design as a source of power
backup for use when there is no sunlight-in the night.

In order to achieve a minimum consumption of power, the fan was made
not to oscillate but rather was made such that it could be manually tilted up and

down to change its orientation.

The major advantage is the electric mills are been reduced due to power
is used from the solar. The solar plant used is been less and the area of

installation is also been low.

This is applicable to all type of DC based systems and the energy we are
getting from the solar which is renewable and it is easily affordable. Due to
this the energy from substation to area can be minimized and the money is

saved Nyl —
| ~
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ABSTRACT

The aim of the paper is to minimize the queue at the electricity billing and to -
restrict the usage of electricity automatically, if the bill is not paid. The work system
adopts a totally new concept of “Prepaid Electricity Card”. This technology holds
good for all companies and home.

The meter is important in making the consumer having sense about his/her energy
consumption. This paper is aimed at developing a prototype of a management system
for an energy meter. The designed energy meter consists of an RFID reader, a
microcontroller, a LCD and an IoT.

An RFID reader is used to read the Customer’s information. The LCD display will
display the Energy and the amount fbi‘ the Energy. The IoT technology is used to send
the information about the consumption of power (in watts) to the server page and
during the month end, it would automatically alert the consumer to pay the amount. If
the customer didn’t pay the bill before due date the connection cut through IOT from
EB Office. Also the payment can be done using the prepaid RFID Given to the user
and also it will give alert when the amount in the card reduce to the cutoff level.

The implementation of this paper will help in better energy management,
conservation of energy and also in doing away with the unnecessary hassles over
incorrect billing. The automated billing system will keep track of the real time

consumption and will leave little scope for disagreement on consumption and billing.
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CHAPTER 7
CONCLUSION

In this project, an Arduino and a IOT & GSM based smart prepaid energy meter has
been proposed. Units are purchased by using GSM technology and those units are deduced
according to electricity usage. This project presents a single-phase energy meter for
domestic consumers with prepayment billing method. The significant preferred standpoint is
the capacity of this system to update the current conventional meters into smart prepaid
meters with a connection of Arduino and GSM (Prepaid Module). This kills the need of
totally supplant the energy meters. Cost is the main important factor of this work which is

quite high but will reduce from 3 to 4 times after implementation of this project.

Nowadays as power supply companies need labour for meter reading after
implementing this, there will be no need of so many meter readers and lots of money will be
saved. The idea of prepayment electricity bill prior its usage is being gradually accepted
around the world, and that’s why the market for prepaid energy metering is growing. After
having many advantages, this project still needs more safety check and modification
especially the GSM module for the network coverage of SIM which is being used, should
be strong so that the GSM can ‘work properlyAn IOT based smart power management
system has been developed .This system monitors and controls the power consumption of
home appliances automatically, manually, and remotely by using wireless network. The
system is easy to design and consume less power, and provides at low cost with portable

size.
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