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BOARD OF STUMES MEETING NOTICE

The Bonrd of Studies meeting of Electrigal and Flectronics Engineenng department is
scheduled to be held on (2032026 wt 1 2P.M in online mode. The meeting details will be shured

soon. You pre reguested 1o make it convenient w ntiend the same.

Ttems on Azenda:

1. To discuss and decide on the course structure and syllabi of M. Tech Electricnl Power
Systems (or the students admitted from the AY 2026-27 (K26 Resulation),
2. Anv other matter with the permission of thie Chatr,
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Department of Electrical and Electronies Enginecring

Minutes of the Bourd ol studies of Department of Electricul amd Elcctronics Engincering
meeting held on (3032023 a1 |ZPM.

The fisllewing members were present in the meeting.

5. No Mume of the Member Designntion Siganture
Ur. C- N. Rawi, o | sl
' | Professer & HOD, Dept. of KEE, VAIT Chairmaa R~
Dr. §, Tara Kalvani, . i T
2 x ¢ WNTLHA? il L2
Senior Professor, EEE. INTUH UCESTH LR Nomlest |12
[, A. Srujann, Ag;ua
| Principal & Profossor. VIIT Intirrl Mombier: | god
Dr. P. Chow Reddy, L
4 Marmging Director, Interleaved Multidisciplinory Anudisary Nisenbér
Rescarch Centre
Oir. T. Anil Kumar,
| Professor. EEE. Atirais University Exemn). vienber
. €. Suresh Hahu, ;
Y| Prokiessor. EEE. CBIT External Membr M—i“"
Dr. ', Krishoa Murihy, 7
7| Principal. Jayaprakash Namyanan College of Extemal Member LA j‘"‘l.d_?
Enginesring e
I Dir. N, Bhupesh Kumar,
) Professor. Dept. of EEE. VIT tternil Member W
O, 13 Chopdra Sckhar |
I; i . . L] . =
Associate Professar, Depl. of EEE, VIIT tetrial emiser @l La~ald.
Mr. T. Parameshwar, A g
"W | Assosiate Professar, Dept, of EEE, VAT el ieeyiloer lﬁ*-’*" o)
Mr. I'. Mageshwarn Rao,
' | Associate Professor, Dapl. of EEE, V1 toggrmal Member | (fl—
a | Mr B, Rapesh, -
1 | Assistant Professor, Dept. of FEE, VITT Internal Member | & "75
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Department of Electricn] and Flecirunics Engincering
Resolutinns

ltem No.l: To discuss and decide the course structure and sylinbi of M. Tech Electrical
Power Systema for the students admitted from the AY 2026-27 (R26 Regulation).
Annexure- |
The Chairrmn presented the course structure und syllabi of M. Tech Electrical Power Systems
courscs. All the members of BOS agreed for the same,
After deliberstions and discussiony, the commitiee passed the following resclution.

Resolation(1): The members alter thorough discussion spproved the course strueture and

sy llabr of M. Tech Electnicnl Power Svstems for R26 Regulation & per Annexine-|

Naoted and Approved.




VIDY A JYOTHEINSTITUTE OF TECHNOLOGY
DEPARTMENT OF FLECTRICAL AND ELECTRONICS ENGINEERING

M.TECH -FLECTRICAL PFOWER SYSTEMS
iAppliEnhle for the Bateh gdmiticd from the Academie Vear 2026-27 smwaris)

(R COURSE STRUCTURE AND SYLLARUS

| YEAR | SEMESTER

CTTF | Crediis
SNo | Core/Flective Conre Ml
I. Proginm Core-| Advanced Tivwer Shaieni Alialah 3 0 O 3
. i Core-11 | Economic Dperatinn of Fowar syslams A1 O 0 ]
3| Progmm Electve-ll),  pawer Converters Analyuin 3o 0 4
! Suslainable Enerpy Solutions
Lo Smam Girid Technologiey
i Madern Coninl 1heory
¥ | Program Eloctaves {1 HVIDE Transamision ol o 3
n 1. Electrical Power Distributlon Swirem
1. Resouve Power Compensation and
hAan g emeri
4 Flecinie Yehicle Techmidogies
> ML Research Mothodology & | 2] 0] 0 2
. Lkl Powor Syefems Compistation Lab- o] o] 4 .
) Lab-M Advanced Power Sysiems Lak 0| 4 3
B Abir-T T i B [
Total Crediis FEIE: i |
IYEAR I SEMESTER
CLTT] Crodis
[ SN0 Core/Fiecthoe C nnrse Name
P [ m Core-IIF | DNl Protectit ol Poswae Sy yler) ¥ B0 3
r Fﬁn’fﬁ?ﬂ_'?ﬁﬁnbﬂlﬂnﬂ AMHS 3 0] O ]
B rogmm Eleciiyes |1 Resirnctured %:-tr SWarcn 3| O] M i
i L Power Quality Improvement Technljues
i EHV AC Tramsmiz=ion
i Evolutishery Algorithemg
Apdlicutions in Power Enginecrin
4 Program Elective- |1 Imﬁﬁcim Applications in Fowar i d| o )
IV Enjglnesring
1, Bleciriy Vehigle Charging Techniques
3 Dagidal Coirrol Svidemsy
4 ReakTime Comirol of Powar Sysiéms
5 MPFWE “Mint [rafeet with Smninar ol ol 4 ]
fu Tt Tif Poweer Syvatens Compiilation [ab-1] ul o] 3 e
EA Lab-1¥ Power Svsiem Profection Lak o o7 4 b
| Audi-dl Audli Cowrse- [l bl L 0|
Total Credit EIAEE EN




I YEAR I SEMESTER

LT[ F [Credis
SN [ Core/Elective Coursy Nnime
I Program Elective- |1 Poower Sysiem Transients sl el a 5
v L FACTS and Costom Power Devices
5. Gias Insulwted Systamy
- i. SCADA Svetem and Applicstions
: . Phitovoliaic Sysieims
Cipen Elective 'n'v'h_-.ﬂ:‘; E:: s 3 n
i1 Liisseriation [huserttion Work HesTew <11 0 2 I
Total Credits 6l 0| 12| 13
IMNYEAR Il SEMESTER
i TV Semuesier LT TF [Crall |
fanto | Core'Elecrive Laurae Mame
&k Diissertation Msseriution Work Review - 11 ol oz 3
R Dsssormanon Ds=ariutiog Wiva- Vo N 14
Total Crediis 0 o 40 Bl
*For Disertation Work Review - L, please refer RS Acadomie Regulations.
Open Elocther
I, Photovolisic Sysrems (Ofered by EEE Departrment)
L Waste to Lnergy (Offered by EEE Department)
Awdit Course | & 11
|. English for Research Paper Writng
2. Disasier Management
3. Akt for Technicn] Ko ladge.
£, Valoe Ediscation,
3, Constsiution of India
. Pedugipy Studiss
7. Stress: Mappgement by Yoga
H. Persomallty Development thnough Life Enlightenment Skills
T 3 {
! i .'"_ ol e "
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M. Tech - | Semester LT #C
20 0 3

ADVARCED POWER SYSTEM ANALYSIS
i Prograim Cofe=1)

FPrereguisiio: Computer Methods in Power Sysienis
Courae (Hijeetivis:
#  Tobuild the Wodil adinonce and Nodal impedance matrices of & gractizal petvork
o To atdy various methods of load Aow dnd thoir sdvartsges and disadvisntspes
# To urnslerstioed Doy 10 snmlyes various 1ypes of Taulis i power Aysiens.
= Tounderstand pawer sysiem security concepis and study the: methods 1 rank the
cOntinEeneie
* To undorsmand need of wiite estimation ond @y simple algortime for st eotimation,
Conrse Ouirnmec Alles completion af the course, stiderils will be able w
& Neildfeommstruct YRS and ZRUE of any proctical netwarle
Caboulate voltuge phavors at ull buses, given the data wsing vazrous methods of load flow,
Coleulate fanle eurrepts (0 eech phiese,
Runk varsam commgencien according-to her soventy.
Estimane the hus voltage phastes given various quantities vie, power fliw,
vilmgon, mps, CT ot et

LINIT-I:

NETWORK MATRICES

Introductienn, Bus  Admittange Magrm, Nepwork Solution.  MNetwork Beduction (oo
Feduction), YBUS srocture and manipulatien, Bus Impedance mofrix, Mothods 1w
determine calumin of ZRLIS.

UNTT-11

LOAD FLOW STUDIES

Overview of Gouss-Seidel, Newnot-ltaphoon, Fant deeoupled  foad  Mow  methods,
Converpenee proporiies,  Sparsity  techmigques, Hendling CQmas  violatdons in codestant
mptris, Inclowion in fregquency effects. AVR in lead Fow, 1Tasdling of diserefe variohle
i Ll Tlisswe

UMTT-10E:

FAULT CALCULATIONS

Symmemical fanlis, Faull calesfanons wimg SBUS, Equivalent eircoits Selection of cirguit
breshets, Unsymmetrical fmilts, Problems on varioss types of fauls

UNIT-1V:

CONTINGENCY ANALYSIS

Security Anulysin: Security  stsle duagram, Confingency analyéis, Cenembor  shift
distribartion factors, Line outage distribution Gector, multiple live outages, Overload indiy
ennking

1NIT-%:

STATE ESTIMATION

Sources of errors in messurements, Vil and Preuds  messurements, ObaeevahiTitg
concepts, moking state Extimation, Weighted Least Squiere method, Bad Dot dotoetfon und
ESTLITRITIRS|L.
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TEXTBOOKS:

1 L Groinger & W D Siovenson, "Power aystem amgtlysin™, MeChaw Hill, 2003,
1, AR Bergen & Yiay Viesl, “Power Syetem Anabyais”, Pearson, S04,

REFEREMNCES:

o LB Singh, =Advanced Power System Amadysie und Dynamies™. New Age Internadional.
2,

Gl Rusie, “Compiiler abded power dystem jiimilysis™, Prontice Hall India, 19585,

Al Wond, “Power generation operation and control”, John Wiley. 1994,

M. Anderson, “Fiulted power system analyein™, [EEE Pregs, 1995,
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ECONOMIC OPERATION OF POWER SYSTEMS
) ( Progrmun Core-Ih)
Preceguisite: Hlectrical Power Systems
Course Objoctives:
«  To formuling and dirve thie necessary: conditions for economical load seheduting probdem.
»  To uiderstind wariows constrainty, problem frmulation snd merhods o
selve  the  unit commitment probiem.
*  To undersand the constraints related w0 hydel poewer planis, problem
formulation and wolurion wehmigoen for hydro=thermal scheduling problem
*  To understand the necessity, fselor yoverning the frequency gontral and
analyre the wcontrolled smd comrolled TFC syuem,
« To understund the basic differemce between ELS and OPF probilem,
formulation of the OPF prablem and sodution 1=ehnigees.
Course Ouicames: Alver completion of the course, stidents will be ahle j
»  Solve the economic fowd sclieduling with and withoit network Tosses balh in
classical method and lerative methods.
= Solve the uniy commitment problem msing: priority-list method and forward-dynamic
et
= Holve hydrodhermal seheduling problem for shor-torm and longterm sange.
= Analyre the single arca and 1wo wren systenis e Jregquency deviathon under
sudden change in jond,
«  Salve the OFF problem using AC and BC fond Now miethods.

UNIT-1

FECONOMIC LOAD SCHEDLU LING

Charactenstics of Sweam. Twrbine, Variaboms in steam onil charncteristics, Eeonamic
dispetech with plecewise linear cost Tunetions, Lambda lesntive method, 1P method,
Economic dispoich ander composine getermtion production sost Binction, Hase point
anid Purtieipation factors, Thisrmal system Dispatohing with Network lossen gonsidensd

LNIT-00:

LRIT COMMITMERT

Linit Commitment) Definition, Commraints in Unit Commitmant, UnitCommitment solution
methods, Friovity—Lis Methisds, Dynamic Programimbng Solitlon

LN

HYDRD THERMAL SCHEDULING

Charactesistion of Hydroeteotrie units, Inmoduetion w Hydrmbermal coordination, Long:
Ramge und Shor- Renpe Hydro-Seheduling. Hydmelectrle plant models, Hydrotherral
scheduling- with stomge Nimimtions, Dynemic progremming solution oo hydrothermal
eclieduling

LINIT-IV:

LEOAD FREQUENCY CONTROL

Comtrdl of gepembon, Modely of power system clements, Single area nd two arca
block diugrams, Genermtion commmol with M0 controllers, [mplementation of Autsmutic
Generation contral (AGC) and i fostores.
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UNIT-¥:

OFTIMAL PFOWER FLOW

Introduetion tu Optimal power flow problem, OPF culeulutiony combining ecominie
dispateh and  poower flow, OPF using DO power Dow, Algosithnes for saduiion of ihe
ACOPE, Optimal Reaitive Power Dispateli,

TEXTBOOKS:
1 B, Grainger & W.DSeverson, “Power avitem analysin®, MeGeaw 111, 360,
2 Allen ) Woomd Hruce F.Waollenberg, Gerald B Shebl&, “Povwesr Gensration
Owperaticn-and Cantral™ Wiley=|nigrscience, 2011
REFERENCES:

| OHle 1, Flgerd, “Eleciric Encray Systeins Theary an Tntraduction”, TMH, 2= Edition, 1983,
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POWER CONMYERTERS ANALYSIS
{Projram Eleclive-
bt Frevegminiico: Power Dlectroman, Power leciromic

Copverters Coaorse Objedtives:
#  Towndemsiand venous advanced: power elecionon dovices,

s T deseribe ihe ppenition of milil-dee! inverners with switihing sirdeglos for high power
applicatioms,
= To comprehend the design of resonant converters and switched mode power sapplies
Canrse Qutcomes! Aller completlan of the coume, students will be able ux
«  Dovelop and ainlyre varioun convertor topalipie,
o Dhesign AC or DG wwitched mode power supphes.

UNIT-|:

MODERN FOWER SEMICONDLCTOR DEVICES

Modern power semiconductor divices — lnnulated Gisgte Bipolier Tranalswre (IGBET) -MOSFET-
MOS  Turn  off Thyristor {MTOY - Emitter Tirn O Thyristor (ETO) — Integried  Gade-
Commutared Thyristor (IGCTs) — MOS- confrolled thyrimots (MCTa) Power  inegrted
cirenits (PICY < wymbol, struciure wad equivalem circuir - comperison of their features,

i.rNrrle;
RESONANT PLLSE INVERTERS
Resonmnt peilse inveriers — peries resonant myerteTs — sories resemant imverters with mmidirectional

switchies — serles resomant invertees wiih bldirectional swiichds - amslysis of b bridge nesdmun
inverter — evaluation of currents ard valtages of o skrmple resonnin invenier - analvads of hal | bridpe
and fall bridee resonnt mverfer with bidirectional swiiches - Fregquengy neiponie of seried
restmgnl inveriors - for series ouded invenier - foe erallel loaded inyerer - For series md paridlcl
lenchire] myefters - pamallel resonant Ieverters - Valtage copirol of resonant versrs - alivs E
rescmant bventer - clpss B rasomant rectifier — gwalution of values of €5 and Ly for cliss E
mwerter mnd Class B rectifier - numededl prohlama

UNIT-10E:
RESONANT CONVERTERS

Rosemin conyeriors — 2o cUrrent sw itching pesenmnt copveriers — L type Z0% resonant oonverior
— M type A0S resonnnd converier — rer vollige swilehing rossimst corveiiers - enmparisan
berween OS5 and ZVS resonant conveners - Two quodmnt ZYS resonsnt Converters - peaonant
de-link mverters — evalmtion of 'L md © for a_zero corfent switching invermer — Numendal
fl RS

TINTT-1¥}

MULTILEVEL INVERTERS

Multilevel concept — Classification of multlevel inverters — Diode clamped Multilevel inverter
principle of opermtien - mmin fesioree - mproved diode Clamped invaner - principle of

operanon ~ Flying capeciiors: multitovel tnverter-principle of opermson - madn featuees -

dwncaded muliilevel fevermer - pribeiple of operatbon — maln feires — Multilevel Investor

appllcations - remctive power compensatian — fack (o huck intertie system — ddjusiable drives -

Switching device currenr —de link capasitoe voltage halincing - featuren of Multilevel inveren

compar=onE ol mltileyel conyeren,
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UMIT-%:

DO & AC POWER SUPPLIES

D power supplies — clessificsbon - swiched mode de power supplies - i1y hock Converer
— lorwiied converter - push-pall converter — hall’ bridpe converter — Full hridue convener —
Hetomant d £ power supplies — bidirectional power supplien — Applicitions.:

AL power wupphies - classifiention — switched mode oc power sepplics — Resovmnt AC
power supplies -~ bidirectional se power supplies — muhtizsiuge conversions — control cireuin
applicitions, Intrdiction - power line distwrbances — powet condithoters — Usdalemuplible Power
supplics — applications.

TEXTBOOKS:

I Mohmmmaed 1 Rashid - “Mower [iectromics™— Pemrson Fducation-Third Edition— (st
Indlimy poparing -2004,

1. Med Mohan, Tore M. Undelund and William . Robblns- “Power Elotimmic™
lohn Wiley & Sonp - Second Edition.

HEFEHENCES:

i Millimnn Shephard and Lizsng - <Powoer sonverters cirenitn® - Chapler 74 (Matrix comverter)
- d) 5444,

1 ML Reshid = Pawer elecionics hand book —

Martam P, Kadmierkgwsdi, Ramu Krishnon, Frede Blabjerg Edition:™ Contral in

pewer electronion™ 1lusimated Published by Academic Press, 2002

4 NPTEL online course, “Tylse width Modulation for Power Electionle Converers™
Da T, Murayvansn, hapd sy voumybie convptiel s L BMY oe VEn Do Z gy | xi-
ez dVE-TRUIMI
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SUSTAINABLE EMEMHGY SOLUTIONS
{ Prograin Elective-i_2)

Prevequisiter Power Systemn nml Electrical Mochines
Courae Objectives:

o Toumlersind the conzepl ol sustisimd||ity, jglolal :lhln"g;I seesiaria, Lisdian liiiarivees, mnd
LIN 2030 poals for wifirdabile and clean energy.

»  To learn the working principles of various sestuitable encrgy soureds such us solar,
wind, hydro, hiomass, hydrogrn, wave, and fidal epergy

o To Explore susmdinble dtilieation of energy through smon grids, sioesge technobogie,
wisste-to-cnerey, and carbon capture meihods.

+  Touvampechend the role ofe-maohility in nestainability, includine slectric and hyied
wighicles, regenerative baking. and V2G wechnologies.

» Tonpply concepis of energy economics nd monmgenend for analvzinge. comserving, and
g i ety resobrcen elfectivitly,

Conre Cutcomen: After completion of the course, stutkentn will be able ne

= Explnin the concept of sustalmability amd wnplys the present global und Indian enczgy
seprio with relerence (o initiatives ond UN goals.

»  Deseribe the warkiing princimles of salin; wind, hydoo, biomass, hydrogen, wave, umd
tidul power gonoemion systemg.

= Analyzs smar grid technologbes, encrgy wlirdate, wiste-to-energy, and carbon capture
silistions Tor suptiinnble uiblleation ol encrey.

s Lsmintinedhe operation, adiantages, and sedainability impoeot of electic viehicles, byl
vohicles, rerenerntive braking, snd V0 rechnologicn.

= Lvilunte sivengy systems uning seonomic ndicatom (NIFV, IRR, pavhack, e cycle com)
pnd propse Mrategies for energy management and conssrvatioo

UNIT- E

GLOBAL ENERGY SCENARIO:

Congept of Sustainability (Social. Econdmic wnd Eavitonmenml imposts). Sustaimehieé and
non-sustamibie energy sources. Present global and Tndisn seenario, Bureau of energy
effiviency. Initintives and contives for promoting sudisimbility. LN 2000 goaly (o7 eldan
and affomdnbic eneroy,

LNTT-=0i:

SOURCES OF SUSTAINABLE FNERGY:

Working principlen of: Solar Thermal  Power Gengealion, Solar Photovohaic  Podwer
Generation. Wind Power Gemerubior, Hydro Tower  Generarion, Hiomass. Power
CGenemtion, Hydroget onrpy dnd el eells wid Wave s Tidal Enerpy

UNIT-100:

SUSTAINABLE UTILIEATION OF ENERGY:

Smart grid technoloegios - ayerview, penglration of rencwable encrey sources. Energy porage
technoiogion. Henecwshle enorgy 1o Hydrogen. Waste 1o energy. wiaste w0 vilue sdded
matgrinls, copure, sorage and obilation of 02 Fom various sogreed o ensure cvelic
by gennmTy,

it IO o — 3 A 1 l&%’l‘ i




LUNIT-IV:

SUSTAINABILITY THROLUGH E-MOBILITY:

Flectric vehicles. Advantages anil envimonomental (mpact. Kegenerative braking: Hybrid
elecrrie vohicles, modes of oparntion, Celd=ro=¥ehiche (G2 and Vehicle-to-Creid (V200
Technologies{ndamentals

LINIT-V:

ENERCY ECONOMICS AND MANAGEMENT

Energy Foopomics: Cost amalysis,  mierest, acoounting mte of mlum,  Paybeck,
DHscoiinted cash Now, Met presemt vplug) Intemal raie ol eehun, Inflotion and e oycle

mnalysis of energy sysiems.
En-rﬁrigy Mannpementt Definltion, obleetives,, resmive conservation, clmate piotection and cost
KNS, :

TEXTROOKS:

I Encrgy, the Enyimommiss, and the Sustaimabibity, Ds Bdition, Efstatkias [
Michuelides, CROC Press, M8

1 Modern Electrie, Hybnd Electric and Fuel eell vehiclen, Mehrdad Ehiand, Yimin Goa,
Stefano Longo, Kambip Ehmbhimi, 3ed Editlon, CRC Press, 2018,

L Enerpy Econombes Concepin, Issues, Mirkets ond Govermones, 2nd Editlon. 5 ¢
Bhutaclusyye
Springer, 2013,

REFERENCES:

i Henewable Energy: Power for a Susminable Foture, G Boyle {Bditor), 3rd Edition,
Chcford Univerally Press. 0002

ONLINE RESOURCES:
i titpss mptel acin/conrsesal 1210631 8
2 herpes e Lo in‘eonnies 1 37103230
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SMART GRID TECHNDLOGIES
{Peoginm Blective-13)
Precequisiter Power
Sxuliins
Courie Objeciives

To undurstand concept of smart grid and it ndvantages over conveniional grd
To know smas metering echnigues

Too Tewrn wide aten messarement echnigbes

To undermtatid the problems mssociared wh integration of distributed

generation & (s solutlonthrough sman grid.
Conrse Duteomis: Aler completion ol the courde, stidems will be sble fox

- -l"lli_:lprlrl:i'-#u the differesice botween uman grid & conventional grd
*  Apply smart metering comoepty to fdastrinl and commerclal installations
o Formulahe sofetions in the arods of smort subststions, distributed peneration

anad wide  ares mepsuTeTENE
®  Come up wilh sman grid solutions using modérn communication tschnologivs

" & & @

UNIT-I

Introduction to Smart Grid, Evelutipn of Rlecric God, Concept of Sman Grid,
Definitions, Meed of Smom Grid, Conoopt of Robust & Self-Menling Grid Presem
devedpprment & Inigerational policies in’ Smant Grid

LINIT-11: :

lmtrduction to Sman Meters, Heal Time Prizing, Smor Applignces, Automatic Mt
Reading {AMR), Outage Management Sydem (OMS), Plug in Hybrid Electeie Vehleles
(PHEV)Y Vehicle w Grd, Smar Senpors, Home & Building: Aglomation, Smar
Substitiona, Substation Aulomition, Feeder Astlomathon,

TNIT-100:

Ceogruphic Information Systenr (GES), Intelligent Efectronic Devices (IELY) & their
application for monhoriag & protecton, Sman somge ke Banery, SMES, Pumped
Hydro, Compressed Afr  Enorpy Storage. Wide Arca Measuzrement Sysiem (WAMS),
Phuse Memsuremant Elinit (AL,

LINIT-HV:

Concept of micro-grid, Meed® applications of micro-grid, Formabon of micre-grid,
lasues of literconneeiion, Protection & vontrol of wicro-grid, Plestle & Orpanic solar
cells, Thin film solar cells, Variable speed wind generators, Fuel-cells, micro-turbines,
Captive power plants. litegration of renewable energy sourmes

LINTT-V:

Poswver Quality & EMC In Smar Grid, Power Quslity bsees of Grd connectel Henewabie
Energy Sowrces, Power Ouality Consitioners for Smart Grid. Web hased Power Qualjty
momiloring, Power Quaiily Audls, Advanced Metering Infrastricture [AMI) and ¥arings
Commumicorion menns and TF hased Proocols.

16 Tt 2 e 3 )
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TEXTHUMIK,:

I, Ali Keyhani, “Design of sman power grid rercwshle energy systems™, Wiley IEEE, 2011
L Clork W_Gellings, “The Smort Grid: Enabling Frergy Eiflciency and Demans

Response™, CRO Press, 2000,
REFERENCES:

I Jumaku FEhanuyake, Nick Jenking Khhiicd Liyanage. “Smar Cirid:
Techrology  and Applicitions™, Wiley, JHH 2L

2. St Boriese, “Smarl Grd: Infrestructure, Technology and sohrions™, CRC Press:

oA G Phodke, “Synehronigod Plisss Memuement and el Applivations™, Springer.
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MODERN CONTHOL THEORY
ifrogrom Elective=14)

Pre-reguisiies; Contral Sydiems
Canre (hbjectivis:
o To vxplibn the concepty of baiics and modern confrol syuem Toe the real time

dnatysls and deslen of control sysiems
s Toexplain the goncepiy oF sfaie varlablas anglysks

#  To srudy and wealyee fonlinger gysems,

s Tooonalvee the congepl oF seshility Tor nonlinese sysiems and thelr ealogorisation
Course Duronmes: ANor completion of Uw coorse, sodentn will be able o

s Know sarivus lermy of besic and modien control syssem for e real lime
annivais gnd design of control syvstems.
Perform stale variables gnelysis [or uny real dme svstem,
Exnrmime @ syuten for it stabilivy, contrallabilny and ahservatling,
Implement buic principles and technbjues n desfgning Unear control systemns,
Apply knowledge of comtrol theary for practical implementaions in
edgiindering amd oenwork analysiz

L

LUNIT 1

MATHEMATICAL PFRELIMINARIES AND STATE VARIABLE ANALYSIS
Plelds, Wectws amd Vestor Spages, Lipewr combimations wsd  Bases,  Linear
Translormailobs and Matricen, Scilar Product pid Mering, Eigen valves, Eigen Vecties
and & Canenical Torm representanion of Linear systems. The copeept of stue. Stue space
medee) el Dynamis systems, Time inviriance and Linearity, Non onigoeness of state model,
Seafe dingrams for Consnuous-Time Saie medels, Existence and Dniguencss of Solutlons
e Continaoms-Time State Lquations, Selitions ol Linear Tims Invariant Contbrmsoms- Thme

Sinie Equation, State transition matrix and (18 propenties,
t‘ﬂﬂlp‘l:‘!.t selution of slale space model due o 2ere et s due o e sl

UMNIT 1

CONTROLLARILITY AND OBSERVARILITY

Crenernl concepr of controllability, Controflzhility tests. Different stde Trons foomations
mich s dingomalization, Jordon enpomicil forms and Controllability . conanicid  forms
far Continuews TTme Invariom Sysems, Generl coneept ol Otservability, Ohservabllity
tenes e Contlmeoud-Thme  Invarhin  Syueins,  Obssrviibiling of  differem i
trinafrmatian T

LMIT 1

STATE FEEDBACK CONTROLLERS AND OBSERVERS
Smmte fzedbock comtroller design through Pole Assignment, using
Miekkermanm fonmuln, Sate obscrvers: Full ardar and Redoced order
ohservore




LIMLT IV:

NON-LINEAR 5YSTEMS

Inradietion 1o Mon-Linear Systems, Types of Non-Linesrities, Saturation, [ead- Sone,
Backiash, Jump Fheromenon ote., Linenrfzntion of nonlinesr systema Singular Point nnd
I8 Ty pes, desoribing funciion, describing function of different types of nonlincar lemends,
Stubility inalysls of Neom-Lingar systems shiroagh describing funetiona,

Introduction 1o phase-plane analysin, Method of Isoclines for Conatructing Trajectaries,
Subilivy wnulyiis ofmonlinear sysenn based on phise-pline mrthod.

LINIT Wi

LTAHILITY ANALYSIS

Simbility in the sémpe of Lyapunos, Lyapunov™s sisbifily and Lyvpanov's imstability
thoorerns, Smbiliy Analyms of the Liness comtinuom Gime iovamant sysiemn by
Lyapunos second method. Genermion of Lyapunoy functions, Voriahle gradient method,
Rorasoaviak i’ s method;

TEX THBOMS:

I M.Gopal, “Modern Conmrol System Thisory™, New Age Internmtional, 19%4
E Dgeta K, “Muodem Covtrol Engineering™, Preatice Hall, 1997.

REFERENCES:

L K K Sinha, “Control Svatema™, New Age Intermuational, 3 Edition
r Ponnld ERik “Optimal Control | ooty sn lntroduction”, Prentice Hail
Nirtwark  serien =il
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HVDC THANSMISSION
(Program Elective-111)

Prerequisite; Power Systema ond Pavwer Elootionica
Conrse Objeciives:
*  To mmderssend the smte-of-the-ar IV mebnology
& To bitam the methods o cury ol modeling und analviis of HYDC sysem
frontier-nres powsr Now repulation, .
Coursy Chutcomes: hl‘l:f-:nutpl:tiéul of the gourse, sudiepes wil be abie 1
o Exposs i the busics of HVDC echaslogy,
= {iain Koowiodge of modelling and anabyais of HYRC system for inter-<area power [how

rpeulgin
& Analvies ihe conkerler pnd de grid Bt dnd imeihods (o mivgae tein,

*  Undersimmd the HVDC convertes reschive power requireionts and idontifying.
the pecensary mogne 10 adidreis thasi e,

UNTT-E

GENERAL ASPECTS OF DC TRANSMISSION

Evilinlon of HVIX tmndmissd, Comparition of HVDC and HVAC sveleins, Tyvpes
of DC links, Componernits of o HVDC system,  Valve chamceriatics, Properiizs of
colverier ciftuits, Asnumptions. Sitgle phase snd Throc-phiese Convieters, Pilse number,
Clhoiee of best circtll for VBT ¢onverters

UNIT-ik:

ANALYSIS OF BRITWMGE CONVERTER

Analysis of simple rectifier cimuin, required foanired of tectification chreibs for UVDE
trmmamission. - Aualysis of HYDC converer: Different modes ol convener operation, Chstput
wittage waveforms and DC  yolmge in rectificarion, Ourpat vologe waveforms ond T i
Fvveror opgrition, Thyrsion Valve woltages, Equivialent electrical circull

LIMTT-11E:

DC LINK CONTROL

Crid gomtrol, Bisle menm of ooprol, Power teversal, Limitations of romoel coartiad,
Clonufunl  eyrrend veriua Comatird Voltnge, Diesired fediures of control

Actusl conteod w:ﬁ.lraﬂtlfl.lﬁtl; l‘-pnll.l.h]-u:rmmq.ln-lgnﬂ;upnnﬂle conirod, L ourslund-
current confrol, Consmant-cxtincionsgngle control, Stability of contral,  Fop-changer
comitel, Power contml amd current limits, Frequency oot

UNTT-IV: _
CONYERTER FAULTS & PROTECTION

Converder  mal-operations.  Commiimban  failure. Suwtleg  and  shoting down  the
converier bridge, Convener profection,

UMNIT-Y:

REACTIVE POWER MANAGEMENT & AC-DC POWER FLOW ANALYSIS
Smoothing feacior pod [N Lingd, Reactive power jequircments, Harmopic analysis,
Filler design. Power floss Apalysis in ACTHC systems, Modelling of DO links,
Solutions of AC-DC Mower flow.

AP i 2. 3
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TEXTHOHMKS:

1L Amillags, “High Voltage Direct Tranmmission”, Peter Peregrinus Lid London, W83,
LK R Padiyvee, “HVDC Power Trimsmission Systemd™. Wiley Enstorn Lod | 1900

REFERENCES:

1B W, Kimbark, “Direct Current Tranamission”, Vol, |, Wilsy Interscience, 1971,

2 Erch Ublmote, “*Power Tromsmssion By Direct Current”, BLS, Publicotions, S04,

3. AR Singh, “Fleciric Power Gebesaton, Transmission and Olsiributdon, 1951,
Wew Db, 3™ Edition, 2008,

4, V. Kamarsj, “HVOC Transmisslon”, Tl MeCmw HIL Edyastion Py Lnd, New Delhi,
a0,
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ELECTRICAL POWER DISTRIBUTION SYSTEM
{Previrram Eleetive-11.2)
Prerequisite: Power Systoms
Course Oljoctives:
= To learm aboul power disinbution syusiem
o Tolearn of SCADA system
s To understand distribution potomticn
Comnie Outeames; After eompletion of the conmse. students wiff be nble nn
»  Cinn knowledge of power distribution system
# Atudy the disribution asomation aod it spplication @n jractice
¢ lLesrn SCADA wyatem

LINIT-k:
Distribaglon of Power, Management, Power Loads, Load Forecasting Short-term &
Long-term, Power Systom Loading, Technolpploal Foreoustimg,

LINIT -1

Advanteges of Disribation Manggement Sysiem (DUME Distribution  Avlosmaton.
Detimbtion, Restomtion ( Reconfigumation of Distritation Mietwork, Different Mzihods and
Constraints, Power Faclor Corrégtion,

LNIT-11:

Interconnaction of Distribation, Contiol & Comminbncation Syaeme, Hemale Meletog,
Automuibe Meter Heading and i fmplementatin,

RCADA: Introduction. Blogk Diggram, SCADA Applied to DHstribution Awtomaition,
Common Functions of SCADA, Advantages of Drstrbution Automanion through SCADA,

TUNIT-1%;

Calulation of Optimum Number of Switches, Capacitors. Optimum Switching Device
Placemnent in Rodipl  DHstribusion  Sysiema, Sectiomlizing -Swilches, Types: Benefis,
Ballman's Optimality: Principle, Remote Terminad Unbts, Energy elficiency in slecirical
distribistlon & Monitoring

UNIT-V:

Maimenance of Automated [hstnbation Systems, DilTicollion in linplementing DHaribatinn,
Hipomation o Aciusl Preoctbee.  Urbhmd Rl Couerisatlon, Engrpy  Munagoment, Al
technigoes applisd o Distribation  Awomation. '

TEXTROHMS:

I, AN, Pabla, “Ulectrie  Powss Distribmtisn’, Tt MeGrow FOll Publishing Cis, Lid,, 4
Edition.

oMk, Khedier, G, Dhole, =A Texi Book of Eleuirical ‘Power
Pinertbtion Automsion”, Unrersity Scionce Press, Mew Delhi,

REFERENCES:

I. Amhony ] Panseni, “Elecirfeal Digtribution Enginesning™, CRT Press
2 Inmes Momah, “Elecric Power Distribaption autosmation proteetion & sonirol”, U Pres

.J,:'.J,c%:m— 2 3‘&# i
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REACTIVE POWEH COMPENSATION AND MANAGEMENT
{Program Elective-11.3)
Preregubite: Power Sysione
Codrse Dhjecthvis:
= Foideraify the necessay of muctive power compensation
¢ To destribe lcad compensation
»  To select variows types of mactive povwer compensation in transmisgion gysmms
= To Hlustrsle reaciive power coordinafion mvstem
= T churacterbay distriblithon Wide and wtiliny shie reactive power manmgement

Coarse Doicomes: Aler gompléhon of the conrse, stodents will be ably fo;
o Diatinguish the imporance of lond compensation it symmerrical as woll as ensymmetrieal
kesiids
Work out on viarloss competsmion inothods in transmisshon Rnes
Cunstrowt models fin reigtive powisr oot hndihen
Dhstinguish demand side reactive power mamagemrenl & wier Ride reictiveg power
R T

URNIT-1:

LOAD COMPENSATION

Objectives ond apecificaiions, Hesctive powsr charscieriaiics, Inductive und capociive
approwimiute binsing, Losd compeosplor an & voliage regulaios, Phuse balancing and
powwer Fhetor correction of unsymmetrics] bosds, Examples

LINTT-H:

STEADY-STATE REACTIVE POWER COMPENSATION IN TRANSMISSION
SYSTEMS

Fneompensated e, Types of compansation, Passive shunt and serfes and dynamie shint
CcompaiEalion, Examples

THANSIENT STATE HEACTIVE POWER COMPENSATION IN TRANSMISSION
SYSTEMS

Chamctonstic time periods, Passive shunt compensation, Smnc compensstion, Series
pikfa it compermation, Compensation asing synchromis condenser, Examples

UNIT-1:

REACTIVE POWER COORDMNATION

Objective, Mathermtical modefing, Openition plimning, Tramsmisson benefits, Basic
concepti of quality of  powes supply, Disturbances, Steady state variations, Effect of
under-volmges, Freguency, Harmomaes, Radio freguency and eleciromagneihe interference,

UNTT-1V;
DEMAND SIDE MANAGEMENT

lobd patterms, Bosle opthods bnd shaping Power i, KY AR based taniffs penaltizs
For Yoltage Mickers ond Harmonic valaga beveln

IMSTRIBUTION SIDE REACTIVE FOWER MANAGEMENT
Syutem lowses, Lovs reduction methods, Examples, Resctive power planning. Objectives,
Economics Planning capacilor plagemont, Retrofifting of capacitor hanks

1t — el 3 L?“
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LINIT-Y:
USER SIDE REACTIVE MIWER MANAGEMENT

KYAR requiroments for domestic appliances, Purpess of using capaciion, Sclection of
copucitons, Decldirg Dactor, Types of avalloble capaciton, Chmelenstics and Limimations

REACTIVE POWER MANAGEMENT IN FLECTRIC TRACTION SYSTEMS
AND ARC FURNACES

Typical layout of tuction vyidemd, Resctive power conirol requirements, Disteibuiion
branilorme s, Bledine are  omaces, 'Basfe  operation,  Fornaces mansformer,  Filier
recuirements, Remedial meastines, Pdwer factor of an arc (umace

TEXTHROOKS:
[ TLIEMilier, "Reactive power confral in Dlectric power systéms™, John Wiley and sona,
| :-:J';-E'l Tagare,” Heactrve power Management”, Ta: MeGraw Hill, 2004,
REFERENCES:

[ Wolfgang Holmum, Jigen Schlabbach, Wolfgang Just, “Riesctive Powor
Compensation: A Practical Caide™, Wilsy Publication, April20i2
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ELECTRIC YEHICLE TECHNOLOGIES
[ Progrmm Elective-11.4)

Prorequisite: Power Semiconductor Drives, Electrical Drives and Control, Utilistion of Klectric
Energy
Course Olbjectives:
= To undersland the [Usdemental conceprs, prisciplod, pnmlysis and desian of
hybeid and eleciric sohicles
o o koo the various atpecs of hybrld and eléciric drive train such as their
configoration. rypes of electric machines thil ean be wsed enerine starape
devices, gic. _
Course Outeomes: Afler completion of the conrse, students will bo able 1o
*  Undersund the models 10 deseribe bebrid vehicles and thelr perfomanes
Updersrand the diiTesent possible ways of eneegy stornce,
#  Liidemtend the different stracegies related o encrgy stompe syalini,

UNET-1=

INTRODUCTHON

Convenllomal Yehlekis Biics of wehicle performeanee,  Vehicle  power  sooree
characierization, Transmission charncteratics, Mathematioal models o describe vehizle

perionance,

UMIT-11:

INTRODUCTION TO HYBRID ELECTRIC YEHICLES

Wistory of hybeid amd electric vebighes, Social and environmenial limportance of hybrid
und ehiwttic vehicles, Impoet of modem drive-trains on cnergy supplice

Hybeid Edlectric Drive-Trains: Nosic concept of hybrid racton, lntoduction 1o viarkos
hybrid drive-irain topologies, Power flow contel in hybod drive-train [opologiss. Fuel
efficiensy analysis

UNIT-10:

ELECTRIC TRAINS

Electric Divive-Tralms: Basic coneept of elecine irpetion, introducten o various clesmic
drive train topologies, Power fow control in eleetric drive-rin uspalogies, Fuel efficicncy
amlysss

Electrie Propulsbon Unit: Immaduetion i ¢lecirie srmponents wied in hy'brid and elecmic
vehicles, Configurution und control of IC Molor defves, Configeration and contral off
Induction Motor drives, Configurtion and control of Permunent Magnet Motor drives,
Configuration and contral of Switch Reluctance Motar deives, Drve systern efMisiency,

UNIT-IV:

ENERGY STORAGE

Enerpy Storapge: Introcduction w Energy Storage, Reguirements in | lvbrid mnd Hectric
Vehicles, Bauery hased enerpy stonige and {is analysis. Fuel Cell haned enerpy stornge
aned its amalywis, Super Capacitor based enspgy siprge and s analysie, Flyeheel based
energy slurage wmd Hs analysis, Hybridization of different enerpy stormges devipes

Sdwing the drive system: Matching the eleetric machine ond the internnl  combamtion




englne (ICE), Skeing the propulsion metor, Sieng the power electionion, selecting e
energy worage Techmology. Communicitions, Supparting sibsysierm,

UNIT-¥:

ENERGY MANAGEMENT STRATEGIES

Energy Muamagement Strategies: [nroduction 6 enesgy mnnsgement atriegics uaed
i hybnd and efectrie vehigles, Clussificution of @iferent energy managamom siruiogies,
Comparison of diiferent energy mpoagement studeglen, Implementatlon inuss of eierpy

msRAEEmEnt sirategies
%ﬁ Studben: Disign of o Hybrid Eleciric Vehicle {HEV), Design of o Battery Flectric Vehicle
L] L

TEXTHRODKS:

1o € Mi, M AL Musrur and 13 W, G, “Hybrid Bleceric Vehiclos: Principies and
Apphicotiom with Practival Perspectives”, Jobm Wiley & Sons, 201 (

I B Cmon, L. Sermao and G, Rizzoni, “Hybeid Bleetric Vehicles: Enorgy
Menagement Strateghes™, Springer, 2015,

REFERENCES:

1 M. Ebgam, Y. Gao, 5 E. Gay and A, Emadl, “Modem Eleetric, Hibid
Electric, nnd Fuel Cell Viehicles: Fundaimeritile, Theory, and Deslpn”, CRC
Fresn, 20404,

I T. Denion, "Electric:and Hybeid Vehicle”, Routledge. 2016
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RESEARCH METHDROLOGY & 1TH

Precedquisiie: Pauie

Course Dibjeciives:
= To undersand the penearchy problem
= T Kpow the litersere saficd, plagiarism snd sthics
* Togel the knowlindipe abowl technical writine
* To analyie the natore of imellectunl property eightn and new developinmmia
* Toknow about the patent rghin .

Conrme Dhteommes: After coinpletion of the caurse, sudenis will bo able o

Uindersand research problom formuiation.

Analyre resenreh relmted nlksrmstlog

Follow research sihics

Linderstand that today’s world b8 contiolled by Compater, (ilommation

Tachnnlogy, but tomirrow world will be ruled by [dens, concepi and

iy iy

¢  Understanding that when IPR would toke such iimportant  place in growth of
individuals &amion, it ks needless wo emphasis the roed of information nbour
Indelleciyal  Property Kight t0 be promofed among smdoends in genenl &
ehgineering i particular,

*  Undiersiand that 1R ptotect fon proyides an incentive o invenitom fie forther research
winrk and investment in B & 1, which lesds to creution of new and beter products
anid in Term brings about cconomic growth and aocial benefirs,

UNTT-4;

Meuning of rewearch problem, Soarees of research problem, Criteria Churncierinles of
n geod research peoblem, Erorm selecting g research problem, Scope ani objectivien ol
renenrch prodlem.

Approaches of invesligation of sdlutions for redesrell prablem, Duta eollection, Ansbviii,
Inierpretibion, Mecessary lostrumentarion

UMNIT-I
EiTactive Hitermture stadies lpnmmh:l. Analysis, Plagiariam, Rescarch silies

LT
Effective fechnbcil wiitine. How o0 wiite & report, paper Tn developing o rosewnch
propusal.  Format of research proposal, A preseotarion ond assessment by o review
connmitiee,

LINIT-IV:

Natnre of Intellecinal Properiyy Paments, Desigas, Traide and Lopyright

Frocess of Putenting und Development: Technnlogical regearch, lnnovation, Palent g,
Diéwvelopwient. Internbilonal Seennrio: Infcrmational coopermtion on [ntellectual Property,
Procedimg for grant of patents, Patenting wwder T

LiINIT-V:

Patent Hights: Scope of Patent Rights, Licensing and transler of technalogy, Miem
information and databases, Geographical Indication, '

New Developments in IPR: Administeation of Patent Systermn, New developments in




PR PR of Bislogleal Systems, Computer Softwate. el Traifitional knowledge, Cae
Sendd les, PR End 1T

TEXTROOKS:

=

Stuart Melville and Waynie Goddand, “Research methodology: An
Introduction T selence & engingerng siadenis™.
Wayie Godidird and Steart Melville, ~Hesearch Methodology: An Irtrodiction”

REFERENCES:

i
5
i
i
i
LU

T

Hanyit Kumar, Ind Edition, “Research Meahodology: A Swep-by -Sep Guide for
beginnern™
Halbert, “Resipting Intellectual Propeny™, Tuylor & Francis Ld, 2007,

o Ml | “Indusirinl Design”™, MeCraw 11, 19492

Mighel, “Product Dosign®, McGraw Hill, 1974

Asimiov, "Intmduction (o Design™, Preatice Hall, 1942

Robert I Merges, Peter S Menell, Mok A Lemléy, “Infelloctl
Property. in New Tochnologieal Age™, 2016,

1. Ramagpa, “Intellectiml Property Rights Under 'WTO™, 8. Chand, 200,

o L= 1 ol 4
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FMIWER SYSTEMS COMPUTATION LAB-1

Course (Mhjectives:

To constiact Y-hus, Z-biia for 8 n=bis syaienm.
To analyse seriown Losd fow sredie

To kncw steady siate, transicnt stability analysis.
T rmiderstand economic lond dispanch problam,
To vadersand unit commmitmant probles.

To winderstand wiade estimstlon of power systom.

‘ Preveyuisite; Povwer sysbemn

Coarse Omicomaes: After complonon of the comme, stodorts will be ahle 1o
Coestruot ¥-bus and Z-bo

Compere the different load fiow methods

Analyze the different stubility nntlysis of viriety of power systemy
Vimderstind Foomomie lond dispatel snd Uil commmitmint jrahlems,
Underitamd S extimation of powee systom,

Lixt of Experiments:

@ & & & &

L. Develop Progrm for YRUS formation by direct inspection snetfiod.

2. Develop Program for YAUS formotien by Singuler Transformation method.

3. Develop Progrm [or G=5 Lood Flow Algzoathm,

4. Develop. Progrun for N-R Lond Flow Algoeithm in Polar Cooedinate:

5 Develop Progoam for FOLF Algsrithm.

fr. Uevelop Program for DL load Flow Algorithm.

T.  Develop Progmm for ZHLIS Building Alponthm

3. Develop Progndm fos Short Ciecult Analysis asiiog ZR1US Algadthm.

4, Develop Progmm for I'ransient Stabillty Analysds for Single Machine comsected o Lnfinite

10k, Preselop Program for Eaonamic Liod Disparch Problem wsing . Lasbidn Terntive Method,

11, Drevelop Program for Unit Commitment Problem using Forward Dynamic Programming
Mehethoxd

12 Devalop Progeam for Stne Estimation of Power Syagem

Noter From the above lisz, minimem of 10 exporiments are o be comdpeted skt stitnhle soliwine

. Wy 5 A
9 M m.‘%iﬁuﬂe- i, t’w’f iz {ﬁ’r;
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ADVANCED POWER SYSTFMS LAR

Prerequistie: Power systems ond FACTS

Cvurse Obijoeiives:

. To determineg tronomizsion ng poramesers

* Ta detemmine fruosmisaion e repolation and efflclendy
. Tor detenmine virioe Rl aledisions

N Ta perform fopd ond line compensation

Conrse Dareemes: Aler complenon of the conme. student will be obie to;
= Ciloulate transemission [ie panmeiss

& Calgulote transmizsion line régulaiton and emciency

. Colodlore variom foull patamelec

- Compary sstem pamameters with and withoo compemsation

List of Esperimeiiy:
I, Determination of Ling Pararmeters R, L oand €,
L Deveminatpon of T/ eiMiciency ond Reguliian form given Ioud,

3, Determinotion of ABCT) pormmelers of & given Tinnsiission Line Netwark
4. Frvtale Aaunlvsin of Singhe Lime 1o Ciemand Dol (1 =0}

1o

Arilyabi of Unaompensisted Times o thaiie wislinpe prnfihey
Determivsitnom of Sepbencs Inpedances of it Alermier.
Danermination of X and Xg ol an Alternaror.

Determinatioe of sguivalent chiouit of 3= winding TralsSanice

Anatysis of 3= Plase Trumaformer Perfonmance,

B

[ Determination of Sequence impadands of 3 - Phase Transformer.

L
= =

=
(P
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DICITAL PROTECTION OF POWER SYSTEM
{Prugraan Laore-H1)
Prerequisite: Fower System Protoction
Course Objectives:
= Touudy numerical relays,
= To develop mothestatical ppgroach wiwands prodection
= To study wlgorithms for numerical protection.

f o
= =
-
Ly

Course Outenmes: ARer completon of the coume. atodoms will be able o
=  Legm the impoctanes of Dightal Relays,
= Apply Mathemutical spproach tnwmrds profoction.
s Develop variows Protection alporithma,

LNTT-1:

MATHEMATH AL BACKGROUND TO DIGITAL MROTECTION

Crverview of static reloys, Trnsmission line protoction, Trmsformer protection, Need
fur Digital protection. Performante and operatlons] chameteristics of Digital protection,
Banic  structure: of  Dagital refays, Finite difference wchaiques, Tnterpolation frrmulas,
Mumerpeal differentintion, Curve Diting and smosibing, Foories annlysis, Walsh functhn
analyss, Relitiorship between Fourier and  'Waolsh coelTiclents.

UNTT-00:

HASIC ELEMENTS OF DIGITAL FROTECTION

Ranic components of d digital refny, Signal conditionng subsystems, Convershon subsyatem,
Dhignnl relny subaystom, The digitl reley oot

LINTT-40:

DIGITAL RELAYING ALGORITHMS-I

Siousoidsl- Wave-Based slpoeithmi: Sample and Aest-dechontive methods, First and
second-derivative methods, Two-sample fechnique. Three-zample wehnique, an early
relmyinig schieme.

Fourier analyvis-based wlporithms: Full cvcle window algorithm, Fractional-cyele
windew algorithes,  Fourler-transform  based  algorithm, and  Walsh-fungrion-based
il gorithimn

LMNIT-1V:

DIGITAL RELAYING ALGORITHMS-1I

Least squarcs-hated methods Inlepral LSO fil, Power series LS00 it miki-varkable
series LSO technigoe, Detormination of measured impednnce estirmies

Differentlal cqmation-based techmigques: Representition of transmisven lines with
capacitance neglocted. Diifforontinl equation. protection with selected limits, Simbltaneois
differgntinl equation wehniques

Travelling-wauve hused proatection: Fundaomenmis of Travelling-wave haved
profection,  Bergeron’s- equation based protection scheme, Ultr-high-speed polurity
sofmpatiion scheme, Ulra-high-speed wave differential schame, Miscrimination function-
bused. achomie, auparimposied componenl trajiector- b us 2 d acheme.

s~ ) E{‘?‘l ,
i /wf ; I.I' 1T




UNIT-¥;

DIGITAL PROTECTION OF TRANSFORMERS AND TRANSMISSION LINES
Prineiples of trunsfommer protection, Digital profection of Trnsfiemes isiog TR filler-
based algorithm, lesst squares curve Brting-based algorithe, Fourier-Sased algorithm, ind
Pl -resilruipaied cwrrant differentlal reloy,

Digiial Line dilfervatlal protection: Curreal-based difTerentiol schemes,  Camiposiie

volluge- and gummens- based scheme,
TEXTHIMMCE!

L A Phadke and 15 Thorp, “Compaer Relaying for Povwer Syaiemi”,

Wiley Besearch sluidley Press, 2007,
L AT Johme pnd 5. Ko Snlmas, =Digient Protoction of Power Sysiema™, TEEE Pross, 1900

REFERENCES:

I Crorhord Feiglor, “Mumerignl Distance Pridection”™. Siemenys Publicis Corporate Pubfishing,
U,
1 5R Whide, "Digital Power Syatom Protection”, PHI Lesning ML, 2004,
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POWER SYSTEM DYNAMICS
[ Progsim Cope- TV)
Prerequisite: Power Systems and Elevtrical Moghines
Course {¥hjectives:

bl o

= To dovelop mathamaticn] models fir svochronows machine, Exciter, Governor and Prime moves,

= Te study power system dynamic phenomens and the effects of exciter and governoe control

» T improve dynomic smbility of a vsten.

Conrse Qutcomes: Alter completion of the courso, students will be abde in:

+ Linderstand the modelling of synchmonous machine in detnlls

= Uinderstand the modeling ef Excitor and Governor controd

o Cry ol simvilation studlen of power dystoin dviamicd using MATLABSSIMUILINEK.
MI POWER

o Carry out stability analywin with and withoul pover sysiemn stubilkzer

UMNIT-1:

POWER SYSTEM STABILITY: A CLASSICAL APPROACH

Intrmduction, Requirements of o Rafisble Eloctrical Power Service, S iy Equuibion, Poser-Angle
Corve,  Smhility analydis of SMIB systom, Cgunl ares criterin Clastics] Model of @
Mulimuching System, Shoncomings of the Classical Model, Block [Ragram of One Machine,

Systen  Response to Small Disturbances: Tvpes of Problems Suedied the Unregllisted
Synchronous Machine, Modes of Cheiliston of an Unregidaled Multimachine  Sysiem,
Repgulated  Synchrmsin Machine

UNIT-11:

SYNCHRONOUS MACHINE MODELING-1

Introduction, Park's Transformation, Flus Linkage Eguations, Voltage Equationa, Formutation
of  Stale- Spoce Lguations, Cumsnd Formulation, Per Unit Comversion, Mormalizing the
Volmge and  Torgue Dquatiome, Bguivalent Circuit of @ Synchronous Machine, The Flux
Linkuge Swie-Space Model, Lond Bgquations, Sub-transient and Transient oductances and
Time Constants, Simplified Modeis of the Synchronous Maching, Torbine CGenerator Dy
Siobels

LINIT-10D:

SYNCHRONOUS MACHINE MODELING-1I

Stzady dfate equationd and phasor diggrame, determiming steady stde condifions, Evalugtion
of  Initisl conditlons,. Determination  of muechine  parmmeters,  Digisl  dmolation of
Synchronois  michines, Linearizstion and Simplified Linear model  and - anfe-space
represenmmtion of simpl fied model,

UNIT-TV: _

EXCITATION AND PRIME MOVER CONTHROL

Simplificd view of excitation control, Comtrol configurations. Typieal excitation configurations.
Encitation comrol system definitions, Valtage regulator, Tixsiter biildop, FExcitation system
response. Shue-ipaee descriplion of the exciiation system. Commaer repemicnintion of
sacifation systems.  Typical system constunii, und the effects of excitmion on penarmnor
power Irmits, Transient stabibity and dynamle susbdfity of ihe povee sistem,

Frime mover contrelt Hydradiic wrbines and governing syateme, Steam furbines and
sovermning sysiems
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LNET-W:

SMALL SIGNAL STABILITY ANALYSIS

Fundamental eomceprs of stabifity of dynamic sysieis, Eigen properiles of ihe state matris,
Small-signnl smbility of & single-machine infinite bus sysrem, Effecs of excitation system,
Power systam wmbilizer, System state mattis with smontissenms, Charmcteristios of small-signal
stability problemi

TEXTBOOKS:

LI ML Andepnon & A, AL Fousd, “Power Syalem Cosrol and Siabiliy”, Galgetlia, MNew
[elhi, 1981, _ o

1) Machowskl, J Brilek & 1. R W, Bumby, “Power System Dy namles and Stabiling™, Joln
Wiley & Soms, 1997,

REFERENCES:

1P Kundur, “Power Sydem Stibility and Control™, MeGraw Hill Ing. 1994,
LEW. Kimbark, “Power systzm stabtliy™. Vol. | & 11 Jobn Wiley & Sows, New York, 2000
1L Leonsrd Grigsby (Ed.), *Power System Srability and Control™, 3% Edithan, CHC Press, 2007.
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RESTRUCTURED FOWER SYSTEMS
AProgrm Eleciivedl11)

Precequisite: Power Systems and Electrical Machines

Course (Vhjeciives:
s To uhderstand what |4 meail e resiructaring of ihe electricity marke
o T undedstand the need. bohimd requitement For deregulation of ihe elecricity markat
= To understund the mongy, power & information flow in o deregulned power. system

Cosurse Owicpmes; Aller complétion of the course, shadem will b able wy;

Desribe vanous types ol sezialtipis by power syslem,

[dentify fle need of regulation and derefulation,

Define and describe the Technica! mnd Non-technical issues m Deregulated Power Industry,
Idantify ond give exnmples of existimg clectricily markets,

Clussify differont morkor mechaninms and summarize the pale of variows enelties in the
T,

TNIT-1:

Fundamenals of remrpctured system, Market srchilecture, Tobd ¢lasticity, Social welfiore
dritprahealic

UNIT-1:
OPF: Roke in wirfically infegrmod sysiems and in resfruciured merketd, Copgestion mamsgensend.

LINTT-1:
Cptirnal bidding, Kisk assessment, Hedging, Transmission pricing. Tmcing of power,

UNIT-1V:
Ancillary services. Smndand marker design, Distributed geboration in restiemied markets,

LINIT-V:
Developments in Indin, IT applicitioni n restruciursd markets, wirking ol nestruétured
powar syermi, PIM,; Becent trends in Resiruciuring

TEXTBOOKS:

i lwnrin Phifipeon, W Les Willls, “Understandlng electric atifides abd de-
rogubstion”. Marcel Do b, 1998 '

L Steven Stoft. “Power system economics: designing markets for electriciny™, John
Wiley nnd S 2002,

REFERENCES:

I Kok Bhetachierya, Janp E, Dasdler, Maih 0, Boglen, “Operation of
reztragtured  power sysfemn |, Khiswer Academic Pub,, 200,

L Mobnmmad Shabidelpour, Mowalfog Alomoosh, “Restruvtured elecincal power
symieimy opersfion, trading and velatilitg', Marcel Deklicr:

1. T Fol L 1 W‘ &
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POWER QUALITY IMPROVEMENT TECHNIQUES
{Progeram Elective-111L2)

Proregiinite; Power Syaioms suvd Poswer Elecironis
Coorse Objectives:
o o knew differedt torine of power goality
o To lllustrate power quality issues for dhor aod long Interruplions,
& Tostudy of charscienizmnon of volluge sag magnitde und three-phose nbabinced voliage
T
&  To koow the hehavior of ppwer elecronios londs, induction mmors,
shchionous modor elc. by th power quafity Jsues
®  To know mitigation of power quality problems by osing V5| conventers;

Course Dutcomes: Afler comphetion ol the course, students will be sble to:
& Know the severity of power quaiity, problems fn divtsbation system
* Understand the concept of voliage sag rannformmation from up-stream (higher
virliagen) to dows- stredm {lower voltugre)
" :iﬂthﬂhh." Hae gerwer gualily improvemsnt by lising various mitigating custom power
CVIES,

LINET-1:

INTRODUCTION AND FOWER QUALITY STANDARDS

Trmmadoction, Clissification of Power Quality Problems, Couses. Flfects and Mitigation
Techniques of Power Cuality Probléms, Power  Cuality. Teeminodogy,  Stakdaeds,
Elefinttiom, Monitoring and Muomerical Problems

UMNIT-1L:

CAUSES OF POWER QUALITY PROBLEMS

Introduction g Won-Linear Loads, Power Qusality Probloms caused by Non-Lineur Losda,
Amalywis of Mo Limenr Loads, Memerial Problems.

UNIT-11I:

PASSIVE SHUNT AND SERIES COMPENSATION

Inirnduction, Classification ﬂ]‘iﬂ Principle of oporation of Pussive Shany and  Seres
Compenmatirs, Annlysia and Design of  Passive Shum Compenstors for Single-Mhase
Sy=lom, Three-Fhoze Three Whe Svadem’ mnd Theee-THa:ae Four Wire Sysiemi,

UMNET-0IV:

ACTIVE SHUNT AND SERIES COMPENSATION

Introduction to Shusi conipessyiors: Clissi ot of DSTATOON s, Prnciple of
Oipeernticn ol PSTATOOM.

DiMerent Contrad Algerithms of BSTATCOM: PI Controllee, [-Comg Comtreol Algoriilin,
Synchranous Rilerance Frame Theory., SinglePhiage P theory and D) Theary Based
Canmol Algorithmms, Analyum and Design of Shunt Compensotors, Mumerical Problems,
Introdoction s Serles Compewsalors: Classification of Series Compensators, Prineiple
of Opermtion of DYE, _

Different Contral Algorithms of DVR: Syochronous Reference Frame  Theory-Based
Contral of DVR. Analyais and Design of Active Sorles Compensators, Numerical Problems.

1 & = P 2 Ty 1 J
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INIT-V:

UNIFIED BIWER QUALITY COMPENSATORS

Introdugiion tn Unlfied Power Cusality Compensators [UPOC), Clusifieation of 1M
Principle of Opemation of LIPFQC.

Contrel of UPQCs: Synchronous Reference Frame Theory-Based UMIC, Analysis and
Desipn of UPOCL Mutnerical Probiems,

TEXTHOHKS:

1. HBhim $ingh, Ambrish Chandra, Kamol Al:ltaddod, “Tower Quality Probiems
and Matigation Techniguen”, Wiley Publivationi, 2055
2 Mlath H § Bollen, 1 ing Posver Crinliny Problemn™, TEEE Press, 2060,

REFERENCES:

L RO Dugnn, MF, MeCirnnaghnn and H. W, Beaty, *Eloctric Power Systoms
Dhuality™, New York, MeGraw-Hill, 1994,

2 T Hewde, “Flectric power quality”, MeGrave-Hill Profossional, 2007

1L Armilingn, “Power System Qualily Arssessmient”™, Johi wiley, 2000,

4. GT. Heyd" Eleetric Power Quality™, IndFdition, West Lafayene, IN.
Stars in Circle Pubvlicathons, 1 904

S K Soswry VedumMulukutlas Sarma, “Power Quality VAR Compensation in
Bower Syateins™, CRU Press.

fi. A Ghaosh, G Ledwich.” Pawer Qualty Enhancenieni Using Custom Powet
Devices™, Klywer Aodemic, 2002




M, Teek — 11 Sempesier L
3

& =1
L

EHY AC TRANSMISSIIN
(Program Flective-11.3)
Preregubsine: Power
Byatems
Course objoctives:

#  To ddeiniify the differcnl aspecis of Extrn Fligh Voliape AC and DO
Trasemibsibion. desizn - amd analvls

« To undorstand the importance of modem developments of EHY end UHY transmission
iyt

¢ To demonstrple EHY AC trmemission sysiem components, protection wml
msulation level for over valiages.

Courde Ouicomes: After completion of the course, students will be able o
= Undersund the importanee of EHY AC mransmission
= Estimple chilce of voltige Tor tronsmission, Jins losscs wwd powes Tusdfinge
copehility of EHV Transmission.
= Analyre by upplying the mntistieal procsdires for Jine designs, seleniifie
and etgineering prmelples in pewer sysiema.

LUNIT-E

EHVALD Trnsmission line trends and prefiimioors nspect smddand  fransmissdon
volinges, Estimation  of fine and ground parmmeters, Hundied condictor aysiems,
Tnduetipcs  aril  Copecttance of EH.V, lnes. Mositive, negadve and zero sequednce
impedance, Line Parameters for Modes of Propagafion

LUNIT=11:

Electrostatic feld mil soliage gradients, Calculstion of elpcrestatic Neld o ALC lines,
Effeet of high clectrostitic field on biologizal orgonisms and bumen beinga. Surface
wottmge pradients oo maximuam grdienm of setunl ranunission lines, Vollage smdicnts
ot sub conductor

LINIT-1I;

Hlectrostatre mdection in wbenergized lingd, Messurgment of [Teld nd voliuwe gradigig
fir three phase single and double cirouil Lines, Unenergized lines

Pawer Fregoency Voltape control and over-veltapes n EHY lines: Mo load voluge,
charging currents ot power frequency. Voliage comrol, Shunl and series compensation,
Static VAR dompensatict,

UMNIT-IV:

Coronn 0 BH.Y. lines, Corona boss feamuise. Attention of taveling waves  due 16
Corona, Audio noise due to Corona und s ganemiion, Charecienstic and Timins
Monsurement of gufia aoise rmitio fnlerferenee due to Coronil. Properties of mdic nolse,
Frequency spectrum of B felds, Mensuremant of R and RIY

LINIT-V:
Eresignt of EHY lines bosed on stésdy siate wrd tonshent miog EFY wiblea und (i
characterlpries

5 . r &
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TEXTBOOKS:

-3

R, 1} Bepatnudes, "EHYAC Tramsmizsion Engineening, New Age
[dernmtinrml () Lid., 37 Editian.

K R Madiyar, “HYDC Pagwer Transmission Systema”, New Age [niorsstional
P L., T revised Editlon, 2012

REFERENCES:

1
L
i

Il

& Rag, “EHVAC and VD Transmission Engimeenne Prococe™, Khanna Publishers
Arrillage. 1, *High Voluge Direct Current Trmsmission™, 2% edifien {London) Peter
Peregrines, 1EE, 1994,

Padivar K.R, “FACTS Controllers fn Power Transmission  and  Destritigtion™, MNew
Age Imermatiomal Publivhers, 2007, '
Hingorani, H.G and Gyugeyl. L, “Undersianding FACTS- Coneepls anidl Teclnilogy of
Flexible AC Trinmmigssion Systems™, New York, IEEE Press, 2000,
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EVOLUTIONARY ALGORITHMS APPLICATIONS IN POWER ENG
(Brogram Llective-111.4)

NEERING

Prerequisite: Armificial Intelligence Technigues in Electriesl Enginesring
Conre Dbjectivs:
o To understand Evolutionary slgorithins ke GA, PSO, ANT COLONY and BEE
COLODNY ane
s« Toapply these Evolulionary algorithimg o solve powse systims problems
# To alsa ahle to wnderstmnd solufion of mult-Objective opfimimticon meing those algorriiuns

Conrse Ouicomes: A completion of the course, stodenis will be oble so:
#  [Hacriminnis ibe copalsilities of bic-inspired svstend end | conbentions
mirthods in solving optimization probiems.
o Examine the impormnce of explanstion md exploitation of ssamm ielgen
system w0 armin nesr global optimal solution.
«  [dmtingiish the funefoning OF varioes swirm intalligend sysiems
Emprloy varions bic-inspired algorithins for power systenn engineering applications

LNIT-1:

FUNDAMENTALS OF SOFT COMPUTING TECHNIQUES

Drefinivon, Classiflcation oF optimization problems, Unconstrained  und constrained  opdimizmtion
optimitlity condition, Tnrrodection o intelligent syarems, Sofl computing technigues, Conventional
computing  versus swanm computing, Classification of mits-heuristic wobnigues. Single solution
bsed nind population used plgosittims, Explotition ond eaplormtion in population based algorithms,
Properiies of Swadm hifelligent Svitems, Application dinnam,, Discrets and confinsous problems,
Single objeciive wnd multi-chjective problems.

UNIT-11:

GEMETIC ALGORITHM & PARTICLE SWARM OPTIMIZATION

Geitetic algorithms, Genetic algarithn . verses Comventional Oplimization Techniques, Gesnetic
represeniations snd selection meghonmms:  Genelic  operators, Dif%eren iypes of cromsover g
mittition operstors, Bitd Nocking and Fisly Schooling-anstomy of 4 pertbcle, Eguatiing based o0
velocity  and positicom, P50 iopolog ies, Contre] paawmselas, GA - and PRO- plgoridams for solving
LD problems,

URIT-11:

ANT COLONY OPTIMIZATION & ARTIFICIAL BEE COLONY ALGORITHMS
Biological ant colony systen, Arificinl ants omd  asssmptions, SAgmergic  commumications,
Fheromine updiding,  Locilglobal-pheromone  evaporation Anl coldny  system, ACD models,
Towring am colony systom, Max min ant gystem, Concept of elistic anty, Tisk partitioning in
homiey bees,  Balanging foragers and receivers, Anificial toe colony (ABC) aigorithms, Hinary
ABC algorithms. ACO and ABC algorthin for solving Economic Dispatch of thermial unit

LNIT-IY:

SHUFFLED FROG-LEAPING ALGORITHM & BAT OPTIMIZATION ALGORITHM
Bat alyoritn, Doholoomion of b, Behavlor of mices bais, Acoustled of echalocation, Maemin
of Vil bots, Lioodness and pulse Emission, Shuffted frog dlgorithm, Virusl populoion of
frogs. Comparisat of mestigs and genss, Memeplex [ormation, Mémeplex apdation, BA and SFLA
wlgorithms for solving ELD and optimal pla¢emesd and skzing of the DG problems.

o
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UNIT-¥:

MULTI OBJECTIVE OFTINMIZATION

Multk-Objective uptimization introdugtion, Comeept o parern opimality, non-dominant sorting
techinique, Mareto front, bist compromiae. sotution. Mincman mothod, NSCGA-IT algosithen and
appiicaiions 1o [OoweT sy whens.

TEXTHOOKS!

I Xin-She Yang, “Recert Advances in Swarm Intelligence and Evolutionary
Campuiation™, Springer Interngtional Pubtabing, Sw e layd, 2005,

L Knalyanmoy Deb”™ Mult-Objective Oprirmztion estng Evolutionsry Algorithms™, John
Wiy & Sie, 20011

REFERENCES:

i James Kenvedy ond Russel B Eherhenrt, “Swarm [nrellzence”, The Morean Ksifmans
Reries in Evolutionnry Compustution, 2001,

L Hre Bonibea, Marco Derigo and Gy Thernalie, “Swarm el igence- From matiral 1o
Anifical Sysiema”, Oxiord onbeemity Press, (999,

1. Tinvid Goldberg, “Genetic Algoeithma in Search, Optimization snd Machine Learming™,
Penrvon Education, 3067

i Konstamvines B Passopoutos wed Michae! N Vemhoria™ Particle Swarm
Optimization und Intelligence: Advances and Applications™, Informution Sclence sefierence,

HOlT Glesbad, 2000,
5 ;-;H};‘P;dh:r. =Artificial Inigliligence and lotsllleent Systems”, Onfiond Univeriity, Press,

REFERENCE PAPERS:

I Mz fVar cosull, Kevin kursey and Fayaul posha, “ShofTed frog-leapie gigorithm: § memetic

migte- [earvte R diverete optinistlon”, Engineeting Optimbstion, Taylor & Frangis Vol

3K, No. 2, pp 129153, March 2006, !

Xin-She Yang, “A  Wow Melaheuristic Boal-lnspired  Algocithm™,  Natore  Inspared

L'm‘:pt.'ﬂlh't Srmiegies for Dptimiztion {NISCO 2000) (Eds. | R Gonraker et all), Studies in

Compututiona| Intelligence, Springer Rerlin, 284, Springer, pp: B854, 300,

3 Kis-Bhe Yarig, 0, Waisnehe ppd T, fewpmirn, “Firefly  Alpochhme for Mulrimedal
Dvptimeestion”™ (Ede ), Sprnger-Verlag Berlin Heidelberg, pp. 169-1 78, 2009,
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MGITAL CONTROL SYSTEMS
(Provram Elective-IV 3)

Precequisite: Cantrol Systeims
Course Olbjoctives:
o T introduce the fundamentals of digiml control gystems, sampling process, and
yunrtization effectsin discrete-fime syiome.

. 'ln:tmlnp profictency in applying £-tramsfiorm techniques to sabve discrete-time svatem
g L

»  To onalyre dightal ontrol systems using s-plane methods, pulse ronsfor funcdons, aud
pability priferia,

o To tamilinrize students with stinte-space modeling, wnndyvsts, und design coocopts for
discrete-time fysiems,

= Tooxplore discrete optimal control techniguen, including Linear Quadratic Regulalon
(LR ) demign ond  sieady=stiate optimal comiral,

Cowrse Dotcomess Aftor completion of the coorse, students will be able o

= Enplain the principles of sampling. quastization, and their impact on digital control syatem
performanee:

o Apply Z-transform technigues o anulyae and solve difference equations in
discrete-time control mysiems,

e Amalves the sability aod dypamic respouse of dighal comtrol sysiems using #plane
ethods and pulse ranafer funetion,

s Dlesign and evaluate dincrete-rime vate-spnce modils, ensrmg eomrollabiliy,
arbkervability, and smbility wsbng Lyapanoy ansiywiw

o Dexign discrete optimal controllers using LOR 1echaigues to achieve desied
performance in digitel conjrol mystems.

UNIT-:

INTRODUCTION:

Continuois and  DRscrete time sysiciv-Diginl control systems - Chunrtizng, mmd
gquantiration emor, Sampling theorem

TINIT-H1:

Z-TRANSFORMS:

Z-transforme of elementary  funclions imporsn properties and theoreme, Invere 7
trunifirmn, A-irnsformy methold of solving diffensnce ceuitions,

URIT-111:

L-PLANE ANALYSIS OF DISCRETE-TIME CONTROL SYSTEMS:

Impulse sampling and dota hold, Pulse transfer function, Realization of digial conrotless and
dightul itters. Mopping between s-plane ond z-plang, Stability onadysis of closed loop systems (n
#-plunc. Transicnl and sicady staic analyses.

LIMIT-1Y

STATE SPACE ANALYSIS OF DIGITAL CONTROL SYSTEMS:

Solution of discrete time state spoce cquations, Discretizadon of continuoos me staoe
space  equations, Lynpunoy stability anelyels fir Discrete linear systom, Controllatdling,
Obsarvability, Pole PMlacement and Observer Deslign.

0 -
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UNIT-¥:

BISCRETE OFTIMAL CONTROL SYSTEMS:

Fivear Quudrutie Regulioor (TL.OR) Design vis pale placement, Sieady ste quidratic opsimal
cantrnl.

TEXTHOOIKS:

L K, Ogaes, [iscrete tme cantrol systems, Pearson Education Indie 2015, 2 Edition.
r M, Gopal, Engital Condrol and State Variable Methods, MoGras Hill Education, 3007, 4th
Exfirm,

REFERENCES:

b Ol Phillips, LT, Magle, A. Chakrabortty, Digital Contril System Analysis and Design,
Prarson, 2014, 4th Edlition.

1 B.C Kuo, Digitdd Contral Systems, Oxford Linivervity Press, 2012, 2od Edition.

L A Rabhath, M. Lechovin, Discrete-Time Control System Destgn with Applications.
Springer- Vardig hew York Ing, 2(H4, Ian Edition,

ONLINE LINKS:

I hapetnpred acondcopmses! | IFT05 186
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REAL-TIME CONTROL OF PMWER SYSTEMS
(Progrm Elective-V.4)
Procegitksile: Power Systems
Conree Dibjeciives:
e To iniroduce the fundnmentaly of stute extimation it powes sysams and it role in real-
Permee rrean orimg mnd control,
o To develop knowledye of power vyatem security annlysis and resl-time ¢ontrl srategies
under normol and contingeney condifinm
s To familiarize stidenis with e srchitectues, funetions, and spplicutions ol SCADA in power
Y HERITY QEFATIN,
o To ekplain communication standards, SCADA profocsls, and the functionml hierarchy of lond
dispotch centers for systen coordination,
= Tu provide insfghie int computer contrgl of power sywtems, soffware wals, and thek
appliostions oy moniloring. prediction, and optimisstisn,

Course Outenmies! After compledion ol the course, students will be able

&  Apply weighted lenst squares (WLS) methods for power sysiem simte estmation, analyze
observability. and inoorporae PMUL datn for aceurate monitaring.

*  Evalusde power system socuriny wsing contingency annlyats ond sensivivity factors,
anil wxplain tzal- time control strategles for dilletent opemting state.

* Demonstrate  the  architecture and  operstion of SCADA  systoins,  in¢luding  data
acqsisition, HML and commurication between fleld devices und control centers.

« Compare SCADA protocals (Modbus, DNP, TEC standards) and explain the fometional
rales of warkouy |omd dispmeh centars in system operation.

o  [reaign computer-alded control strulegion inieprating aie emimation, géneration and lood
guntral, amd security analysis for rellable ghid operation.

UNIT-1: STATE ESTIMATION OF POWER SYSTEM

Introduction 1o State Extimotion (SE) n Power Systems: Weighted Lenst Square Estimation (WLS-
SE). SE of AC networks: Typen of mensurements, Lineie WLS-SE theory, DC Losd Tlow ' bascd
WLS-SE, Lineatized model o WLS-SE of Non-linelr AC power aystema, typical resultn af SE
oh gl AC network, Detection and ldentification of bud measurements, Network Observability and
Peevdo—measurements, oftimal mepee placeinent, Inggrpaniion of PMY dats in W]LS-SE

UNIT-11: SECURITY ANALYSIS AND REAL-TIME CONTROL OF POWER SYSTEMS
SECURITY ANALYSIS OF POWIER SYSTEMS:

Concopt of security, Security snalysias snd monitbring, Contingeney Analyviis for Cenerator and L ine
Dutages by Fast Decoupled Inverse Lemina based approach, Network Seositivity factor
HEAL-TIME CONTHROL OF FOWER SYSTEMS:

Itroduetivn, operating slates of o Pdwit System,

LINIT-11: SCADA FUNCTIONS

Ttrduction s SCADA: Grid Ciperation & Coitrol, sdvantages of SCADA operation. Lay oul of
substition, Muln Equipment’s s Sub Staton, (ngrument /T rnsformers. and necessary  parnmessrs
for Cirkd oporation - Amilog Tolot, States Points, Alarmia, Tronsdoces & their commectiviny.
[ram Acquivition, Monitoring und Evenr Processing. Contol Functrons, Time tapged datn,
Dinturbance daty colleethon and anilysie Beporz and Calenlations

Human - Machine Interface (HMI): Operator’s Consale, VDU Display, Operaior Dislogs, Mimic
Dingram Functions. Remole Termmal Unit (RTU), Phase angle Measromem unn {(PMLI &
Comminticatinn Prsctices

T
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Maor Components: KTL Pagiel, Interfaoe Minel, D208 Ml Processor, Analog Card, Stanis Card,
Comtral Cord, Modems Types of Communientions - Power Line Cartied Communications,
Migrowave, Opticnl fiber, VSAT Communicutions. Types of Metwork - Flements in LAN &
WAN. Prociss of Duta Communicotion. '

UNIT-1V: SCADA PROTOCOLS, COMMUNICATION STANDARDS AND LOAD DISPATCH
CENTERS _[HTRDBUCT[GH TO 5CAaDa FROTOCOLOS AND COMMUNICATION
STANDAKDS

Evolution of Protseol for Communivation. Proioools -Modbud, Distmibuted Sebwoek Protbeal
(DNE, TEC §TO-5 pnd 60ET1 seres, JEC &850, Benefis from 1EC {(Imermanonal Flectrg rechnical

Crmmmizs o b eommambeating Standards

LOAD DISFATCH CENTERS

Higrarehy of LDCs, Data Flow,  Equipment in LDC; Worksttions, FEPS, Roulers,

Functhondlitbes of Sub LDO-Resl thine soltware, Fumdtdonalities and opemtins camed oul By Sub

HESC, State LDC, Heggivnnl L ind Natlonal LD

UNIT-V: COMPLUTER CONTROL OF ELECTRICAL POWER SYSTEMS

Evolutiom of Syvsem Control, time seile of sysem control, online compyier control, md: Soflware
Elements: Stare Estimation, Monitoring & Predigthon, Cenerabion & Lead Controld, Secusliy
Annlyvsing Soltware Coorfinetion & Systoms Simglation,

TEXTROMIKS:

L Allen J. Wood, Bruce Wollenbog and Geruld B, Power System Generatlon,
Operanan end Contral, Sheble, John Wiley and Spas, 20173, 3ed Edition.

1 Mini S Thomas amd John [ MeDenald, Power Syatem SCADA and Smart GrideCRE
Proas, 2015, int Edition,

5. Tian Seng Ng Real Time Power Contrel Englneering: Systems and Ausoinithon
Springer, 2016 1" Edstio,

REFERENCES:
1. John I Gradnger and ‘Willlam D Stevennon Jr.Power System Analvais, MeGiaw Hill, 2017,
ISE
2. Torsten Cegrell, Prentice (Power Svitom comtrol - Technology, Hull Intesnational serlos in
Systems and control Enginesermg, Prentice Hall International Lid., 1984,

ONLINE LINKS:

3. hitps:aelive.npte oo andgpursest | D8 |03 081051533
4, bebtpecnpaelac infcourses! 108 | G 191
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POWER SYSTEMS COMPUTATION LAB-1I

Prereguisite; Power Svsiems pnd Arnficial Meural Merworks
Cogrse Dhjectives;
o T know Newral network sool bos
=« Toknow the wirdous Evelatimary Alganihies
«  Toapply variops Evolutionary Algorithmn to power sysem prmoblems

Course Chatcomen: Afer completion of the conrse, studoms will be able jo
«  Underood MNeuml petwork and fazey lozie tool box
+  Undengoosd viacious Evolutionary Algorihime

ol
= -

ol

«  Solve power svitem probiems by spplying virbous Evolativnary Algorithmmi

List of Experiments;

- Loud Flow analysis using Newral Netweark

. Stute Bstbrmtion weing Neural Netweirk

Cintingenuy Analysis using Neuril Network,

Power sysiem Security uning Newml Network

« Mury Logic based AGC — Sindle orea sysiem — Twe ares syilion)
Piezay Logle bosed smnll signal stability annlyshs

Econpmic Dispatch of Thermal Tnio wing ANN

o Exomamie Enspatch of Thermal Usifs wsing GOA

. Uinlt commitment problem by using G

10, Unit commitment problem by using PSO

L e

N R

1. Chptiimal Tocation and sizing of copacktor in disiribution sysiem using P80

|2 Securiiy eonktraibed optimil powes dispaich wsing OA
|3 Optimal Reactive power dispateh wsing SO0

. Jﬁ,/t
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POWER SYSTEM PROTECTION LAB
Priregulilte: Power System Protection

Cosrse Objectives:

& T understand practlaally different Pepen of Faulty sccurnmpg i power SYMRIMS
o T study the churacteristics of difforent types ol relins

. T apply differemt pritestion schemes and nndestand the prnsiple of opermnon

Conrse Outeomes: After completion of the course, studer will be abie o
= Calculade various faules

Anmalyze the yanous time-current chameteristicn of protective meliys
s  Know the Performance and Teiting of sarioun efectrical modeéls und <vutoms

List of Experiments:

sCharacteratics of Electronechanionl Non-Direcional over curreni relny

|

Characteri e of Clectromechonicnl Rirectional Dver Current Relay
Characteristicd ol Electromechumical differential grotesdon relas
Chirracteristien of Electmmngnetic. Chver Volines relas

Chitrpeteriptics of Integraled Mamereal bnder Vallage Relab

= W e

Charpoteristics of Mumencal over current Relay
Charpcteristics of Memaive Sequenae Relny,

iflerentinl profection on Sinzle Phase Translbormer
Performange snd Testmg of Feeder Prodection Syviteim

1, Perlopmance il Tediog of Generator Prodeciion Syafem

>
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FOWER SYSTEM THANSIENTS
{Progromy Elective=V. 1)
Frereguisite: Power
Syslens
Course Dbjoctives:

o  To [esm the remsons for cocurrence of Pnsients i a power EvELET
& To undersiand e chanje in parameiers ke volmge £ freguency during framlents
& To know aboist the lighthing phenvrnenon and s effiect on power sysiem.

Cournie Outcomues:z Afler completion of tle course, students will be uble by
= Got knowledpe of vanous wansients that could eceur in power
sysiem ond thelr mathematiesl Tormulution.
* Design varlous profective deviess in powet systam for profecting equiprment and Personngt,
 Coordinele th insulstion of various equipment in power systen
®  Model the power system for Imnsient analviin,

URIT-5

Fundamental ciroult anabysis of elecrricnl imoslents, Laplace Transform method of solving dimple
Swilhing trandbeni, damping ¢ircuits, atmormal switching tramaientn, Threoplose ciréulte and
weoenavents, Computntion of power syutem e ents,

Uisll-n:

Principle of dighal eomputation, Matris method of solution,  Modal  analysis, Z-tratsfonn,
Camputation using EMTP, Lighining, Switching ki temporary over voltages, Lighining. Physicul
phenomern of Hghining,

UNTT-111:

Intersctlon butween lightning amd power systam, Influencs of fower oting nesistance and Uarly
Wenistnnce, Switching, Sho fine or kilometric fauil, enorgizing transients, Closing and re-closing
ol limess, Lilive dhroppring, Lot refection, over valiages sfuced by faulre

LINIT-1V:

Swwitehing HVIC [ie, ravellng waves on transmsizelon fne, Chreuls with dstribined Mirmimelers,
Wave Hquation, Relection, Refrsction, Behavior ol Trovellmz wavis o the line Terminations, Lastice
Diagrmms, Anenuntion amd istprtion factors, muhi-<onlietor system end Velueity wave,

LIV

Imsulntion co-ordination: Principle of insulation co-oidination in Air |nsolated Substation (ALS)
wnd Cias Insuloted  Substation  (GIS), Coordinaion berwoen  fmsuiation wid  protoction lovel,
Suufisticd] ppprouch. Protective devices, Fromoction of | syxiem  against over voltages, Lightning
arresterni, Substation earthiing.

TEXTBHKS:
I Allan Greenwood, =Electrical Teansients in Power System™, Wilsy & Sons Inc., New
York 199],

L Herold A Peterson, “Tmmsiznl in Power Systems”, MoCiraw Hill, 1964
REFERINCES:

I Kaiffel and Abdullah, “High Volluge Engineering™, PHI, 20060,
L Rakesh It Begamudre, "EMV AC Transmission Engincering”. PHI, 2006,
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DATA SCIENCE APPLICATIONS [N MIYWER ENGINEERIMNG
(Vrogram Hlective-I%. [ §

i

Prevequisiie; - Power Systems
Course O hjoctives:
= To futrekhice the fundamental concopts of data science and machine learning,
« T uncerstand the process of dain preparation and analysts fr engineering probioms.
= To lewm various mochine learning algortha and their applcations
e Tooapply muchine [exrning teahnigues o teal-world probldems inothe power generation Industry,
« To onalyze apeeific ensz sudicd relaled 10 power syntem (orécasting avd maintenance
Ciure Duleomes: Afler completion ol the course, students sill be able
= [Hilerendiote Bovween dota seienee, muchine leaming, nnd Al coteepla dnd thelr relevancr o
wigineting dizciplines
» CAnalvee and prepare dataseis Tor uie inomachine leaming models, including handbing outfiors
nd perfrming feature enpineering
¢ Apply various machine learming algonthms o solve regression pd classification preblems.
= Linderstund and articulate the practical spphcations of mechme lesming withm the power
generation industry.
= Duvelop and evalusi forecasting models for specific power sysem challenges, such on elocirical
comsurmption and wind  power failures.
Umid 1 = Introdoction o Data Scicace
Introduction (o dais science, introduction e mpchine begrming, sverview of (M power genertion indusiny,
artificial kmelligence in the power yrrerition jindustre, chimate change snd the power imbustry, machine
| fow mdusmry tronsition, mitdgation of problems asing machine leaminy

Umin 11 - Para Selence, Stntistics, snd Time Series

Preparing & cléun duinset, mensuring and storing At iy control avsiems, datn uncemmlinty, Vme-series
anatysis, dofa correlation, mathemntioe! represamtation and modelim, daa regrmemation and sigmficance,
outlier removal, model goodnews, feature  englneering, dimeosionality reduction, proctical checklia for
dptaset prepariation,

Uil 11 - Maching Leprning

Introduction to machine lentming. concepts, supervised and wwsopervised lewrnimg, regression wad
clussificazion, hias-voriance mde off, model complesity, nearal networks (Teed-forwied and recurrent),
stipport vector machines {SVM)L rndom forest, self- organizing maps ¢ SOM), Boyesion networks, truining
a moded, splitting datosets {(tmining. testing. validation}, cross-validotion, assessing model  performunece,
rode ol a domain sxpert. praciical advice fora machine learning propece

Vnii 1V - Muchine Leariing in the Power Generation fndustry & Electrival Comsnmption Forceasting
MWhaichipe learning studles b power plints and for povwer wsems, predictive malnienance, forecosting spply
and demand, modeling physical relaiionsbips consumer’ mideling. prctical agplicativas of machine
lenrming I the power industry, case gy of electriesl comsumption Torecaming i a medical elinke,
imfggration with Building Masagemeni  Svalems, artificial oedrml  eetwork (ANN) implementuion,
multifaver perceptron ANN, backpropagition trafning algorithm, ANN fnpuis (loads, diy type. thme,
weather), forma| procodure for ANN parmmeer selection

Unit ¥ - Forecanting Wind Power Plant Failures Topic

Wind powds plant damage mechanisms, mpact on lifztlme cost and power produection, o bration specirz
prabysiv for damage detection, proadictive maintermnee, farccasting fmilores on turbine blades, rotors, and
generators

— ‘__-d--. |_.|"'_'_-'
”-'.r-'-..-ﬁﬂ"‘ g ¥ B 1 y




TEXTROOKS:

I Machine Leaming mmd Data Science in the Power Generation Industry: Ben Fractices, Tools, nnd
Cuse Studien, odited by Pamick Bangert, Elsevier, 15BN: 9780128197424,

t  Machine Lenrming for Energy Systems. edited by Denis M. Sidorov, MD¥| Books. Publication Dae
Drocember 2000, 1SEN (Hardback): 978-3=05943-382-7, ISBK (POFI: 978=3-00%4 =583 0.

3 Deitn Sorenee [or Engineers, by Haghimathon Rengmoaomy md Resmi Suresh, CRC Press; Pohlication
Date: Diecembeor 16, 2022, ISAN [Handbackl: 9TROIGTTSLI60, |SBN (eBook) Y7TEI003152584.

REFEREM{ES:

i Applicatiom of Maochine Learning and Deep Learding Methods to Power Syatem Probléims, edited
by Mortea Nazari- Heris, Somayeh Asadl, Behnam Mobammadi-lvatioo, Molood Abdar, Howtan
Jehelll, sidd Milad Sodat-Mohommadl, Springes Infomational Pubfishing, 2021,

T Reul-World Applicazsions of Ariificial Imellipence nnd Mochine Learming in Power Systems: A
Code A;q:a'm:h_ by T. Mariprassih and V. Kirubaksras, Move Science Pulslishers, 2025,
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ELECTRIC VERICLE CHARGING TECHNHIUES

{Progmnm Elective-EW 2)

Precequisite: Efectric and Hybiid Vihicles, Power Elevironics, Smar Grid Techinologles
Courde Objectives:

o To understend the charging infristrocture Tor BV

= To explore the working of gnd connected with EV e

Coarse Duicomes: Aftor completion of the course: studentn will be able o
o Understund the planning and opernlional issues relnted o EV's chorging.
= Acguine knowledge ahout EV's charging implementation modale

UNIT-1:

AN OVERVIEW OF EY CHARGING INFRASTRUCTURE:

Orients the rosder o EV charping infrostmsciure, providing o hevel introduction to jeehmeal
cocepes of elecinie vehicle supply eyuipment, AC and DO dhimging, power ratings, sod elarging
stanitards )

UNIT-il:

LOCATION PLANNING AND LAND ALLOCATION:

Covers the Jocation and site planning wspects for EV chorging, by framing the principles of
Tecatin phang wnd demgicirating a methodology T spatial allocution of chorging demand,
and identifies enibling processes and policiss we iniegrate pubdic charging b i ban ' planning.

UNTT-00

COMNNECTING EVa TO THE ELECTRICITY GRIIE

Fogiakes on supply- of electricity e charging nfmstrociare, formlioniting reoders with the
regulastions thet govern electricity supply for B chirging, the mole ol THSCONs i prgrinion of
EY charging connections. aod the thres methods of armangog for power supply for charging
imfrastruciee.

UNIT-TV:

ACHIEVING EFFECTTIVE EV-GRID INTEGRATIOM:

Lowama ol from site-hevel considieations for supply of slectsiciiy 10 assess grid-Fevel hnpacts,
and then highlghos the need G pmaet elwegtng 16 minimiee wdveme impicts of EY charghig
leads on the grid.

LNIT-%;

MODELS OF EV CHARGING IMPLEMENTATION

Drefipes the rypicsl oles within an implementation model for EY chargimg mfrastruciure and
ientifles thirer models in Iinfia - the Sovernmeni-driven model, the consumir-diiven model
and the charge poim aperator-driven model — for charging infrastructere implementation.

TEXTROOKS:
I, Sulabh Spchan, P Sanjeesikimar, Smchar]’ Deb, “Smart Charging Solutlons for

Hybrd nnd Ekwtrie Yebicles™. Wiley Publicofions, Marsh 2022,
*  Hunmdbook of Eleciric Vehlela Charging Infrastricture [mplementation Vesshon1
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REFERENCES:

1. Wahid Vahidinnsab, Bchinam Mohammudi-lvimlon, “Electric Vebicle Integration vin
S Churging, Springes, 2022

L Alam, Mohommod Sasd, Pillai, Reji Kamar, Murogesan, N, “Developing Charging:
Infrasiruictire wid Th.'htlli.tg_"h:! for Elegirie Vehicles", 101 Cilobal
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FACTS AND CUSTOM POWER DEVICES
(Program Ebective-¥.J)

Precequisite! Power Electronien and Power Syatdmis
Course Objectives:
= To enderstand uncompensated fines and their behavior wnder beavy loading conditline
= Tounderaaml the concopt and imporiance of comrofiuble pormezers of FACTS
comrrollem,
* To emphasize the objectives of Shunt compensanion wnd basic aperaiion of SV and
STATCOM.
o Toanibyrs ihe functionibp of series controllers like GUSC, TESC mnd TCSC

Conrne Oateomes: After complition of the coorse: mudents will be nhbe 1o
« Lhoase proper contraller for the specific application baded va sysbem equirernionts
»  Linddretimd various systems thoroughly and thelr roquiremens
¢ lilerpiet the conirol circlits of Shunl Controllers SYC & STATCOM fiw
wariows fumctions viz. Transisnt stability Enhancement, voliage nstability
proventicn and powar odciilation damping
+ Deteer the Power and control cireuits of Series Controllers GUSC, TSSC and TCSC

LELE D B H

FACTS CONCEPTS

Trassminson inarconnectiona power Tlosw inan AC sydem, Looding copabiliy fits,
By nipmbc stabifity consldesmions, Imponanee of contmllable pammeters bhsic typas of
FACTS vontmllord, Benefice from FACTS controflers.

UNIT-1I:

VOLTAGE SOURCE CONVERTERS

Sivgie phise & twee plizee full wive bridge converters. Trinalvrmer connections for
12 pulse, 24 and 4% pulse oporation, Three level voluge source converter, Palse widih
modulation converter, Basic concept ol currerd somroe Converters, Conrpasison of cunment
sturke converters with vollsge source cohvieEniam.

UNIT-I00:

STATIC SHUNT COMPENSATION

Objectives of shunt compensation, Mid-polnl voltage regulation, Vaolinge  instahifity
privenibon. Improvemont of transient stability, Powor oacillation domping,  Methods of
conlrollsble VAR generation, Worinble impedonce type sarie VAR genceatoss switching
cmiverier type VAR genersiom, Hyhrid VAR gonenstors,

UNIT-IV:

SVC AND STATCOM

The r-:m_nlaxhn and siope transler {unction and dynamic petfbrmunce. Translent stathiliny
enhdncement and povwer oucillation damping operating poim controd  and summary of
cormpeEnETar ool




M-

STATIC SERIES COMPENSATORS _

Cincepd ol serien capacitive dompensation, lmprovement of Gmnkbeil stability, Power
oucillation  dmmping mnd functionsl  eequirements of GTO thyridoncomolled series
eapiiton (CS0), Thyristar switched series capacitor (TS5C) andd thiyristor-controlled series
camiciior {TUSCY Conwol schemes for GSC, TS5 and TOSC,

TEXTIOOKS:

I Himgommnk H G and Oyupyl L *Understanding FACTS-Concepts
and - Technolagy of FlewibleAT Tramamission Systema™, Now York, IREFR Press,
20Uk,

L Padiyar kiR, “FTACTS Comrollers in Power Transmisson ond  Disriboton™,
New. Age: Int Publishers, 2007,

HREFERENCES:

I Zhong, Xiee-Ping, Rebinng, Christion, Pul, Dikssh, “Flexible AC
Transmission  Systeme Modeling aud Contral”, Springer, 2012
2, Yong-Hum Song, Allen lobns, "Flexible AT Tramsmission Syiemd™ [ET. 1996,
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GAN INSULATED SYSTEMS
[Progemm Electve-Y 3}

Prereguisite: Switch Goor 'ond Profoction
Conrse abjectives:

e 1o ke ilie G1S doncepis amd principlés

= Te distinguleh Alr Insilnied snd Oas insilated Substations

» To demonaieate the daalgh wnd eomstructional mpectn of GIS

= T snnlyre bsnalenl phedididash, priblemn and dikgnostic methods o G5

Course Ditcomes: Afier completion of the course. mmadéntn will 'be able 1w
«  Know the sdvantages of GIS aystems aver ir insalated aysioma
= Cthserve constructional design featares of Oih, desagn
« Didceiminnte the problems and design dingnestic meihods of GIS

LINIT=Ir

INTRODUCTION TO GIS AND PROPERTIES OF 5F6

Chormeteristion of Glse Intreduction 10 §Fs | Physical propertien, Chemicnl properties,
Electrical jropedles, Specificatlen of SFa gos for G5 appllemion, Hamlling of 5F6 ans
before use, Safe handling of Sf6 s in clectrlcal equipment, Equipmaent for tandiing the
B Cam, SF6 e envirpnmens

UNIT-1L _
LAYOUT OF €IS STATIDNS

Advancement of GIS atation, Comparinon with Alr Insulemd Substmion, Economies of
Gis, Liser Reguirementy for (A% Miin Feotures for GIS, Planning and Insabiarion
coimponenis ol o CHS sinkon,

UMNTT-111:

DESICN AND CONSTRUCTION OF GIS STATION

Intreduction. Rating of Gl% components, Dciig:p Featires, Estimation of different types
of  Dlectrical Stresses, Design Aspects of OFS compopends,  Insulstion Desien | for
Componemds, Insulaton Design for (15, Thermal Comidersaions m Me Destgn ol GES,
Effect of Very Faa Fromsiol Ower-voliages IVPTO) on the GIS design. Insulatiog
Coardintiion vvatema, Gae  hondiimg -and I'l.-'luni'!:u'ing Sysiem Dezign

UNIT-IV

FAST TRAASIENT PHENOMENA IN IS

Intraduction, Disconnector Switching In Relation 1o Very fast Trunsients-Origln of VETO,
Fropagation and Mechantm, of YFTO, VFTO Charnctoriatios, Effeots of YETO, Testing of
(S for VFTOL,

LINIT-%;

SPECIAL PROBLEMS IN GIS AND GIS DIACKNOSTICS

Introduction, Parricles their effects and thelr control, lnsulzling Spacers and their Relwbility,
SFh G Decomponition, Characterisiies of finperfoctions  in insulathon,  Tasulation
Mingnpatic memods, PO Memsuooman and LT Meilod,




TEXTHOORS:

o W5 BMaidu,” Cas Irsolived Substations™, B Intemational Pablishing Houske
T Hermann J. Roch, “Cos Insuleted Subainion”, Wiley-IEEE Press: Jun, 2014,

REFERENCES:

i Evior Gallo=lavalles, “Di¢lectric mmecials and Electrosiatics”, Wikey-1EEE Proa
L Joun Martiner, “Diebectric Materiols for Blectneal Engineering”, Wiley-IEEE Press.
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SCADA SYSTEM AND APPLICATIONS
(Program Electivie-¥.d)
Prereguisite: -
Course

Objectives:

= Tounderstand what is mosnt by SCADA and it funcripns
«  Toknow SCADA communication.
*  Togot an inzight ime its applicadion.

Courve Outcomes: Afler completion of the coame, stadents will he ahle o
*  Describe the basic tashs of Supgrvisory Control Systems (SCATIAY av woll as their
typical Appiiction.
*  Acguire knowledge about SCADA mrehitectore, varioas sdvaniges and dissdvantages of
eaich syslem,
Apgoire knowledge about single viified standard architecture [EC 61850

¢ learn abomt SCADA wystem conpdnents: remote lerminal umits, PLOL intellipgent
eloctronie devices, HMI systioms, SCATIA server

o Learn and understand abowt SCADA  applicitions i tramsmission wd distribution
eecton, indostrien afc.

UNIT-I:

Introduetion 1o SCADA, Doin ecquisition systems, Fvolution of SCADA, Commiinfeation
technologies. Monitoring and  supervigory  functions, SCADA apphications i wility Automatiom,
Indisires SCADA

LINTT-IL:

Industricd SCADA Sydem Components. Schemes. Hemote' Terminal Unil (RTUYL Taeelligent
Electronic Devieos (1ED), Pogrammishle Logic Controlier (PLC), Commumcation Netwark,
SCADA Server, SCADA/HMI Sysioma

LIMIT-IT1:
SCADA Architecture, Variows SCADA wrchitectures, Advuntmoes and dizmdvontages of each
Syptern, Blhgle onilied vandard archibechore -IEC & 850,

LiNIT=1%:
SCADA Communiestion. Various industrinl cormmunication lechnalpgles, Wired sl wissless
mithiods and” fiber optics, Open stunderd commumicabion protoculs.

LNTT—V:

SCADA Applissitions: Utifity applicotions, Transmission and Disribution acctor oparation,
Motiitoring. analysis and improvement, 05, gis and woter indostehes eose shadies: Implementetion,
Simulation axercises.

TEXTHIHIRS:
I St A, Boyer, “SCADA-Supervisory Control and Dt Acquisition”, Instrumen
Socigty of Amerien Publications, LSA, 2004
. Gordon Clarke, Deon Reynders, “Praciical Modern RCADA Prigdeola: DMPI, a0R703
aoned Halicted Systems”, Mewnes Pubdicathons, Owlod, LK. 3004,

. £ e
el = el 3

5 6 w 7. (W .E'.Vf‘[:fg..-f“"

FM LV S fé 12 ‘ﬁ 4




REFERENCES:

L William T. Shaw, “Cyber Sscurits for SCADA syslems”, Pern'Well Buoks, 2006,

r David Bailey, Edwin Wright, “Practical SCATIA for industry™, Mewnes, 2003,

1 Michoel Wiehe, “A guide o utility wutomutlon: AMR, SCADA. end [T systermi fos
electiie power”, Penn Well, 1994,
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PHOTDOVOLTAIC SYSTEMS
(Ehpen Elective)
Prerequisite: Mono
Comrse Objectivies:
o Tointreduce phatovoliaie syt
#  To denl with varinus technnlogles of solar PV cells
s To understand detuils ubowl manufbctene, sielng and Opernting techiigues
s T have knowledpes of design conuiderslivn.

Conrse Culeomes: Afier completion of the course, stisdents will be able w:
o [dentify photovolisic syplem chmpenents and svsidm typen
# Culcolaie electrical enengy and power
« Correttly size dysiem componenis, design condidemitons of solar equipment
o Dheslph @ basic grid-tie PV sysidim.

LINIT-1;

S0OLAR ENERGY

mun wd Earth, Solur Spectrum. Solor Geomesry, Sole mdiodon on herieonral amd inclimed
planes, Uestiyamerils (or memarement oF solie tadindion, Solsr eell, Equivalem cleenlt, Vel
charscteristics, Perfurmance improvesmes,

LINTT-11:

SOLAR CELLS

Munifacture of Solnr Cellw-Technologies, Design of Solar celis, Photovolisle modules, Design
requirements, Encapsulstion  systems.  Menufpclure, Power mating, lobpot effect.  Design
quinlifizitiom

UNTT-IM

PROTECTION AND MEASUREMENTS

Flat glate arrays, Sopport structures, Module interconnection and cabling. Lighiming prevecrion,
Performanee measuromend using natursl sun Dighe and simulator, l}r:wmlnnlhln of lemporiture
cocificionts, Intgrnn] serey reststamee, Curve corraction Taeiod,

UMNIT=1%]

FHOTOVOLTAIC SYSTEMS

Mhatovetaic systermi, Types, General design coniiderations, Syater sldng, Uabiery siring, lnverior
tizing, Denign examples, Balance of MY systems.

LUNIT-¥:

MAXIMUM POWER POINT TRACKERS

Maximum power poin tockers, Perturh ond observe, lncremenidl donductance method, Hiil
climhing methad, Hybrid and complex methods, Batn based nnd other approximite methods,
Tnstrument design. Other MPP technigue, Grid inieractive PV oysqem,

TEXTBOOKS:

L FC Treble, “Generuling elecmiony . from Sun®, Pergamon Press

2 A K Mukherjee, Miveditn Thakur,” Mintavoliaic sy bl A‘uﬂj}]m unad design”, PHI, 2011,
REFERENCESS

I CA5olanki,” Solar Phofovolmie’s: Fundnmemal Technologies and applicathons™, PH1_2009,
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Prerequisite: None
Course objectives:
o To Unclerstond that e 10 improve your weitlng aldlls-and Jevel of readabiliny
s T Lastier aliopisl whist sy werite i sach secbioe
= To Understand the skills needid when writing a Tide Ensure the good qualin
of paper ot vepy Trrattime sulmis<bon

LMIT-0

Planning and Preparidion, Word Oider, breaking up lorg sentenees, Sieuchariong
Paragraphs and Sentences. Being Cancise and Removing Redandancy, Avoidimg
Ambipuiny and Vagueness

UNIT-0
Clorifying Who D50 Whid, Highlighting Your Findisge, Hedging ond Crnciring,
Parphrmsing and Plaglarism, Sections of & Papor, Absiracn. Iniraduction

UMNTT-1N
Reulew of the |ientute, Methods, Regults, Disoussion, Conglissions, The Final Chech.

UNIT-IV:

Fey akills ape heeded: when weiting o Titde, key skilly wre necded when wrising an
Abwiract, Key skills are needed when writing an Intraduction, skills meedid wheh writing a
Review of the Literature,

LIWTT-Y:

Skilly are necdied when writing the Methods, skills necdad when writing the Results,
whilly are meedod when writing the Digeusiion, o skills are peeded wien writing the
Caneluzioni

LNIT-VI:
Usefil phrases, ow 1o ensue paper i3 85 pond o it could possibly be the first= tme subompssion

TEXTBOOKS! REFEREMOES:

I Croldbon B (2006 Writng foe Science, Yale University Press ivailable on Google Baoks)
B Dy B 200605 How o Write and Pubilixh a Sciemtiflc Paper, Cambidgs Univeesity Press
b Highman NCI99%), Handbook of Wreiting for the Mathomatical Scicnces, S1AM.
Highiimn"s ek
4 Adran Wallwork . English for Writing Resewrch Papers, Springer Mew
York Dordrecht Heldelborg Lodon, 201
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HSASTER MANAGIEMENT
{Audit-d &11.7)

Prevegedsite: Mipe
Courie Dbjeeiives:
* T lewm to demonstraie a critical understanding of key concepim in disaster rink redigrion mnd
humaniiarian reipotme
s Tovevaluane disnater resk redoction and humanitasien response policv ind practice from multinle
ponipectives.
* To develop on underitanding of stndsrds of humanitndan response and practicnl relevimce
In specific ET el diensters ot confilct shustiom,
= To understad the strengrhs ind wealingsey of diugster managoment npproaches,
¢ Toplan dnd grogrem o différent counttles, particularly their home couniry or the countries

iy work

LUIMIT-1:

It roduciion:

Disarter: Defintthon, Factors snd Signifieance; Diference between Himrd and | [saster:
Natural anyd Manmade Disasters: Differenve, Muture, Typed and Magnitude.

LINTT-11:

Reperenssions of Disasters and Waamrds:

Beonomic Domage, Loss of Human and Antmal Lile, Destroction of Coosysteny, MNaturs)
Digawters: Earthqunkea, Volcanisms, Cyclones, Tsunamis, Floods, Droughts and  Famines,
LandsTides and Avalinches, Mon-made disesier: Noclesr Henstor Melidown, |ndusical
Accidents, Ol Shcks und Splile Dutbreaks’ of Diseazse and Epidemicn, W and L oaflicis.

UNIT- 11

Disaster Prone Arcas in Indin:

Study of Seismic Lunes; Arcas Prone to Floods and Droughe, Lamdslides snd Avalenehes;
Areas Prone 1o Cyclonio aimd Coostal Flazords with Spocial Reference to Tammnmi: Poss-
Dsaster Discases snd Epldentics

TIRTT-AY:

Disaster Preparedness und Mansgement:

Preparedness: Monitoring of Phenomena Triggenng & THzaster or Haeard] Evaluation
of Risk: Application of Remme Senpsing, Data from Meteorological e O Mgehches,
Media Reports: Covernmental and Community Preparedness

UNIT-%:

Hisk Assessment Disaster Hivk:

Concept and Elements, Dhisseder Hisk Redocion, Globual sl Matonal  Dessder Bisk
Sndion,  Techmgues OF Risk Assessment, Clobal Co-Operation fn Rink Assessment pnd
Warning. People's Participation in Rlsk Assessment. Strategies For Survival

UMNIT-VI:

Hanater Mitlgathisn:

Meaning, Concept und Stmtepies of Dinastor Mitlgation, Bmerging Trends in Mitigstion.
Strugtural Mirigation and Non-Steucturnl Mitigntion, Pragrams of Disster Mitigation b
fndin.

Lo e, e 1 ‘bpﬂuﬂ“ i
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TEXTBOOKS! REFERENCES:
R. Nishith, Singh AK, “Dinaster Managenient in Indin: Perspectives, Issiues and atrategpies

“'Mew Royal ook Compony: _
Salird, PardeepFrAl, (Fde )" Dispster Mitlgusion Experisnces pnd ReMeetlons™, Prentice Hisll

of Tridia, New Dl
Uoel 5 L., Bisaster Administration wd Moankgement Test und Case Stulles™, Deep

& Dreep Publication Pvi Lid. New [l

S
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SANSKRIT FOR TECHNICAL KNOWLEDGE

(Audit-] &11 5)
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Prepdgmisite: Mime
Conrse Objectives:
= Togel & working knowledyes in (Hustrious Sanskrie, the scienific langunge In the world
» Tolearn of Sanskrt fo imprene brativ lunctioning
s To Learn of Sunskeit (o develop the lpgle in omathemetics, science &
other subjects enhancing  thememory power
= To equip engineering schalirs with Sanskeit will be able 1o explore the huge
hnevdedgs feom anciantlitermure

Course Udichibess Aller completion of the couese, smdents will be able m:
«  Understand hasic Sanasrin Innguage
s Ko anclent Sanskeit Hieraiore bl goience & fechialopy cin be anderstood
s et logieal language will help o devielop logle in studants

LNTT-E:
Alphabets i Sanskril

UNIT-IL
Pust/PresentFuiure Tense, Simple Sentences

LANTT =010
Oirder, Intrisduition of reoin,

UNIT-IV:
Fechmical imformation about Samske Lileralure

LNIT-¥:
Teohnical concepts of Enginecring-Eleotrianl, Mochumival, Architecrure, Mathemntics

TEXTBOORKS REFERENCES:

I. “Abbvaspustikam”, DeVidhwas, Sarmkriti-Bharti Publication, New Delhi
3, “Tench Yoursgll Sanskeit” Praflioma Dieeksin- Vampaik onunbshastrl,

Rashiiye Shnskrit Sansthasom, Mew Dalhi Pablicothon
3. “Imfla's Cllodous Seientifie Teadition™ Suresli Sani, Ocean books (P Ld, New Delhl
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VALUE EDUCATION
CAudig=l &0 4]
Frerequlslie: None
Course Ohjretives:
s o understond vabog of education and self- development
¢ Toimbibe good values o dnidenti
= To kngw abor the impormance of charcier

Cowrse outcomes: Afier completion of the coursa, stedents will be shie 1o:
o et Knowledpe of mFdnm':lcran:nl
s Leam the mportence of Fluman valees
e Davelop the overall perkondiy

UNIT-Ll

Yalues and seli-=development —Social values and individioal stitodes. Work ethics. Indinn
wision  of humanism, Moral and nons moral valoption, Stendords and principfes. Yalue
Judgemenis

NI

Imporionee of soliivarion of values, Sense of diny, Bevotion, Selfrelionee. Confidence,
Concentration. Truthfolness, Cleanliness - Hooesty, Hummiity, Power of foith, Nationa
Uity Pairbotisime Love for nbdire, Disciplise

LNLT=101:

Parsonality and Behavior Development - Soul and Scientific amitude. Positive Thinking.
tnfeprity e disvipiine, Punctuality, Love snd Kindness -Avold faoh Thinking Fres
fromy mnper, Digalty of laber Umversil Brotherhood and religions tolemmnce = Troe
friendahip = Happiness Ve soffering, love for ruth = Aware of Selfodestrociive. mhits =
Asocigtion and Cooperation - Dol bedt {oe suving natume

UNIT-1V:

Clebrmerer and Competencs ~Holy books vi Blind faith - Seli-ninnagement and sood health
- Belehce of relheneration - Eguslity, Mowidolence, Humility, Role of Wamen - All
religicing and saine messére - Mind yout Mind, Self-dontiol « Honesly, Studying effectively

TEXTROOKS! REFERENCTES:

L Chakroborpy, S.K. "Yalues and Eshica for orprnizations Theory wnd practice™,
Dshard Llniversity Prass, Naw Delli
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COMSTITUTION OF INDEA
yvudit-1 &11:3)
Freregulsites None
Course Dhbjectives:

#  To undersiand tie presuses informimg the taan themes of Hberty and freedom frome a
eivil rights persppctive.

& Ta oddress the growtl of Tndian opinian reperding modeen Indian inelisenmls”
comstinitionsl sabe wmd entidement i clvil und econcimle slehis as well us the
emergence of nativabood (o the eurly ¥ears ol |ndian netisnalism.

o To addrass the mle of socialism (o india afber ibe commencement ol the Boldhsvik
Favelition b 0917 and its impact on the initiul deaffing of the Indian Constimation.

Course Qutcomes: Afler completion of the cownse, studenrs will be able m:

s [lscuss the growth of the demand for civil dghts in dndio fiar the Bolk of Iediens before
the arflval of Gandhi in Indinn poliies

»  [Divcpss the imellectusl orging of the fmmeswork of sigument (it dnfiormed  the
conceptunlizoicon ol sogiol retorms Jeading o revolution o Todio.

o Discuss the cirgumstanees surrovnmding the foundsion of the Congress Socialba Party
[CSP] under the leadershilp. of Juwoharlal Nelni and the eventual failure of the
prq‘msﬂ of birect elections through sdull sefTrage in the Indion Copstitution.

#  Dhzcuss ihe passape of the Hindi Code TIL ol 1955,

LINIT=0:
Histors of Making of the Indlan Coastitmilon: History Drafiime Committes, ( Compositioni&
Wiarkim) '

LTl
Philosophy of the Indian Constitation: Preamble, Saliem Features

LINTT-000:

Contours of Constitutional Hights & Daties: Fundamental Wighis Right oo Equality,
Right to Freedom, right apaingt Expleimtion, Right to Freedom of Relipion, Coltural
srd Hdpeptiviul Rights, Right b0 Copslituliomal Remiddizs, Rivectiva Principles of State
Policy, Fundamenta! Bufies.

UNIT-IV;

Cheguns of Goversmiige: Marliamient, Compositon, CGuolilicanons and  Disqualifo o,
Foweis and Foncdoms, Exedutive, Posedent, Oovermr, Councl ol Miniuers, Judiclars,
Agrpointment and Transfer of Midges; Quoalifoation, Peowers aid Funelipos

UMNTT-%

Local  Adminbitration:  Distriet™s Admimisrranion hesd:  Bole ond  Imporanees,
Municipalities: Introduction, Mayorund role of Elected Represenpitive, UEQ of Municipal
Corperralion. Poehaym) mp Iowddugnion, PRI ZildPeciysd, Elécted officials ond iheir
rles. CEOQ ZilaPachavet: Poddtion and rolé. Block level Organleational Hieruchy
(LYifferent departiments), Wilinwee lovel: Role of Electod and Appainted officials Imporance
ol fgrass foof demoprey

UNIT-YI:

Election Commbiston: Election Commission: Role and Funottoning. Chief Election
Commissionar mnd Bleetion  Comimissionem. Swte  Election Commisskon: Role  aid
Functioming: Institute and Bodies for the welfaee of SCSTIOBRC ond women,

(riasn— T ;,W ‘
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TEXTBOOKS! REFERENCES:

I The Constitation of lddin, 1950 (Bare Act), Government Pebiicution,

3 Dr % N Bui De B R Ambedkoe framinsg of [ndisn Constitution, st Edition, 2015,
3. M. I duin, Indinn Constitution Laivw, Tth Edn. Lexis Mexis, 2044,

4 0D Basu, lstreduction o the Constitution of Tnidin, Lexis Newis, 2015,
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PEDAGOGY STUDIES
(AUl K118

Prepeijwisite: ™imne
Cirse Ohjeciives:
o Ti teview existing evidence on the review wpic 1o Inform progrunme design
and palicy making wndertaken hy the DD, other agenches and reagarchers.
o Toidentify eritien] evidence gapn to gide the developmen.
Course Outcames: Alter completion of the coure, studemtu will be able 10
o Understind whar pedagaidcal prisctices are being wsed by tenchers in formal amd
prafirrmal wlpasioome in deselaping counries?
o  Undeistand what g the evidence on the effectivengss of these pedagopicnl
practeces, fn what conditlons, and with wihit popsulitice of leariers™
e Undetstand how can toncher education (curricdlum knd practicum) and e
sehoal ermiculom and gildinee materiels best suppon effective pedagogy?

LINIT-L:

Introduction and Methodologyt Adms gnd ralionale, Paliey backpround, Concepiun]
framework and wrminelogy  Theorlen off learntng, Cdericabus, Teacher educatlon
Concepusl framework, Rescarch questions, Overview. of methadolory and saarching,

UMET-1E
Themitie vverview! Pedagogical proctices are hoing used by reachers in formal and
informal lsssrooms in developing courtries, Curticulom, Teacher educazgion.

LWIT-101:

Evidenes on fhe #lfectivencss of pedagugical praciices, Methodelogy Tor the in-depth
stige: qaulity assassmant of inclnded studics. How eon reaches edugaiion (cumiciham el
practicum) and the school eumiculum and guldance malerials best support slleciive
pedngogy? Theory of change. Strength and nature of the body of evidedncs for affective
petagogical practices. Pedapogic theory and pedogogical approaches. Teachens attiudes
andd bellefs and Pedapoglc sirtepioa

LINTT-1V:

Professlonul development: alignment with clessroom practices and tollow-up suppor,
Peer  suppor, Support from the beod feacher and the community, Cormiculum and
ussesanient, Drviers 4o [wrning: lmited resources and large ¢lags aizres:

LsET-Y:
Rescarch gaps and futore dicections: Research design, Coptgxss, Pedagogy, Teaches
elucation, Curriculsmm aml assessment, DHasemination and nehite ly lnpis,

TEXTEOOKS! REFERENCES:

i Ackers J. Handmin F {2001 ] Classroons iniemction in Kenynn primary sehools, Compare, 31
{3y 245

6.

Aorawal M 20047 currloulinr refbrm o scheoels: The importanes of evalurtion, Tourmal

of O jgricwlom Studies, 36030 3107,

1 Akvenmpone K O{20055 Tescher wnining 0 Ghans - does ot count? Muolti-site
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tenches educatian sesvarch project {MUSTER) country repont |- Londan: DI,

1 Akvenmpong K. Lussier K, Pryor J, Westhrook T (2013) fmproving seoching and
feurntbg of  besle moths end readiog I Afdce Plees teacher preparation cogmt?
Imtermational Jowmal Bducntional Develapmsent, 33 (33 272-282

i Alexander i) (2001) Culiure and pedagogy Intarmational comparisons in primeary
education, Chcford and Bedton: Blsckwell,

6o Clinvan W (20031 Read [Indin: A mos seale. mpid, earmeng 1o read” enmpangn

3 w-l.w\'.|;1raﬂuimnr}yhrw#_u!lﬁnmd%mwrﬂug%lﬂhmﬂﬂﬂlpﬂ'
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Prevegulsife: Mo
Cowrse Objechives:
« To schieve overall health of body and miknd

» o overcoma &raes
Course Oubcomes: ANer completion of the coirse, sfudenis will b able jo:
o  Develop healthy mind in'n healthy body thos improving social health also

v lmprove clfichenoy

UMIT-i:
Definitbaris o Eipht piirts of vop, {Adhionga |

UMIT-01:
o asd M s

LNIT-HE

I s mt [hsn't'n i ife

iy Ahinsg, sofye ustheyn, brmmbocharya wnd spariprahs
iy Shsucha sentodk, tapa, swedhvay, Bhwarpranidban

LNTT-1:
Asan doud Pranzyim

UNIT-W
I Warious yoga poses and thelr benefite for mind & body
AHRegularizathon of irsathing echebues wd Hs elfects-Types of pranoyam

TEXTBOORKS! REFEREMNCES:
i darsrdan Swan] Yuogabhyesi Mandal, “¥ogle Aunmas fir Group -Tarlriing" Phart-l, Waggur

3 swam| Vivelmnenda, AdvoimAshrama, “Rujayoga or conguering the
Internal Wature”™, PublivationDepariment, Kolkab,
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PERSONALITY DEVELOPMENT THROUGH LIFE ENLIGHTENMENT SKILLS
{Aadie-l &T1.8)

Preveguinitg: Noms

Caprse Dhjeetives:
*  Toleem o achieve the highest goal huppily
* T become a petsan with stable mind, pleasing personndity and determkoastion
®  To pwike wisdom in students

Course Outeamuen: Aftere completion of the course, students will be able o
o Siudy of Shrimad-Bhagwad-Ceets will help the student in developlng his

persanality and nehieve the haghesi gosl in'life

# The person whe hes studied Geeta will Bead (he imion’ wod monkingd ' peace ond prosperity.
By of Megtishatakiom will b2lp in developing versatlle personallty of stedents

LINTT-1:

Nestisnakam-Holistic development of pomanality
¢ Warses- [920,21,33 (wisdom)
o MNerspu- 249.31,32 (prde & herlsmil
o Wersss- 26 265,05 (virue)

LNIT=01

Neetisuukum-Holistic development of personslin
& CNoersed- 5255059 (dont'd)
& Memes- 73,7578 (dota)

EIMIT=000:
Appromch to day-tesday wiork and duities
=  Shrimmf BhngwodCGeste 1 Chapeer 3-Verses 1, 47,48,
* Chapicr 3-Verses 13, 23, 2%, 35, Chepter 6-Varsss 5,135,17, 23, 35,
o  Chopier 18-Vesgs 435, 46, 48
UNTT-IV:
Stutericnty of basie knowledpe.
» Shrimad BlegwedGeeny Chager2-Yaeses 56, (2, 68
o Clapter 2 <Nerses 13, 14, |5, 1417, |8
»  TPersonality of Robe model. Strimad BhogwadGeeta:
LNIT-¥:
e Clapter2Nerses 17, Chapter 3=Vemos 36,3742
®  Cliastdr 4-Yerses 8, 3839
o  Clapier % — Versen 37,5843

TEXTIMMIKS! REFERENCES:

L Swaml Swurupanandy Advaim Adkram, “Srimad Bhagavad Gite", Publication Departmen,
Kalkatw '

1 PGopinoth, Rasbirlys Sposkeil Spisthonam, *Bharriberd’s Theee Satakam
(Miti-gringac-vairagyaj, B ew Deélht




