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Preface

A glance at the Vision & Mission of the department makes it evident that this
department is in continuous pursuit of upgrading its curricula in order to keep them
relevant to the state-of-the-art technologies as well as to accommodate the latest
guidelines by UGC and AICTE. The presented UG curriculum is part of

that pursuit of excellence.

Through a meeting of Board of Studies in March 2018, the curriculum was upgraded
and implemented from academic session of 2018-19. However, in the following years
some further modifications were carried out in the structure as recommended in the
AICTE guidelines. Moreover, a total revamp of coding system was also necessitated
as the University adopted CBCS. Hence, the department adopted the modified codes
and structure in its UG curriculum from academic session of 2019-20.
The BoS of the department was revised in the following session (2020-21). A meeting
of the BoS was conducted on 14" January, 2022, with the main purpose of
finalization of the PG curricula as per CBCS structure. In the same meeting, the latest
UG curriculum (along with the detailed syllabuses), with the CBCS coding system
was also presented for the post-facto approval. It was approved and recommended to
be presented in the Academic Council.

Finally, on 24" March, 2022, this curriculum was presented in the 13" meeting of
Academic Council by Dr. Rumpa Saha HoD(officiating). The Academic
Council granted the final approval for this curriculum (and the
detailed syllabuses) which is presented here. All the detailed syllabuses
have clearly outlined course objectives and course outcomes along with the list of
recommended text books. The presented curriculum also contains the objectives and
outcomes for the practical (laboratory) subjects along with the outline of the
experiments. The entire curriculum booklet is available in the departmental

website for access of students and faculty members.
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Department of Electrical Engineering

Meeting of Board of Studies for Electrical Engineering
Department of Aliah University held on 14-1-2022

The following B.Tech. in Electrical Engineering curriculum and syllabi in the above said
meeting is finalized.

A. Programme Outcomes (POs):

Engineering knowledge: Ability to model, analyse, and solve electrical engineering

PO-1: problems using knowledge of mathematics, physics, and engineering principles.
Problem analysis: Ability to recognize, create, and analyse electrical engineering
PO-2: .
problems in the real world.
PO-3: Design/development of solutions: Ability to design and develop real-world electrical

engineering solutions.

Investigate complicated issues: Ability to build and create complex equipment and
PO-4:  experimental systems for conducting in-depth investigations into a wide range of
electrical engineering problems.

Utilization of modern tools: Ability to create and use cutting-edge tools for modelling,

PO-5: . . . . .
assessing, and resolving electrical engineering issues.
PO-6: The engineer and the community: Dedication to a career as an electrical engineer
" capable of identifying answers to a variety of local and global issues that society faces.
PO-7: Environment and sustainability: Capability to conceive and develop cutting-edge

methods for pollution-free environmental maintenance.

PO-8: Ethics and societal ideals: Ability and willingness to uphold professional ethics and
societal ideals.

PO-9: Individual and collaborative efforts: Willingness and ability to think independently,

*  take initiative, lead a team of engineers or researchers and inculcate team spirit.
PO-10: Communication: Communicate efficiently with fellow members and with the society
at large so as to make an impactful report and presentation.

Project management: Willingness and ability to take up administrative responsibilities
PO-11: . . . .
involving both project and financial management confidently.

Life-long learning: Willingness and capacity to participate in a variety of professional

PO-12: ~ . ..°®. . : ,
activities in order to continue a lifelong learning process.
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Department of Electrical Engineering

B. Programme Specific Outcomes (PSOs)

PSO-1:

PSO-2:

PSO-3:

PSO-4:

To prepare students for technical careers/industry and/or higher education by offering
a solid foundation in mathematics, physics, and engineering.

To develop students of engineering into expert engineers capable of comprehending,
analyzing, designing, and developing unique products and solutions to Electrical
Engineering challenges that are technically sound, commercially viable, and socially
acceptable.

To prepare students to act professionally, maintain professional ethics, and relate
engineering concerns to technological and societal challenges.

To foster communication and teamwork skills, as well as a multidisciplinary approach
to problem solving.
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General, Course structure & Theme

Course code and definition:

Course code Definitions
L Lecture
T Tutorial
P Practical
BSC Basic Science Courses
ESC Engineering Science Courses
HSMC Humanities and Social Sciences including Management courses
PCC Professional core courses
PEC Professional Elective courses
OEC Open Elective courses
LC Laboratory course
MC Mandatory courses
PROJ Project
Definition of Credit:
1 Hr. Lecture (L) per week 1 credit
1 Hr. Tutorial (T) per week 1 credit
1 Hr. Practical (P) per week 0.5 credits

Range of credits —

A range of credits from 150 to 160 for a student to be eligible to get Under Graduate
degree in Engineering. 4 student will be eligible to get Under Graduate degree with

Honours or additional Minor Engineering, if he/she completes an additional 20 credits #
These could be acquired through MOQOCs.

Structure of Undergraduate Engineering program:

Category Category name Ideal credit set Actual
Index by AICTE credit
adopted
HSMC Humanities and social science including 12 10
management
BSC Basic Science course 25 23
ESC Engineering Science course 24 22.5
PCC Professional core courses 48 53.5
PEC Professional elective courses 18 21
OEC Open elective course 18 18
PROJ Project, seminar, internship in industry 15 14
MC Mandatory courses Non-credit 0
TOTAL 160* 162

* Minor variation is allowed as per need of the respective disciplines.

* Under process.
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Semester-wise Structure of Curriculum of B. Tech in Electrical Engineering
[L= Lecture, T = Tutorials, P = Practical & C = Credits]

Detailed Course Structure with Credit Distribution

15T YEAR 15T SEMESTER
Year/ Course Name Course Course Code |(L-T-P)| Course Semester
Semester Type Credit Credit
I/1 Engineering ES MENUGESO1 | 3+1+0 4
Mechanics
I/1 Basic ES EENUGESO1 | 3+0+0 3
Electrical
Engineering
I/1 Engineering BS MATUGBSO01 | 4+0+0 4
Mathematics I
I/1 Engineering BS PHYUGBSO01 | 3+0+0 3
Physics
I/1 Engineering ES CENUGESO1 | 0+1+43 2.5
Graphics & 19.5
Design
I/1 Basic ES EENUGES02 | 0+0+3 1.5
Electrical
Engineering
Lab
I/1 Engineering BS PHYUGBSO02 | 0+0+3 1.5
Physics Lab
I/1 Elementary MC UCCUGAUO1 | 4+0+0 0
Arabic &
Islamic Studies
15T YEAR 2P SEMESTER
Year/ Course Name Course | Course Code | (L-T-P) | Course Semester
Semester Type Credit Credit
/11 Programming ES CSEUGESO1 3+0+0 3
for Problem
Solving
/i Basic ES ECEUGESO1 3+0+0 3 24
Electronics
Engineering
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/a Engineering BS MATUGBSO02 4+0+0 4
Mathematics II
/i Engineering BS CHMUGBS01 3+0+0 3
Chemistry
/1 Communicative HU | ENGUGHUOI 3+0+0 3
English
/11 Programming ES CSEUGESO02 0+0+4 2
for Problem
Solving Lab
I/ Basic ES ECEUGES02 0+0+3 1.5
Electronics
Engineering Lab
/1 Workshop ES MENUGESO02 0+1+2 2
Practice
/i Engineering BS CHMUGBSO02 0+0+3 1.5
Chemistry Lab
/11 Language Lab HU | ENGUGHUO02 0+0+2 1
2P YEAR 3R SEMESTER
Year/ Course Name Course | Course Code (L-T-P) | Course Semester
Semester Type Credit Credit
/1 Electrical PC EENUGPCO1 | 3+1+0 4
Network
Analysis
/1 Electromagnetic PC EENUGPCO02 | 3+0+0 3
Fields
/1 Analog PC ECEUGPCO1 | 3+0+0 3
Electronics
1 Engineering BS MATUGBSO03 | 4+0+0 4
Mathematics II1
20
/11T OECI OE 3+0+0 3
/11T Electrical PC EENUGPCO03 | 0+0+3 1.5
Network
Analysis Lab
/1 Analog PC ECEUGPC04 | 0+0+3 1.5
Electronics Lab
/1 Indian MC UCCUGMCO03 | 2+0+0 0
Constitution
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2P YEAR 4™ SEMESTER

Year/ Course Name | Course Course Code (L-T-P) | Course | Semester
Semester Type Credit Credit
v Electrical PC EENUGPC04 3+1+0 4
Machines I
v Electrical & PC EENUGPCO05 | 4+0+0 4
Electronic
Measurements
v Digital PC ECEUGPCO05 3+0+0 3
Electronics &
Logic Design
v OECII OE 3+0+0
v Biology for BS BIOUGBSO01 2+0+0 19
Engineers
v Measurement PC EENUGPCO06 0+0+3 1.5
Lab
v Digital PC ECEUGPCO08 0+0+3 1.5
Electronics &
Logic Design
Lab
IIv Environmental MC UCCUGMCO02 2+0+0 0
Science
3RP YEAR 5™ SEMESTER
Year/ Course Name | Course Course Code |(L-T-P)| Course Semester
Semester Type Credit Credit
/v Power PC EENUGPC07 | 3+1+0 4
Electronics
/v Control PC EENUGPC08 | 3+0+0 3
Systems
/v Power System PC EENUGPC09 | 3+0+0 3
1
/v PECI PE 3+0+0 3 22
/v OEC III OE 3+0+0 3
/v Electrical PC EENUGPC10 | 0+0+3 1.5
Machine I Lab
/v Control PC EENUGPCI11 0+0+3 1.5
Systems Lab

vii|Page



v Power System PC EENUGPCI12 | 0+0+3 1.5
Lab
[ 107AY PECII PE 0+0+3 1.5
For other Power PC EENUGPC17* | 3+0+0 3*
Depts. Electronics Not to
/v Devices & be
Converters added
3RP YEAR 6™ SEMESTER
Year/ Course Name Course Course Code |(L-T-P)| Course Semester
Semester Type Credit Credit
1I/VI Electrical PC EENUGPC13 | 3+1+0 4
Machines II
I/VI Power System PC EENUGPC14 | 3+0+0 3
11
I/VI1 PEC 11 PE 3+0+0 3
1/vI PECIV PE 3+0+0 3 19
HI/VI OEC IV OE 3+0+0 3
I/VI Electrical PC EENUGPC15 | 0+0+3 1.5
Machines II
Lab
1I/VI1 Power PC EENUGPC16 | 0+0+3 1.5
Electronics Lab

*** 4 student must undergo summer internship of 2-4-weeks duration during the break after
6th semester (before commencement of 7th semester). The same will be evaluated during 7th
semester.
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4™ YEAR 7'M SEMESTER

Year/ Course Name Course Course Code |(L-T-P) | Course Semester
Semester Type Credit Credit

v/ vl Industrial HU MBAUGHUO1 | 4+0+0 4

Economics &
Management

v/ vl PECV PE 3+0+0 3

v/ vl PEC VI PE 3+0+0 3

IV/VII OECV OE 3+0+0 3 20.5

v/ vl PEC VII PE 0+0+3 1.5

v/ vl Summer PR EENUGPRO1 - 2

Internship
v/ vl Project 1 PR EENUGPRO2 | 0+0+8 4
4™ YEAR 8™ SEMESTER

Year/ Course Name Course Course Code | (L-T-P) | Course | Semester
Semester Type Credit Credit
IV/VIII PEC VIII PE 3+0+0 3
v/vii OEC VI OE 3+0+0 3
IV/VII Professional HU MBAUGHUO02 | 2+0+0 2

Values &
: 18
Ethics
Iv/vil Project II PR EENUGPRO3 | 0+0+16 8
IV/VIII Grand Viva PC EENUGPC18 - 2
Summary of Credit
B. lst an 3rd 4th 5th 6th 7th Sth Total
Tech | Semester | Semester | Semester | Semester | Semester | Semester | Semester | Semester
EEN 19.5 24 20 19 22 19 20.5 18 162
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List of Professional Elective Courses”

Sl.no | Code Course
1 EENUGPEO(1 | Microprocessor & Microcontroller
2 EENUGPEQ2 | Microprocessor & Microcontroller Lab
3 EENUGPEO03 | Electric Drives
4 EENUGPE04 | Electric Drives Lab
5 EENUGPEO5 | Switchgear & Protection
6 EENUGPEO6 | Switchgear & Protection Lab
7 EENUGPEOQ7 | Modern Control System
8 EENUGPEO8 | Power Plant Engineering
9 EENUGPEQ09 | Special Machines
10 EENUGPE10 | Transducers & Instrumentation
11 EENUGPE11 | Utilization of Electric Power
12 EENUGPE12 | Illumination Engineering
13 EENUGPE13 | High Voltage Engineering
14 EENUGPE14 | Renewable Energy
15 EENUGPE1S5 | Estimation, Costing and Specification of Electrical
Equipment
16 EENUGPE16 | Electrical Machine Design
17 EENUGPE17 | Process Control
18 EENUGPE18 | Energy Management & Audit
19 EENUGPE19 | Linear Programming Problem
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List of Open Elective Courses Offered By Other Departments

Sl no Code Course Offering | Semester

Dept.

1 CENUGOEO1 Building Materials CEN 3rd
2 CSEUGOE01 Data Structures & Algorithms CSE

Analysis

3 ECEUGOEO1 Electronic Devices & Circuits ECE
4 MENUGOEO(1 Materials Engineering MEN

5 CENUGOE02 Engineering Geology CEN 4th
6 CSEUGOE02 Computer Organization CSE
7 ECEUGOE(2 Principal of Communication ECE

System

8 ECEUGOE03 Digital Electronics ECE
9 MENUGOE(2 Thermodynamics MEN

10 CENUGOE03 Transportation Engineering CEN 5th
11 CSEUGOEO03 Object Oriented Programming CSE
12 ECEUGOE04 Microprocessor & Its Application ECE
13 MENUGOE03 Strength of Material MEN

14 CENUGOE(04 Environmental Engineering CEN 6th
15 CSEUGOEO4 | Data Communication & Computer CSE

Networks

16 ECEUGOEO05 Microelectronics ECE
17 MENUGOE04 Mechatronics MEN

18 CENUGOE05 Hydraulics Engineering CEN 7th
19 CSEUGOE05 Digital Image Processing CSE
20 ECEUGOE06 Radar System ECE
21 MENUGOEO5 Non-conventional Energy MEN

Utilization

22 CENUGOE06 Construction Management CEN 8th
23 CSEUGOE06 Data Science CSE
24 ECEUGOE(7 Laser Technology ECE
25 ECEUGOE(S8 Neural Network ECE
26 MENUGOEO06 Finite Element Method MEN

27 MBAUGOEO1 Entrepreneurship Development MBA 5t

onwards

* The above-mentioned lists for Professional Elective (PE) courses and Open Elective (OE)

courses are not exhaustive, which may vary time to time.
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Semester wise credit segregation

Semester | HU BS ES PC PE OE PR MC | TOTAL
1%t - 8.5 11 - - - - \ 19.5
2nd 4 8.5 11.5 - - - - X 24
3rd - 4 - 13 - 3 - \ 20
4th - 2 - 14 - 3 - N 19
sth - - - 14.5 4.5 3 - X 22
6th - - - 10 6 3 - X 19
7th 4 - - - 7.5 3 6 X 20.5
gth 2 - - 2 3 3 8 X 18
TOTAL 10 23 22.5 53.5 21 18 14 0 162
Category | Category
Index
HU Humanities and social science including management
BS Basic Science course
ES Engineering Science course
PC Professional core courses
PE Professional elective courses
ocC Open elective course
PR Project, seminar, internship in industry
MC Mandatory courses
List of Open Elective Courses Offered by Electrical Engineering Department
SI no Code Course Semester
1. EENUGOEO01 Circuit Theory & Networks 3rd
2. EENUGOEO02 Electrical Measurement 4th
3. EENUGOEO03 Introduction to Electrical Machines 5th
4. EENUGOE04 Control System 6th
5. EENUGOEO05 Generation Transmission Distribution of 7th
Electric Power
6. EENUGOE06 Renewable Energy Resources 8th
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Basic Science (BS)
Courses

SI. No. Course Name Course Code | Semester | Credit

1 Engineering Mathematics I | MATUGBS01 I 4

2 Engineering Physics PHYUGBS01 I 3

3 Engineering Physics Lab | PHYUGBS02 I 1.5

4 Engineering Mathematics II | MATUGBS02 II 4

5 Engineering Chemistry CHMUGBS01 II 3

6 | Engineering Chemistry Lab | CHMUGBS02 11 1.5

7 | Engineering Mathematics III | MATUGBS03 III 4

8 Biology for Engineers BIOUGBS01 1A% 2
Total Credit 23
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Course Name: Engineering Physics
Course Code: PHYUGBSO01
L+T+P: 3+0+0
Contact hrs: 36
Course Objectives: This subject is common to all first year branches of UG engineering.

The main objective of this course is to familiarize students with the basic principles of physics
which are the foundation stone of various engineering course. This will intern equip the
engineering undergraduates with an understanding of the scientific method, so that they may
use the training beneficially in their higher pursuits.

Course Outcome:

CO-1: Students will be able to understand the concepts of classical mechanics and its
application in various properties of matter namely in fluid dynamics, elasticity etc.

CO-2: Students will be able to understand the fundamental theories of heat and
thermodynamics.

CO-3: Students will be able to understand the basic principles of physical optics and an
introductory idea of quantum optics.

CO-4: Students will be able to understand the fundamental theories of electricity, magnetism
and their application in circuit theories.

CO-5: Students will be able to understand the fundamentals of solid state physics namely the
crystallography, band theory, electric and magnetic property and an introductory idea of
superconductivity.

CO-6: Students will be able to understand the elements of modern physics, specially the key
features of quantum world at the subatomic levels.

Unit Content

UnitI Mechanics: Scalars and vectors, vector multiplication, central force,
mechanics of system of particles, rotational motion, elastic properties, fluid
dynamics: viscosity, Stoke’s law, streamline flow, equation of continuity,
Reynold’s number, Bernoulli’s theorem

Unit II Heat & Thermodynamics: Basic assumptions of kinetic theory, Ideal gas
approximation, deduction of perfect gas laws. Interpretation of temperature.
Maxwell’s distribution law, r.m.s, mean and most probable velocity,
collision probability, distribution of free path and mean free paths from
Maxwell’s distribution, principle of equipartition of energy. Thermodynamic
variables of a system, state function, exact and inexact differentials. Isolated
system, closed system, open system, extensive and intensive properties.
Thermal equilibrium, Zeroth law and the concept of temperature;
Thermodynamic equilibrium, internal energy, external work, Ist law of
thermodynamics and it’s simple applications, Reversible and irreversible
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processes, second law of thermodynamics, Carnot-cycle, and it’s efficiency,
Carnot’s theorem.

Unit IIT | Optics: Huygen’s principle, Interference of light, Young’s double-slit

experiment, Newton’s ring; Diffraction: Fresnel and Fraunhofer class,
Fresnel’s half-period zones, zone plate, Fraunhofer diffraction due to single
slit and plane transmission grating (elementary theory); Polarization: plane,
circular and elliptically polarized light, Brewster’s law, Polaroid, optical
activity. Coherence length and time; Einstein’s A and B coefficients;
spontaneous and induced emissions, condition for laser action, population
inversion, He-Ne laser

Unit IV | Electrostatics and Electricity: Coulomb’s law, intensity and potential of

point charge, Gauss’s theorem and simple applications, electric-dipole,
Electric displacement, capacitor, parallel plates and cylindrical,
Thermoelectricity, Magnetic effects of currents, Self-inductance, Mutual
inductance, Transformer Electric circuit elements and AC, DC circuit analysis.

Unit V Solid State Physics: Crystalline nature of solid, diffraction of X-ray, Bragg’s

law, Mosley’s law, explanation from Bohr’s theory, Origin of the energy gap,
band theory; metal, semiconductor and insulators; intrinsic and extrinsic
semiconductors, dia, para and ferro magnetic materials, superconductivity

Unit VI | Photoelectric effect, de-Broglie’s hypothesis, matter wave, Heisenberg’s

uncertainty principle, wave function, Schrodinger equation and simple
problems. Mass and size of atomic nucleus, isotope., isotone, isobar, Binding
energy of nucleus, Binding energy curve and stability, Radioactivity,
successive disintegration, radioactive equilibrium, radioactive dating,
radioisotope and their uses, Nuclear transmutation, fission & fusion, nuclear

reactor, cyclotron.

Suggested Readings:

e A

10.
11.
12.
13.
14.

University Physics. F.W. Sears, M.W. Zemansky and H.D. Young, 13/e, 1986.
Addison- Wesley

Engineering Mechanics, Basudeb Bhattacharya, 2nd edn., 2015, Oxford University Press
Electricity and Magnetism, D C Tayal, 1988, Himalaya Publishing House.

Thermal Physics, S. Garg, R. Bansal and C. Ghosh, 1993, Tata McGraw-Hill.

A Treatise on Heat, Meghnad Saha, and B.N. Sriiastaia, 1969, Indian Press.
Thermal Physics, A. Kumar and S.P. Taneja, 2014, R. chand Publications

Concepts of Modern Physics, Arthur Beiser, 2009, McGraw-Hill

Modern Physics, G. Kaur and G.R. Pickrell, 2014, McGraw Hill

Principles of Optics, B.K. Mathur, 1995, Gopal Printing

Fundamentals of Optics, H.R. Gulati and D.R. Khanna, 1991, R. Chand Publications
Elements of Solid State Physics, J.P. Srivastaia, 2nd d., 2006, Prentice-Hall of India
Solid State Physics, Rita John, 2014, McGraw Hill

Elementary Solid State Physics, 1/e M. Ali Omar, 1999, Pearson India

Solid State Physics, M.A. Wahab, 2011, Narosa Publications
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Course Name: Engineering Physics Lab
Course Code: PHYUGBS02
L+T+P: 0+0+3

Course Objectives: This subject is common to all first-year branches of UG engineering.

The main objective of this course is to draw the relevance between the theoretical knowledge
and to imply it in a practical manner. This will intern equip the engineering undergraduates
with an understanding of the scientific method, so that they may use the training beneficially

in their higher pursuits.
Course Outcome:

CO-1: Students will be able to precisely measure the length of a linear object, the radius of
curvature of a spherical surface, moment of inertia of different geometrical object etc.

CO-2: Students will be able to determine the focal length of a different lenses

CO-3: Students will be able to determine the horizontal component of the earth’s magnetic
field

CO-4: Students will be able to analyse various electrical circuits and its components.
CO-5: Students will be able to determine unknown frequency of a tuning fork.

CO-6: Students will be able to determine elastic modulus of different materials.

List of experiments:

1. Measurements of length (or diameter) using Vernier scale, slide callipers, screw gauge
and travelling microscope.

2. Determination of the radius of curvature of a spherical surface by using spherometer.

Determination of moment of inertia of (a) a cylinder and (b) a rectangular solid bar.

4. To determine the focal length of a concave lens by combination method and hence to
determine the refractive index of the material of the lens by measuring the radii of

98]

curvature of both lenses

5. Determination of the average resistance per unit length of the meter bridge wire by Carey-
Foster’s method and hence to determine an unknown resistance

6. Determination of the horizontal component of the earth’s magnetic field and the magnetic
moment of a magnet by employing magnetometers

7. Determination of Young’s Modulus of elasticity of a material of a bar by the method of
flexure.

8. Determination of rigidity modulus of a material of a wire by static method.

9. Determination of rigidity modulus of a material of a wire by dynamic method.

10. Determination of unknown frequency of a tuning fork by using a sonometer.
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Suggested Readings:
1. Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia

Publishing House.
2. Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th edition,
reprinted 1985, Heinemann educational Publishers

3. A Text Book of Practical Physics, I. Prakash & Ramakrishna, 11th dn., 2011, Kitab Mahal
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Engineering Science

(ES) Courses

SI. No. Course Name Course Code | Semester | Credit
1 Engineering Mechanics MENUGESO1 | 4
2 Basic Electrical Engineering EENUGESO1 | 3
3 Engineering Graphics & Design CENUGESO1 1 2.5
4 Basic Electrical Engineering Lab EENUGES02 1 1.5
5 Programming for Problem Solving CSEUGESO01 11 3
6 Basic Electronics Engineering ECEUGESO1 11 3
7 Programming for Problem Solving Lab | CSEUGES02 11 2
8 Basic Electronics Engineering Lab ECEUGES02 1I 1.5
9 Workshop Practice MENUGES02 1I 2
Total Credit 22.5
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Course Name: Basic Electrical Engineering
Course Code: EENUGESO01
L+T+P: 3+0+0
Course Objectives:

1. Impart a basic knowledge of electrical quantities such as current, voltage,
power, energy and frequency to understand the impact of technology in a global
and societal context.

2. Provide working knowledge for the analysis of basic DC and AC circuits used
in electrical and electronic devices.

3. To explain the working principle, construction, applications of DC machines,
AC machines.

Course Outcome:

CO-1: Predict the behaviour of any electrical and magnetic circuits.

CO-2: Formulate and solve complex AC, Dc circuits.

CO-3: Identify the type of electrical machine used for that particular application.

CO-4: Realize the requirement of transformers in transmission and distribution
of electric power and other applications

. Contact
Unit Content
hrs
UnitI Introduction:  Basic  concepts of  Electrostatics  and 4

Electromagnetic
Unit 11 DC Circuit: Introduction of Electric Circuit & Elements, Loop
Analysis, Node analysis, Star (Y) - Delta (A) & Delta (A)-Star (Y) 6
Transformations.
Unit ITIT | DC Network Theorem: Superposition Theorem, Thevenin’s
theorem, Norton’s theorems, Maximum Power Transfer

Theorem, Reciprocity Theorem, Time-domain analysis of first-
order RL and RC circuits.

Unit IV | Single-phase AC Circuits Generation of Sinusoidal Voltage
Waveform (AC) and Some Fundamental Concepts,
Representation of Sinusoidal Signal by a Phasor, Analysis of
single-phase ac circuits consisting of R, L, C, RL, RC, RLC 8
combinations (series and parallel), resonance. Three phase
balanced circuits, voltage and current relations in star and delta
connections

UnitV Transformer: Definition, working principle & construction, EMF
equation, Equivalent circuit, Open circuit & Short circuit tests, 4
Efficiency & Regulation
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Unit VI | DC Machines: Constructional Features of D.C Machines,
Principle of Operation of D.C Machines, EMF & Torque 4
Equation, D.C Generators, D.C Motors, Losses, Efficiency, 3-
point Starter and speed control of DC shunt Motor.
Unit VII | Three-phase Induction Motor: Introduction to 3-phase induction
motor 1
Unit VIII | Introduction to Power System: Basic concepts of Power System 1
Suggested Readings:

1. D.P. Kothari & I.J. Nagrath, “Basic Electrical Engineering”, TMH.

2. Hughes, “Electrical and Electronics Technology”, Pearson Education.

3. V.N. Mittle & Arvind Mittal, “Basic Electrical Engineering”, TMH, Second Edition.
4. V. D. Toro, “Electrical Engineering Fundamentals”, Prentice Hall India,

5. C L Wadhwa, “Basic Electrical Engineering”, New Age International Publishers.

Course Name: Basic Electrical Engineering Lab
Course Code: EENUGESO02
L+T+P: 0+0+3
Course Objectives: This is a foundation course aimed to expose the students the
basic and under- lying principles of Electrical circuits, Electro-mechanical energy
conversion and Measurement. This course is also to familiar students with all the
basic instruments & to prepare them for practical working environment.

Course Outcome:

CO-1: Students will be able to know about the basic difference of the
characteristics of tungsten & carbon filament lamp.

CO-2: Students will be able to verify different Network Theorems.

CO-3 Concept of calibration comparing the results of a test meter with a standard
one will be clear to the students.

CO-4: Students will be able to understand the starting principle of dc shunt motor.

CO-5: Students will be able to know the behaviour of RLC series & parallel
circuit.

CO-6: Students will be able to understand the construction & working principle
of 1 phase transformer.
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List of Experiments

SL. NO Experiments Name
1 Characteristics of Fluorescent lamp
2 Characteristics of Tungsten & Carbon Filament lamp
3 Verification of Superposition Theorem
4 Verification of Thevenin’s Theorem
5 Verification of Norton’s Theorem
6 Calibration of Ammeter & Voltmeter
7 Starting & Reversing of DC shunt motor
8 Study of series RLC circuit
9 Calibration of Energy meter
10 Y-A relation of 3-phase Electrical Network
11 Open Circuit and Short Circuit test of 1-phase transformer

ES4|Page




Professional Core (PC)
Courses

Sl Course Name Course Code |Semester| Credit
No.
1 Electrical Network Analysis EENUGPC01 11 4
2 Electromagnetic Fields EENUGPC02 111 3
3 Analog Electronics ECEUGPC01 11 3
4 | Electrical Network Analysis Lab | EENUGPC03
5 Analog Electronics Lab ECEUGPC04 111 1.5
6 Electrical Machines I EENUGPC04 IV 4
7 Electrical & Electronic EENUGPCO5 1A 4
Measurements
Digital Electronics & Logic Design | ECEUGPCO05 1\ 3
6 Measurement Lab EENUGPC06 IV 1.5
Digital ElectronIi(;sb & Logic Design ECEUGPCOS IV 1.5
7 Power Electronics EENUGPC07 \Y 4
8 Control Systems EENUGPC08 \% 3
9 Power System I EENUGPC09 \% 3
10 Electrical Machine I Lab EENUGPC10 \Y 1.5
11 Control Systems Lab EENUGPC11 \Y 1.5
12 Power System Lab EENUGPC12 \Y% 1.5
13 Electrical Machines II EENUGPC13 VI 4
14 Power System II EENUGPC14 VI 3
15 Electrical Machines II Lab EENUGPC15 VI 1.5
16 Power Electronics Lab EENUGPC16 VI 1.5
3*
17 Power Electronics Devices & EENUGPCL7 v Not to
Converters be
added
18 Grand Viva EENUGPC18 | VIII 2
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Course Name: Electrical Network Analysis
Course Code: EENUGPCO01
L+T+P=3+1+0
Contact hrs: 48

Course Objective: To impart techniques and principles of electrical circuit
analysis and to develop an understanding of the fundamental laws and
theorems. The aims include the concepts of the energy properties of electric
elements, the nodal and mesh analysis techniques to solve different circuit
problems for DC and AC cases, the concepts of two port network, Graph
Theory, fundamental concepts of attenuator circuit. This course will provide
the knowledge on advanced mathematical methods such as Laplace
Transform, Transients analysis using Laplace Transform, and Fourier series.

Course Outcomes:

CO-1: Students will be able to apply concepts of electric network topology, nodes,
branches, loops to solve different circuit problems using nodal and mesh analysis method
in case of circuit containing DC as well as AC sources.

CO-2: Students will understand the implications and significance the network theorems
for the analysis of electrical circuits for both dependent and independent sources.

CO-3: Students will be able to analyze and synthesize different types of waveform.

CO-4: Students will be able to find circuit response using Laplace transform and to
explain concepts of transfer functions, poles and zeroes of network functions and their
stability.

CO-5: Students will be able to apply the knowledge of Laplace transform to solve the
transient related problem.

CO-6: Students will be able to solve the frequency domain periodic signals by applying
Fourier series method.

CO-7: Students will be able to use the various parameters and their interrelationship, able
to solve numerical with series, cascade, and parallel connection using two port parameters

CO-8: Students will be able to apply the concepts of graph theory to solve circuit
problems and can apply for load flow analysis.

CO-9: Students will be able to apply the knowledge of attenuator circuit for laboratory
experiments.
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Unit

Content

Contact
hrs

Unit I

Network components: Active & passive, Lumped &
distributed, Linear & nonlinear elements, Continuous &
discrete. Source transformation, Dependent sources: VCVS,
VCCS, CCVS, CCCS

Network analysis: Nodal and mesh Analysis, Circuit analysis
with dependent current and voltage sources.

8

Unit II

Application of Network Theorems in AC circuits:
Superposition Theorem, Thevenin’s Theorem, Norton’s
Theorem, Maximum Power Transfer Theorem, Reciprocity
Theorem, Millman’s Theorem

Unit II1

Signals: Introduction of different types of signals & their
waveform synthesis.

Unit IV

Laplace Transform: Definitions, Laplace Transform of
common forcing functions, Derivatives and integrals, Shifted
functions, Initial and final value theorems, Inverse Laplace
Transform, Convolution integral.

Unit V

Transient Analysis: Network equations and solutions with
initial conditions using Laplace Transform; R-L, R-C, R-L-C
transients.

Unit VI

Fourier series: Fourier series representation of continuous
signal, Dirichlet condition, Properties of Fourier series.

Unit VII

Two-port Networks: Concept of ports and terminals,
Classification of network, Open circuit impedance and short
circuit admittance parameters, Transmission parameters,
Hybrid parameters and their interrelations, Condition of
reciprocity and symmetry, Interconnections of two-port
networks, Equivalent T- and - network.

Unit VIII

Graph Theory: Basic definitions and relations between
different matrices, KCL, KVL, Node and mesh equations using
graph theory, Incidence Matrix, Cut-set matrix, Tie set matrix.

Unit IX

Attenuators: Definition, T-type Attenuator, & type Attenuator,
Relation between Decibel and Neper.

Suggested Readings:

1. M. E. Van Valkenburg: Network Analysis, Prentice Hall.
2. A. Chakrabarti : Circuit Theory (Analysis and Synthesis), Dhanpat Rai & Co.
3. D.Roy Choudhury: Networks and Systems, New Age International Publishers.
Supplementary Readings:

1. F. Kuo: Network analysis and synthesis, Willey International Edition.
2. A.V. Oppenheimer & A.S.Wilsky: Signals & Systems, PHI Learning.
3. Dr. K. M Soni: Circuits and Systems, S.K Kataria and sons.
4. V. K. Chandna: A Text Book of Network Theory & Circuit Analysis, Cyber Tech.
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Course Name: Electromagnetic Fields
Course Code: EENUGPC02
L+T+P=3+0+0
Contact Hours: 36

Course Objective:

1. To understand the fundamental properties of electrical systems.
2. To understand the concept of different coordinate system and vector
calculus and its application on several electrical systems.
3. To understand the behavior of different medium through which
electromagnetic wave passes.

Course outcome:

After the completion of this course, a student is expected to learn the following:
CO-1: To understand the role of different coordinate system in electrical system
CO-2: To understand the application of gradient, divergence, curl, laplacian.
CO-3: To understand the basic behavior of electrostatic, magnetostatic and electromagnetic

field.

CO-4: To understand the behavior of different mediums through which electromagnetic
wave propagates

Unit

Content

Contact
hours

Unit I

Introduction to coordinate system:

Definitions, Cartesian coordinates, Cylindrical coordinates,
Spherical coordinates & their transformation, Differential length,
area and volume in different coordinate systems.

Unit IT

Vector Calculus:

A operator, Gradient of a scalar, Divergence of a vector &
divergence theorem, Curl of a vector & Stoke’s theorem, Laplacian
of a scalar.

Unit 111

Electrostatics Fields:

Coulomb’s law, Electric field intensity, Gauss’s law, Electric
potential and Potential gradient, Relation between E and V, Electric
dipole and flux lines, Capacitor and capacitance, Energy density in
electrostatic field, Boundary conditions: Dielectric-dielectric,
Conductor—dielectric, Conductor-free space, Poisson’s and
Laplace’s equation, General procedure for solving Poisson’s and
Laplace’s equation.

10

Unit IV

Magnetostatics Fields:
Biot- Savart law, Ampere’s circuit law, Magnetic flux density,
Magnetic static and vector potential, Forces due to magnetic field,
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Magnetic torque and moments, Magnetization in material, Magnetic
boundary condition, Inductor and inductances, Magnetic energy.

Electromagnetic Fields:

Faraday’s law, Transformer and motional emf, Displacement
current, Maxwell’s equations, Time varying Potential, Time
harmonic fields.

UnitV

Electromagnetic Wave Propagation:

Wave equation, Wave propagation in lossy dielectric, Plane waves
in lossless dielectric, Plane wave in free space, Plane wave in good
conductor, Skin effect, Skin depth, Power & Poynting vector

Unit VI

Suggested Readings:

1. Mathew N.O. Sadiku, “Elements of Electromagnetic”, 4th edition, Oxford university press.
2. W.H. Hyat & J.A. Buck, “Engineering Electromagnetic”, 7th Edition, TMH

3. Edminister, “Theory and problems of Electromagnetic” , 2nd Edition, TMH

Supplementary Readings:
1. K. A. Gangadhar, P. M. Ramanathan, “Electromagnetic Field Theory including Antennas
and Wave Propagation”, Khanna Publishers

Course Name: Electrical Network Analysis Lab
Course Code: EENUGPCO03
L+T+P=0+0+3
Contact hrs:

Course Objective: To impart hands on experience in circuit design,
verification of result in different type of network analysis, study of circuit
characteristics and simulation of different signals, Laplace and its inverse
transform and transient response of R-C, R-L circuit. It also aims to introduce
a circuit simulation software tool MATLAB. It enables the students to gain
sufficient knowledge on the programming and simulation of Electrical
circuits.

Course Outcomes:
CO-1: Students will understand the implication and significance of two port network.

CO-2: Students will be able to analyze the complicated circuits using different T and n
type network and attenuator.

CO-3: Students will be able to acquire skills of using MATLAB software for electrical
circuit studies.
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CO-4: Students will be able to determine the Laplace and inverse Laplace transform using
MATLAB software.

CO-5: Students will be able to analyze transient response for R-L and R-C or combination
of both type circuits for step input.

CO-6: Students will be able to design their own hardware model.

List of experiments:
Part A: Hardware

Evaluation of ‘Z’ parameter

Evaluation of ‘Y’ parameter

Evaluation of ‘ABCD’ parameter

Attenuator Network

Low Budget Project work: Choice based hardware design for each group

whkwh =

Part B: Simulation

1. Generation of periodic, exponential, damped sinusoidal, step, and impulse signals
using MATLAB in analogue and discrete form.

2. Determination of Laplace transform and Inverse Laplace Transform using MATLAB.

Electrical Network Problems solving approach using MATLAB programming.

4. Transient response of R-L and R-C network: simulation with MATLAB /Hardware

|95)

Course Name: Electrical Machines 1
Course Code: EENUGPC04
L+T+P=3+1+0
Contact hrs: 48

Course Objective: To make conversant about the underlying energy
conversion theory between electrical and mechanical systems by introducing
electromechanical energy conversion principles. Additionally, to introduce
the concepts of various types of electrical machines and its applications to
modern day electrical engineering.

Course Outcomes:

CO-1: Be familiar with D.C. and A.C. machines, their operating and control characteristics,

CO-2: Understand basic measurement of Power losses, Efficiency and Characteristic of DC
Machine, Transformer, 3-Ph Induction motor.

CO-3: Compare the performance characteristics of different machines.
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CO-4: Categorize different phenomena occurring in DC machines and AC three phase

motors.

CO-5: Identify possible applications of different machines.

Unit

Content

Contact
hrs.

Unit I

Single Phase Transformer:
Construction of core and shell type transformers; Classifications of

transformers; Basic principle of operation, EMF equation;
Equivalent circuit and phasor diagrams; Voltage regulation;
Losses and Efficiency; Parallel operation of transformers; Tests:
Polarity test, Open- circuit test, Short Circuit test. Autotransformer:
Autotransformer: Principle of operation, phasor diagram.
Comparison of weight, copper loss, equivalent reactance with 2
winding transformers.

Unit I1

D.C. Machine — Construction & Operation:

D.C. Machine — Construction & Operation: D.C. Generators:
Principle of operation, Action of commutator, constructional
features, armature windings, lap and wave windings, use of
laminated armature, E. M.F Equation.

Unit 111

Armature reaction in D.C. Machine:
Armature reaction, Cross magnetizing and de-magnetizing AT/pole,

interpoles, compensating winding, reactance voltage, methods of
improving commutation.

Unit IV

DC Generators:

Methods of Excitation— separately excited and self- excited
generators, build-up of E.M.F, critical field resistance and critical
speed, causes for failure to self-excite and remedial measures. Load

characteristics of shunt, series and compound generators, parallel
operation.

Unit V

D.C. Motors:

D.C Motors — Principle of operation, Back E.M.F. Torque equation.
Characteristics and application of shunt, series and compound
motors. Principle of 3 point and 4-point starters. Speed control of
d.c. Motors: Armature voltage and field flux control methods. Ward-
Leonard system.

Unit VI

Testing of D.C. Machines:
Testing of d.c. machines: Losses — Constant & Variable losses,

calculation of efficiency, condition of maximum efficiency.
Methods of Testing — direct, indirect and regenerative testing — brake
test — Swinburne’s test —Hopkinson’s test.

Unit VII

3-ph Induction Machines:

7
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Construction; Principle of operation and rotating magnetic field,
concept of slip, rotor frequency, rotor e.m.f.; Derivation of per phase
equivalent circuit, measurement of parameters and performance
calculation Circuit model and phasor diagram.

Operating characteristics of 3-ph Induction Motor:

Effects of varying V and f on motor performance, Torque —slip
characteristics and its analysis. Different methods of speed control-
Unit VIII | voltage control, frequency control, and slip power control, resistance 8
and reactance variation, variation of no of poles. Methods of starting
and testing of squirrel cage and slip ring motors. High torque cage
motors —Deep bar and double cage.

Suggested Readings:

1. A. E. Fritzgerald, C. Kingsley and S. Umans, “Electric Machinary”, Mc¢ Graw-Hill
Publishers.

2. P.S. Bimbra, “Electrical Machines”, Khanna Publishers.

3. LJ. Nagrath& D.P. Kothari, “Electric Machines” Tata McGraw Hill Publishers.

4. P. K Mukherjee & S Chakravorti, “Electrical Machines”, Dhanpat Rai.

Supplementary Readings

1. S.K. Bhattacharya, “Electrical Machines”, MH.

2.P.S. Bimbhra, “Generalized Theory of Electrical Machines”, Khanna Publishers.

3. Clayton & Hancock, “Performance and Design of D.C Machines”, BPB Publishers.

Course Name: Electrical & Electronic Measurements
Course Code: EENUGPCO05
L+T+P=4+0+0
Contact hrs: 48

Course Objective: To introduce the fundamentals of electrical and electronic
instruments and measurement providing an in-depth understanding of different
measurement errors, bridge measurements, instrument transformers and
transducers. Also, to address the underlying concepts and methods behind
electrical & electronic measurements.

Course Outcomes:

CO-1: Identify and analyse errors and state the static and dynamic characteristics of
instruments.

CO-2: Explain the working of different analog instruments (PMMC, moving iron,
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electrodynamometer type) and their use for measuring voltage, current, power, phase and

frequency.

CO-3: Show how to balance and design different bridge networks to find the value of
unknown components.

CO-3: State the working of digital instruments, display devices and recorders.
CO-4: Reproduce the different working principles of transducers and also design
transducers for measurement of non-electrical quantities.

Unit Content Contact
hrs.
Measuring Instruments:
Unit 1 Classification, Absolute and secondary instruments, indicating 5
nit instruments, characteristics, Errors in measurement, gross errors,
systematic errors and random errors, limiting errors.
General features:
Construction and principle of operation of Moving coil, moving

Unit II iron, Dynamometer and Induction type deflecting instruments; 7
deflecting, controlling and damping torques; extension of
instrument ranges using shunts, multipliers.

Instrument Transformers:

Unit III | Potential and current transformers, Construction, ratio and phase 5
angle errors, phasor diagram.

Measurement of active and reactive power:

Unit IV | Dynamometer Wattmeter, poly- phase circuits along with CT/PT 5
connections.

Integrating type instruments:

UnitV AC and DC energy meters, induction type energy meter, testing of 5
energy meter-phantom loading.

Measurement of resistance:
. Measurement of low resistance- Kelvin double bridge;

Unit VI . . . 6
Measurement of medium resistance- Wheatstone bridge,
Measurement of high resistance-megger.

A.C. bridge method:
Maxwell’s bridge AND Anderson's bridge for self- inductance

Unit VII | measurement, Schering bridge and De-Sauty bridge for the 7
measurement of capacitances; frequency measurement by Wien
bridge. Q- Meter.

Transducers:
Electrical transducers, linear variable differential transformer

Unit VIII | (LVDT), Hall effect transducers, piezoelectric transducers, strain 8
gauge, temperature transducer, resistance temperature detectors
(RTD), thermistor, thermocouples, pressure sensor.
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Suggested Readings:

1. Golding E.-W. & Wides F.C., “Electrical Measuring Instruments & Measurements”,
Wheeler.

2. Sawhney A K, “A course in Electrical & Electronic Measurements & Instruments”,
Dhanpat Rai.

3. P Purkait, B Biswas, S Das, C Koley, “Electrical and Electronics Measurements and
Instrumentation”, TMH.

4. R. K. Rajput. “Electrical and Electronic Measurements and Instrumentation”. S. Chand.

Supplementary Readings:

1. Heltrick A.D. & Cooper W.D., “Modern Electronic Instrumentation & Measuring
Instruments”, Wheeler.

2. S. K. Singh, “Industrial Instrumentation &control”, 2/e Tata McGraw-Hill.

Bolton W, “Instrumentation & Process Measurement”, Universities Press.

4. S. Kamakshaiah, J. Amaranth, Pannala Krishna Murthy “Electrical Measurements and

98]

Measuring Instruments”. I. K. International.
5. Ernest O. Doebelin, “Measurement Systems Application and Design”, McGraw Hill.

Course Name: Measurement Lab
Course Code: EENUGPC06
L+T+P=0+0+3
Contact hrs:

Course Objective: To measure resistance, inductance, capacitance, voltage,
current, power, energy practically with help of various measuring techniques
also learn to demonstrate various bridges using hardware set ups and compare
them with the theoretical results. Able to understand the Electrical
measurements, with the effects of electrical parameters, analog & digital
electronics principles, calibration techniques and its applications.

Course Outcomes:

CO-1: Develop the fundamental knowledge and demonstrate various electrical measuring
instruments which operated by different electrical and other physical properties.

CO-2: Relate the mathematical and theoretical knowledge with the practical electrical
measuring system and realize the importance of further improvement of the measuring
instrument for more improved performance, efficiency, cost effectiveness, safety and
environmental aspects.

CO-3: Design the measuring circuit and perform the real-life experiment to find out various
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electrical parameters which are important to design the electrical system considering safety,
economic and environmental constrains.

CO-4: Able to standardize various measuring instrument with the help of standard absolute
meters.

CO-5: Capable to analyse the effect on the electrical system with different types of changing
electrical loads and supply.

CO-6: Develop themselves as a good team member and leader to perform the experiments
with co-operation and communication with other team members. Also, able to invent
themselves the capability of decision making which leads a good performance and able to
perform the documentation of experimental data.

List of experiments:

—_

Measurement of Three Phase Power by Two Wattmeter Method for balanced load.
Measurement of Three Phase Power by Two Wattmeter Method for unbalanced load
Calibration of Dynamometer Type Wattmeter— by direct loading

Calibration of Dynamometer Type Wattmeter- by Phantom Loading

To determine the low value unknown resistance by Kelvin Double Bridge

To determine the unknown value of capacitance by De Sauty’s Bridge

To determine the frequency of audio frequency oscillator by Wien Bridge

Study of Single-Phase Digital Energy Meter

A S A N T

To determine the self-inductance of a coil using Anderson Bridge

Course Name: Power Electronic
Course Code: EENUGPCO07
L+T+P=3+1+0
Contact hrs: 48

Course Objective: To introduce the students to the world of Power
Electronics revolution and to familiarize them with the concept of different
Power Electronics devices and converter circuits and also the scopes and
applications of the Power Electronics system.

Course Outcomes:
CO-1: Students will be able to comprehend the characteristics and applications of various
semiconductor devices in power electronics systems.
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CO-2: Students will be able to understand the operation, control & application of
uncontrolled & controlled rectifiers, choppers, single-phase & three-phase inverters, AC
regulators and cycloconverters.

CO-3: Students will be able to design and analyze different power electronics converter

circuits.

CO-4: Students will be able to know the applications of power electronics converters in
daily use systems like UPS and SMPS.

Unit Content Contact
hrs

Introduction:

Unit I Concept of Power Electronic System, Scope & Applications, 2
Classification of Power Processors & Converters.
Power Semiconductor Devices:
Power Diodes: Structure, [-V and Reverse Recovery
Characteristics, Diode Equation, Types of Power Diode
Power Transistors: Structure, Steady State and Switching
Characteristics
Power MOSFETs: Basic Structure, Steady State and Switching

Unit IT | Characteristics 9
IGBTs: Basic Structure, Equivalent Circuit, Output, Transfer &
Switching Characteristics, Latch-ups in IGBTs
Thyristors: Construction & Operation, [-V Characteristic &
Operating Modes, Two-Transistor Model, Turn-On Methods,
Thyristor Turn-Off
Introduction to GTO, UJT, DIAC & TRIAC
AC — DC Converters (Rectifiers):
Diode Rectifiers: Introduction, Single-phase Half Wave Rectifier
with R & R-L Loads, Effect of Freewheeling Diode, Single-phase
Full Wave Rectifier with R & R-L Loads, Performance Parameters
Controlled Rectifiers: Single-phase Half Wave & Full Wave

Unit ITI Controlled Rectifiers with R & R-L Loads, Freewheeling Diode, 12
Single-phase Semi Converter, Single-phase Dual Converter, Effect
of Source Impedance
Three-phase Rectifiers: Three-phase Uncontrolled and Controlled
Rectifiers
DC — DC Converters (Choppers):

Unit IV | Introduction, Basic Chopper Classification, Principle of Chopper 6

Operation (Step-Down Chopper), Step-Up Chopper, Step-Up/Down
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Chopper, Control Strategies

DC — AC Converters (Inverters):

Introduction & Classification, Single-phase Half Bridge and Full
Bridge Inverters with R & R-L Loads, Shoot-Through Fault,
Performance Parameters

120° and 180° Three-phase Inverters

Voltage Control of Single-phase Inverters, External Control,
Internal Control (PWM), Single-Pulse Modulation, Multiple-Pulse
Modulation, Sinusoidal Pulse Modulation (SPWM)

Introduction to Current Source Inverter (CSI) and Thyristor
Inverters

Unit V 12

AC — AC Converters:

AC Voltage Controllers: Introduction, Principle of Phase Control,
Principle of Integral Cycle Control, Single-phase Voltage
Unit VI | Controllers with R & R-L Loads 5
Cycloconverter: Introduction, Single-phase Step-Down Mid-Point
& Bridge Type Cycloconverter, Single-phase Step-Up Mid-Point &
Bridge Type Cycloconverter

. Applications:
Unit VI SMPS and UPS overview 2
Suggested Readings:

1. M. H. Rashid, “Power Electronics: Devices, Circuits, and Applications”, Pearson
Education

2. P. S. Bimbhra, “Power electronics”, Khanna Publishers

Supplementary Readings

1. Ned Mohan, Tore M. Undeland& William P. Robbins, “Power Electronics: Converters,
Applications and Design”, John Wiley & Sons

2. M. D. Singh & K. B. Khanchandani, “Power electronics”, Tata McGraw-Hill

3. Bimal K. Bose, “Modern Power Electronics & Ac Drives”, Prentice-Hall of India

Course Name: Control Systems
Course Code: EENUGPCO08
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To introduce the students the concept and components of
control system, mathematical modeling of the dynamical physical system,
stability analysis and controller design.

Course Outcomes:
CO-1: Students will be able to identify different types of control system.
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CO-2: Students will be able to obtain transfer function, block diagram and signal flow graph
of different physical system.

CO-3: Students will be able to analysis 1** order and 2™ order system from its step and
impulse responses.

CO-4: Students will be able to apply root locus technique for stability analysis.

CO-5: Students will be able to determine stability of the system from frequency
responses.

CO-6: Students will be able to understand the needs of different types of controllers and
compensator to ascertain the required dynamic response from the system.

Unit Content Contact
hrs
Unitl Concepts of Control Systems: 2

Open loop & Closed-loop control systems, Automatic control
system, Linear & Non-linear control system, Continuous-time
& Discrete-time control systems.

Unit 11 Mathematical Modelling of Physical Systems: 5
Transfer function; Concepts of poles and zeros; Block diagram

representation of control systems, Signal flow graph and
Mason’s gain formula; Electrical analogy of mechanical
system.

Unit III Control System Components: 3
Error sensing devices, potentiometer, synchros, D.C. and A.C.
tachometers, D.C. and A.C. servomotors.

Unit IV Time Response of Closed-loop Systems: 4
Transient & steady state response, time-domain specifications
and error coefficients.

Unit V Stability Analysis: 3
Concept and definition, R-H criteria, internal stability of
closed-loop system.

Unit VI Root Locus Technique: 4
Construction of Root Loci for simple systems, effects of the

movement of poles and zeros.

Unit VII Frequency Response Analysis: 7
Bode Plot, Nyquist plot, Polar Plot, Nichols’ chart, measures of
relative stability.
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Unit VIII | Concept of P, PI, PD & PID controllers and applications. 4
Concept of Lag, Lead, Lag-Lead compensators and
applications.

Unit IX Introduction to State Variable Analysis: 2
Concepts of state variables, state space model, solution of state
equation, eigenvalues and stability analysis, concept of
controllability and observability.

Unit X Introduction to Digital Control System: 2
Introduction, signal conversion, sample-hold device, Z-
transform and inverse Z-transform, Sampling theorem.

Suggested Readings:
1. Ogata K.: Modern Control Engg., PHI/ Pearson Education.

2. Nagrath I J & Gopal M: Control Systems Engineering, New Age International.
3. Kuo B.C.: Automatic Control System, PHI
4. Babu P. Ramesh: Control System Engineering, Scitech.

Supplementary Readings

1. Stefani: Design of feedback Control System, OUP

2. Nakra, B. C.: Theory & Applications of Automatic Control, New Age International.
3. Gopal, M.: Modern Control System Theory, New Age International.

4. Gopal, M.: Digital Control Engineering, New Age.

Course Name: Power System I
Course Code: EENUGPC09
L+T+P=3+0+0
Contact Hours: 36

Course Objectives:

1. To understand the basic structure of power system.

2. To be familiar with different components of transmission and distribution
network

3. To be familiar with the structure and behavior of different essential
components of transmission system.

Course Outcome:

After the completion of this course, a student is expected to learn the following:

CO-1: The concept of transmission line parameters and performance of transmission line

CO-2: The concept of different electrical events like corona, sag, tension etc.

CO-3: The classification of insulators and their behavior

CO-4: The performance of underground cable.
CO-5: The different distribution network topologies and their behavior.
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Unit

Content

Contact
hrs

Unit I

Transmission line parameters:

Overhead transmission line: Choice of frequency, Choice of
voltage, Types of conductors, Inductance and Capacitance of a
single phase and three phase symmetrical and unsymmetrical
configurations, Bundle conductors, Transposition, Concept of
GMD and GMR, Influence of earth on conductor capacitance.

Unit I1

Performance of transmission lines:

Performance of lines: Short, medium and long lines and their
representation, ABCD constants, Voltage regulation, Ferranti
effect, Analytical and graphical method of power circle diagram.

Unit II1

Underground cable:

Types of cables, cable components, capacitance of single core &
3 core cables, dielectric stress, optimum cable thickness,
Grading: variation of electric field in graded cable, dielectric loss
and loss angle.

Unit IV

Insulators:

Types, Voltage distribution across a disc insulator, String
efficiency, Methods of improving voltage distribution across
insulator strings, Flectrical tests on line Insulators.

Unit V

Corona

Principle of corona formation, Critical disruptive voltage, Visual
critical voltage, Corona loss, advantages & disadvantages of
corona. Methods of reduction of corona.

Unit I

Mechanical design of line
Overhead line construction: Line supports, Towers, Poles, Sag,
Tension and Clearance, Effect of Wind and Ice on Sag. Dampers.

Unit VI

Distribution:

DC and AC distribution, concentrated loading and distributed
loading with single end, double end feeding. Concept of ring
main feeder and distributor.

Unit VII

Tariff:
Different types of tariffs in India. Indian Electricity Rule-1956:

Suggested Readings:

1. Subir Roy, “Electrical Power System”, Prentice Hall

2. D. P. Nagrath & 1. J Kothary, “Power System Engineering”, TMH

3. C. L. Wadhwa, “Elements of power system analysis”, New Age International.
4. Ashfaq Hussain, “Electrical Power System” , CBS Publishers & Distributors
Supplementary Readings:

1. S.Sivanagaraju, S.Satyanarayana, “Electric Power transmission & Distribution”, Pearson

Education.

2. Soni, Gupta, Bhatnagar & A. Chakrabarti, “Text book on Power system Engineering”,
Dhanpat Rai & Co.
3. T. Gonen, “Electric Power distribution system Engineering”, 2nd Edition, CRC Press.
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Course Name: Electrical Machine I Lab
Course Code: EENUGPC10
L+T+P=0+0+3
Contact hrs:

Course Objective: To provide the practical exposure to the student regarding
construction and operation of various electrical machines like DC generators,
DC Motors, Induction Motors and Transformers. Students are allowed to
conduct various experiments on all the machines for the validation of
performance characteristics of all the machines. From these lab courses
student will gain the skill to select correct machine for a specific application.

Course Outcomes:

CO-1: Determine the performance of a single-phase transformer by conducting Open
Circuit  (0O.C) and Short Circuit (SC) and Swinburne’s tests.

CO-2: Connect and operate two single phase transformers in parallel.

CO-3: Determine the performance of a single-phase transformer by conducting load test.

CO-4: Determine the performance characteristics of DC shunt generators by conducting
no-load and load tests.

CO-5: Implement the speed control techniques for DC shunt motor

CO-6: Determine the performance characteristics of DC machine by conducting direct and
indirect tests.

List of experiments:
1. To perform polarity test on a single-phase transformer.

. To perform load test on a single-phase transformer.

. To perform parallel operation on single phase transformers.

2

3

4. No load test on a D.C. shunt Generator.

5. Load test on a shunt D.C. Generator.

6. Load Characteristic on D.C. compound generator.

7. Speed control of D. C. shunt motor by- i) Armature voltage control method.
i1) Field current control method.

8. Load test on D.C. series motor with mechanical load.

9. To perform Swinburne’s test on D.C. machine.
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Course Name: Control Systems Lab
Course Code: EENUGPC11
L+T+P=0+0+3

Contact hrs:

Course Objective: To equip the students with the knowledge to analysis the
system, test the performance of the controller using hardware set ups and
compare the corresponding results with simulation results.

Course Outcomes:

CO-1: Students will be able to determine the time responses of 2™ order linear system
using both MATLAB and hardware circuit.

CO-2: Students will be able to analysis the system in frequency domain using MATLAB
and hardware.

CO-3: Students will be able to learn to design proportional-integral (PI) and proportional-
derivative (PD) controllers for the system.

CO-4: Students will be able to visualize D.C. motor speed and position control system.

List of experiments:

Part A: Simulation (using MATLAB)

1. Introduction to MATLAB and Familiarization with MATLAB-Control System toolbox

& SIMULINK

2. Block diagram reduction & determination of pole and zero from transfer function.

98]

Simulation of linear systems for different inputs and determination of time response
specifications.

Determination of root locus using MATLAB Control System toolbox.
Determination of Bode plot using MATLAB Control System toolbox.
Determination of Nyquist plot using MATLAB Control System toolbox.

NS Bk

linear system.

Part B: Hardware
1. Study of time-response of 2" order LTI system.

2. Study of proportional-integral (PI), proportional-derivative (PD) and proportional-
integral-derivative (PID) controllers.

3. Study of Lag-Lead compensator.
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4. Study of D.C. motor position control.
5. Study of D.C. motor speed control.

Course Name: Power System Lab
Course Code: EENUGPC12
L+T+P=0+0+3
Contact Hours:

Course Objectives: To equip the students with the knowledge to conduct
experiments with various power system transmission and distribution events.

Course Outcomes:
CO-1: Students will be able to learn the characteristics of long transmission line

CO-2: Students will be able to learn the operating mechanism of distribution system
CO-3: Students will be able to relate the power factor improvement theory with practical.

CO-4: Students will be able to understand the use of guard ring in the insulator.

List of experiments:

1. Study the characteristics of long transmission line

2. DC distribution system

3. AC distribution system

4. String efficiency of Disc insulator with/without guard ring.

5. Power factor improvement

Course Name: Electrical Machines 11
Course Code: EENUGPC13
L+T+P=3+1+0
Contact Hours: 48

Course Objectives: To explore the operating principles of different machines
through the comprehensive analysis of their steady —state behaviors. Finally
solve machines related problems which finds application in modern industries,
homes and offices.
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Course Outcome:
CO-1: Students will be able to illustrate constructional features of three phase
transformer and synchronous machines - winding details, induce EMF.

CO-2: Students will be able to develop phasor diagram & examine steady state
performance of single-phase induction motor, synchronous machines, determine
voltage regulation of an alternator.

CO-3: Students will be able to interpret parallel operation of alternators & determine
various sequence reactance of synchronous machines.

CO-4: Students will be able to explain transient& steady state behavior of single-
phase motor &I t's equivalent circuit parameters.

CO-5: Students will be able to identify possible applications of single phase and three
phase machines.

. Contact
Unit Topics hrs

Unit I Poly-phase Transformers Poly-phase transformers -
Construction- Core type and Shell type- Vector 10
connections - Y/Y, Y/D, D/Y, D/D, Y/Z, D/Z, V-
Connections, Third Harmonics inphase voltages-three
winding transformers-tertiary windings-Scott connection.
Parallel Operation of three phase Transformer.

Unit IT Synchronous Machine Construction and Principle of
operation and Characteristics

Constructional Features of round rotor and salient pole
machines - Armature windings - Integral slot and
fractional slot windings; Distributed and concentrated
windings - distribution, pitch and winding factors- EM.F
Equation, Excitation systems. Armature reaction - leakage
reactance - synchronous reactance and impedance -
experimental determination - phasor diagram - O.C.C.
and S.C. Characteristics, load characteristics.

10

UnitIll  |Regulation and Parallel Operation of Synchronous
Generator Regulation by synchronous impedance
method, M.MLF. method, Z.P.F. method -salient pole
alternators - two reaction theory. Synchronizing
alternators with infinite bus bars - synchronizing power,
torque - parallel operation and load sharing - Effect of
change of excitation and mechanical power input.
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UnitIV  |Synchronous Motors - Principle of Operation Theory of
operation - phasor diagram -V-curve and Inverted V- 6
curve- synchronous condenser - Mathematical analysis
for power developed.

Unit V. |Synchronous Motor Starting Excitation - hunting and its 6
suppression - Methods of starting -synchronous
induction motor.

Single Phase Induction Motors Single phase induction
motor - Constructional Features-Double revolving field
Theory -Cross-field Theory. Starting Methods- Speed- 8
Torque Characteristics, Phasor Diagram- Condition for
Maximum Torque- determination of Equivalent Circuit
Parameters, Applications.

Unit VI

Suggested Readings:

E. Fritzgerald, C. Kingsley and S. Umans, “Electric Machinary”, Mc Graw-Hill Companies.
P.S. Bimbra, “Electrical Machines”, Khanna Publishers.

I.J. Nagrath& D.P. Kothari, “Electric Machines” Tata McGraw Hill- Publishers.

P. K Mukherjee & S Chakravorti, “Electrical Machines”, Dhanpat Rai.

Generalized Theory of Electrical Machines-by P.S. Bimbhra, Khanna Publishers.

D=

9,1

Supplementary Readings:
1. S.K. Bhattacharya, “Electrical Machines”, Tata McGraw Hill- Publishers.
2. Performance and Design of AC Machines- by MG.Say, BPB Publishers.
3. Clayton & Hancock, “Performance and Design of D.C Machines”, BPB Publishers raw Hill.

Course Name: Power System II
Course Code: EENUGPC14
L+T+P=3+0+0
Contact Hours: 36

Course Objective:
1. To introduce the students to the per unit concept in power system network.
2. To understand the different type electrical faults and load flow in electrical
power systems.
3. To familiarize the students with the stability, economic operation in the
power system.
4. Highlight the importance of relay, circuit breaker in power system network.

Course outcome:
After the completion of this course, a student is expected to learn the following:
CO-1: To understand the p.u concept in electrical system.
CO-2: To understand different load flow analysis .and faults in power system network.
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CO-3: To understand power system ability and economic operation of power system.
CO-4: To understand the protection schemes with the help of relay and circuit breakers.

Unit

Content

Contact
hrs

Unit I

Introduction to p. u. system:

Representation of Power system components: Single-phase
representation of balanced three phase networks, the one-line
diagram and the impedance or reactance diagram, per unit (PU)
system.

Unit II

Faults in Power System:

Transient on a transmission line, short circuit of a synchronous
machine under no load & loaded condition. Symmetrical
component transformation, sequence impedance and sequence
network of power system, synchronous machine, transmission
lines and transformers. Symmetrical component analysis of
unsymmetrical faults, single line to ground fault, line to line
fault, double line to ground fault

Unit II1

Load flow studies:

Network model formulation, formation of Y-bus, SLFE, types
of bus, approximate solution of SLFE, load flow problem,
Gauss-Siedel method, Newton-Raphson method, comparison
of load flow methods. Concept of decoupling

Unit IV

Power System Stability:

Steady state stability, transient stability, equal area criteria,
swing equation, Effect on stability on single circuit line and
double circuit line.

Unit V

Economic Operation

Generation Cost Curves; Economic Operation of Thermal
System with no loss and with loss; Transmission Loss and
Penalty Factor; Unit Commitment

Unit VI

Circuit Breaker & Relay:

Switch, isolator & circuit breaker, The process of breaking a
current, Circuit breaker ratings, Restriking & recovery voltage,
Phenomena associated with breaking of circuit

Classification of protective relays, Electromechanical relays:
Attracted armature, induction & thermal relays, Time-current
characteristics of relays, Current setting & Time setting (PSM
& TMS)

Unit VII

Overview of Power System Protection
Principles of over-current, differential and distance protection

Suggested Readings:

1. J. P. Kothari & I. J. Nagrath, “Power System Engineering”, McGraw Hill
2. Granger and Stevension, “Power System Analysis”, McGraw Hill

3. M. L. Soni, P. V. Gupta, U. S. Bhatnagar & A. Chakrabarti, “A text book on Power System
Engineering”, Dhanpat Rai & CO.

4. V. K. Mehta & Rohit Mehta, “Principles of Power System”, S. Chand
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Supplementary Readings:

1. P. Kundur, “Power system stability and Control”, Mc Graw Hill

2. J. P. Kothari & 1. J. Nagrath, “Modern power system analysis”, Mc.Graw Hill

3. Wood and Woolenberg, “Electric Power Genration operation and control” , Willey.
4. A. Chakrabarti and S. Halder, “Power system analysis, operation and control”, PHI

Course Name: Electrical Machines II Lab
Course Code: EENUGPC15
L+T+P=0+0+3
Contact hrs:

Course Objective: To prepare the students for practical skills on electrical machines
that will empower them to work in an industrial environment.

Course Outcomes:

CO-1: Conduct different tests on single-phase induction motor.

CO-2: Conduct different tests on three-phase induction motor.

CO-3: Control the speed of 3-phase Slip-ring Induction Motor

CO-4: Connect the three-phase transformer in different fashions

CO-5: Calculate voltage regulation of alternator by different test.

List of experiments:

1.
2.

A

=

Study of the different connections of three-phase transformers

To study SCOTT. connections of transformer (Study of three phases to two phase
conversion)

To perform no load and blocked rotor test on a three-phase induction motor
To perform Load Test on three phase Induction Motor
Speed Control of 3 Phase Slip-ring Induction Motor by Rotor Resistance Control

To draw the performance characteristics of a single-phase induction motor by
conducting the no-load and blocked rotor test

Open Circuit and Short Circuit Tests on a Three-Phase Alternator

To Determine Voltage Regulation of 3 Phase Alternator by Zero Power Factor
Method
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List of experiments:
9. Study of the different connections of three-phase transformers

10. To study SCOTT. connections of transformer (Study of three phases to two phase
conversion)

11. To perform no load and blocked rotor test on a three-phase induction motor
12. To perform Load Test on three phase Induction Motor
13. Speed Control of 3 Phase Slip-ring Induction Motor by Rotor Resistance Control

14. To draw the performance characteristics of a single-phase induction motor by
conducting the no-load and blocked rotor test

15. Open Circuit and Short Circuit Tests on a Three-Phase Alternator

16. To Determine Voltage Regulation of 3 Phase Alternator by Zero Power Factor
Method

Course Name: Power Electronics Lab
Course Code: EENUGPC16
L+T+P=0+0+3
Contact hrs:

Course Objective: To equip the students with the knowledge to conduct
experiments with the Power Electronics devices and converters. Both
simulation and hardware to be used for the experiments.

Course Outcomes:
CO-1: Students will be able to learn the use of simulation for checking the performances
of various power electronics converters.

CO-2: Students will be able to learn the use of different hardware modules and accessories
for different Power Electronics switching devices and converters.

CO-3: Students will be able to relate their theoretical knowledge of characteristics and
performances of Power Electronics switching devices and converters with the actual
results.

CO-4: Students will be able to understand the differences between ideal theoretical results
and real hardware results.

List of experiments:

Part A: Simulation
1. Rectifier
a. Uncontrolled diode rectifier
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b. Controlled rectifier with R & R-L load and effect of freewheeling diode
2. DC - DC converter (Chopper)
a. Step down (Buck)
b. Step up (Boost)
c. Step up/down (Buck — Boost)
3. Single phase inverter
a. Half bridge square-wave inverter
b. Full bridge square-wave inverter
4. AC — AC converter (Regulator)
a. Single phase regulator with R load
b. Single phase regulator with R-L load
Additional Experiments
5. Cycloconverter (with frequency as well as RMS control)
6. Three phase inverter
7. PWM inverter
Part B: Hardware
V-I characteristics of SCR
V-I characteristics of IGBT
V-I characteristics of MOSFET
V-I characteristics of DIAC
Full wave fully controlled SCR converter
Full wave fully controlled SCR converter with R-L load and effect of freewheeling
diode
Full wave fully controlled AC voltage regulator
Mid-point cycloconverter
9. Study of Uninterruptible Power Supply (UPS)

SNk

% =

Course Name: Power Electronics Devices & Converters
Course Code: EENUGPC17
L+T+P=3+0+0
Contact hrs: 36

Course Objectives: To understand the concept of different power electronic
systems through the understanding of difference between signal level
semiconductor devices and power semiconductor devices and finally become
ready to design and analyze different power electronics converter circuits which
have wide applications in industries.

Course Outcome:
CO-1: Students are expected to have learnt the scope & application of power electronics.
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CO-2: Students are expected to have learnt the characteristics and applications of various

semiconductor devices in power electronics systems.

CO-3: Students are expected to have learnt the operation, control & application of uncontrolled

& controlled rectifiers, choppers, single-phase & three-phase inverters, AC regulators and
cycloconverters.

CO-4: Students are expected to have learnt the application of power electronics converters in
daily use systems.

Unit

Content

Contact
hrs

Unit I

Introduction: Concept of Power Electronic System, Scope &
Applications, Classification of Power Processors & Converters

2

Unit II

Power Semiconductor Devices:

Power Diodes: Structure, [-V and Reverse Recovery Characteristics,
Diode Equation, Types of Power Diode.

Power Transistors& Power MOSFETSs: Structure, Steady State and
Switching Characteristics.

IGBTs: Basic Structure, Equivalent Circuit, Output, Transfer &
Switching Characteristics, Latch-ups in IGBTs.

Thyristors: Construction & Operation, [-V Characteristic & Operating
Modes, Two-Transistor Model, Turn-On Methods, Thyristor Turn-Off.
Introduction to GTO, UJT, DIAC & TRIAC

Unit 11T

AC - DC Converters (Rectifiers):

Diode Rectifiers: Introduction, Single-phase Half Wave Rectifier with
R & R-L Loads, Effect of Freewheeling Diode, Single-phase Full Wave
Rectifier with R & R-L Loads, Performance Parameters.

Controlled Rectifiers: Single-phase Half Wave & Full Wave
Controlled Rectifiers with R & R-L Loads, Freewheeling Diode,
Single-phase Semi Converter, Single-phase Dual Converter

Unit IV

DC - DC Converters (Choppers):

Introduction, Basic Chopper Classification, Principle of Chopper
Operation (Step-Down Chopper), Step-Up Chopper, Step-Up/Down
Chopper, Control Strategies.

UnitV

DC - AC Converters (Inverters):

Introduction & Classification, Single-phase Half Bridge and Full
Bridge Inverters with R & R-L Loads, Shoot-Through Fault,
Performance Parameters. 120° and 180° Three-phase Inverters.
Voltage Control of Single-phase Inverters, External Control, Internal
Control (PWM), Single-Pulse Modulation, Multiple-Pulse Modulation,
Sinusoidal Pulse Modulation (SPWM).
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AC - AC Converters:

AC Voltage Controllers: Introduction, Principle of Phase 3
Control, Principle of Integral Cycle Control, Single-phase
Voltage Controllers with R & R-L Loads.

Unit VI

Suggested Readings:

1. M. H. Rashid, “Power Electronics: Devices, Circuits, and Applications”, Pearson
Education

2 P. S. Bimbhra,“Power electronics”, Khanna Publishers

Supplementary Readings:
1. Ned Mohan, Tore M. Undeland & William P. Robbins, “Power Electronics: Converters,
Applications and Design”, John Wiley & Sons
2. M. D. Singh & K. B. Khanchandani, “Power electronics”, Tata McGraw-Hill
3. Bimal K. Bose, “Modern Power Electronics & Ac Drives”, Prentice-Hall of India
4. Industrial Electronics by James A. Rehg, Glenn J. Sartori, Prentice Hall, 2005
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Professional Elective
(PE) Courses

Sl. no | Course Code | Course Name
1 EENUGPEO1 | Microprocessor & Microcontroller
2 EENUGPE(O2 | Microprocessor & Microcontroller Lab
3 EENUGPEO3 | Electric Drives
4 EENUGPE(04 | Electric Drives Lab
5 EENUGPEO5 | Switchgear & Protection
6 EENUGPEQO6 | Switchgear & Protection Lab
7 EENUGPE(07 | Modern Control System
8 EENUGPEO8 | Power Plant Engineering
9 EENUGPEQ9 | Special Machines
10 EENUGPE10 | Transducers & Instrumentation
11 EENUGPEI11 | Utilization of Electric Power
12 EENUGPE12 | [llumination Engineering
13 EENUGPE13 | High Voltage Engineering
14 EENUGPE14 | Renewable Energy
15 EENUGPE15 | Estimation, Costing and Specification of Electrical
Equipment
16 EENUGPE16 | Electrical Machine Design
17 EENUGPE17 | Process Control
18 EENUGPE18 | Energy Management & Audit
19 EENUGPE19 | Linear Programming Problem
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Course Name: Microprocessor & Microcontroller
Course Code: EENUGPEO1
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To demystify the intelligence of automatic
devices/appliances around us by introducing the students to the brain behind
such devices, that is, microprocessors and microcontrollers.

Course Outcomes:
CO-1: Students will be able to understand the architectures of 8085 microprocessor and
8051 microcontroller.

CO-2: Students will be able to comprehend the addressing modes and instruction sets of
microprocessor and microcontroller.

CO-3: Students will be able to write the codes for microprocessor and microcontroller.

CO-4: Students will be able to design the interface of 8085 with various peripheral
devices.

Contact

Unit Content
hrs

Microprocessor System Architecture:

Introduction, 8085 Microprocessor architecture, Clock, Registers,
Address, Data & Control buses, Timing diagrams, Instruction cycle,
Unit I | Machine cycles, T-States, Types of memory, Input Output devices, 6
Pin functions, I/O ports and data transfer concepts, Concept of
interfacing, = Memory interfacing, Interrupt mechanism
(Hardware/Software).

Programming of 8085 Processor:

Assembly Language Programming Basics, Classification of
Instructions, Addressing Modes, 8085 Instruction Set, Instruction &
Data Formats, Program Status Word, Writing, Assembling &
Executing a Program, Debugging the Programs, Decision Making,
Looping, Stack, Developing Counters & Timer Delay Routines.

Unit I1

Microprocessor Interfacing:

Interfacing with support chips: Programmable Peripheral Interface
Unit III | (8255), Programmable time/counter (8253), Programmable UART 8
(8251), Programmable Interrupt Controller (8259), DMA Controller
(8257), Programmable Keyboard and Display Controller (8279) -
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signals and timing details along with hardware/software interfacing
techniques, I/O interfaces with switch, multi-segment display,
ADC/DAC.

8051 Microcontroller Architecture:

] Microcontrollers and Embedded Processors, Difference between a
Unit IV Microprocessor and Microcontroller, Microcontroller hardware, Pin
diagram, Input/output pins, Ports, Internal RAM and ROM, SFRs,

Timers and Counters, Interrupts.

Assembly Language Programming of 8051:

Concept of IDE (Assembler, Compiler, Linker, De-Bugger),
Addressing Modes, Data Move Instructions, Arithmetic & Logical
Instructions, Jump, Loop & Call Instructions, Concepts of
Subroutines, Interrupt Service Routine.

Unit V

Suggested Readings:

1. Ramesh S. Gaonkar, “Microprocessor Architecture, Programming and Applications with
the 8085, Penram International Publishing (India) Pvt. Ltd.

2. Subrata Ghoshal, “8051 Microcontroller: Internals, Instructions, Programming &
Interfacing”, Pearson Education India

Supplementary Readings

1. Badri Ram, “Fundamentals of Microprocessors and Microcomputers”, Dhanpat Rai &
sons.

2. Krishna Kant, “Microprocessors and Microcontrollers, PHI Learning Pvt. Ltd.

3. Muhammad Ali Mazidi, Janice Gillispie Mazidi & Rolin McKinlay, “The 8051
Microcontroller and Embedded Systems Using Assembly and C”, Pearson Education
India

Course Name: Microprocessor & Microcontroller Lab
Course Code: EENUGPEO(2
L+T+P=0+0+3
Contact hrs:

Course Objective: To make the students ready for their hardware projects and
future career assignments involving automation/intelligence.

Course Outcomes:
CO-1: Students will be able to learn the use of computer based 8085 simulator to test their
programming skills for microprocessor.
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CO-2: Students will be able to learn the use of Keil pVision for programming and simulation
of microcontrollers, both in assembly and embedded C languages.

CO-3: Students will be able learn the use of microprocessor and microcontroller hardware
kits for various operations and interfacing.

List of experiments:

Following topics to be covered by various experiments using 8085 simulator,
8085 kit, Keil pVision & 8051 kit:

Eight-bit arithmetic operations in 8085 (using Various Addressing Modes).
Sorting an array in 8085 (Ascending/Descending).

Searching a number or character in a string for 8085.

Interfacing ADC and DAC to 8085.

Arithmetic, logical and bit manipulation in 8051.

Timer/counter operations in 8051.

N R W

Interrupt handling in 8051.

Course Name: Electric Drives
Course Code: EENUGPEO03
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To introduce the students to the world of Power System
Protection and familiarize them with the different types of switchgear and
their applications.

Course Outcomes:

CO-1: Understand the principle of electrical drives & the dynamics of electrical drive
systems.

CO-2: Select a drive for a particular application based on power rating & select a drive
based on mechanical characteristics for a particular drive application.

CO-3: Operate and maintain solid state drives for speed control of DC machines.

CO-4: Operate and maintain solid state drive for speed control of various special electrical
machines.

CO-5: Understand various starting and braking methods on electrical drives including their
effects on power supply, motor and load.

CO-6: Learn speed control of induction motor drives in an energy efficient manner using
power electronics & the control system for synchronous motor drives using power
electronics.
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Unit Content Contact
hrs.

Fundamentals of Electric Drive:
Electric Drives, advantages of electric drives, Classification of

UnitI | electric Drives, Speed-torque conventions and multi-quadrant 6
operations, Constant torque and constant power operation, Types of
loads, Load torque: components, nature and classification.
Rating & Heating of Motors:

Unit 11 Thermal model of motor for heating and cooling, classes of motor 4
duty, determination of motor power rating for continuous duty, short
time duty and intermittent duty.
Electric Braking:

Unit III | Purpose and types of electric braking, braking of DC, three phase 4
induction and synchronous motors.
DC Drives:
Review of DC Motors and its performance, Starting, Braking,
Controlled rectifier fed DC Drives with Continuous and

Unit IV | Discontinuous Modes of Operation, Supply Harmonics, Power 9
Factor & Ripple in Motor Current, Chopper Controlled DC Drives,
Source Current Harmonics in Chopper, Converter Ratings and
Closed Loop Control.
AC Drives:
Review of Three-phase Induction Motor and its Performance,

Unit V Starting, Braking, Static Voltage Control, Variable Frequency 10
Control (VSI, CSI, Cycloconverter based), Static Rotor Resistance
Control and Slip Power Recovery Control Schemes. Three Phase
Synchronous motor: Self-controlled scheme.
Special Drives:

Unit VI | Switched Reluctance motor, Brushless dc motor. Selection of motor 3
for particular applications.

Suggested Readings:

1. G. K. Dubey, “Fundamentals of Electrical Drives”, Narosa Publishing House.
2. S.K. Pillai, “A First Course on Electrical Drives”, New Age International.

3. N. K. De & P. K. Sen, “Electric Drives”, Prentice Hall of India.

4. R. Krishnan “Electric Motor Drives: Modelling, Analysis, and Control”, Prentice Hall of

India.

Supplementary Readings:

1. N. Mohan, “Electric Machine and Drives: First Course” Wiley India Pvt. Ltd
2. N. Mohan, Tore M. Undeland & William P. Robbins, “Power Electronics: Converters,
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Applications and Design”, 3rd Ed. John Wiley & Sons.
3. M. H. Rashid, “Power Electronics: Devices, Circuits, and Applications”, Pearson
Education.
4. P. S. Bimbhra, “Power Electronics”, Khanna Publishers.

Course Name: Electric Drives Lab
Course Code: EENUGPE(04
L+T+P=0+0+3
Contact hrs:

Course Objective: To prepare the students for their future industrial based
career assignments by exposing them to the computer-based analysis tools to
review the major classes of machines and their physical basis for operation.
To impart knowledge on Performance of the fundamental control practices
associated with AC and DC machines using power electronics.

Course Outcomes:
CO-1: Identify relevant information to supplement to the Electric Drives (EENUGPE03)
course.

CO-2: Set up control strategies to synthesize the voltages in dc and ac motor drives.

CO-3: Develop testing and experimental procedures applying basic knowledge of
electronics, electrical circuit analysis, electrical machines and controllers.

CO-4: An ability to use standard methods to determine accurate modelling/simulation
parameters for various general-purpose electrical machines and power electronics devices
required for designing a system and solve drives related problems

CO-5: Estimate constraints, uncertainties and risks of the system (social, environmental,
business, safety issues etc.)

CO-6: Complement practical laboratory investigation with the use of computer-based
simulation techniques that are relevant to electrical drive systems.

List of experiments:
1. Three phase permanent magnet synchronous motor drive simulation.

2. Three phase voltage sources with fixed low side bias simulation.
3. Simulation of buck converter.

4. Six pulse cycloconverter simulation.
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5. To study and analyses the various characteristics of separately excited DC motor and
understanding its speed control technique by field control method.

6. Three phase thyristor converter simulation.
7. Three phase three level PWM converter.
8. Chopper fed DC motor drive.

Course Name: Switchgear & Protection
Course Code: EENUGPE0S
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To introduce the students to the world of Power System
Protection and familiarize them with the different types of switchgear and
their applications.

Course Outcomes:
CO-1: Students will be able to understand the significance of power system protection.

CO-2: Students will be able to understand the relevance of switchgear and protection with
respect to the optimum running of power system and industrial units.

CO-3: Students will be able to comprehend the process of making and breaking of
circuits, behavior of different mediums of arc quenching and the detailed phenomena of
circuit breaking.

CO-4: Students will be able to analyze the characteristics and calculate the settings of
relays for different applications.

Unit Content
hrs

Contact

Switchgear:

Switchgear & the evaluation of circuit breakers, Behaviour of air,
gases & vacuum at high voltages, Switch, isolator & circuit breaker,
. The process of breaking a current, Circuit breaker ratings, Restriking
Unit I . . i .
& recovery voltage, Phenomena associated with breaking of circuit
Circuit breaker types: Air break, Bulk oil, Minimum oil, Air-blast,
SF6 & Vacuum

Fuses: Definitions, Characteristics & Types.

Protective Relaying:
Unit II | Evolution of protective relays, Zones of protection, Primary & 9
Backup protection, Essential qualities of protection, Classification
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of protective relays, Components of a protection system, Sensing
elements (CTs & VTs), Electromechanical relays: Attracted
armature, induction & thermal relays, Time-current characteristics
of relays, Current setting & Time setting (PSM & TMS)

Differential Protection:

Simple Differential Protection, Behaviour of Simple Differential
Scheme, Disadvantages of Simple Differential Protection Scheme,
Percentage Differential Relay, Earth Leakage Protection

Unit II1

Distance Protection:

Drawbacks of over-current protection for transmission lines,
Unit IV | Principle of distance protection, Impedance relay, Definite distance 5
type impedance relay & Time-Distance type impedance relay, Brief
overview of carrier aided protection

Equipment Protection:
Unit V | Overview of Transformer, Induction Motor, Generator and Busbar 4
Protection

Static & Numerical Relays:
Advantages and Limitations of Static Relays, Basic Elements of

Unit VI Static Relays, Advantages & Limitations of Numerical Relays, S
Organization of Numerical Relay (Block Diagram)
Suggested Readings:

1. Badri Ram & D. N. Vishwakarma, “Power System Protection and Switchgear”, McGraw
Hill Education (India) Private Limited

2. B. A. Oza, N. K. C. Nair, R. P. Mehta & V. H. Makwana, “Power System Protection and
Switchgear”, McGraw Hill Education (India) Private Limited

3.Y. G. Paithankar & S. R. Bhide, “Fundamentals of Power System Protection”, PHI
Learning Private Limited

Supplementary Readings

1. C. L. Wadhwa, “Electrical Power Systems”, New Age International Publishers

2. V. K. Mehta & Rohit Mehta, “Principles of Power System”, S. Chand

3. P. M. Anderson, “Power System Protection”, IEEE Press

4. C. Russell Mason, “The Art & Science of Protective Relaying” GE (General Electric)
5. Sunil S. Rao, “Switchgear Protection & Power Systems”, Khanna Publishers

Course Name: Switchgear & Protection Lab
Course Code: EENUGPE06
L+T+P=0+0+3
Contact hrs:
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Course Objective: To prepare the students for their future industrial based
career assignments by exposing them to the actual relays used in industrial
protection. Both the widely used generations of relays (electromechanical and
numerical types) are to be used in the laboratory.

Course Outcomes:
CO-1: Students will be able to learn the use of first-generation electromechanical type as
well as third-generation Microcontroller based (numerical) relays.

CO-2: Students will be able to learn and verify the settings and calculations of PSM and
TMS in actual relays.

CO-3: Students will be able to understand and verify the different characteristics of over-
current and differential relays (DMT and IDMT).

CO-4: Students will be able to understand and verify the working of biased and unbiased
differential relays.

List of experiments:
1. Over-current relay
a. Microcontroller based over-current relay (DMT type)
b. Microcontroller based over-current relay (IDMT type)
2. Electromechanical type over-voltage relay
3. Differential relay
a. Microcontroller based three-phase differential relay (unbiased mode)
b. Microcontroller based three-phase differential relay (biased mode)
i. DMT type
ii. IDMT type
4. Microcontroller based frequency relay
a. Over-frequency relay

b. Under-frequency relay
5. Three-phase electromechanical type under voltage relay
6. Three-phase numerical relay

a. Over-current relay

b. Earth fault relay

Course Name: Modern Control System
Course Code: EENUGPE(07
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To introduce the students state space analysis for analysis
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of linear time-invariant system, digital control system and nonlinear control
system.

Course Outcomes:
CO-1: Students will be able to identify represent and analysis dynamical system using
state space analysis.

CO-2: Students will be able to design state-feedback controller using pole-placement
technique.

CO-3: Students will be able to determine stability of non-linear system using describing
function method and phase plane analysis.

CO-4: Students will be able to analysis discrete-time system.

Unit Content Contact
hrs
Unitl State Variable Analysis: 16

State-space representation of different system, Transfer function
and transfer matrix from state space representation, concept and
properties of state transition matrix, solutions of homogeneous
and non-homogeneous state equations, Linear transformations on
state variables, companion form, diagonal canonical form &
Jordan canonical form, Controllability & observability, Pole-
placement technique and design of linear state variable feedback
controller.

Unit I1 Digital control systems: 7

Shannon’s sampling theorem, Signal reconstruction, Z-transform,
inverse Z-transform, Pulse transfer function, Mapping of s-plane
to z-plane and vice versa, Jury’s stability criterion.

Unit 11T 13

Non-linear Control Systems:

Characteristics of common nonlinearities, Phase plane analysis of
linear and non-linear second order systems; methods of obtaining
phase plane trajectories by graphical method, Describing Function
method; Limit cycles in non-linear systems, Prediction of limit
cycles using describing function.

Lyapunov stability criterion: First and second method of
Lyapunov’s stability criterion; Asymptotic stability, Global
asymptotic stability.

Suggested Readings:
1. Nagrath I. J. & Gopal M.: Control Systems Engineering, New Age International.
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2. Gopal M: Digital Control & State Variable Methods,— TMH.
3. Gopal M: Modern Control System & State Variable Methods,— TMH.

Supplementary Readings

1. Ogata K: Modern Control Engg., PHI/ Pearson Education.

2. Ramakalyan: Control Engineering, Vikas.

3. Kuo B.C.: Digital Control System, Oxford University Press.

4. Gopal M.: Modern Control System & State Variable Methods, TMH.
5. Gibson J E: Nonlinear Control System, McGraw Hill Book Co.

6. Stefani: Design of feedback Control System, OUP.

Course Name: Power Plant Engineering
Course Code: EENUGPE08
L+T+P: 3+0+0
Contact hrs: 36

Course Objectives:
1. To introduce the students to different aspects of power plant engineering.

2. To familiarize the students to the working of power plants based on different
fuels

3. To expose the students to the principles of safety and environmental issues.

Course Outcome:

CO-1: Describe and analyze different types of sources and mathematical expressions related to
thermodynamics and various terms and factors involved with power plant operation.

CO-2: Analyze the working and layout of steam power plants and the different systems
comprising the plant and discuss about its economic and safety impacts

CO-3: Combine concepts of previously learnt courses to define the working principle of diesel
power plant, its layout, safety principles and compare it with plants of other types.

Unit Content Contact
hrs

Unit I | Sources of Energy:

Power, Sources of Energy, Conventional & Non-conventional 4
energy sources, fuels, Calorific value, Types of coal, conservation
of energy
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Unit II | Steam Power Plant:
Introduction, Equipment’s, Design, Coal Handling, Furnaces,
Methods of fuel firing, Pulverization. Ash Disposal, Smoke & Dust

Removal, Draught, Chimney, Economizer, Super heater, water 8
treatment, steam condenser, steam turbine, boiler, thermal
efficiency

Unit IIT | Diesel Engine Power Plant:
Introduction, 1.C engine, 4-stroke & 2-stroke engine, Engine 5

Performance, Heat balance sheet, Power Plant Equipment, Engine
starting methods, Advantage, Application, Cost.

Unit IV | Nuclear Power Plant:
Introduction, Chain Reaction, fertile material, Nuclear reactors, 6
Classification of reactors, Main Components, Waste disposal, heat
Exchanger, Breeding, Site selection, Power of N.R , Safety.

Unit V | Hydro Electric Power Plant:
Introduction, application, Essential features, classification, 7
Advantages, Hydraulic turbine, Power and Brief idea of
Hydrograph, Water Hammering, Surge Tank.

Unit VI | Gas Turbine Power Plant:

Introduction, Classification, Elements, terms & Definition (Work
Ratio, Thermal Eff., Air and Pressure Ratio). Engine Efficiency, 4
Starting of Gas turbine, Fuels Compressor, Open and Closed cycle,
Advantage & Disadvantage, Application, Efficiency

Unit VII | Instrumentation:
Introduction, Classification, Selection of Instrument 2

Suggested Readings:

1 .P.K. Nag, Power Plant Engineering, Tata McGraw Hill.

2. F.T. Morse, Power Plant Engineering, Affiliated East-West Press Pvt. Ltd, New
Delhi/Madras.

Supplementary Readings

1. Mahesh Verma, Power Plant Engineering, Metropolitan Book Company Pvt. Ltd. New
Delhi.

2. El-Vakil, Power Plant Technology”, McGraw Hill.

3.R. Yadav, Steam & Gas Turbines & Power Plant Engineering by, Central Pub. House.

Course Name: Special Machines
Course Code: EENUGPE09
L+T+P: 3+0+0
Contact hrs: 36

Course Objectives: To impart knowledge about special machines to students so
that they will be able to work on these machines used in industry.
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Course Outcome:

CO-1: To understand the working of various electrical special machines.

CO-2: To know the constructional details of these machines and can differentiate them from

other conventional machines.

CO-3: Use these machines in various field of application.

CO-4: Learn the control of stepper motor and switched reluctance motor using microcontroller.

Unit

Content

Contact
hrs

Unit I

Hysteresis Motors: constructional features, Principle of
operations, Performance, Characteristic and Application.

Unit 11

Stepper Motors: Constructional features — Principle of operation —
Variable reluctance motor — Hybrid motor — Single and multi-stack
configurations — Torque equations —Characteristics — Drive circuits
— Microcontroller control of stepper motors — Applications.

Unit 11T

AC Series Motor and Universal Motor: Constructional feature,
working principle, Phasor diagram, Performance and Application.

Unit IV

Repulsion Motor-Constructional feature, Principle of operation,
starting performance and Applications.

Unit V

Permanent Magnet Brushless D.C. Machines: Permanent Magnet
materials - Minor hysteresis loop and recoil line-Magnetic
Characteristics - Permeance coefficient -Principle of operation -
Types - Magnetic circuit analysis - EMF and torque equations -
Commutation -Motor characteristics and control- Applications.

Unit VI

Switched Reluctance Motor: Construction, Principle of Working,
Basics of SRM Analysis, Constraints on Pole Arc and Tooth Arc,
Torque Equation and Characteristics, Power Converter Circuits,
Control of SRM, Rotor Position Sensors,
Microprocessor/Microcontroller Based Control of SRM, Sensor
less Control of SRM.

Unit VII

Induction Generator and linear Induction Motor- Construction,
Working principle, Application

Suggested Readings:
1. P. S. Bimbra, Generalized Theory of Electrical Machines, Khanna Publication.

2. P. K Mukherjee, S Chakravorty, Electrical Machines, Dhanpat Rai Publication.

Supplementary Readings:

1. K.Venkataratnam, Special Electrical Machines, Universities Press (India) Private Limited.
2. E.G Janardanan, Special Electrical Machines, PHI Learning Pvt. Ltd., Jan 2014.
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Course Name: Transducers & Instrumentation
Course Code: EENUGPE10
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To introduce the concepts and principles of transducers as
the most important elements of measurement systems. Course goals include the
introduction of various transducers such as level, digital, electromagnetic
transducer and handling industrial instruments for speed and vibration
measurement, strain measurement and flow measurement including the
characteristics of instrumentation systems, their errors, and the use of
measurement devices.

Course Outcomes:
CO-1: Students will understand transducer, its characteristics and their application in
industry.

CO-2: Students will be able to apply the knowledge of level transducer for Liquid Level
plant.

CO-3: Students will be able to explain the terminologies of electromagnetic transducer and
their applications in industry.

CO-4: Students will understand the application of digital transducer in robotic field.

CO-5: Students will be able to explain the characteristics of various instruments and its
application.

CO-6: Students will be able to implement analogue circuit using opamp for strain
measurement.

CO-7: Students will be able to measure speed and vibration and can apply for Electric
vehicle applications.

CO-8: Students will be able to identify types of flow and use of different transducers for
flow measurement.

CO-9 Students will understand the application of modern transducer and its measuring
instruments.

Unit

Content

Contact
hrs
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Unit1 Transducer Technologies: Types of transducers, characteristics of
transducers, capacitive transducer, piezoelectric effect, photoelectric 5
effect, photoconductive transducer.

Unit IT | Level Transducers: working principle, types, and materials, design 5
criterion: float, DP- cell, laser type transducers, fibre optic level
detectors, Level switches.

Unit III | Electromagnetic transducers: moving coil, moving magnet, AC
and DC tachometers.

w

Unit IV | Digital transducer: Translational and rotary encoders (absolute 3
position and incremental position encoders).

Unit V | Instrumentation systems: Typical Applications of Functional
elements of Instrumentation and measuring systems, Standards
and Calibrations. Introduction to errors and uncertainties in the 6
measurement of performance parameters of instruments.

Instrument Characteristics: ~ Static  performance  parameters
(characteristics), Accuracy, Precision, Resolution, Sensitivity,
Linearity, Hysteresis, Dead band, Backlash, Drift, Span.

Unit VI | Strain Measurement: Introduction, types of strain gauge, resistance 4
strain gauge bridges, temperature compensation and applications of
strain gauges.

Unit VII| Speed and Vibration Measurement: stroboscopes, toothed rotor, 3
eddy current.

Unit Flow Measurement: Introduction to fluid flow: properties of fluid, 3
VIII types of fluid, Inertia based flow meters: Turbine.

Unit IX | Miscellaneous: Smart sensors, Optical fibre sensors. Optoelectronic 4
Devices and Components.

Suggested Readings:

1. J.A. Pearce & R.B. Robinson : Strategic Management formulationimplementation and
control, TMH

2. B.C. Nakra & K.K. Chaudhary: Instrumentation Measurement and Analysis, Tata Mc Graw
Hill.

3. A. K. Sawhney: Electrical and Electronic Measurement and Instrumentation, Dhanpatrai
And Co.

3. A. K. Ganguly: Optical & Opto Electronic Instrumentation, Narosa Publishing House.
Supplementary Readings:

1. E.D. Doeblin: Measurement systeml, Tata McGraw Hill.

2. B.G. Liptak: Instrument engineer‘s handbook — Process masurement and analysis, CRC
Press.

3.  R.K. Bansal: Fluid Mechanics and Hydraulic Machines, Laxmi publications.

4. D. W. Spitzer: Industrial Flow Measurement, ISA Publication.
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Course Name: Utilization of Electric Power
Course Code: EENUGPE11
L+T+P=3+0+0
Contact hrs: 36

1. Course Objectives: To describe the principle of operation and performance of
traction motor with their control using mathematical model under different loading
conditions. Explain the working of Electric Heating, Electric Welding. Describe the
process to calculate the illumination level for a given application and then to select the
suitable specifications for installation.

Course Outcomes (COs):
CO-1: Students will be able to understand and explain the principle of operation and
performance of traction motor.

CO-2: Students will be able to formulate and then analyze the working of traction motor &
their control using mathematical model under loaded and unloaded conditions.

CO-3: Students will be able to analyze the response of d.c. motor, induction motor and
transformer.

CO-4: Students will be able to troubleshoot the operation of d.c. motor, induction motor and
transformer.

CO-5: Students will be able to understand the working of Electric Heating, welding
processes.

CO-6: Students will be able to calculate illumination level for a given application and then
select the suitable specification for installation.

i Contact
Unit
Content hrs
Unit I Electric Heating: Basic Advantages, Classifications of electric 6

heating, Industrial Application areas. Resistance heating: basic
principles of direct and indirect heating. Control of heating: on-off
control, graded resistance, tapped inductor. Solid state control.
Induction heating: basic principles and applications. Induction
Furnaces: basic principles of coreless and core types, Their power
supply systems. SCR resonant inverters for induction heating.
Electric arc heating, Arc Furnaces: basic principles of direct and
indirect heating types. 1-phase and 3-phase AC and DC arc types.
Their power supply regulator system. Electrode position control
system.

Dielectric heating: basic principles and applications.

Infra-red heating and its applications, Microwave heating.
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Simple design problems of resistance heating element.

Unit IT

Electric Welding: Advantages of electric welding, Welding
method, Principles of resistance welding, types — spot, projection
seam and butt welding and welding equipment use, Principle of arc
production, electric arc welding, and characteristics of arc; carbon
arc, metal arc, hydrogen arc welding method of and their
applications.

Requirement for good welding, power supplies for different
welding. Power supply required. Advantages of using coated
electrodes, comparison between AC and DC arc welding, welding
control circuits.

Unit II1

Ilumination: Nature of light, visibility spectrum curve of relative
sensitivity of human eye and wave length of light

Definition: Luminous flux, solid angle, luminous intensity,
illumination, luminous efficiency, depreciation factor, coefficient
of utilization, space to height ratio, reflection factor, glare, lux, etc.

Inverse square law and Lambert’s Cosine law.

Lamps-general classification, incandescent, tungsten halogen,
fluorescent, compact fluorescent lamp (CFL), metal halide, ballast-
function, low- & high-pressure mercury-vapor & sodium-vapor
lamps -construction, principle of operation, features etc. Modern
energy saving lamps - comparative study, colored LED & white
LED — features and characteristics and applications.

Requirements of good street lighting, Calculation of space to
mounting height ratio, Calculation of illumination level available
on road.

Design of Indoor Lighting: Calculation of wattage of each lamp and
no. of lamps needed, Layout of lamp luminaries, Calculation of
space to mounting height ratio.

12

Unit IV

Electric Traction: Advantages of electric traction, Different
systems of electric traction, DC and AC systems, diesel electric
system, types of services — urban, sub-urban, and main lines.

System of track electrification, different accessories for track
electrification; such as overhead capacitor wire, conductor rail
system, current collector-pantograph.

Train movement and energy consumption (speed time curves, crest
speed, average speed and schedule speed) Factors affecting
scheduled speed.

Tractive effort, specific energy consumption, mechanics of train
movement, coefficient of adhesion and its influence.

Salient features of traction drives, series-parallel control of dc
traction drives (bridge traction) and energy saving, power

12
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electronic control of dc & ac traction drives and diesel electric
traction.

Types of motors used for electric traction, Starting and braking of
traction motors, protective devices.

Introduction to EMU and metro railways.

Suggested Readings:

1. C. L. Wadhwa, “Generation, Distribution and Utilization of Electrical Energy”, New Age
International Publishers.

2. H. Partab, “Art & Science of Utilization of Electrical Energy”, Dhanpat Rai & Sons.

3. N. V. Suryanarayana “Utilisation of Electric Power: Including Electric Drives and Electric
Traction”, New Age International.

Supplementary Readings:

1. G. K. Dubey “Fundamentals of Electric Drives”, Narosa Publishing house.

2. H. S. Mamak, “Book on Lighting”, International lighting Academy.

3. Joseph B. Murdoch, “lllumination Engineering from Edison’s Lamp to Lasers”, Visions
Communications.

E.O. Taylor “Utilisation of Electric Energy”, Orient Longman Private Limited.

Er. R. K. Rajput “Utilisation of Electrical Power”, Laxmi Publications (P) Ltd.

o s

Course Name: Illumination Engineering
Course Code: EENUGPE12
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To introduce the students the construction of various
types of luminous sources and design of indoor and outdoor lighting systems.

Course Outcomes:

CO-1: Students will be able to categorize among different types of artificial light sources;
different means for producing light, properties of light, role of human eye as visual
processor

CO-2: Students will be able to identify the criteria for the selection of lamps and lighting
systems.

CO-3: Students will be able to perform calculations on photometric performance of light
sources and luminaires for lighting design.

CO-4: Students will be able to design indoor and outdoor lighting system.
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Unit

Content

Contact
hrs

Unit I

Importance of Lighting in Human Life:

Types of illumination, day lighting and artificial lighting, quality
of good lighting. Dependence of human activities on light,
performance characteristics of human visual system. Factors
affecting the lighting-shadow, glare, reflection, Colour rendering
and stroboscopic effect.

3

Unit 11

Measurement of Light:
Definition of luminous flux, Luminous intensity, Lumen, Candle

power, Illumination, M.H.C.P, M.S.C.P, M.H.S.C.P, Lamp
efficiency, Brightness or luminance. Laws of illumination, Inverse
square law and Lambert’s Cosine law, [llumination at horizontal
and vertical plane from point source.

Unit II1

Light Sources:
Lamps-general classification, incandescent, tungsten halogen,

fluorescent, compact fluorescent lamp (CFL), metal halide,
ballast-function, & high-pressure mercury-vapour &
sodium-vapour lamps -construction, principle of operation,
features etc. Modern energy saving lamps - comparative study,
coloured LED & white LED — features and characteristics and
applications.

low-

Unit IV

Control of Light Sources:

Luminaire — design considerations, optical control schemes,
design procedure of reflecting and refracting type of luminaire,
testing of luminaire. Luminaire standard — BIS recommendation.

UnitV

Design of Indoor Lighting:

Definitions of maintenance factor, uniformity ratio, direct ratio,
Coefficients of utilization (COU) and factors affecting it,
Illumination required for various work planes, Space to mounting
height ratio, Types of fixtures and relative terms used for Indoor
illumination such as DLOR and ULOR, Selection of lamp and
luminance, Selection of utilization factor, reflection factor and
maintenance factor. Determination of Lamp Lumen output taking

into account voltage and temperature variations. Calculation of
wattage of each lamp and no. of lamps needed, Layout of lamp
luminaire, Calculation of space to mounting height ratio, Indian
standard recommendation and standard practices for illumination
levels in various areas.

10

Unit VI

Design of Outdoor Lighting:

10
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Road Lighting: Types of street and their level of illumination
required, Terms related to street and street lighting, Types of
fixtures used and their suitable application, Various arrangements
in street lighting, Requirements of good street lighting, Selection
of lamp and luminaire, Calculation of their wattage, Number and
arrangement, Calculation of space to mounting height ratio,
Calculation of illumination level available on road.

Flood Lighting: Terms related to flood lighting, Types of fixtures
and their suitable applications, Selection of lamp and projector,
Calculation of their wattage and number and their arrangement,
Calculation of space to mounting height ratio, recommended
method for aiming of lamp.

Suggested Readings:

1. H. Partab, “Art & Science of Utilization of Electrical Energy”, Dhanpat Rai & Sons.
2.Jack L Lindsey, “Applied Illumination Engineering”, Prentice Hall.

3.D. C. Pritchard, “Lighting”, Routledge.

4.M.A. Cayless, J R Coaton, A. M. Marsden, “Lamps and Lighting”, Routledge.

Supplementary Readings
1. H.S. Mamak, “Book on Lighting”, International lighting Academy.
2. Joseph B. Murdoch, “Illumination Engineering from Edison’s Lamp to Lasers” Visions
Communications.
3. M. A. Cayless, A. M. Marsden, “Lamps and Lighting”, Butterworth-Heinemann.
4. Anil Valia, “Designing with light: Lighting Handbook”, Li.

Course Name: High Voltage Engineering
Course Code: EENUGPE13
L+T+P=3+0+0
Contact Hours: 36

Course Objective:
1. To understand the importance of high voltage system in electrical

engineering.
2. To understand the importance of dielectrics.

W

To understand the processes of high (dc/ac), impulse voltage generation.
4. To understand the different measurement techniques of high voltage
measurement.

Course outcome:
After the completion of this course, a student is expected to learn the following:
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CO-1: To understand the role and behavior of different insulating medium (solid/ liquid/

gas).

CO-2: To understand the mechanism of high voltage (ac/dc), impulse voltage generation.
CO-3: To understand the different measuring techniques.
CO-4: To be familiar with different numerical methods of field estimation techniques.

CO-5: To be familiar with different testing of electrical equipments that has been done in
high voltage laboratories.

Unit

Content

Contact
hrs

Unit I

Breakdown phenomena

Breakdown of Gases: Mechanism of Break down of gases, Charge
multiplication, Secondary emission, Townsend Theory, Streamer
Theory, Paschen’s Law, Determination of Minimum breakdown
voltage, Breakdown in non uniform field, Effect of polarity on
corona inception and break down voltage. Partial Discharge:
definition and development in solid dielectric. Break Down of
Solids: Intrinsic breakdown,. Breakdown of Liquid: Intrinsic Break
down, Cavitation Theory, Suspended particle Theory. Breakdown
in Vacuum.

Unit 11

Generation of High Voltage

Generation of high AC voltages: Testing transformer, Cascaded
transformer, Series resonant circuit, single stage and multi stage.
Advantages of Series Resonant Circuit in testing of cables.
Generation of DC high voltage: Cockcroft-Walton doubler and
multistage circuit. Electrostatic generator. Definition of Impulse
Voltage as per Indian Standard Specification, Wave front and wave
tail time, Generation of Impulse Voltage.

Unit 11T

Measurement of High Voltage

Sphere gap voltmeter, AC , DC and impulse high voltage
measurement as per Indian Standard Specifications. Resistance and
Capacitance Potential dividers, Peak voltmeters for measurement of
high AC voltage in conjunction with capacitance dividers.
Capacitance Voltage Transformer, Rotating Voltmeter for the
measurement of DC high voltage, Electrostatic Voltmeter

Unit IV

Transient in power systems

Travelling waves: reflection, refraction of waves. Bewley’s lattice
diagram. Lightning Phenomena, Electrification of cloud,
Development of Lightning Stroke, lightning induced over voltage,
direct stroke, indirect stroke. Protection of Electrical Apparatus
against over voltage, Lightning Arrestors, Effect of location of
lightning arresters on protection of transformer. Utility of Ground
wires.

Insulation Co ordination:

Basic Insulation level. Basic Impulse level, Switching Impulse
level. Volt time characteristics of protective devices, Determination
of Basic Impulse level of substation equipment.

Unit V

High Voltage Testing

2
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High Voltage testing, Testing as per Indian Standard Specifications,
Power frequency withstand, induced over voltage and impulse test
on transformers, Power frequency wet withstand test and impulse
test on insulators

Unit VI | Electric Field Analysis: 4
Concepts and basic equations of field calculation in FDM, FEM,
CSM methods.
Suggested Readings:

1. C.L. Wadhawa, “High Voltage Engineering”, New Age International Publishers.
2. M.S. Naidu & V. Kamraju, “High Voltage Engineering”, Tata MC Graw Hill publication.
3. S. Ray, “High Voltage Engineering”, PHI publication

Supplementary Readings:
1. M.A. Salem, H. Anis, A. E. Morahedy, R. Radwan, Marcel Dekker, Inc High Voltage

Engineering.

Course Name: Renewable Energy
Course Code: EENUGPE14
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To create awareness about different sources of energy
and to be able to predict how long conventional fossil fuel reserves will be
available for use. Learn the fundamental concepts about solar energy systems
and devices. Understand the working of wind turbine and know about
applications of wind energy for electricity generation. Understand the
working of fuel cell and different possible ways of extracting energy from
mini-micro hydro systems and geothermal energy system.

Course Outcomes:

CO-1: Understand of renewable and non-renewable sources of energy

CO-2: Gain knowledge about working principle of various solar energy systems

CO-3: Understand the application of wind energy and wind energy conversion system.
CO-4: Gain knowledge about working of fuel cell technology.

CO-5: Understand the applications of different renewable energy sources like MHD
generators, small-hydro, geothermal energy etc.
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Unit

Content

Contact
hrs.

Unit I

Introduction:

Limitations of conventional energy sources, need and growth of
alternate energy sources, Concept of energy, energy situation and
conversion to electrical form, necessity of non-conventional and
renewable energy.

Unit 11

Solar Energy System:

Solar radiation at the earth’s surface, Solar constant, Spectral
distribution. Extra-terrestrial Radiation, Solar Terrestrial Radiation,
Solar radiation geometry, Computation of cos 0 for any location

having any orientation, Empirical equations for predicting the
availability of solar radiation: Monthly average, daily and hourly
radiation. Solar radiation on tilted surfaces: a) Beam radiation, b)
Diffuse radiation.

Solar Thermal - Introduction to concentrating solar power (CSP)
plants using technologies like a) Parabolic troughs b) Linear Fresnel
reflector, ¢) Paraboloid Dish, etc.

Solar Photovoltaic - Introduction to family of solar photovoltaic, PV
Cell, Module and Array. Array Design. Electrical characteristics of
Silicon PV. Peak Power Point Operation. PV System Components,
Efficiency of PV system, MPPT of solar system.

Unit II1

Wind Energy System:

History of wind power, theory of wind power, wind generators,
characteristics of suitable wind power sites. Different types of wind
turbines, wind energy conversion, Design of wind turbine rotor,
characteristics. Wind turbine control. Scope in India, advantages
and limitations.

10

Unit IV

Fuel cell:

Introduction to Fuel Cell Technology and its type. Operating
principles of Fuel Cell, Fuel and Oxidant Consumption. Fuel Cell
system characteristics. Application and limits.

Unit V

Small Hydro Resources:

Overview of small hydropower Systems, Advantages and
Disadvantages of Small Hydro Schemes, Elements of pumps and
turbine.

Unit VI

Miscellaneous Non-conventional Technologies:

MHD Generators: Basic principles and Hall Effect, different types
of MHD generators. Geothermal system: characteristics of
geothermal resources. Tidal energy: idea of tidal energy, tidal
electric generator, limitations.
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Suggested Readings:

1. G. Boyle, “Renewable Energy”, Oxford University Press.

2. C.S. Solanki, “Solar Photovoltaics-Fundamentals, Technologies and Applications”,
PHI.

3. H.P. Garg, J. Prakash, “Solar Energy-Fundamentals and Applications”, TMH.

4. D.P. Kothari, K.C. Singal, R Rajan, “Renewable Energy Sources and Emerging
Technologies”, PHI.

5. B.H. Khan, “Non-Conventional Energy Resources”, TMH.

Supplementary Readings:
1. S. Rao, B. B. Parulekar, “Energy Technology: Non-Conventional, Renewable and
Conventional”, Khanna Publication.

2. M. R. Patel, “Wind and Solar Power System”, CRC Press.

3. T. Bhattacharya, “Terrestrial Solar Photovoltaics”, Narosa Publishing House.

4. T. Ackermann, “Wind Power in Power Systems”, Wiley Publications.

5. B T. Nijaguna, “Biogas Technology”, New Age International Publishers.

6. R. Majumdar, “Fuel Cells: Principles, Design, and Analysis”, Taylor & Francis.

7. G. M. Masters, “Renewable and Efficient Electrical Power Systems”, Wiley — IEEE
Press.

8. G.D. Rai, “Non-conventional energy sources”, Khanna Publishers.

9. D. S. Chauhan, “Non-Conventional Energy Resources”, New Age Publication.

Course Name: Estimation, Costing & Specification of Electrical Equipment
Course Code: EENUGPEI1S
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To familiarize the students with the important Indian
Electricity Rules and Acts as well as the repair and maintenance procedures
of various electrical equipment.

Course Outcomes:
CO-1: Students will be able to understand the importance of standards & specifications
for electrical installation and equipment.

CO-2: Students will be able to understand the necessary and relevant Indian electricity
rules and acts with respect to the electric safety, installation & maintenance.

CO-3: Students will be able to comprehend the process of purchase and contract processes
as well as the selection and estimation of items for different electrical installations.
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CO-4: Students will be able to know about the troubleshooting and maintenance of

various electrical equipment.

Unit

Content

Contact
hrs

Unit I

Electrical Wiring & IE Rules:

Types of wires, wiring system, Specifications of Different types of
wiring materials, Accessories, Wiring tools, Wiring circuits,
Domestic and industrial panel wiring, Concept of Indian Electricity

Rules, Importance of Standards & Specifications for electrical
installation and equipment, Important Relevant Indian Electricity
Rules, Indian Electricity Act.

Unit IT

Estimating, Costing & Contracting:
Estimation and estimation tools, Electrical Schedule of rates,

catalogues, Survey and source selection, Recording estimates,
Quantity and cost of material required, Purchase system, Purchase
enquiry and selection of appropriate purchase mode, Comparative
statement, Purchase orders, Payment of bills, Types of contract
system, Tendering procedure and preparation of simple tender,
Earnest Money Deposit, Security Deposit, Schedule of rates (S.0.R.).

Unit II1

Estimation& Costing of Domestic & Industrial Wiring

Layout for domestic Wiring, Load calculation, Cable selection,
Earthing, Selection of Switchgear, List of materials and accessories
along with specifications required for all types of service connection,

Overall Estimating and costing.

Unit IV

Estimation of Overhead Transmission Line & Underground
Distribution System:

Transmission lines supports, Factors governing height of pole,
Conductor materials, size of conductor for overhead transmission
line, cross arms, pole brackets and clamps, guys and stays, Spacing
and clearances, span lengths, overhead line insulators, insulator
materials lightning arrestors, erection of supports, setting of stays,
Earthing of lines, Guarding of overhead lines, Clearances of
conductor from ground, Spacing between supports, Materials and

accessories required for underground distribution system, Estimate
for 440 V, 3-phase, 4 wires or 3 wires underground distribution
system.

10

UnitV

Estimation & Costing of Repair & Maintenance of Electrical
Device & Equipment:

Preparation of detailed drawing work of the product, Preparation of
material quantity sheet for the product, Materials and cost required
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for maintenance work, Estimation of repairing cost and overall cost,
Tools used for repairs & maintenance work, Preparation of cost
schedule for repair and maintenance of table/ceiling fan, automatic
electric iron, single phase transformer, mixer/grinder, DOL starter,
small motor& pump, ICDP/ICTP Switch, etc.,

Suggested Readings:
1. K. B. Raina & S. K. Bhattacharya, “Electrical Design, Estimating & Costing”, New Age
International
2. S. L. Uppal & G. C. Garg, “Electrical wiring Estimating and costing”, Khanna Publishers
3. J. B. Gupta, “A Course in Electrical Installation, Estimating &Costing”, S. K. Kataria &
sons
Supplementary Readings:
1. Surjit Singh, “Electrical Estimating and Costing”, Dhanpat Rai and co.
2. K. B. Bhatia, “Maintenance & Control of Electrical Equipments”, Standard Publishers
Distributors

Course Name: Electrical Machine Design
Course Code: EENUGPE16
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To provide sound knowledge about constructional details
and design of various electrical machines. Also, to estimate the performance
characteristics of different electrical machines with the constraints specified.

Course Outcomes:

CO-1: Outline the concept and ability to analyse the magnetic materials and magnetic
circuits in electrical machines, their characteristics and specifications of different electrical
machines.

CO-2: Design DC machine for the given specification.

CO-3: Design induction motor, synchronous machines and transformers for the given

specification.
. Contact
Unit Content
hrs.
Principles of Electrical Machine Design:
. Introduction, considerations for the design of electrical machines,
Unit I e . . . . 2
limitations. Different types of materials and insulators used in
electrical machines.
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Design of DC Machines:

Output equation, choice of specific loadings and choice of number of
poles, design of Main dimensions of the DC machines, Design of
armature slot dimensions, commutator and brushes, magnetic circuit
- estimation of ampere turns, design of yoke and poles- main and inter
poles, field windings — shunt, series and inter poles.

Unit I1

Design of Transformers:

Output equation for single phase transformer, choice of specific
loadings, expression for volts/turn, determination of main dimensions
of the core, types of windings and estimation of number of turns and
conductor cross sectional area of Primary and secondary windings,
estimation of no-load current, expression for leakage reactance and
voltage regulation. Design of tank and cooling tubes (round and
rectangular).

Unit IIT 10

Design of Induction Motors:

Output equation of Induction motor — Main dimensions — Choice of
Average flux density — Length of air gap- Rules for selecting rotor
slots of squirrel cage machines — Design of rotor bars & slots —
Design of end rings — Design of wound rotor — Magnetic leakage
calculations — Leakage reactance of polyphase machines-
Magnetizing current - short circuit current — Operating
characteristics- Losses and Efficiency.

Unit IV

Design of Synchronous Machines:

Output equations — choice of Electrical and Magnetic Loading —
Design of salient pole machines — Short circuit ratio — shape of pole
Unit V | face — Armature design — Armature parameters — Estimation of air 8
gap length — Design of rotor —Design of damper winding —
Determination of full load field mmf — Design of field winding —
Design of turbo alternators — Rotor design.

Suggested Readings:
1. K.Sawhney, “A Course in Electrical Machine Design”’; Dhanpat Rai & Co.
2. P.S. Bimbra, “Electrical Machines”, Khanna Publishers.
3. M. G.Say, “The Performance and Design of Alternating Current Machines”, CBS
Publishers and Distributors.

Supplementary Readings:

1. E. Clayton & N. N. Hancock, “The Performance and Design of Direct Current
Machines”, CBS Publishers and Distributors

2. Singh, “Electrical Machine Design”.

3. S. K. Sen, “Principles of Electrical Machine Design with Computer Programs”, Oxford
& IBH Pub. Co.

4. R.K. Agarwal, “Principles of Electrical Machine Design”, S.K. Kataria and Sons.
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5. V.N. Mittle and A. Mittle, “Design of Electrical Machines”, Standard Publications and
Distributors.

Course Name: Process Control
Course Code: EENUGPE17
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To familiarize industrial processes, its different types and
modeling the static and dynamic behavior of processes, various control
strategies, design of feedback, feedforward, and multiloop control structures.
Course goals include design of PID controller and its tuning, advanced
controller such as IMC, Ratio control, PLC etc.

Course Outcomes:
CO-1: Students will be able to interpret the fundamental concept of process and control

objectives.

CO-2: Students will be able to calculate mathematical dynamics of model and different
process variables and different kind of process by framing it in block diagram.

CO-3: Students will be able to implement different control schemes for process.
CO-4: Students will be able to design electronic, pneumatic and hydraulic PID controller.

CO-5: Students will be able to design how to tune PID controllers in negative feedback
systems.

CO-6: Students will understand the design of advance controllers like cascade controller,
split range controller, ratio controller, anti-windup, internal model controller with example.

CO-7: Students will be able to design programmable logic controller for real time system.

Unit Content Contact
hrs
Unitl Introduction: Concept of processes, manual and automatic control
with examples, process variables, degree of freedom, servo and 4

regulatory control.

Unit II | Process dynamics: Introduction to different types of open loop and
closed loop processes such as heat exchanger system, Liquid level 6
control system, Modelling of process dynamics.

Unit IIT | Design of control systems: Single loop control of standard first order
process plants, concept of feedback and feed forward control, 7
feedback control system with dead time or inverse response.
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Effect of disturbances and variation in set point in process control,
concept of multi-loop control.

Unit IV | Design of PID Controller: Introduction to pneumatic and hydraulic
system, its components and controlling method. Realization of 8
control actions, (P, PI, PD and PID) using pneumatic, hydraulic,
electronic principles. Problem solving approach for process with
controllers in a negative feedback system

Unit V | Tuning of PID controller: Process reaction curve and Ultimate

cycle method by Z- N tuning. 3

Unit VI | Introduction to advanced controllers: cascade control, anti-windup
control, ratio control, overrides control, split range control, IMC 8
control.

Introduction to Programmable Logic controller, its applications.

Suggested Readings:

1. C.D. Johnson: Process control instrumentation technology, PHI Learning.

2. D. Patranabis: Principle of Process control, Tata McGraw-Hill Education.

3. D.P. Eckman: Automatic Process Control, John Wiley.

4. K. Ogata: Modern Control System”, Prentice Hall.

5. D. R. Coughanowr & S. LeBlanc: Process Systems Analysis and Control, 3rd edition,
McGraw-Hill.

Supplementary Readings:

P. Harriott: Process control, McGraw Hill.

S. Bhanot: Process Control-principles and application, Oxford University press.
S. K. Singh: Process Control, PHI Learning.

S. Sundaram: Process dynamic & Control, Cengage Learning.

B.G. Liptak: Instrument Engineers Handbook, Chilton Book Co. Philadelphia.

kWD =

Course Name: Energy Management & Audit
Course Code: EENUGPE18
L+T+P: 3+0+0

Course Objectives:

1. To enable the students to understand the concept of energy management and
energy management opportunities

2. To understand the different methods used to control peak demand
3. To know energy auditing procedure.

4. To understand the different methods used for the economic analysis of energy
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projects

Course Outcome:

CO-1: Analyze about energy scenario nationwide and worldwide. Decide about
energy management in more effective way.

CO-2: Analyze about various energy related aspect of electrical system and carry
out financial management.

CO-3: Conduct studies related to operational aspects of compressed air system
and refrigeration system.

Unit

Content

Contact
hrs

Unit I

Energy Scenario: Energy needs of growing economy, Long term
energy scenario, Energy pricing, Energy sector reforms, Energy and
environment: Air pollution, Climate change, Energy security, Energy
conservation and its importance, Energy strategy for the future,
Energy conservation Act-2001 and its features.

Unit II

Energy Management and Audit: Definition, Energy audit- need,
Types of energy audit, Energy management (audit) approach-
understanding energy costs, Bench marking, Energy performance,
Matching energy use to requirement, Maximizing system
efficiencies, Optimizing the input energy requirements, Fuel and
energy substitution, Energy audit instruments

Unit I1T

Material and Energy balance: Facility as an energy system,
Methods for preparing process flow, Material and energy balance

diagrams.

Unit IV

Financial Management: Investment-need, Appraisal and criteria,
Financial analysis techniques- Simple payback period, Return on
investment, Net present value, Internal rate of return, Cash flows,
Risk and sensitivity analysis, Financing options, Energy performance
contracts and role of ESCOs.

Unit V

Electrical system: Electricity tariff, Load management and
maximum demand control, Power factor improvement, Distribution
and transformer losses. Losses in induction motors, Motor efficiency,
Factors affecting motor performance, Rewinding and motor
replacement issues, energy efficient motors, Light source, Choice of
lighting, Luminance requirements, and Energy conservation avenues

Unit VI

Compressed air system: Types of air compressors, Compressor
efficiency, Efficient compressor operation, Compressed air system
components, Capacity assessment, Leakage test Factors affecting the

performance and efficiency.
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Unit VII

HVAC and Refrigeration System: Vapor compression
refrigeration cycle, Refrigerants, Coefficient of performance,
Capacity, Factors affecting refrigeration and air conditioning system
performance and savings opportunities, Vapor absorption
refrigeration system: Working principle, Types and comparison with
vapor compression system, Saving potential, Fans, Blowers and
pumps- Types, Performance evaluation, Efficient system operation,
Flow control strategies and energy conservation opportunities.

Suggested Readings:
1. Abbi, Y.P. and Jain, S., Handbook on Energy Audit and Environment Management, Teri

Bookstore (2006).
2. Diwan, P., Energy Conservation, Pentagon Press (2008).
3. Younger, W., Handbook of Energy Audits, CRC Press (2008).

Course Name: Linear Programming Problem
Course Code: EENUGPE19
L+T+P=3+0+0
Contact hours: 36

Course Objectives:

1. To make familiarize with different optimization problems
2. To provide strong foundation in the field of linear optimization.
3. To impart the knowledge of linear optimization theory

4. To be capable of framing and solving various kinds of practical

engineering optimization problem
Course Outcome:

After the completion of this course, students are expected to have learnt:

CO-1: solving various kinds of optimization problems

CO-2: Applying different optimization tools in research to produce quality journals.

CO-3: Developing a very sound programming skill.

Unit

Content

Contact

hrs

Unit 1l Introduction:

General statement of optimization problem, classification of
optimization problem, Different engineering applications.
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Unit II | Linear Programming I:
Standard form of linear programming (LP) problem, type of constraints, 10
Cannonical form of LP problem, Graphical methods, Simplex methods

Unit III | Linear Programming II:
Optimization problem in case greater than equality type constraints: 6
Two phase method, big-M method.

Unit IV | Linear Programming I1I:
Introduction to duality, theorems on duality and their interpretation, 6
Dual simplex method

Unit V | Linear Programming 1V:

6

Post optimality analysis, Sensitivity analysis.

Unit VI | Linear Programming V:
Integer programming problem: branch and bound method, 6
Transportation programming problem

Suggested Readings:

1. S. S. Rao, "Engineering Optimization: Theory and Practice", New Age International Pvt.
Ltd., New Delhi, 2000.

2. G. Hadley, "Linear programming", Narosa Publishing House, New Delhi, 1990.

3. H.A. Taha, "Operations Research:An Introduction", 5th Edition, Macmillan, New York,

1992.

Supplementary Readings:

1. K. Deb, "Optimization for Engineering Design Algorithms and Examples", Prentice-Hall
of India Pvt. Ltd., New Delhi, 1995.

2. K.SrinivasaRaju and D. Nagesh Kumar, "Multi-criterion Analysis in Engineering and

Management",PHI Learning Pvt. Ltd., New Delhi, India, ISBN 978-81-203-
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Open Elective (OE)
Courses

List of Open Elective Courses Offered by Electrical Engineering Department to be
opted by other Engineering department

SI no Code Course Semester
1. EENUGOEO01 Circuit Theory & Networks 3rd
2. EENUGOEO02 Electrical Measurement 4th
3. EENUGOEO03 Introduction to Electrical Machines 5th
4. EENUGOE04 Control System 6th
5. EENUGOEO05 Generation Transmission Distribution of 7th
Electric Power
6. EENUGOE06 Renewable Energy Resources 8th
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Course Name: Circuit Theory & Networks
Course Code: EENUGOEO1
L+T+P=3+0+0
Contact hrs: 36

Course Objective: Students of Computer Science Engineering need to
possess good understanding of concepts of electrical circuit analysis to solve
circuit problems using nodal and mesh analysis techniques for DC and AC
circuits and principles of passive circuit analysis and synthesis by applying
various circuit laws and theorems include different types of sources, concept
of three phase power. This course aims in imparting fundamental knowledge
of open circuit, short circuit, transmission, hybrid parameters and their
interrelationship, two port circuit behaviors, graph theory, advanced
mathematical methods such as Laplace and Fourier series.

Course Outcomes:

CO-1: Students will be able to apply concepts of electric network topology nodes,
branches, loops to solve different circuit problems using nodal and mesh analysis method
in case of circuit containing DC as well as AC sources.

CO-2: Students will be able to analyze and synthesize different types of waveform.

CO-4: Students will be able to calculate circuit response using Laplace transform and to

explain concepts of transfer functions, poles and zeroes of network functions and their
stability

CO-5: Students will be able to use the various parameters and their interrelationship, able
to solve numerical with series, cascade, and parallel connection using two port parameters.

CO-6: Students will be able to apply the fundamental concepts of graph theory to solve
circuit problems.

CO-7: Students will understand the implications and significance of three phase power
system.

Unit Content Contact
hrs
Unit I Network components: Active & passive, lumped & distributed, linear
& nonlinear elements, continuous & discrete. Source transformation, 4

Dependent sources: VCVS, VCCS, CCVS, CCCS, concept of
resistance, inductance, capacitance.

Unit I1

Signals: Introduction of different types of signals, their waveform
synthesis. 3
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Unit 11

Circuit Analysis: DC and AC circuit analysis with independent sources,
nodal and mesh Analysis, AC theorems.

Unit IV

Laplace Transform: Definitions, Laplace Transform of common
forcing functions, derivatives and integrals, shifted functions, initial and
final value theorems, Inverse Laplace Transform, Introduction to
transients;

Unit V

Two-port Networks: Concept of ports and terminals, classification of
network, open circuit impedance and short circuit admittance
parameters, transmission parameter, hybrid parameters and their
interrelations; condition of reciprocity and symmetry;

Unit VI

Graph Theory: Basic definitions and relations between different
matrices; KCL, KVL, Incidence Matrix, Cut-set matrix, Tie set matrix.

Unit VII

Analysis of three phase power: Advantage of three phase system,;
Relationship between line and phase voltages and currents in Star and

Delta connection, Application of three phase power.

Suggested Readings:
1. Dr. K. M Soni: Circuits and Systems, S.K Kataria and sons.
2. A. Chakrabarti: Circuit Theory (Analysis and Synthesis), Dhanpat Rai & Co.
3. D. Roy Choudhury: Networks and Systems, New Age International Publishers.

Supplementary Readings:

Dbk W=

. F. Kuo: Network analysis and synthesis, Willey International Edition.
. M. E. Van Valkenburg: Network Analysis, Prentice Hall.
A.V. Oppenheimer & A.S.Wilsky: Signals & Systems, PHI Learning.

Course Name: Electrical Measurement
Course Code: EENUGOEO02
L+T+P=3+0+0
Contact hrs: 36

. V. K. Chandna: A Text Book of Network Theory & Circuit Analysis, Cyber Tech.
. W. H. Hayt and J. E. Kemmerly: Engineering Circuit Analysis, McGraw Hill Education.

Course Objective: To introduce the fundamentals of electrical instruments
and measurement providing an in-depth understanding of different
measurement errors, bridge measurements, instrument transformers and
oscilloscope. Also, to address the underlying concepts and methods behind

electrical measurements.

Course Outcomes:

CO-1: Classify the standard devices and galvanometers for the measurement of voltage and

current.
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CO-2: Understand the working of wattmeter and energy meter to measure power and

energy.

CO-3: Understand the working of instrumentation transformer to measure high values of

current and voltage

CO-4: Analyse the bridges for the measurement of low, medium and high resistance
CO-5: Analyse the bridges for the measurement of inductance and capacitance

measurement
CO-6: Understand the working of oscilloscope to measure the values of unknown electrical

parameters.
Unit Content Contact
hrs.
Measuring Instruments:
Unit I Classification, Absolute and secondary instruments, indicating 5
mit instruments, characteristics, Errors in measurement, gross errors,
systematic errors and random errors, limiting errors.
General features:
Construction and principle of operation of Moving coil, moving iron,
Unit II | Dynamometer and Induction type deflecting instruments; deflecting, 5
controlling and damping torques; extension of instrument ranges using
shunts, multipliers.
Instrument Transformers:
Unit III | Potential and  current transformers, Construction, ratio and 5
phase angle errors, phasor diagram.
Measurement of active and reactive power:
Unit IV | Dynamometer Wattmeter, poly- phase circuits along with CT/PT 4
connections.
Integrating type instruments:
UnitV | AC and DC energy meters, induction type energy meter, testing of 4
energy meter-phantom loading.
Measurement of resistance:
Unit VI Measurement of low resistance- Kelvin double bridge; Measurement of 3
nit medium resistance- Wheatstone bridge, Measurement of high
resistance-megger.
A.C. bridge method:
Maxwell’s bridge AND Anderson's bridge for self- inductance
Unit VII | measurement, Schering bridge and De-Sauty bridge for the 5
measurement of capacitances; frequency measurement by Wien bridge.
Q- Meter.
Unit Oscilloscope:
VIII C.R.O. principle measurement of voltage, current, frequency and phase 5

by oscilloscope. Digital Storage Oscilloscope.
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Suggested Readings:

L.

2.

3.

4.

Golding E.W. & Wides F.C., “Electrical Measuring Instruments & Measurements”,
Wheeler.

Sawhney A K, “A course in Electrical & Electronic Measurements & Instruments”,
Dhanpat Rai.

P Purkait, B Biswas, S Das, C Koley, “Electrical and Electronics Measurements and
Instrumentation”, TMH.

R. K. Rajput. “Electrical and Electronic Measurements and Instrumentation”. S. Chand.

Supplementary Readings:

1.

W

Heltrick A.D. & Cooper W.D., “Modern Electronic Instrumentation & Measuring
Instruments”, Wheeler.

S. K. Singh, “Industrial Instrumentation &control”, 2/e Tata McGraw-Hill.

Bolton W, “Instrumentation & Process Measurement”, Universities Press.

S. Kamakshaiah, J. Amaranth, Pannala Krishna Murthy “Electrical Measurements and
Measuring Instruments”. I. K. International.

Ernest O. Doebelin, “Measurement Systems Application and Design”, McGraw Hill.

Course Name: Introduction to Electrical Machines
Course Code: EENUGOEO03
L+T+P=3+0+0
Contact hrs: 36

Course Objectives: To make conversant about the underlying theory behind
different electrical machines. Additionally, to solve machines related problems
which finds application in modern industries, homes and offices.

Course Outcome:

CO-1: Students will be able to be familiar with D.C. and A.C. machines, their operating and
control characteristics.

CO-2: Students will be able to understand basic measurement of Power losses, Efficiency
and Characteristic of DC Machine, Transformer, 3-Ph Induction motor.

CO-3: Students will be able to compare the performance characteristics of different
machines.

CO-4: Students will be able to categorize different phenomena occurring in DC machines
and AC three phase motors.

CO-5: Students will be able to identify possible applications of different machines.
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Unit

Content

Contact
hrs.

Unit I

Single Phase Transformer: Construction of core and shell type
transformers; Classifications of transformers; Basic principle of
operation; EMF equation; Equivalent circuit and phasor diagrams;
Voltage regulation; Losses and Efficiency; Parallel operation of
transformers; Tests: Polarity test, Open- circuit test, Short Circuit test.
Autotransformer: Autotransformer: Principle of operation, phasor
diagram. Comparison of weight, copper loss, equivalent reactance with
2 winding transformers.

Unit 11

D.C. Machine — Construction & Operation: D.C. Generators:
Principle of operation, Action of commutator, constructional features,
armature windings, lap and wave windings, use of laminated armature,
E. M.F Equation.

Unit 111

DC Generators: Methods of Excitation— separately excited and self-
excited generators, build-up of E.M.F, critical field resistance and
critical speed, causes for failure to self-excite and remedial measures.
Load characteristics of shunt, series and compound generators.

Unit IV

D.C. Motors: D.C Motors — Principle of operation, Back E.M.F.
Torque equation. Characteristics and application of shunt, series and
compound motors. Principle of 3 point and 4-point starters. Speed
control of d.c. Motors.

Unit V

Testing of D.C. Machines: Testing of d.c. machines: Losses —
Constant & Variable losses, calculation of efficiency, condition of
maximum efficiency. Methods of Testing — direct, indirect and
regenerative testing — brake test — Swinburne’s test —-Hopkinson’s test.

Unit VI

3-ph Induction Machines: Construction; Principle of operation and
rotating magnetic field, concept of slip, rotor frequency, rotor e.m.f.;
Derivation of per phase equivalent circuit, measurement of parameters
and performance calculation Circuit model and phasor diagram.
Effects of varying V and f on motor performance, Torque —slip
characteristics and its analysis. Different methods of speed control.

Suggested Readings:

1. E. Fritzgerald, C. Kingsley and S. Umans, “Electric Machinary”, Mc Graw-Hill
Companies.
2. P.S. Bimbra, “Electrical Machines”, Khanna Publishers.

3. LJ. Nagrath& D.P. Kothari, “Electric Machines” Tata McGraw Hill- Publishers.

4. P. K Mukherjee & S Chakravorti, “Electrical Machines”, Dhanpat Rai.

Supplementary Readings:
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1. S.K. Bhattacharya, “Electrical Machines”, MH.
2. P.S. Bimbhra, “Generalized Theory of Electrical Machines”, Khanna Publishers.
3. Clayton & Hancock, “Performance and Design of D.C Machines”, BPB Publishers.

Course Name: Control System
Course Code: EENUGOE(04
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To introduce the students the concept and components of
control system, mathematical modeling of the dynamical physical system,
stability analysis and controller design.

Course Outcomes:
CO-1: Students will be able to identify different types of control system.

CO-2: Students will be able to obtain transfer function, block diagram and signal flow graph
of different physical system.

CO-3: Students will be able to analysis 1°* order and 2" order system from its step and

impulse responses.

CO-4: Students will be able to apply root locus technique for stability analysis.

CO-5: Students will be able to determine stability of the system from frequency

responses.

CO-6: Students will be able to analysis and design controller for positional, velocity,
temperature control system etc.

Unit Content Contact
hrs
Unitl Introduction: 2

Open loop & Closed-loop control systems, Automatic control system,
Linear & Non-linear control system, Continuous-time & Discrete-time

control systems.

Unit 11 Mathematical Modelling of Physical Systems: 6

Transfer function; Concepts of poles and zeros; Block diagram
representation of control systems, Signal flow graph and Mason’s gain
formula; Electrical analogy of mechanical system.

Unit IIT | Control System Components: 4
Error sensing devices, potentiometer, synchros, D.C. and A.C.
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tachometers, D.C. and A.C. servomotors.

Unit IV

Time Response of Closed-loop Systems:

Transient & steady state response, time-domain specifications and
error coefficients.

Unit V

Stability Analysis:

Concept and definition, R-H criteria, Construction of Root Loci for
simple systems, Bode Plot, Nyquist plot, Polar Plot, measures of
relative stability.

14

Unit VI

Controller:
Concept of controller, different types of controllers and their

applications.

Unit VII

Case studies
Position control system, velocity control system, liquid level control

system and temperature control system.

Suggested Readings:
4.0gata K.: Modern Control Engg., PHI/ Pearson Education.

5.Nagrath I J & Gopal M: Control Systems Engineering, New Age International.

6.Kuo B.C.: Automatic Control System, PHI
7. Babu P. Ramesh: Control System Engineering, Scitech.

Supplementary Readings

5. Stefani: Design of feedback Control System, OUP
6. Nakra, B. C.: Theory & Applications of Automatic Control, New Age International.
7. Gopal, M.: Modern Control System Theory, New Age International.
8. Gopal, M.: Digital Control Engineering, New Age.

Course Name: Generation Transmission Distribution of Electric Power

Course Code: EENUGOEO05
L+T+P=3+0+0
Contact Hours: 36

Course Objectives:

1. To understand the basic structure of power system.

2. To be familiar with different power generation schemes

3. To be familiar with different components of transmission and distribution
network

4. To be familiar with the structure and behavior of different essential
components of transmission system.
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Course Outcome:
CO-1: Student is expected to learn the different power generation mechanism.

CO-2: Student is expected to learn the concept of transmission line parameters and performance
of transmission line.

CO-3: Student is expected to learn the classification of insulators and their behavior.

CO-4: Student is expected to learn the performance of underground cable.

CO-5: Student is expected to learn the different distribution network topologies and their

behavior.

Unit

Content

Contact
Hours

Unit I

Generation of Electric power:

Typical layout of Power system Network Generation of Electric
Power: Overview of conventional (Hydro, Thermal and Nuclear) and
Non-conventional Sources (Solar and Wind) (Block Diagram and
Brief Description Only) Economics of Generation: Load factor,
diversity factor, Load curve (Brief description only) Numerical
Problems. Methods of power factor improvement using capacitors

10

Unit II

Transmission line parameters:

Overhead transmission line: Choice of frequency, Choice of voltage,
Types of conductors, Inductance and Capacitance of a single phase
and three phase symmetrical and unsymmetrical configurations,
Bundle conductors, Transposition, Concept of GMD and GMR,
Influence of earth on conductor capacitance.

Unit I1I

Performance of transmission lines:

Performance of lines: short, medium and long lines and their
representation, ABCD constants, Voltage regulation, Ferranti effect,
Analytical and graphical method of power circle diagram.

Unit IV

Underground cable:

Types of cables, cable components, capacitance of single core & 3
core cables, dielectric stress, optimum cable thickness, Grading:
variation of electric field in graded cable, dielectric loss and loss
angle.

Unit V

Insulators:

Types, Voltage distribution across a disc insulator, String efficiency,
Methods of improving voltage distribution across insulator strings,
Electrical tests on line Insulators.

Unit VI

Corona

Principle of corona formation, Critical disruptive voltage, Visual
critical voltage, Corona loss, advantages & disadvantages of corona.
Methods of reduction of corona.

Unit VII

Distribution:

DC and AC distribution, concentrated loading and distributed loading
with single end, double end feeding. Concept of ring main feeder and
distributor.
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Unit VIII | Tariff: 1
Different types of tariffs in India. Indian Electricity Rule-1956

Suggested Readings:

1. Subir Roy, “Electrical Power System”, Prentice Hall

2. D. P. Nagrath & 1. J Kothary, “Power System Engineering”, TMH

3. C. L. Wadhwa, “Elements of power system analysis”, New Age International.

4. Ashfaq Hussain, “Electrical Power System” , CBS Publishers & Distributors
Supplementary Readings:

1. S.Sivanagaraju, S.Satyanarayana, “Electric Power transmission & Distribution”, Pearson
Education.

2. Soni, Gupta, Bhatnagar & A. Chakrabarti, “Text book on Power system Engineering”,
Dhanpat Rai & Co.

3. T. Gonen, “Electric Power distribution system Engineering”, 2nd Edition, CRC Press.

Course Name: Renewable Energy Resources
Course Code: EENUGOE06
L+T+P=3+0+0
Contact hrs: 36

Course Objective: To create awareness about different sources of energy
and to be able to predict how long conventional fossil fuel reserves will be
available for use. Learn the fundamental concepts about solar energy systems
and devices. Understand the working of wind turbine and know about
applications of wind energy for electricity generation. Understand the
working of fuel cell and different possible ways of extracting energy from
mini-micro hydro systems and geothermal energy system.

Course Outcomes:

CO-1: Understand of renewable and non-renewable sources of energy

CO-2: Gain knowledge about working principle of various solar energy systems

CO-3: Understand the application of wind energy and wind energy conversion system.
CO-4: Gain knowledge about working of fuel cell technology.

CO-5: Understand the applications of different renewable energy sources like MHD
generators, small-hydro, geothermal energy etc.

Contact
Unit Content
hrs.
Unit I Introduction: 2
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Limitations of conventional energy sources, need and growth of
alternate energy sources, Concept of energy, energy situation and
conversion to electrical form, necessity of non-conventional and
renewable energy.

Unit I1

Solar Energy System:

Solar radiation at the earth’s surface, Solar constant, Spectral
distribution. Extra-terrestrial Radiation, Solar Terrestrial Radiation,
Solar radiation geometry, Computation of cos 8 for any location
having any orientation, Empirical equations for predicting the
availability of solar radiation: Monthly average, daily and hourly
radiation. Solar radiation on tilted surfaces: a) Beam radiation, b)
Diffuse radiation.

Solar Thermal - Introduction to concentrating solar power (CSP)
plants using technologies like a) Parabolic troughs b) Linear Fresnel
reflector, ¢) Paraboloid Dish, etc.

Solar Photovoltaic - Introduction to family of solar photovoltaic, PV
Cell, Module and Array. Array Design. Electrical characteristics of
Silicon PV. Peak Power Point Operation. PV System Components,
Efficiency of PV system, MPPT of solar system.

Unit 111

Wind Energy System:

History of wind power, theory of wind power, wind generators,
characteristics of suitable wind power sites. Different types of wind
turbines, wind energy conversion, Design of wind turbine rotor,
characteristics. Wind turbine control. Scope in India, advantages and
limitations.

10

Unit IV

Fuel cell:

Introduction to Fuel Cell Technology and its type. Operating
principles of Fuel Cell, Fuel and Oxidant Consumption. Fuel Cell
system characteristics. Application and limits.

Unit V

Small Hydro Resources:

Overview of small hydropower Systems, Advantages and
Disadvantages of Small Hydro Schemes, Elements of pumps and
turbine.

Unit VI

Miscellaneous Non-conventional Technologies:

MHD Generators: Basic principles and Hall Effect, different types of
MHD generators. Geothermal system: characteristics of geothermal
resources. Tidal energy: idea of tidal energy, tidal electric generator,

limitations.

Suggested Readings:
1. G. Boyle, “Renewable Energy”, Oxford University Press.
2. C.S. Solanki, “Solar Photovoltaics-Fundamentals, Technologies and Applications”, PHI.
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3. H.P. Garg, J. Prakash, “Solar Energy-Fundamentals and Applications”, TMH.

4. D.P. Kothari, K.C. Singal, R Rajan, “Renewable Energy Sources and Emerging
Technologies”, PHI.

5. B.H. Khan, “Non-Conventional Energy Resources”, TMH.

Supplementary Readings:
S. Rao, B. B. Parulekar, “Energy Technology: Non-Conventional, Renewable and
Conventional”, Khanna Publication.
M. R. Patel, “Wind and Solar Power System”, CRC Press.
T. Bhattacharya, “Terrestrial Solar Photovoltaics”, Narosa Publishing House.
T. Ackermann, “Wind Power in Power Systems”, Wiley Publications.
B T. Nijaguna, “Biogas Technology”, New Age International Publishers.
R. Majumdar, “Fuel Cells: Principles, Design, and Analysis”, Taylor & Francis.
G. M. Masters, “Renewable and Efficient Electrical Power Systems”, Wiley — IEEE
Press.
G.D. Rai, “Non-conventional energy sources”, Khanna Publishers.
D. S. Chauhan, “Non-Conventional Energy Resources”, New Age Publication.
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