UNIVERSITY OF MUMBAI

No. UG/242 of 2010
A ULAR:-

A, m—

A reference is invited to the Ordinances, Regulations and syllabi relating to
m5 Bactelor of Engincering (BE.) degree coursc vide this officc Circular
po U300 of 2004, dated 24™ February, 2004 and the Principals of the affiliated
roltoges In Engineering are hereby informed that the recommendation made by
e facuity of Technology at its meeting held on 9™ Deceniher, 2009 has been
accepted by the Academic Council at its meeting held or 27% July, 2010 yide item
Ho. 4.7 and that, in accordance therewith, the revised syllabus of Fourth Year
(Gemester  VII &  VIII) of the B.E. Decgree Coursc :n branch of

wiectrical Engmeel‘ing 1S as per Appendix and that the same has been brought
iato force with cffect from the academic vear 2010-2011

4
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12t Angust, 2010 Cffo. Regsirar
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The Principals of the affiliated Colleges in Engineering.
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No. UG/242-A of 2010, MUMBAI-400 032 12™ August, 2010
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1) The Dean, Faculty of Technology,

2) The Chairman, Board of Studics in Elcctrical Engincering.
3) The Controller of Examinations,
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Ag. Deputy Registrar
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Enclosure to Item No.4.7
27/07/2010

UNIVERSITY OF MUMBAIL

4

Revised Syllabus
for the

Final Year
(Semester VII & VIII)
of the
B.E. Degree Course

in
Electrical Engineering

(With effect from the academic year 2010-2011) J
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UNIVERSITY OF MUMBA]

Syllabus

at

Structure (R-2007)

B.E.(ELECTRICAL ENGINEERN G)

S emester VI
— SChem'e of Instructions, |
( Periods per week Sch .
(60 min) cheme of Evaluation
q. Subjects I P —
¥ Lect . L raper Prac
ure Practical Tutorial “Term | tical
Hours | Marks | work and Oral | Total
I Oral
] . '
iectrical Machine 4 %
| gesi N 2 3 100 | 25 | *x | 25 | 150
— [ power System : E
, | Operation and 4 2 = 3 100 | 25 | ** | 25 | {50
Control '
—High Voltage DC 4 *% 3
3 TransmiSSion 2 3 100 25 ok 25 150
7 1 Control System- II 4 2 il 3 100 | - i
,L ’gﬁ?ﬁé-—l » 25 25 150
5 4 2 3 " 100 25 ok 25 150
,_,.—-P""T’T * % 4 % % * %k %%k b *ok
TProjeet] 25 25 | 50 |
’”‘L'Lﬁtal 20 08 06 500 | 150 | 25 | 125.] 800
[

Elective - I:

1. High Voltage Engineering
2. Analysis and Design of Switched Mode Converters
3. Power System Dyanamics and Stability
4. Illumination Engineering

*One industri;ﬂ Visit compulsory, its assessment should be included with the relevant subject’s Term

work
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University of Mumbai

Branch: Electrical Engincering

Class:B.E.
Subject: Electrical Machine Design (Abbreviated as EMD)
Lecture 04
Periods per Week Practical 02\
(Each 60 min) Tutorial T
' Hours Marks
Theory 03 \100\
Practical and Oral --- \
Evaluation System | Oral - 25
Term Work | --- 25
Total 03 150 |

Course Objective:- This c:ourse deals with the design of Electrical Machinem

specifications emphasizing- on.the-materials-used along with-the design of energy efficien

OCAD software.

motors and preparing the design drawings using AUT

Moduls

Contents

Hours

1

Introduction : Introduction to machine design, Standardisation,

Magnetic, electrical conducting and insulating materials used in

machines.

06

Design of single phase and three phase transformers

Output equation, Main Dimensions, Specific electric and magnetic
loadings, Design of core, Selection of the type of winding, Design of
LV and HV windings, Design of insulation ,Resistance and leakage
reactance of the winding, Mechanical forces, No load current; Cooling
of transformers — design of cooling tank and tubes/- radiators,
IS:1180,1S:2026; design examples. Recent trends in transformer

design.

16

Design of three phase Induction motors:
Output equation, Choice of specific electric and magnetic loadings,

Standard frames, Main dimensions, Design of stator and rotor
windings, Stator and rotor slots, Design of stator core, air gap, Design
of squirrel cage rotor, end rings, Design of wound rotor, Types of
enclosures, calculation of leakage reactance, prediction of magnetizing

.current based on design data, Dispersion coefficient, Modifications of

design of induction motors,[S325, 1S1231; design examples.

Energy efficient induction motors
Energy efficient induction motors and its design aspects (preliminary

20

treatment only) ,
4___-__——"
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Term work:
The com :
& motor wi;t)llle;?aggzl%n of one Three phase t
diagrams of indi rd frame size; Minimun rfgll)nSformer
using AUTOC Ag‘d];‘a‘ parts and the assembled wr
- Design should be based onetl vlieZiV
n the Indi

A brief report should
_ Efficient Induction Motzf pPrepared by each

practical Work De; i ,
(Design, drawing sheets, report o :
‘Test (at least one) n energy efficient IM):15 marks
:10 marks

and one Three phase induction
(full imperial size) coverlng the
5. At least one sheet should be
oo an Stanc!ard Specifications.

ent on Design Aspects of Energy

The final certification and ac :
ceptance of term-work ensures the satisfactory performance of

practical work and minimum passing in the term-work

Books Recommended:

Text Books: '
A.K. Sawhney, “Electrical Machine Design™, Dhatipat Rai & Co

M.V.Deshpande,  Design and Testing of Electrical Machines
M.G.§ay, “performance & Design of AC Machines”, Pitman
Indrajit Dasgupta, “Design of Transformers”, TMH
B.E.Kushare, «“Handbook on Energy Efficient Motors

Promotion Council (India)

» International Copper

B W —

ya Prakashan, New Delhi

Reference Book:
Selection and Applications”,

1. K.L.Narang,

Vs Jol{n C Andreas, “Energ
Marcel Dekker, New York _ o
ric Motors and their Appllcations”,

3. Howard E Jordan, “Energy Efficient Elect

Plennum Press; New York

«Electrical engineering Drawing”, Sat
y efficient Electric motors:
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Univel‘m unibai ~
. " _‘\_.
cl BE Bl"l“Ch;' Elccil'iCﬂl EllgillCﬂ h]g Semcster:- V.]T\\
ass:- A
— i Drovisted as PSOC)
Subject: Power System Operation and Control (Awf‘c‘ a ) .
e - — Lecture 04 —
Periods Per Week ———— Practical 02 T
(Each 60 min) T Tutorial .
‘_J‘—“ Hours le
Theory | 03 | 1qgp
Practical and Oral ——
Oral -
Evaluation System 25
- Term work | ---- 7§
B Total -—-- 150
Course Objective: - The objective.of the course is to :bringLFpgether the many dlmensk?ns_ and
discuss a number of engineering and economic aspects relating to power system operation and
control.
Module Contents ' Hours

| B Load Flow Studies. . _ .
Network model formulation, Y bus formation and singular matrix

transformation. Load flow problem, Gauss Seidel (GS) methods., 10
"| Newtorr Raphson methods (NR) (Polar, Rectangular form). , ,
Decoupled, Fast Decoupled load flow and comparison. Concept of

DC loads flow.

2 Economic System Operation

Generator operating cost:- input-output , Heat rate and IFC curve,
Constraints in operation, Coordinate equation, Exact coordinate
equation, Bmn coefficients, transmission loss formula.

Economic operation with limited fuel supply and shared
generators, Economic exchange of power between the areas.
Optimal unit commitment and reliability considerations

3 Automatic Generation and control

Load frequency control problem, Thermal Governing system and
transfer function. _

Steam Turbine and Power system transfer function, Isolated power
system:- static and dynamic response , PI control and 12
implementation.

Two area load frequency control, static and dynamic response
Frequency biased Tie line Bias control-implementation and effect.
Implementation of AGC, AGC in restructured power system, under

08

frequency load shedding, GRC, Dead band and its effect, g -
4
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4 | Inter Change of Power and Energy.

Multiple utility interchange transaction, Other types of \ 04
transactions, Power Pool

5 Power System Stability
Types of Stability Study 'Dynamics of syn :

s C
Power angle equation, y, hrorious - “machine,
qu'c'elnmmatipn tec}}niquc, Simple Systems, Steady state 10
stability, Transient stability, Equal area criteria and its

applications, Numerical solution of swin e : .
Euler’s method g equation, Modified

6 Power System Securities

Systerr} state classification, Securl
analysis, Sensitivity factors

ty analysis, Contingency 04

Term Work

Term Work shall consist of minimum four programs or four Simulations based on above

syllabus and fOL.lI‘ tutorials. covering the entire syllabus carrying a weightage age of 10 marks
and a test covering the entire syllabus carrying weightage of 15 marks.

® Recommendcd Proglzams and Simulations
1. Y bus formation by singular matrix transformation

Y bus formation by adding one element at a tjme
Gauss Siedel Load flow

Optimal loading of generator

Transient stability of single machine.

Simulation of LFC of Isolated power system under different conditions
Simulation of LFC of Two Area power system under different conditions

G5 I 19

Books Recommended:

Text Books
I. Kothari. D. P, Nagrath. 1. J., Modern Power System Analysis, TMH Publication,

ird Edition, 2008 . | . o
ghllzotha;i.l D. P, Nagrath. L. J., Power System Engineering, TMH Publication, Second
Edition, 2008
3. George K
Publication.2008
4. Chakrabarti .A, Ha

Secolrlld E?iti\;r; 330% ce. F: Wollenberg. Power Generation operation and Control,
5. Allen. J. ) T

b . ition, 2007. .
;N;le)’bll?d}a rslgic;nil) fgg;ogystem Stability and Conirol , TMH Publication,2008.
. Prabha ’ .

ausié. éomputer Ajded Power System Analysis, Prentice Hall

Ider. S, Pawer System Analysis- Operation and Control, PHI,
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Reference Books

1. Soman. S. A, Khm]whad
Power System Analysis, an O
New York 2001 , _
3. Anderson P.M, Fouad A.A, Power oywel
Science. 2008 dition

1 Kimbark W, Powe

4 Ir W.D. Stevenson,, G, 1 Gr

Publication.
§ Hadi Saadat, P

. S A and Subha pandit Computer Methods for fa
hiect Oriented Approach, Kluwer Academic Publiy n‘
' ler

y Control and Stability, Wllcy ™
) er.

volume Ioand 11, Wiley Publication, '

r System Stability, ‘ '
] nents of Power System. Mc-Giraw-ffjj|

ainger. Elet

ower System Analysis, TMH Publication Second Edition, 200,

6
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——
Class:B.E..

niversity of Mumbaj

Branch: Electrjc

Semester: V|

Shission (Abbreyj

— Practica|
\\

——

_ "

Practical and Oral_

T Hours Fmﬁ
R

————— .. Theary 03 100

Evaluation System _\_\ o

—

o —
al Engineering —

Wgh Voltage DC Trap
e ———

—  \1 ated s V) CT) B —
\-_\\\

Periods per Week ———— Lecture 04

(Each 60 min)

._\&\—*
— L Tutorial

invention of thyristor valves and relateq technolo
system. The HVDC technology is still

directed at improving reliability and reducing cost of conyerte

IS.

gical improvements made wide growth of HVDC
undergoing many changes due to continuing innovation

S ) I B
Term Worlk — 25
—— Term Work |
L - Total -
Course Objective:- H 150

Module

Contents

Hours

1

HVDC System configuration and Components:

Classification of HVDC lirtks, Components of HVDC transmission system,
Comparison of AC and DC Transmission, Application of DC Transmission,
Modern trends in DC Transmission, Ground Return- advantages and problems

06

Converter Theory and Performance:
Valve characteristics, Detailed analysis of converter, Converter transformer
rating, Multiple bridge converter , Numerical from converter circuit and |

multiple bridge converter

14

Converter Faults:
Converter Faults types, DC line fault , AC system fault

-Protection:

Bypass valve,Protection against over-current and over—voltgge

Control of HVDC System:
Basic Principle of control, Contro

Power flow reversal

| Implementatlon, starting stopping and

= ntrol: '
Con\rerter;:;l;g&(::rol System ,Control for Enhancement of AC system
Converter Firing-

performance B

T rn}gnicsdall;%iggz l}.1sezrmonics AC filter and DC filter
AC side and o

(} Scanned with OKEN Scanner
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Term work: | ‘ ' ' ) i .

Term work shall vonsist of at least six MATLAB simulation / assignments carrying welghtay,
of 15 marks _ - »
A test covering the entire syllabus carrying weightage of 10 marks.

Text Books: 4
‘ 1. Prabha Kundur, Power system Stability & Contr()_l. Tata. McGraw Hill Edition
2. Padiyar K.R., HV:DC Transmission Systems, 1* .l:'d., Wiley Eastern Ltd., 1991
3. Kimabrk E.W., HVDC Transmission, 1* Ed., Wiley,1965
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Ulii\'c;il N ———
m‘m\)\wl\’lumhﬂi_ .

anch; i A S ——
Electyicqy Enginccriug Wr: il
mtrol System I1 (Abbron: -
/—\

J—

S

_ ——ted as C8 1)
periods per Week \\m 04
(Each 60 min) L m 02 T
| e Tutorial e
—— ' Hours Marks
Theory Examination 03 100
Practical and Oral --- 25
Evaluation System v : '
_ Oral - -
Term Work - 25
Total - 150

Course ?V%I:Ct;:;’el:nTO lStiildy this éour§e the basic knowledge of controller is necessary. This
course g owledge of classical method of controller design as well as modern

control system de51gr.1. Foundation. of automation is also done through this course. The
syllabus is industry oriented. : |

Module Contentsﬁ Hours

1 ‘Design via frequency response: transient and steady state
compensation by gain, lag, lead, lag-lead compensator. (This topic
will give idea of classical control. It should be explained by simple
examples) '

04

2 Design via state space: .
Introduction ,controller design,controllability,alternative approaches to
controllers design, observer design, alternative approach to observer 12
design, steady state errors for system in state space, steady state error

design via integral control.

3 Digital Control System: Introdﬁction,modellng,
Z-transform,block diagram reduction,stability,steady _st.ate s i3
errors, transient response on z plane,cascade Qompensatlon
via s-plane, implementing digital compensator.

4 PID Controllers: . . . .
Introduction, industrial PID, issues in 1mplem.entn_1g a}r; mccliustrlal .PID 04
controller, Integral windup and antlwindup;clrcmts, and D Kkicks,
.different form of industrial PID, Reverse acting controllers.

: In i PLC, its components

I logic controller: Introduction to FLC, 1ts ¢ its,

’ girf(‘)fg:nmtr?aﬁgzagegs of PLC, relay ladder logic circuits, different 06

addressing modes, relationship of data file addresses to /O moduled, '
6 Fundamental PLC programming: PLC program Execution, ladder

i ic instructions, timer. 04
: nouages, relay logic mstn'Jct. . :
ot manip B tic operatjon instructions,

counters, data manuEulation, arithme o L

(} Scanned with OKEN Scanner



L7

Jump and loop instruction, Troubleshooting PL.C~ S'"_‘ple p:lograms
using above instructions., Advanced PLC programming an 06

Troubleshooting

Term work: i . : l nd th
Five Experiments in virtual lab using any S"“u‘“tlon‘ SO Swzcilre a ree
experiments on PLC. The experiments should be based on Case Study.

Practical Work :15 marks
Test (at least one) :10 marks

The final certification and acceptance of term-work ensures the satisfactory performance of
practical work and minimum passing in the term-work.

Suggested List of experiment to be performed in virtual laboratory:

1.

. state performance. ‘ ' . :
. Design Of controllers for phase variables using pole placement. Antenna control;

15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.

Control system, find the preamplifier gain required for closed loop response of certajy |
specified overshoot for step input. .
Different compensators design for any system for some defined transient and steady

Stability design and Transient performance using frequency response.

To examine the open loop and closed loop frequency response and the effect of
addition of poles and zeros ‘
Using antenna azimuth position ¢

Design of controllers for the plants not represented in phase variable form.
Design of observer for plants in observer canonical form using pole placement.
Design of observer for plants not represented in observer canonical form.
Simulate the above designs

. Determine the range of K for stability in digital control system.

- Determination of Kp, Kv, Ka in digital control system .

. Plot of root locus in Z plan and calculation of transient response performance criteria.
. Design a digital lead compensator using Tustin transformation

. Conversion of antenna azimuth position control system in to a digital system. Gain

design for given transient response
Study the performance of different PID controllers

Study of different modified form of controllers, Study of the P-kick and the D-kick
Comparison of series and pdrallel PID -

Study of reverse acting controller

Automation usihg PLC for reversing contactor

Conveyor belt problem of process industry

Street light automation

Garage door and light automation

Counting automation in any ménufacturing plant

Motor circuit control using PLC _

Fan and light automation in cinema hall

Héating control using PLC

10
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Experiments on automatj
mation are
. 0 be pe : ; . ;
be used in-the programs e performed on PLC. All the instructions should

Books Recommended:

Jext books: :
]. Norman Nise: .
Control System Engineering Wiley Students Edition , 4™ edition,

2. Jacqueline Wilkie, Mij
Intr?) " te Wilkie, Michael Johnson, Raza Katebl: Control Engineering an
ductory course: Palgrave Macmillan, 1* edition
3. 'Bartelt T., Industrial control Elctronics: Devices, System & Application, Delmar
Thomson Learning, 1% Edition '
4. 1 S N?gtath and M Gopal: Control System Engineerin
5™ edition ‘ |

g: Wiley Eastern Limited:

Refererice Books: |
, 1. Curtis D Johnson, Process Control Instrumentation Technology: Pearson -
Education : 7" Edition . :
2. Dunning G., Introduction to Programmable Logic Controllers: Delmar
Thomson Learning: 2" Edition |
System: Pearson Higher

G.F Franklin, Powel, F eedback COUf_rol of Dynamic
education, ISBN 0130980412
4. JID’ Azzo, CH Houpis and S.N..Sheldon: Linear Control syste
‘Design with MATLAB :Marshal Dekkar, ISBN 0824740386
Christopher T. Kilian:Modern Control Technology Components A

Delmar Cenage learning; 31 edition.

m Analysis and

nd System;

(} Scanned with OKEN Scanner



Unimbﬂi . X

Class:- BE Branch:- EICW!‘g Sem'\\\ '
Subject:- High Voltage Engiuccrin;g (Abbreviated as HVE) 3
Lecture 04
Periods Per Week Practical 0 5
(Each 60 min) . - Tatorial |- —
Hours ‘Marlg ™~
Theory 04 T
Practical and Oral ———- N
Evaluation System Oral === C98 T
“Term work_ : — 25
Total --- ' 1501

The main objecﬁve is to know the fundamentals of high-voltage laboratary |
h-voltage phenomena, and to present the basic of hlgh-
er with the analytical and modern numerical toq|

Course Objective: -
techniques, to provide an understanding of hig
voltage insulation design and testing togeth
available to high-voltage equipment designers.

Module . Contents Hours |
1 - | Electrostatic Fields, their control and estimation 7
= Electric field stress, its cortrol and estimation
= Analysis of electrical field intensity in Homogenous Isotropic 06

Single dielectric and multi dielectric system. _
= Introduction to Numerical methods for the estimation of
Electric Field Intensity. _
2 Conduction and breakdown in air and other gaseous dielectrics in ) d

electric fields. '
» Jonization processes, Townsend’s current growth equation-

Primary and secondary processes, Townsend’s criterion for
breakdown in electronegative gases.
» Paschen’s law, Breakdown in non-uniform fields and corona
discharges.
= Post-breakdown phenomenon and application,
| Practical considerations in using gas for insulation purposes.. A
3 Conduction and breakdown in liquid dielectrics
» Conduction and breakdown in pure liquids. 04
= Conduction and breakdown in commercial liquids. P
4 Breakdown in solid dielectrics B
= Intrinsic ,Electro-mechanical and Thermal breakdown.
» Breakdown of solid dielectrics in practice. 08
» Breakdown of composite insulation.
» Solid dielectrics used in practice.
Application of insuiating materials in electrical power apparatus , |

12

09

(} Scanned with OKEN Scanner



electroni

ronic equj '

/,,-_" - A pl]1e ——— 3
5 GeneratiOn & McntS_ ————

asurement g i
i ement of Thica - = —
eneration of |y Dl of High voltage and Currents e

Gene 3 C [} I"l
ration of V ACand Impulse voltage.
_ 07

e e s e A e I

n Tl'l . ill][')lllSe cur
Pping and control of rents.

Meas
urement of Hy DC, HV AC Mpulse generators.

6 Testin
a € and evalatioy _and Impulse voltage and currents
pparatus. 1 of diclectric materials and - T o
' and power

Non-de .

Structive tegti

= DC . esting of diel .
resistivity measurement ectric materials.

* Dielectric
and |

= Partial disch 0ss factor measurement. 10
* Testing S? e eent

of ‘0

| cabie; transflor:ls];li??l}‘f" lbushmg , isolators, circuit breakers,
- RE.IdIO interference meaSurerr’le;%] voltage motors , surge diverters.
. High Voltage laboratory—design, planni o
» Size and dimensions of t}’1p quipm e o
_ ¢ equipment and thei .

* Earthing and its importance. P cirfayout g

Term Work

At least 6 experime ge laboratory covering

nts/assignments and a report on visit to a high volta

the topics mentioned in the above syllabus.
:15 marks

Practical Work | .
Test (at Jeast one) :10 marks
m-work ensures the satisfactory performance of

The final certification an
practical work and minimum

d atceptance of ter
passing in the term-work.

Books Recommended:

ge enge- TMH publications second ed.,1995
Itd., first ed., 1994

jex‘ 1 b()()ks
aiu V. o high v l
[ ergamon, 1 9;0.

1. Naidu M. S. and Kamr ;
L e ot e
3. Kuffel E. and Abdullah M-
4

. Kuffel E. ‘High yoltage €nge
| nd

h Voltage Engineering Fundamentals Seco

| ques (SBA Electrical Engineering

R :

1)%;;.8 ’écfféioéls. S. Zaen ind 1, Kuffel Hi8
Edition Elsevier at“:rl io

2) Dieter Kind an u Fe? A ency PVt Ltd.
Series) by Shankars Book A6

13
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University of Mumbai \

Class: B.E, Branch: Electrical Engineering Semester: ViL T

. e .‘ q \\
Subject: Analysis & Design of Switched Mode Converters (Abbreviated as ADSM() <

"~

Lecture 04 ~

Periods per Week . . Practical . 02 At
(Each 60 min) Tutorial — W
Hours Mmﬂ;\ L

Theory Examination | 03 \100\\ 4

Practical and Oral o \\

Evaluation System = : Oral - \\25\\\
' Terra Work - A _P\zj\

Total --- Nﬁm“

Objectiv;:- To give an insight in to the design and fabrication of switched mode converters

— —

‘Module s Contents Hours

DC - DC Switched mode Converters !

I * Review of Buck Converter, Boost Converter, Buck — Boost ,CUK &

- SEPIC converter. ,Duty cycle derivation, Different conduction modes| 14
(CCM & DCM), Voltage and Current waveforms, Calculation of
output voltage ripple, Problems.

Resonant converters

5 - Syi/itch - modg inductive current switching, Zero Voltage & Zero
Current switching , Resonant switch converters, Basic resonant 06
circuit concepts, Resonant switch converters, ZCS and ZVS resonant
switch converters , Comparison of ZCS and ZVS topologies.

Switching DC power Supplics

3 = Linear power supplies, Overview of switching power supplies,
~ Switching losses 06

= Fly back and Forward Converters— duty cycle derivation, waveforms,
comparison of converters, Problems

Control Aspectsi : B |
4 * Voltage feed- forward PWM control, current mode control ,Power 04
supply protection , Electrical isolation in the feedback loop,
Designing to meet power supply specifications -
— — - =
14
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E

/’— Converter Design (fo
: r Buck /’_]
. Soisction of o , Boost , Flyback & Forward Converters only)
u ; '
; ‘ inductor, Design p;‘ft }tjlltlerfcapamtor, Selection of energy storage
: > R ugh frequency [ i ne
transformer, Selection of switches i ncustos e e frequent '
= Snubber circui i -
driver circui t design, Pulse width modulator circuit, Design of
ircuits, Necesslty of EMI filter
— i I
p Thermal Model o
Thermal resistance , Selection of Heat sinks Simple heat sink 02
calculations . - i
Applications N T
. = DC/DC converter as Power factor Correctbr (active shaping of the line
current) 02
= Offline computer power supply system, Uninterruptible ac power
supplies, Space craft power supply etc s

Theory Examination:

{. Question paper will comprise of total 7 questions, each of 20 marks.
2. Only 5 questions need to be solved. '

3. Q.1 will be compulsory and based on't
4. Remaining questions will be mixed in n
5 eightage of each mo

he entite syllabus. '

ature.

dule will be proportional to the number of respective

In question paper W
lecture hours as men

tioned in the syllabus
Term work: .
Term work shall consis
mode dc-dc converter. Practical Work
Test (at least one)

The final certification and acce
practical work and minimum pa

ns and fabrication of a switched

t of three tutorials , two simulatio
15 marks

.:10 marks

ptance of term-work ensures the satisfactory performance of

ssing in the term-work.

Books Recommended:
Text Books

1) Mohan N. Undela
and Design” John

nd. T& Robbins W., “Pc_;wer Electronics Converters , Application

wiley, 3" edition» |
2) U d L. Bhat$S R «Design of magnetic components for switched Mode Power
manand L., R,
, Wiley Eastern 1.td.,1992
D. Maksimovic
2005

C » . ] L1 .'
onverters “Fundamental,s of Power Electronics”, Springet

3) Robert. W. Erickson,
International Edition,
s ,Oxford University Press

Reference books
power Electron '
_Hall of India

1) Krein P.T “Elements of oni
ectronics”, Prentice

2) M.H.Rashid, “power El
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University Of Mumbai _ B

Class:- BE Branch;- Electrical Enginecring ‘ ert- Vi
‘ — T lnted as PSDS) -
Subject: Power System Dynamics and Stability (Abbrevia
Lecture 04 [T
Periods Per :
Practical 02 |
Week . . B e |
. - Tutorial 00 ~
(Each 60 min) ! .
: Hours | Myp|
Theory 04 BTl
Practical and Oral - T
Evaluation Oral — —‘_2\5& H_]
System Term work - B 1
Total - 150 ;
Course Objective: - The objective of the course Is to study the system dynamics which hasa 7 ‘
Significant bearing on integrality of the system following major disturbances. B
|
Module Contents Hours ]
Synchronous-Machine Modeling And Representation | |
Basic equations of synchronous machine, 1
dqo transformation,
Per unit- voltage- flux- torque- power equations and reactance,
Equivalent circuit d-q axis,
1 Voltage current flux linkage relation- phasor representation- rotor 14
angle-steady state equivalent circuit
Three phase short circuit,
Magnetic saturation and representation |
Simplifications for large scale studies, |
Constant flux linkage model |
Excitation System
Excitation system requirement
Elements of excitation system :
2 Types of excitation system 10 8
Dynamic performance measures
Control and protective functions 'E
Basic elements of different types of excitation system -
Small Signal Stability (SSS) II
andamental concept of stability of dynamic system, ;
Eigen properties of state matrix, -;
3 SSS of single machine infinite bys system, 12 ]
Effect of AVR on synchronizing and damping torque,
Power system stabilizer, '
SSS of multi-machine system, =
- . \

16 57
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//"- vy —“*.\—-ﬁ____‘__—‘*—- - )
Special techniques to analyze Torgs svato T
Characteristics ofSSS. system,

SSS Enhanccmenl.

— | Voltage Stability : e
Basic concepts, -
4 Voltage collapse, - (2

Voltage stability analysis,

Prevention of voltage collagse o

Term Work

Term Workl_shall consist of mini_mum four, computer programs or  four Simulations, and
four tutorials  covering the entire syllabus carrylng a weightage of 10 marks and a test
covering the entire syllabus carrying weightage of 15 marks.

Recommended Computer Simulations

¢ Demonstration of the Three-Phase Programmable Source, Sequence Analyzer,
and abc_dq0 transformation blocks,

e Synchronous generator powered by hydraulic turbine with excitation and .
governor systems. ' '

¢ Torque amplification study: IEEE second benchmark on sub synchronous
resonance (case 1A)

o Performance of Three PSS for Inter area Oscillations.

e Transient stability of a two-machine transmission system with Power System
Stabilizers (PSS) and Static Var Compensator (SVC).

Text Books
1. Prabha Kundur , Power System Stability and Control , TMH Publication,2008
2. Padiyar K R, Power System Dynamics- Stability and Control, BSP
Publication. )

Reference Books
3. Kimbark E W, Power System Stability, Volume I, III, Wiley publication.
‘4. Jr W.D. Stevenson., G. J. Grainger. Elements of Power System. Mc-Graw-Hill

Publication. ‘
5. Anderson P.M, Fouad A.A, Power System Control and Stability, Wiley Inter-
Science, 2008 Edition 3
6. Saur P W, Pai M A, Power System Dynamics and Stability, Pearson Education
Asia )

7. Pai, Sen Gupat, Padiyar, Small Signal Analysis of Power System, Narosa
Publication, 2007 Edition.

17
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University of Mumbai ~~
. . . T Semester: VI T
Class: B.E. | Branch: Electrical Engineering ' =T
Subject: Illumination Engincering (Abbreviated as LE.) =
Lecture 04 -
Periods per Week : Practical . 02 ~..
(Each 60 min) Tutorial T
Hours m“-~
——
Theory Examination 03 100
Practical and Oral --- T
Evaluation System . Oral - 25
. Term Work - 25
\_“—-_“"‘*-«.
Total --- 150

a 2 . i_‘“\k-‘ —
Course Objective:- To get detailed insight into illumination system components, its controls anq
design aspects in order to know the requirements of proper and energy efficient lighting,

Module ' Contents Hourg

Light,isight, Color and Photometry

Electromagnetic. radiation, Laws. of. illumination, illumination entities.
Photopic and Scotopic vision of human eye. Radiometric and photometric
standards, Choice of right detector, detector specification-construction, details
of luminous flux, luminance, illumihance and luminous intensity measuring 06
meters. Photometric measurement procedure-preparation of test report,

Spectral power distribution data~ assessment of lamp efficacy, Color
temperature, Colorimetry-Different color specification systems and their

limitations. Measurement of CRI, CRI of radiation due to multiple sources,
Glare

Lamps and Luminaries

1Lamp development, construction and’ characteristics;
Discharge lamps: fluorescent lam
halide and induction lamp. LED

2 Lamn testing procedures. Light field, Optical contro] methods, Advanced
te.chm'ques of using reflection, -refraction, polarization, interference, diffraction, 10-
diffusion and absorption in optical controf. Materials used for Luminaire

Incandescent lamp,
ps, CFL, mercury vapor, sodium vapor, metal
and its application in lighting. -

Mechanical, thermal and electrical design of luminaire. Luminaire photometry,

Luminaire testing procefiures. Introduction to Luminaire for hazardous area
application '

18
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K ‘Interior Lighting Desigy

o & Calegppp—————ooo
Objectives, qual; aleul,

lacement, des; 3 : '
4 {P trol. Pot CSign Considerajoyq thting. Lamp /Luminaire sclection and
g control. Principal of 1i .q: Soand caleyl . ‘e -

atlon.  Glare Consideration and

) 1ghting e

: slpn- . 1
point by poin Method. BN I"d‘)()r ll;!hUHF! design by lumen method, by 16
nsoand solution and  designing

documentation for: Dc”’l!“l“l! probleg
ntial, offices, educational institute,

industries, religioys [‘J‘:’SI:‘Cﬂli(ms like regige
. : dings, art g,

centers, eating outlet J L-l”CFSi'L‘Shnlmcmn'e. retail stores, indoor sports

o Standardg

S elc, Applicable |

Exterior nghling Design & Cm?,.(‘*“““““ e mam—————

4 Exterior lighting Syster
. . - R ¢ ip y e1a . .
Highting, Decorative Ndoq figng. 5,0, Uty area fighting. Sports| 1
lighting. Applicable IS Standqr%i Ing. Design Consideration for Emergency
/‘———'—_ : 2 - . : .
. Lighting Monitoring ang Copgry o
Lighting contro] stratepi i
Sy gles, tech i i '
of .Ilghtmg control, Protécols forlll;gllllfi?lgc czg?rloplment’ et "
] Day lighting Design m;d Analysis N
Daylight availability data ang i i |
o 18 availat . analysis. Lighting integration- daylighting / 02
| electric lighting Integration, Daylight control and disgtributi%m e
Ene.rgy.l Efficient lighting and Lighting Design software tools _
7 Desngnélng t.echmques for achieving energy efficiency, Concept of Lighting
power density, Software design tools for interior lighting, road lighting, flood 02
lighting. Advantages and limitations ' '
Term Work:

I: Four lab experiments based on study of lamps and luminaries operation and
construction parameters measurements

2: Group study report on observation and analysis of existing lighting installation (at least
4) at following areas commercial/ non commercial, industries/offices, indoor/outdoor,

sports center etc. ] . "
3: Minimum two designs on interior and exterior lighting based on specific applications.

Design- calculation and computer aided design "

The distribution of the Term Work shall be as follo'ws:
Practical Work (experiments, visit reports and design problems) : 15 Marks
Tests . : 10 Marks

The final certification and acceptance of term-work ensures the satisfactory performance
of laboratory work and minimum passing in the term-work

Books Recommended:

Text Books:
L. “Designing with light:
2. “Lamps and Lighting”,

: htioo Handbook”, Anil Valia;Lighting System 2002
Iﬁ}xlllégtay]ess and A.M. Marsden; Edward Arnold

‘19
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Gary Gorden, :John Wiley & Sons Inc,

3. “Interior Lighting for Designers”,

Reference Book: . .
1. “IESNA lighting Handbook™, Illuminating Engineering Society of North Americg

o™ edition 2000 o _
“Simplified Design for Building Lighting”, M.Schiler; John Wiley & Song Inc

“
2. 1S 3646 : Part1: 1992, Code of’ pmclicnfor interior illumination
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I;NIVERS[TY OF MUMBAI
yl?abus Structure (R-2007)

at
B.E(ELEC
. [ T 5 s
RICAL ENGINEERING)
gemester VIII
- Scheme of Instryeq; ' sy
tions, Period ’
. per week -ﬁ :
(60 min) Scheme of Evaluation
I
r. Subjects T —
:10 ! : ) Prac | . |
Lect ' Term | tical
ure | Practical | Tutorial Paper work | and Oral | Total
Oral -
— T Design, Hours | Marks -
Management and 4 |
I' | Auditing of 2 3 100 25 *k 25 150
Electrical System
— e |
| 2 | Drives and Coritroll' .4 2 - 3 160 25 s | ** | 150
| Power System’ .
3 | Planning and 4 ‘8 2 | 3 | 100 | 25 | ** | 25| 150
e . :
4 4 ** 2 3 100 25 *x | 25 | 150
5 | Project-II R ** k| * 50 | ** | 50 | 100 |
__Total 16 12 4 | 400 | 150 | 25 | 125 | 700 |

Elective - II:
1.Power Quality
2. Electric Traction
3.Flexible AC Transmission Systems
4. Digital Signal Processors Applications in Power Systems

21
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- University of Mumbai TEe
o Semester: Vi T~
' n :
Class:B.E. Branch: Electrical Engineering
| —— ical System (Abbreviated as |y,
- ) diting of Electrica M Al
iect: Design, Management and Au - )
Subject = Lecture 04
_——’________’____-’_——.——--
Periods per Week Practical 02 S
. - = N _\‘\_‘
(Each 60 min) — Tutorial . S
i Hours Markg
_ — - —
Theory Examination 03 100 ~
Practical and Oral --- - oy
Evaluation éystem : Oral - : 25\ ‘
Term Work | -—- 7 25
Total --- 180
Course .Objective:- To get conceptual understanding of design of electrical systems, ﬂﬁlf
management and auditing procedures: -
Module Contents. Hours.h
Introduction
Types of electrical Projects, types of electrical systems, review of
1 confponents of electrical system Different plans/ drawings in
electrical system design, single line diagram in detail, Introduction to 04
Energy Conservation Act 2001, Basics of tendering and estimation, |
Review of Economic and financial analysis fechniques: time value of
. money, Simple payback, IRR.
Design of Power Distribution System
Different types of distrlbution systems and selection criteria,
2 Temporary and permanent power supply, Electrical load: size, LF, 08

DF, future estimates, Substation equipments options, Design
-considerations in: Transformer selection, sizing and specifications.
IS standards applicable in above designs.

Design of Switchgear Protection and Auxiliary system

Selection of HT/LT switchgears, Metering, Switchboards and MCC,
Protection systems, co-ordination and discrimination: Cables:
3 selection and sizing, cable installation and management, systems, 10

bus-bars; Basics of Selection of cmergency/backup supplies, UPS,
DG set, Batteries; Preliminary design of interior lighting systém. IS
standards applicable in above designs. o

4 Monitoring and M

. e

anagement of Electrica] Sys'tem:s

gre"rgy Monitoring and Targeting; Defining monitoring & targeting, 2
ements of monitoring& targeting, Energy analysis techniques for|  _..—
22

(} Scanned with OKEN Scanner



= ~ ‘—_'/—, |
/ energy optimizatiop - === — T

Electricity billing, Electrica] |
control, Power fac

i oad management and maximum idcma‘l:g
o Improvemen its | clection a
lop at%on ,Of Capacitors, Pérformanclc atl\]s(ic:;n(l:)s:.wgfl‘, PS;7 capacitors,
_DlSirlbUth.ﬂ ar.ld transformer losses, Introduction to Energy Efficient
Technolggles In Electrica] Systems: Maximum Demand controllers,
Automatic power factor controllers, Energy efficient motors, Soft
starters,_ Variable Speed  drives, Energy' efficient transformers,
Electronic ballast, Occupancy Sensors, Energy efficient “Bh“ng
controls, Energy saying potential of each technology.

SCADA, Energy Management System (EMS) and Building
Management System (BMS) systems

Energy Audit

Definition, Energy audit-need, Types of energy audit, Energy
management (audit) approach-understanding energy costs, Bench
mark-m'g,.Energy performance, Matching energy use to requirement,
Max.lml_zmg System  efficiencies, Optimizing the input ehergy
5 requirements, Fue] and energy substitution, Energy audit instruments: 12
Au,dlt. of installations comprising following with respect to their
electrlcal energy usage: Electric motors, HVAC systems , Fan and
. blowers' systems, Compressed air systems Pumps, DG sets, Lighting
installations etc. Evaluation of cnergy conservation opportunities.
Energy conservation in buildings, Economic and non economic
aspects of energy conservation In electrical systems

Use of Renewable and Green building"

Concept

6 Impact of renewable energy sources in electrical system désign, 02
Concept of green building and its accreditation

Term work:

1: Design based on following case studies with complete design calculation and
diagrams/ drawings/ layouts (at least three)

1) Power distribution network: Substdtion design

ii) Lighting installation

iii) Cable selection

iv) Switchgear and protection system design

. V) Emergency / backup system design

vi) Power factor Improvement system o
2: Preliminary Audit report on observation and analysis of existing electrical instal lation
(at least two) .
3. Three Assignments / case studies based on module 1 and 4

The distribution of the Term Work shall be as follows, _
Practical Work : 15 Marks
Tests : 10 Marks

The fina| certification and acceptance of term-work ensures tlie satisfactos

0E0 Y performance of
aboratory work and minimum passing in the term-work. '

23
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Books Recommended:

Text Books: By Geofry Stokes, Blackwej
" tice”, By G¢ €ll Sci
I Handbook of Electrical Installallogdlglggk By Anil Valia, Lighting Syster Ience

. “Designing with light: Lighting Ha Wil g
“Encrgy Management Handbook”, By W.C. Tumerblollé:n N ;( 31}1,1::1'1‘ flonsT
4. “Handbook on Energy Audits and Management”, edited by Am yagl, Tata Energ)

Research Institute (TERI).

Reference Book:
1. “ Energy Auditing Made Simple”, By P. Balasubramaman ,Seperation Engineerg (P)

Limited p
2. “Energy Management Princnples” By C.B.Smith, Pergamon Press
3.“Energy Conservation Guidebook”, Dale R. Patrick, Stephen Fardo, Ray E. Rlchardso,1

Fairmont Press
4. “Handbook of Energy Audits”, By Albert Thumann, William J. Younger, Terry Nlehus

CRC Press

Websites:
1. www. energymanagertraining.com

2. www.bee-india.nic.in

24
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/ UNI\IEI{C — - '_”__,.,_ .}
CLASS B.E Branch : Elcc(ri:;[llg—s(lliMUM].!Al el
Ms and control abbrg"iatc‘ﬁﬁ%c“"g ' | SNL_:;
periods per [ ———— T : i
eek(Each 60 mi) Practical >
Tutorial -
- Hours | Marks |
. e o Theory 3 | /}_959_,__,_
gvaluation System | Practical and (())ra{ o= _____g:__,_,,_
ra — -
Term work — _’__12_,6__,.—
hjectives: i o : Total 5
Cowr Ogﬁigllvﬁl‘.ourr}?incourse is designed to understand fundamentals of electric drives
and t-h o bg . OWIedg‘? of electrical machines and power electronics. The scope
of this cciurse coverts dasws, dyhamics, seleqtion, braking, and control of AC DC drives.
gqudents” are expected to learn more by studying application of drives in industry.

W‘ Contents . T Hours
] Electrical Drives .
Introduction, Advantages of Electrical Drives, Parts of Electrical 3
Drives, Choice of Electrical Drives, Status of DC and AC Drives ' |
2 Dynamics of Electrical Drives :
Fqndamental torque equations, Speed torque conventions and multi
quadrant operation, Equivalent values of drive parameter, Measureinent 7

of moment of inertia, Components of load torques, Nature and
classification of load torques, Calculation of Time and Energy-Loss in
transient operations, Steady state stability, Load equalization

3 Selection of Motor Power Rating

Thermal Model of motor for heating and cooling, Classes of motor 5
rating, Determination of motor ratting

4 Control of Electrical Drives |
Modes of operation, Speed control drive classification, Closed loop 4

control of drives

5 DC Drives . _
Speed torque relations for shunt, Series and separately excited motors,

Starting, Braking — Regenerative, Dynamic, Plugging,

Speed control- Armature voltage, Field flux, Armature resistarice,
Methods of voltage Control — Ward Leonard scheme, Controlled | 12
.| rectifiers, Controlled rectifier fed DC drives(separately excited only)- | -
Single phase fully-controlled rectifier, Single phase half controlled
rectifier, three phase fully-controlled rectifier, three phase half-
controlled rectifier, dual converter control, Chopper Control —
Motoring and braking Wﬁeﬂ and series motor.

6 ac Drives Review of speed-torque relations, Review of 12

Induction Motor drives,
Starting methods Braking- Regenerative, Plugging, Ac dynamic

25
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] hmking_.mgl;EWZ‘:ﬁ_ii?{{l:“iﬂlﬂdt"(ii*m\'/()Ilugc conlml?‘ variable frcqm -
control form voltage source, Vector Control (l;lomcntary treatment
L only). Introduction to Synchronous Motor vuriabl.c speed drlvcs_.‘\\ :
7 _bT[chinl Motor drives ) . T~
Stepper Motor drives- Types, Torque Vs Stcpplng rate Charﬂctcr.lstics,
Drive circuits, Introduction to Brushless DC drives, Introduction tq N

Switched reluctance drives \
Term work:

Term work will consist of at least 6 experiments /assignments performed, properly recordeq

and graded, which wil] carry weightage of 15 marks and the test will carry Weightage of 10
marks. ' .

List of Practicals,

Simulation of electrical drive. .

Simulation of Starting of D. C. Motor (soft start)

Dynamic Braking of D. C. motor.

Plugging of D. C. Motor / Plugging while lowering the load.

Regenerative braking of D. C. motor. ( by making V< Eb for high inertia load)) -
DC or AC dynamic braking of 3 phase induction motor. |

Plugging of Induction Motor.

Single Phase full wave controlled D. C. motor drive

9. Chopper drive. _ o

10. V/F control of Induction Motor using PWM inverter.
11. Measurement of moment of.inettia by retardation test.
12 Stud)f of Stepper Motor Drive.

O NN AW~

Books Recommended:

Text books: .
1. Dubey G.K, fundamentals of electrical drives, Narosa .
2...Subrahmanyam .V. Electrical Drives: concepts and applications TMH

3. Krishnan R, Electric motor drives: modeling, analysis and contro] PHI
4. Pillai s.k A first course on electrical drives, willey eastern ph

Reference books: ‘
1. Bose B.K Modern Power electro

nics and AC Drives, Pearson Education Asia
2. Rashid M.H, Power electronics:

circuits, Devices and Applications, PHI
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Class: m%i

B.E. ric

al ;g i
[ . Ugincering Semester: VIII
subject: Power Systep, Planning and

/”___\ dn iab; :
: Relnbllity (Abbreviateq g PSPR)

. Nture . o

(Each 60 min) — _ Practical | ‘

ractical ”

] Tutom -
/_"_’__N - T

Hours Marks

: Wtﬁ 03 100
- Practic e

Evaluation Syster ————cltical and Ora |

- o Oral .- 25

—— Temwon| - 2

T L Total - 150
Course Objective:- To understand the gi - .
and reliability evaluation i tery © different power System planning/forecasting techniques

S of basic reliability indices,

Content.s

Ié;md FO‘_'CC_aSﬁng: Introduction, Classification of Load, Load Growth
1 m;azter Istics, Peak Load Forecasting, Extrapolation and Co-Relation
methods ~of load Forecasting, Energy Forecasting, Reactive Load 8

Forecast.ing, and Impact of weather and Factors affecting load
Forecasting, Annual, Monthly and Total Forecasting.
System Planning: )

) Introduction to system planning, Its Objectives & Factors affecting to

System Planning, Short, Medium and Long Term Planning, Reactive 8
Power Planning.

mule

Hours

Generation and Transmission planning:

3 - | Objectives of generation planning, Factors affecting Generation Planning,

i » 6
Sources of Generation. - .
Objectives of transmission planning Network Reconﬁguratlon,

entals of Power system Reliabiliq'r
' ggrl:g;pl:; Terms and Definitions, outage, failure rate, and outage rate
! 'labili’ty unavailability, Reliability models, Morkov process 05
?{\ggability %unction Mean time to failure, Hazard Rate Function, Bathtub

Curve ] - .
Reliability of Systems tion, Combined Series — Parallel
. ‘on. Parallel Configuration, ¢ o 06
5 et cOnﬁgura;ItOIl;wre Faction, Minimal Cuts and Minimal Paths
Systems, System Stru _ ; ]
\
27
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: —_\\ {
Generating Capacity: Basic probability methods and Frequency & 1 1
Duration method:

Introduction, , Generation system model, capacity outage probability table, 06
recursive algorithm, Evaluation of: loss of load indices, Loss of load
€xpectation, Loss of energy i _ :

= - m‘\\
Operating Reserve: )
General concept, PJM method, Modified PJM method, Security function 06

approach
]

Composite generation and transmission system:
Data requirement, system and load poiht indices, Impact of component 06,
outage on the system reliability, application to simple system .

Term Work: :

The term work Wwill consist of at Jeast Six Simulations/Computer Programs/Assignments
The distribution of the Term Work shal] be as follows,

Practical Work (Computer Program/simulations) + 15 Marks
Tests - ‘ ‘ : 10 Marks

The final certification and acceptance of term-work ensures the satisfactory performance of
laboratory work and minimum passing in the term-work

Books Reéommended:

Text Books: .
1. Roy Billinton and Ronald N Allan, 'Reliability Evaluation of PO\yer System', Plenum,

Press, 1984 L
2. Power System Planning - R.L. Sullivan, Tata McGraw HiJ] Publishing Company

Reference Book:
3. Roy Billinton and Ronald N Allan 'Reliability Assessment of Large Electric Power

Systems', Kluwer academic_ publishers, 1988
4. Modern Power System Planning — X, Wang and J.R. McDonald, McGraw Hill

28

(} Scanned with OKEN Scanner



/ 3

/ __*_:_”“W L o _’__’_,.-...—“—/—""’
Clqss' B.E Br'\nch. I Ul"vcrf-i}!ﬂﬂil_ljlhﬂl i -
‘ + Electrieal Engincering T semesters VI
= i
. . rape c . X _______,._——'//M/
subject: Power Quality (Abbreviated g PG : :
= ) R
periods per Week = Lecture 04 e
(Each 60 min) Practlcal 02 I
| - - Tutorial == i
- — _ Hours r/ﬂa.rﬁf/
B - Theory 03 7 /_1_(10,___,_~
Practical and Oral - T
valuation Syst T =
E At Oral — /}i,_,_,
Term Work — /"23"/,
I I
Objgctlve:- To get awareness about latest and future problems in power system due to
nonlinear load and its solution.
L ‘:_’,_’___/’—4—4—"-——
~ - _ R
Introduction - ‘
] Overview of Power Quality- Power Quality- Voltage Quality- 04
Disturbances-Unbalance-Distortion-Voltage Fluctuations-Flicker-
Quality Assessment
L == — — — |
Power Quality Indices & standards
2 Classification of power Quality phenomena-Disturbances- :
/ . 04
Waveform distortion - Voltage unbalance-voltage fluctuation &
flicker -
N on-liﬂear Loz;ds in Pi)\ver system (Only short notes)
CFL lamps- HVDC Transmission-HVDC Light-Static Var
3 Compensator (SVC)-Thyristor Controlled Series Compensator 06
(TCSC)-Static Compensator (STATCOM)-Static Synchrenous ]
Series Compensator (SSSC)-Uniﬁed Power Flow Controller
(UPFC)- Distributed Generators
Non—sinusoidal yaveforms under steady state . '
4 Fourier Analysis of Repetitive waveforms-Lm_e Current Distortion- 04
power and Power Factor '
Effects of l]armonics~ g .
Rotatin Machines = Transformers — Cables — Capacitors —
> o 'g'c resonance — Voltage Notching — EMI (Electromagnetic 08
Ham}omnce) _ Overloading of Neutral — Protective relays and
{\?It;; rc;ri Circuit Breakers and fuses —:Telep:hone Influence Factor
S| .
29
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e
-Harmonic mitigation . L
6 Mitigation of harmonics- Passive filters( no .de51gn)-. leltatlmziof 08
passive filters- Active filters-shunt connection, series connection
and hybrid conhection L
Load Compensation Using DSTATCOM ) _
7 Compensating Single-Phase qulds-ldcal1 !1ree—Phaste %luimt 08
Compensator Structure-Generating Reference Currents Using
Instantaneous PQ Theory (with problems) R

Term work: . . d )
Term Work will consist of four assignments, minimum one simulation and one seminay

on power quality from IEEE Journal Paper

Laboratory work (Tutorial, simulation and seminar) :15 marks
Test (at least one) .:10 marks

The final certification and acceptance of term-work ensures the satisfactory performance of
laboratory work and minimum Ppassing in the term-work.

Suggested List of Simulations:

1. Simulation on any power electronic devices( as given in module 3.) connected to
power system and see how it affects the shape of current and voltage

2. Connect passive filter to the same load and see how it affects power factor and THD
3. Connect active filter to the same load and see its effect on shape of input current
Books Recommended:

Text Books: .

1. “Power System Quality Assessment”, J. Arrillaga, N.R.Watson, S.Chen

2. “Power Quality Enhancement Using Custom Devices” Arindam Ghosh, Gerard
Ledwich 4

3. “Power Electronics” Ned Mohan, Undeland, Robbins, John Wiley Publication
4. “Power System Analysis- Short Circuit Load Flow and Harmonics” J.C.Das.

5. “ Understanding Power Quality Problems,Voltage Sag and Interruptions » Math
H.J.Bollen

Reference Book:
1. “Power System Harmonics” Jos Arrillaga, Neville R Watson
2. “Electric Power Quality” , G.T.Heydt

3. “Electric- Power Systems and Quality”
H.Wayne Beaty

4, “IEEE-519 Standard”

, Roger C. Dugan Mark F. McGranaghan,

30
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W - I
Class: B-E- - Branch; Electy] Y of Mumbai 3 -

rical Engincuring Semester: VIII
/ . -
s“bject: Elcctrlc Traction (Abbl‘CVlatedm\ R S
— bty )
Perlods per Week \\Lecture 04 o
(Each 60 min) —— Practical - —
| - —__ Tutorial 02 —
. : -Hours . Marﬁkf e
- Theory 03 100 N
v : Practical and Oral -—- -
Evaluation System ] Oral 25 .
B ) ra -
Term Work - 23 |
Total = 150

Course Objective:- To impart the knowledge on electrlc traction as it is one of the most important
appllcatlon of Electrical Englneering.

Module Contents Hourq |
. . | ()7
Electric Traction- Principle and History
1 e Systems of traction.,The Intian Scenatio, vis-a-vis Electric traction.
- e Present day State of at.
e Electric traction as a Viable Transport Strategy for the 21* century.
e .Advantages of Electric Traction over other systems of traction.
e Choice of traction system - Diesel- Electric or Electric. )
: 07
2 Mechanics of train movement A
e Speed - time curve for train movement.
e Requirement of trattive effort and T-N curve of a typical train load.
e Specific energy consumption. & Factors affecting SEC. B N
Adhesion, types of suspension and mechanism ofl()rque transmission . 07
3 o. Adhesion & Coefficient of adhesion,
{ransmission,
e Suspension and mechanism of torque
o Corf)cept of Weight Transfer & Effect of unsprung mass and wheel diameter ‘
05
Traction Motor ) .
4 e Type of traction motor best suited for traction dl}ﬂes. ‘
Available motor characteristics and their suitability for traction duties.
[ ] .
e . Optimization of design and construction features for improved power to
weight ratio. : - .
Traction motor drives - Prmclples and gear ‘ 10
5 e Power Factor and Hgﬂm“}‘f:tmgs
d Drive :
e Tractive Effortan i acthﬂ Drives ) )
e Important Features of 1T .
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Conventional DC and AC Traction drives
Semiconductor Converter Controlled Drives

DC Traction using Chopper Controlled Dtives

Poly phase AC motors for Traction Motors

DC /AC Traction employing Polyplase motors

Diesel Electric Traction

Traction control of DC locomotives and EMU's
Traction control system of AC locometives

Control gear

PWM control of induction motors _
Power & Auxiliary circuit equipment (Other than traction

Protection of electric locomotive équipment and circuits (Safety considerations ang
monitoring) .

motors) )
‘\‘

Broad strategy for protection

‘Surge protection

Overload protection of main power circuits

Earth fault protection of power of auxiliary circuits
Protection from over-voltage and under-voltage
Differential protection of traction circuits

Protection against high and low air pressure in the compressed air circuit.
Temperature monitoring.

Protection of transformer by Bucholz relay

Protection against accidental contact with HT equipment
Protection against fires.

Electric Traction Sub-Systems (Overhead Equipment)

_ Materials Employed in OHE

Overhead Equipment (OHE)
Sectionalizing .
Bonding of Rails AND Masts

05

Railway Signalling

- Solid state Interlocking

Block Section Concept, Track Circuits
Interlocking Principle A
Train speed and signalling

Automatic Warning Systems
CAB signaling '
Signaling level crossing

_Eléctric Traction Sub-Systems (Power Supply Installations)

Lay out design of 137/25 KV Traction Substation/ Protection
Booster Transformers and Return Conductor.,

03

Salient 2x25 kv AC System/ SCADA
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Termwo rk

Termwork shall consisq of
al least gy
15 marks and a test Covering t}  SxXperlments/assignments carrying weightage of

¢ ent
| Ire syllabus carrying weightage of 10 marks,
Text Books: i
1. Upadhayay J. & Mak; P
2. Rao P.S,, Principle ]c;;g;afgyé Mjaric Traction, Allied Publishers Ltd., 1" Ed.
= verfiead Equipmenls.R.(Nasik) Printpack Pvt Ltd,, Ist
3. Fundamentals of Electric Dri 3
\ ves , Gopal ishi
4. Modern Electric Traction, Partab, thsp;(t I[{):lb;y,sl:)l:srosa i

websites .
www.irieen.com (Indian Railways Institute of Electrical Engincering, Nasik Road)

www.wr.railnet.gov.in/betweb/ELECTRICAL htm
www.scrailway.gov.in
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~University of Mumbal —

\

Class: B.E, Branch: Electrieal Engincering Smw\ '
Subject: Flexible AC lllll:l;lI\Sl()llS::ié;l]:i?\ﬁ)l:viulﬂl as FACTS) X\
Periods per Week Lecture 04 0
' ‘ Practical e
(Each 60 min) Tutorial 02 T
Hours ﬁ_\M-@?kq\"
Theory Examination 3 W\ )
Practical and Oral -- — |
Evaluation System Oral - ‘\\25\ |
Term Work = T3 |
Total © - 150

Course Objective:- To develop the ability among students for problem formulation and finding

solution and also, it open up wide area in research.

Module

Contents

1.

-Parameters- Basic Types of FACTS Controllers-Brief Description and

FACTS Concepts and General System Considerations: Transmission
Interconnections- Flow of Power in AC system- What Limits the Loading
Capability-Power Flow and Dynamic Stability Considerations of a
Transmission Interconnection- Relative Importance of Controllable

Definitions- Benefits from FACTS Technology

T

TT—

| Hours

Load Compensation:Reactive Power (VAR) Compensation for isolated
loads - Power factor correction-Voltage Regulation-V-Q characteristics for
an inductive load-System load line-Effect of characteristics of VAR
compensators in terms of short circuit levels-Load balancing in 3-phase
loads with parallel compensation :

Transmission Line: Wave equation-Standing Waves-surge impedance and
SIL-Voltage and current profile along unloaded line-Ferranti effect-Effect of
loading on reactive power requirement-Compensated transmission line-
Uniformly distributed fixed compensation-Effect of distributed
compensation on line charging reactive power |

12

Voltage Control: Tap changing transformers-Booster transformers -Static
voltage regulators-Thyristorised serles voltage injection

"Control schemes and characteristics of FC-TCR-TCR-TSC-TSC and other

Types of compensators: Passive and active compensators-Shunt reactor/
capacitor compensators-Single-Multiple-Mid-point-Static compensators-

combinations ]

Dynamic compensation: Introduction:Effect on stability of a powef system
IR

Unified Power Flow Controller (UPFC): Basic relationships for power
flow control-Synchronous Voltage sources-Implementation of synchronous
voltage source-Shunt compensation by synchronous voltage source-Reactive
power compensation schem¢-Series compensation by synchronous VOltf'ge,

//

source-Reactive series compensation-Unified power flow concept
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rk: )
Term ‘l‘:work will consist of
Te]goratory work (Tutoria)/
%:st (at least one)

Bight Tutory

als/Slmulntimm
Simulation) .

5 marks
10 markg

mmended:
ks Reco
Boo .

Text Books: . :
1. Miller T.J.E..,Reactive

Ed.1983.

logy
. TS : ts and Techno
‘Hingorani N.G.. & Gyugj L, Understandir}g FA(,TSI; (é;):clesp IS999

% ?f}nlglexible AC Transmission Systems, Wiley-IEEE Press,

1“
iley Europe,
Power control in Electric Systems , Wiley
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University of Mumbai
Class: B.E Branch: Electrical Engincoring Semester: VI &

Subject: Digital Signal Processors Applications in Power Systems (Abbreviated as DSPAPS)\

Lecture f 04

Periods per Week 1 7Practical 02 - \
(Each 60 min) = Tutorial o= it

- Hours Marks

) Theory Exar:nination 03 B 100
Practical and Oral - = - 1
Evaluation System Oral - 25 ll
| " Term Work - . 25 |

Total = TS() .

Course Objective:- To get awareness about DSP hardware implementation for control and signa|
processing applications  in the field of power systems

Module . . Contents ours

1 Introduction:Review- of microprocessor, microcontroller and digital signal
processors architecture, Fixed and floating-point processors and| 04 |
microcontrollers: TMS320 series family i

Number Representations in DSP  processors: Number formats and

operations: Fixed point 16 bit Numbers representations of signed integers and

2 fraction, Q-15 numbers and its operations. Floating Point Numbers.| 08
Assemblers and assembly language programming, Binary file formats, COFF’

file structure for TMS320 processor.

1{ DSP  Architecture and programming: Architectural details of

3 TMS320VC33 and TMS320F2407 Mémory map, interrupts and addressing | 08
mode, programming with assembly language and C compiler

Power Electronics applications in Power systems: Review of power
electronics applications: Control applications, Active filtering, Static VAR
Compensator, Electric Drives, Hardware in Loop simulations. Implementing
power electronics control on digital systems. Issues of harmonics and
unbatanced currents in. power systems, Harmonic Extraction of current
components, Implementation of Active filters in DSP under balanced and
unbalanced conditions: reference frame transformation, harmonic oscillator,
3¢ phase lock loop, oscillator synchronization

20

Integration Methods. for Real Time DSP implementation: Review of

numerical integration: Euler’s implicit and explicit method, Heun Method, 04
Trapezoidal Method. Implementation of low pass filter. »
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tions R
PWM, ADC inte,r of Dsp Processor: Generation of PWM signals, sine

ace; bag; .
ysourées_asslcs of 'mplementation of converter control for 04
+Solar, wing and Fuel cell systems

T

I. Impellc.:m;r;ts]ttl)zrrl ggef;‘);l.éwing in DSP architecture- (Any Six)
b. Implementatiorlogi‘ Con ﬁxed, point/ floating point processor .
logarithm eto. alculation of any mathematical series like exponential,

%mplementation of Harmonic oscillator
mplementation of Low pass filter

Implementation
of reference frame t i

i ran
Generation of PWM signals A teimation ‘

Generation of Sine PWM Signals
Converter contro| application with DSp

S@E e oo

2. Minimum two assignments/ tutorials based on theoretical part of the syllabus
The distribution of the Term Work shall be as follows

Practical Work ¢ 15 Marks ’

Tests : 10 Marks

The final certification and acceptance of term-work ensures the satisfactory performance of
laboratory work and minimum passing in the term-work.

Books Recommended:
Text Books:

I. “Power Electronics, Converters, Applications & Design”, N.Mohan, T.M.Undeland,
W.P Robbins, Wiley India Pvt.Ltd.

2. *Modern Power Electronics and AC Drives”, B. K Bose, Perason Education
3."Understanding FACTS™, N. G. Hingorani, & Laszlo Gyugyi, IEEE press

4. *Digital signal Processing: A practical Approach”, E. C. Ifeachor & B. W. Jervice,
Pearson Education

Reference Book:

I. “Numerical Methods for scientific and Engineering Computation”, M. K. Jain, S.R.K.
Ivengar & R. K. Jain, New Age International Publications

2. “Digital Signal Processing: Principle, Algorithm, & Applications”, J.G. Proakis & D.
G. Manolokis, Pearson Education

TMS320VC33 processor datasheet

TMS320F2407 processor datasheet

TMS320VC33 Starter Kit manual

TMS320F2407 Starter Kit manual

AN U A W
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