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MOTILAL NEHRtT NATIONAL INSTITUTE OF TECHNOLOGY ALLAHABAD

VISION

To establish a unique identity for the institute amongst national and international academic and

research organizations through knowledge creation, acquisition, and dissemination for the benefit

of society and humanity.

MISSION

• To generate high quality human and knowledge resources in our core areas of competence

and emerging areas to make valuable contribution in technology for social and economic

development of the nation. Focused efforts to be undertaken for identification, monitoring,

and control of objective attributes of quality and for continuous enhancement of academic

processes, infrastructure and ambience.

• To efficaciously enhance and expand, even beyond national boundaries, its contribution to

the betterment of technical education and offer international programmes of teaching,

consultancy, and research.

DEP ARTMENT OF ELECTRICAL ENGINEERING

VISION

To produce globally competitive technical manpower with sound knowledge of theory and

practice, with a commitment to serve the society and to foster cutting edge research in Electrioal

Engineering pertaining to the problems currently faced by the country and the world.

MISSION

1. Develop state of art lab facilities for research and consultancy

2. Develop infrastructure and procurecutting edge tools/equipment

3. Develop relevant content and capability for quality teaching

4. Improve symbiotic relationship with Industry for collaborative research and resource

generation.
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Program Outcomes of M. Tech in Power Electronics&: Drives

POs

PO 1 Ability to apply knowledge of power electronics and drives for design and development
of power electronics systems for diverse engineering applications, suitable for industries,
academia and research requirements.

P02 An ability to independently carry out research /investigation and development work to
solve practical problems in the field of Power ELectronics& Drives.

I

P03 I, Students should be able to demonstrate a degree of mastery over the area as per the
, specialization of the program.

P04 An ability to write and present a substantial technical report/document in order to
communicate ideas and solutions of research problem through publication in journals and
conference proceedings.

P05 Possess good leadership, communication skill and sound technical knowledge for
effective team work.

P06 Motivation for continuous and self-learning for knowledge update and sustainability.
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OverallCreditstructure

M. Tech. (Electrical Engineering) with specialization in Power Electronics &
Drives

Program Core (PC) Program Electives
Category Core Thesis! SOAI Total

Essentials minor project (PE)

Credits 16 40 24 80

ProgramCore

IISubjectCode SubjectName L T P Credits
I EE21111 Power Electronics 3 0 2 4

EE21112 Advanced Electrical machines 3 0 2 4
EE22111 Electrical Drives 3 0 2 4
EE22112 [Advanced Power Electronics 3 0 2 4
EE22602 Term project 0 0 6 4
EE23602 [Ihesis -1 0 0 18 12
EE23652 IIState-of-the-art seminar 0 0 6 4

[I EE24602 Irhesis -II , 0 0 30 20
Totalcredits 56

ProgramElectives(PE-I &11) - I" Semester

SubjectCode SubjectName L T P Credits
EE 21331 Power Semiconductor devices 3 1 0 4
EE 21332 Electric Vehicle Technology 3 1 0 4
EE 21333 Sustainable and Renewable Energy 3 1 0 4
EE 21334 Electrical Machines Design 3 1 '[ 0 4

EE 21341 [Microprocessor & Microcontroller 3 1 0 4
~ased Systems

EE 21342 Control Techniques III Power 3 1 0 4 I

Electronics
EE 21361 Flexible AC Transmission Systems 3 1 o 4

EE21372 [Renewable Energy & Grid Integration, 3 1 0 4
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ProgramElectives(PE-III) _1st Semester

Subject Code Subject Name L T P Credits
EE 21301 Optimization Techniques 3 1 0 4
EE 21302 iExpeli Systems 3 1 0 4
EE 21304 Digital Signal Processing 3 1 0 4
EE 21307 I.Neural Network & Deep Learning 3 1 0 4
EE 21314 [Virtual Instrumentation 3 1 0 4
EE 21315 /Fuzzy logic and control 3 1 0 4
EE 21316 [Embedded Systems 3 1 0 4 II

I EE 21317 !Artificial Intelligence inEngineering 3 1 0 4 I.
EE 21318 [Robotics and Automation 3 1 0 4
EE 21319 [ResearchMethodology 3 1 0 4
EE21320 Linear Algebra 3 1 0 4

Program Electives (PE-IV &V) - 2n~ Semester

Subject Code Subject Name L T P Credits
EE 22331 Electric Traction and Vehicles 3 1 0 4
EE 22361 Distribution Automation 3 1 0 4
EE 22363 ~VDC Transmission 3 1 I 0 4
EE 22342 Electromagnetic Interference & 3 1 0 4Compatibility
EE22344 [ActivePower Conditioning 3 1 0 4
EE 22345 [Electrical Safety 3 1 0

I
4

EE 22316 Cyber Security 3 1 0 4
EE 22317 Computer Aided Design of Electrical 3 1 0 4Systems
EE 22318 Electrical Energy Conservation & 3 1 0 4Auditing
EE 22319 Modem Digital and Embedded 3 1 0 4Controllers
EE 22320 Electricity Industry Structure & 3 1 0 4Regulations

Program Electives (PE-VI) - 3rd Semester
SubjectCode Subjectlvame L T P Credits
[EE23311 IntelligentControloIDri ves 3 1 0 4
[EE23312 Power Electronic Converters for

3 1 0 4Microgrids
[EE23313 Energy Storage Systems 3 1 0 4
EE 23314 [Reliability Engineering 3 1 0 4
EE 23305 IAdvanced Digital Control 3 1 0 4

~ower Plant Operation & Controls
I

EE 23306 3 1 0 4
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Course Structure for M. Tech. (Regular)

Lecture Contact hours/ week
Sem Course Name, L-T-P Credits

courses
L T P Total

Power
Advanced
Electrical PE-I PE-ll PE-III

I Electronics machines (3-1-0) (3-1-0) (3-1-0) 5 15 3 4 22 20
(3-0~2) (3-0-2) I

Advanced Power Tenn I

n Electrical Drives Electronics Project
PE-IV PE-V 4 12 2 10 18 20

(3-.0-2) (3-0-2) (0-0-6)
(3-1-0) (3-1-0)

Thesis-I State-of-the-art Seminar PE-V11 MOOC*/
ill

1

(0-0-18) (0-0-6)
Online* 1 3 1 24 30 20

I(3-1-0)

IV
Thesis ~II 0

I'
0 0 30 30 20 'I

I' I
(0-0-30)

on .rd '"This course can be completed between the start of tbe month of May (2 semester) and end of the odd semester (3 semester),
i.e., between the end of their 2nd and 3rd Semesters.

Course Structure for M. Tech. (part Time)

Sem Course Name, L-T-P
Lecture Contact hours/ week Credits
courses L T P Total

I Power Electronics Advanced Electrical machines 2 6 0 4 10 8
(3-0-2) (3-0-2)

11 Electrical Drives Advanced Power Electronics 2 6 0 4 10 8
(3-0-2) (3-0-2)

III PE-I PE-I] PE-ill 3 9 II 3 0 12 12
(3-1-0) (3-1-0) (3-1-0) I

lPE-IV PE-V Term Project , 7IV (3-1-0) (3-1-0) (0-0-6)
2 6 2 I 6 14 12

Thesis -1 State-of-the-art PE-VI / MOOC*!
V (0-0-18)

Seminar Online" 1 3 1 24 30 20
(0-0-6) (3-1-0) II

VI
Thesis=If 0 0 'I 0 30 30 20'
(0-0-30)

nd . ro
*TblS conrse can be completed between the start of the month ofMay(2 semester) and end of ,the' odd semester (3 semester),
i.e., between the end of their 2.nd and 3rd Semesters.
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Course Power ElectronicsTitle

Course EE21111Code Credit 4

Corel Semester 1
Elective core

Prerequis
ite Power Electronics,
Knowled
ge

Course
Aim To teach the different switching techniques InPower electronics

CO 1. To understand the different controlled rectifiers.

Course CO2. To understand the different DC-DC conversions.

Outcome C03. To understand DC-AC conversion and their issues.
s (COs) C04. To understand frequency control techniques.

cos. To understand he operation of the different solid state breaking

PO 1 P02 P03 P04 P05 P06
CO 1 Medium High Medium Medium Medium Medium
CO2 High High High High High High

Mapping C03 High Medium High High High High
of COs
with C04 High Low Medium High Medium Medium

C05 High Low High High High High
POs L=Low, M=Medium, H=High

Introduction: Power Electronics Systems, Role of Power Electronics in the field of electric power

control, Power electronics converters.

Broad overview of SWitching Power Devices: Static and dynamic characteristics of switching devices:

SCR- BJT- MOSFET- IGBT- GTO.

Controlled Rectifiers: AC to DC Converters, Phase, controlled Rectifiers operation on resistive and

inductive loads, use of free-wheeling diode, Single, -Phase and Three phase controlled and Fully
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controlled bridge rectifiers, Semi-converters, Dual converters', Effect of source impedance on

converter, Line commuted inverters.

Choppers; DC to DC Converters> Principle of operation and control technique of chopper,

classification of Choppers, current and voltage WaVef0l1IlSfor resistive, inductive and motor loads,

PowerTransistor and MOSFET based chopper circuits, step up chopper and its application.

Inverters : DC to AC Converters, Single-phase and Three-phase (six-step) inverters, voltage and

current waveforms, Bridge Inverter, voltage control & PWM strategies of VSI., Series and parallel

inverters, Methods of voltage control, and various techniques of phase width modulation.

Comparisons of voltage source and curtent source inverters and their applications,

Cycloconverters: AC to AC Converters, single-phase and three-phase Step-up and Step down

cycloconverter, Full bridge and half

Applications- Static circuit breakers, Static frequency converter; Power factor control, regulation of

voltage or current in high power applications, motor controls and power amplifiers.

Reference Books:

1. M. H. Rashid, Power Electronics Circuits, Devices and Applications, Prentice Han India, Third

Edition, New Delhi, 2004.

2. V. Agarwal and K. Kant, Power Electronics, BPB Publications, New Delhi 2008.

3. G. K. Dubey, S. R.Doradla, A. Joshi andR,M.K. Sinha, Thyristorised Power Controllers,

New Age international, Second Edition, New Delhi, 2002.

4. P. C. Sen, Power Electronics, Tata McGraw-Hill Education, New Delhi, 2008.

5. P. S. Bimbhra, Power Electronics, Khanna Publishers, Fifth Edition, New Delhi, 2014;

6. N. Mohan, First COUI:seon Power Electronics and Drives, MNPERE, USA, 2003.

7. N. Mohan, T. M. Undeland and W. P. Robbins, Power Electronics, Converters, Applications and

Design, Wiley mqia, Third Edition, 2006.

8. R .S. Ramstrand, Power Electronics.

9. M. H. Rashid, Power Electronics Handbook, Elsevier, Third Edition, 2011.
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Course Advanced Electrical MachinesTitle

Course EE 21112Code Credit 4

Corel Semester 1
Elective core

Prereqms
ite Power Electronics, Electrical Machines
Knowled
ge

Course
Aim To teach the different operation of special machines

CO 1. To study operational and constructional features of Brushless DC Machines.

Course CO2. To learn the modelling of machines coupled to power electronic circuits.

Outcome CO 3. To understand generalized approach to machine parameters identification.
s (COs) CO 4. To understand Reduced-Order Machine Equations.

C05. To understand the operation of the switched reluctance motor.

PO 1 P02 PO 3 P04 PO 5 P06
CO 1 Medium High Medium Medium Medium Medium
CO2 High High High High High High

Mapping C03 Hig)J. Medium High High High Highof COs
with I C04 High Low Medium High Medium Medium

I C05 High Low High High High High
POs L=Low, M=Medium, H=High

Review and analysis: Direct-Current Machines, reference frame theory, Symmetrical Induction

Machines, Synchronous Mac1llnes, Theory of Brushless de Machines, winding functions and machine

design, machine equations for improving analysis and modelling of machines coupled to power

electronic circuits, analysis of unbalanced operation, generalized approach to machine parameters

identification; Linearized Machine Equations, Reduced-Order Machine Equations, Switched reluctance

motor,

Reference Books:
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1. Paul C. Krause, Oleg Wasynczuk, Scott D. Sudhoff, and Steven Pekarek, Analysis of

Electric Machinery and Drive Systems, Wiley-IEEE Press, Third Edition, 2013.
2, TA. Lipo, and T. M ..Jahns, Introduction to Electric Machines and Drives, University of

Wisconsin, First edition, 2015.

3. D. W. Novotny and T. A. Lipo, Vector Control and Dynamics ofAC Drives, Clarendon

Press, First edition, 1996.

4. Peter Vas., Sensor less vector and direct torque control, Oxford 1998.

5. K. Venkataratnam, Special Electrical Machines, UniversityPress (India) Pvt. Ltd. 2008.

6. R.. Krishnan, Switched Reluctance Motor Drives, eRe Press 2001.

7. T. A. Lipo, Analysis of Synchronous Machines, 2nd Edition, eRe Press 2012N ..Mohan, First
COlJI'seon Power Electronics and Drives, MNPERE, USA, 2003.

8. N. Mohan, T. M. Undeland and W. P. Robbins, Power Electronics, Converters, Applications

and Design, Wiley India, Third Edition, 2006.

9 R .S. Ramstrand, Power Electronics,

1O.M.H. Rashid, Power Electronics Handbook, Elsevier, Third Edition, 2011.
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Course Electrical DrivesTitle

Course EE 22t11Code Credit 4

Corel Core Semester 2
Elective
Prerequis
ite Power Electronics, Electrical Machines, Control system
Knowled
ge

Course
Aim To teach the electrical machines controlled by the power electronics controller.

At the end of the course students will (Number may vary)
COt. To study operational and constructional features of Brushless DC Machines.

Course CO2. To study variable reluctance motor.
Outcome CO 3. To understand vector control of electrical machines.
s (COs) C04. To understand the variable frequency motor drive.

COS. To realize the application of motors in transportation and electric traction

PO 1 P02 P03 P04 PO 5 P06
CO 1 Medium High Medium Medium Medium

.
Low

CO2 High High High High Medium Low
Mapping C03 High Medium High High Medium Low
of COs C04 High High Medium 1 High High Medium
withPOs COS Medium High High ,I High Low Medium

L=Low, M=Medium, H=High

Review of classical speed control methods for DC motors, induction motor and synchronous

motors, Applications of solid state controller such as. choppers, rectifiers, inverters and cycle-

converters in drive system and their performance characteristics, Closed loop control of solid state

DC drives. DC motor, stepper motor and variable reluctance motor drives. Variable frequency

control of ac drives, Vector control of induction motor and synchronous motors, AC and DC

Page 11 of82



motor drives in transportation system & traction, Case studies.

Reference Books:

1. J. M. D. Murphy, Powerelectronics control of AC motors, Perganon Press, New York, 1988.

2. P. C. Sen, Thyristor DC drives, Wiley Inter Science Publication, 1981.

3. Vineeta Agarwal, Fundamentals of Electric drives, Agarwal Publishing House, First!Edition, New

Delhi.

4. G. K..Dubey, Fundamentals of Electric drives, Narosa Publishing House, Second!Edition, New

Delhi, 2001.

5. B. K Bose, Modern Power Electronics & AC Drives, Pearson, New Delhi"2002.

6. V. Subramanayam, Thyristor control of Electric drives, TataMcfiraw Hill Publieation, 1994.
7. S. B. Dewan, Thyristorized power controller drives, Wiley Inter Science Publication, New York,

1981.
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Course Tcitle Advanced Power Electronics

Course Code EE 22112 Credit 4

Corel Core Semester 2
Elective
Prerequisite Power Electronics, Electrical Machines, Control system
Knowledge

Course Aim To teach the switching topologies for power conversion.

COl: To introduce basic switched converters and coverage of both non-isolated
and isolated DC-DC converter, its steady state and dynamic analysis.

C02: To present switched DC-AC inverter and various modulation techniques for
both single and three-phase applications.

Course
COl: To provide understanding of soft switching operation through resonant

Outcomes
circuits in order to minimise switching losses.

(COs) C04: To present PWM and switch-mode AC~DC rectifiers in order to improve
power factor and total harmonic distortions on AC side and controlled DC output
voltage.

COS: To introduce various advanced power electronics converters and its
applications inpower utility, distribution system and renewable energy systems

PO 1 P02 P03 P04 P05 P06
CO 1 High Medium High Medium High Medium
CO2 High High Medium Medium Medium High

Mapping of C03 Medium Medium High Medium Low Medium
COs with C04 High Medium Medium Medium High Medium
POs

C05 High High High Medium High High

L=Low, M=Medium, H=High

DC-DC converters modelling and control: Review of basic Switched DC~DC converter circuits:

Buck, Boost, Buck-boost, SEPlC, Cuk converters; Analysis of non-ideal switches and circuit

elements in DC-DC converters, Parasitic effects on steady state characteristics, efficiency
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calculation, voltage transfer characteristics with continuous and discontinuous inductor current,

Dynamics of converters; State-space averaging, Small signal transfer functions, Voltage and

current mode of control.

Isolated and PWM DC-DC. converters: Switching power supplies, Unidirectional and

bidirectional core excitation, Forward and Flyback Converters, Push-Pull, Full-Bridge and Half­

Bridge converters, Steady state and dynamic characteristics, Modeling and Control, Pulse width

modulation (PWM) with unipolar and bipolar voltage switching.

DC-AC Inverters: Voltagesource and current source inverters, Half-bridge, full-bridge and 3-

phase inverter circuits, Fundamental frequency modulation, Sinusoidal pulse-width modulation

(SPWM), Space vector modulation (SYM), Compensation for dead time and device voltage drops.

Resonant converters: Hard switched and Soft Switched Converter, Zero-voltage and zero­

current switching, Classification of resonant converters, Series and parallel loaded resonant

circuits, Continuous and discontinuous mode of operation, Resonant-Switch converters, Zero­

current switched (ZCS) DC-[)C converter, Zero-voltage switched (ZVS) DC-DC converter.

Modern Rectifiers: Power and harmonics in non-sinusoidal AC systems, Pulse-width modulated

rectifiers, Modeling, analysis, and control of low-harmonic rectifiers, Boost, flyback, and other

topologies of an ac-do controlled rectifiers, Switched mode rectifiers, Rectifier/inverter with bi­

directional power flow.

Advanced converter topologies and Applications: Multilevel inverter topologies, Zvsource

inverters, Matrix-converters, Applications: Current controlled voltage source inverters (CCYSI),

Active power filters (APF), Uninterrupted power supplies (Ul'S) etc.

Reference Books:

1. N.Mohan, T. M..Underland and W. P.Robbins, Power Electronics, Converters, Applications
and Design, Wiley India, Third Edition, 2006.

2. M. H. Rashid, Power Electronics Handbook, Elsevier, 'Third Edition" 2011.

3. V. Ramanarayanan, Course Material on Switched Mode Power Conversion, nsc Bangalore,

India, Second Edition, 2006.

4. N. Mohan, First Course on Power Electronics and Drives, MNPERE, USA, 200:3.
5. J. G. Kassakian, M. F. Schlecht and G. C. Verghese, Principles of Power Electronics, Addison

Wesley?New York, 1991.

6. R. W. Erickson and D. 'Maksimovic, Fundamentals of Power Rleetromcs, Second Edition, Kluwer
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Academic Publications, 2001.

7. D. W. Haft, Introduction to Power Electronics, Prentice Hall International, Upper .Saddle River, NJ

,1997.

8. Ericksonand Maksimovic, Fundamentals of Powet Electronics, Second Edition, Springer Science

Business 2000.

Course Power Semiconductor DevicesTitle

Course EE 21331Code Credit 4

Corel Elective (PE-I and PE-ll) Semester 1
Elective
Prerequis
ite Power Eleotronics, Electrical Machines, Control system
Knowled
ge

Course
Aim To teach the different semiconductor devices used for power electronics.

COl: To introduce basic EMI due to switching.

Course C02: To understand the operation of the different current and voltage-controlled
Outcome devices.
s (COs)

'C03: To understand the different firing and protection circuits.

C04: To study the different thermal protection techniques of the devices

PO 1 P02 P03 P04 P05 P06
CO 1 High Medium High Medium High Medium

Mapping CO2 High High Medium Medium Medium High

of COs C03 Medium Medium High Medium Low Medium
with POs C04 High Medium Medium Medium High Medium

L=Low, M=Medium, Hr=High
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Power switching devices overview: Attributes of an ideal switch, application

requirements, circuit symbols; Power handling capability - (SOA); Device selection

strategy On-state and switching losses - EMI due to switching - Power diodes - Types,

forward and reverse characteristics, switching characteristics and ratings

Current controlled and voltage controlled devices: Review of power electronics

devices: Power ;BIT,Power MOSFET, IGBT, GTO, etc..- Construction, Principle of

voltage controlled devices, types, static and switching characteristics, steady state and

dynamic models, Negative temperature co-efficient and secondary breakdown, Other

emerging devices GTO, MeT, SiC, FeT, ReT, IGCT etc.

Firing and protecting circuits: Necessity of isolation, pulse transformer, optocoupler

- Gate drives circuit: SCR, MOSFET, IGBTs and base driving for power BIT. - Over

voltage, over current and gate protections; Design of snubber.

Thermal protection: Heat transfer - conduction, convection and radiation; Cooling -

liquid cooling, vapour, phase cooling; Guidance for hear sink .selection - Thermal

resistance and impedance, Electrioal analogy of thermal components, heat sink types

and design - Mounting types, Packaging and power modules.

Reference Books:

1. B.W Williams, Power:Electronics, Devices, Drivers and Applications, Wiley, New

York, 1987.

2. M. H. Rashid, PowerElectronics Circuits;Devices and Applications, Prentice Hall

India, Third Edition, New Delhi, 2004.

3. Vineeta Agarwal and Krishna Kant, Power Electronics, BPB Publications, New Delhi

2008.

4. M. D. Singh and KB Khanchandani, Power Electronics, Tata McGraw-Hill, New

Delhi 2003.
5. N. Mohan, T. M. Undeland and W. P. Robbins, Power E}ectronits, Converters,

Applications andDesign, Wiley
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Course Electric Vehicle Technology
Title

Course EE21332Code Credit 4

Corel Elective (PE-I and PE-II) Semester 1
Elective
Prerequis
ite Power Electronics
Knowled
ge

Course To teach the Electrical vehicles and their operation
Aim

CO1:Able to understand the electric vehicle design, architecture and types of EV.
COurse C02: Competence in designing the power electronic converters for electric vehicle charging
Outcome applications
s (COs) C03: Ability in analyzing the energy storage systems for EVs and carry research OU the same

C04: Proficiency in design and control of electric motors.for EVs
C05: Able to understand and create the solutions for the impact of EVon grid

PO 1 P02 PO] P04 PO 5 P06
CO 1 Low Medium Low High Low High

Mapping CO2 High High High Low Medium Medium

of COs C03 High High Medium Medium Medium Medium
withPOs C04 High High Medium Low Medium Medium

CO 1 Low Medium Low High Medium Medium

L=Low, M=Medium, H=High
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Electric Vehicle Technology

General Introduction, History ofElectric Vehicles (EV), Evolution of Batteries, E-Mobility - advantages,
Preference for EV over ICE Vehicles, BV types - Battery EY, Fuel Cell EV, HybridEV, Plug-In BY; Policies and
Regulations for Faster EVAdoption.
Energy Storage Options for EV Applications-battery types, Li-ion Batteries- Characteristics and
Parameters, Modeling and Estimation; Battery Management System; Safety strategies (passive/active) of Li­
ion batteries; Alternate energy storage technology.
Electric Motors for EV Applications, Performance requirements, Types of motors, Magnetic materials,
Thermal issues and management, Electromagnetic Analysis and Design, Sizing of propulsion motor,

Power Electronic Converters for EY Applications: Si-based devices, Wide-band gap devices, Power
losses, Reliability assessment, Role of Power Electronic Converters, Battery charging topologies, Traction
drives, Voltage source inverters, Modulation techniques, Sizing of power electronics converters.

Drive-trains: Hybrid Electric and Electric Drive-trains, Energy Management Strategies.
Modeling and Sizing of Batteries used in EVs, EV Battery Management Systems, Critical battery states
(State of Charge, State of Energy, State of Health, State of Power, State of Temperature) ~Safety technologies.

EV Charging Methods(CCICV), Charging Infrastructures, Standards, Location of Charging Stations,
Integration of EV load in power System - Impact of EV charging on grid, EV charging strategies,
Mitigation Techniques.
EVs in Wid Support: Flexibility Services, Vehicle to Everything (V2X), Barriers in V2X Infrastructure,
Ancillary services, Dynamic Tariff withEvs.

Communication systems, Integrated Vehicle Health Monitoring

Reference Books:

1. Sandeep Dhameja, Electric Vehicle Battery Systems, Elsevier, First Edition, 2002

2. John Fenton & Ron Hodkinson, Lightweigh; Electric/Hybrid Vehicle Design, Elsevier Oxford,

2000.

3. Seth Leitman, Bob Brant, Build Your Own Electric Vehicle,McGraw Hill, Tfurd,Edition) 2013.

4. Iqbal Husain, Electric and Hybrid Vehicles: Design Fundamentals, eRe Press, Second Edition,

2010.

5. Mehrdad Ehsani, Yimin Gao, and Ali Emadi, Modern Electric, Hybrid ElectriC, and Fuel Cell
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Vehicles,' Fundamentals, Theory and Design, eRe Press; Second Edition 2009,

6. Various IEEE/Science direct journals

Course Sustainable and Renewable Energy
Title

Course EE 21333Code Credit 4

Corel Elective (PE-I and PE..,JI) Semester '11Elective
Prerequis
ite Power electronics, Power System and Electrical machines
Knowled
ge

Course To teach the renewable energy technologies and their control techniques
Ailll I

Page 19 of82



COl: Ability to develop the new renewable energy technologies to meet the power demand of
the nation.

Course
Outcome
s (COs)

C02: Competence in designing the power electronic converters for solar, wind and fuel cell
sources
C03: Ability to design and control the novel electrical generators for renewable energies
C04: Understand the concepts of energy storage systems for renewable energy systems

PO 1 P02 P03 P04 PO 5 P06
CO 1

I
Hign Medium High High Low High

CO2 High High High Medium Medium Medium
Mapping C03 High High Medium Medium Medium Medium
of COs C04 High High Medium Low Medium Medium
with POs

CO I Medium Medium Medium High Medium Medium

L=Low, M=Medium, Hr=High

I
I Unit 1: Sustainable and Renewable energy

I Difference between sustainable and renewable energy sources (RES), types of RES and brief

introduction about working of each, status of RES ill the world and previous three years IRENA

renewable capacity highlights. Role of electrical engineering in RES- tole Of power electronics, role of

electric generators, role of storage systems, role of control schemes, role of transmission and

distribution lines and role of FACTs devices.

Unit 2: Power Electronics for RES

Power converters and control for PV system: Design of de/de converter, single phase and three phase

inverter WeithPV as a source; Different MPPT algorithms, Grid interfacing-with isolation, without

isolation, P'V-Inverters with D,C. to D.C. converters-on low frequency side and high frequency side

with isolation, without isolation. Voltage step-up using D.C.-D.C. converter- with and without battery

storage, Voltage controller for Fuel cell using.D.C. - D.C. converter, Inverter interaction with fuel cell

for AC. loads, AC. Voltage, build-up and controller for fuel cells- using power converters and

transformers (isolation). Three phase AC voltage controllers-AC-DC-AC converters: uncontrolled

rectifiers, PWM Inverters, matrix converters- Standalone operation of fixed and variable speed wind
energy conversion systems.

Unit 3: Electrical generators for RES
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Electric generators for wind energy conversion systems- state of art challenges, control techniques,

solutions.

Electric generators for hydro power plants- state of art challenges, control techniques, solutions.

Electric generators for biomass, geothermal RES.

Unit-4': Energy storage systems. for EV

Various types of energy storage systems, electrical domain, chemical domain, electrochemical domain,

Batteries, Super capacitors, Superoonducting Magnetic Energy Storage (SMES), oharging

methodologies, SoC, SoH estimation techniques. Hydrogen production and storage, fuel cells.

Applications of Energy. storage in distributed generation. Sodium Sulphate battery

Reference Books:

1. Sudipta Chakraborty, Marcelo G. Simoes, and William E, Kramer, Power Electronics for Renewable
and. Distributed Energy Systems: A Sourcebook of Topologies, Control and Integration, Springer.

2. S. N. Bhadra, D.Kastha, S.Banerj~e, "Wind Electrical Systems", Oxford University Press, 2005.
3. B.H.KhanNon-conventional Energy sources Tata Mcfiraw-hill Publishing Company, New Delhi,

2009.
4. Rashid .M. H "power electronics Hand book", Academic press, 2001.
5. G.D.Raj, "Non-conventional energy sources", Khanna publishes, 1993.
6. Gray, L. Johnson, "Wind energy system", prentice hall line, 1995.
7. R. Pendse, "Energy Storage Science and Technology", SBS Publishers & Distributors. Pvt. Ltd., New

Delhi, (ISBN -13:9789380Q90122),2011.
8. 'Paul Denholm, Erik Eta, Brendan Kirby and Michael Milligan, "The Role of Energy Storage with

Renewable Electricity Generation", National Renewable Energy Laboratory CNREL) - A National
Laboratory of the US. Department of Energy - Technical Report NRELI TP6A2-4 7187, January
2010.

Course
Electrical Machines DesignTitle

Course EE 21334
Code Credit 4

Corel Elective (PE-I and PE-II) Semester 1
Elective
Prerequis
ite Electric Machine
Knowled
ge
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Course
Aim

PO 1 P02
CO 1 High High
CO2 High High

Mapping C03 High High
of COs C04 High Low
with POs CO 5 High Low

Course
Outcome
s (COs)

To analyze the Design Aspects of Various Machines

COl: To know the basic considerations ofmaohine design, heat dissipation, cooling

and calculation of various quantities

C02: To learn the design of core, yoke, winding, dimensions of transformer and its

cooling

C03: To know the design of various aspect of rotating machine as specific electric and

magnetic loadings, selection of frame size, Core and armature design

C04: To understand the rotor design of induction machine and field design of de and

synchronous machine

COS: To know about computer aided design and various software package available

for verifying the various aspects of machine design

P03 P04
High Low
Low High
High High
High Low
High Low

PO 5 P06
High Low
High Low
High High
High High
High I High

L=Low, M=Medium, H=High

UNIT 1-BASIC CONSIDERATIONS:
Basic.concept of design, limitation in design, standardization, modern trends in design and manufacturing
techniques, Classification of insulating materials. Modes of heat dissipation & temperature rise time
curves. Methods of cooling ventilation (induced & forced, radial & axial), direct cooling & quantity of'
cooling medium. Calculation of total MMF and magnetizing current. Specific permeance and leakage
reactance

UNIT 2 -TRANSFORMER DESIGN:
Output equation design of core, yoke and windings, overall dimensions, Computation of no load current to
voltage regulation, efficiency and cooling system designs.

UNIT 3 ....!DESIGN OF ROT~TING MACHINES - I:
Output equations of rotating machines, specific electric' and magnetic loadings, factors affecting size of
rotating machines, separation of main dimensions, selection of frame size, Core and armature design of de
and 3-phase ac.machines

UNIT 4 -DES1GN OF ROTATING MACffiNES - D:
Rotor design of three phase induction motors.. Design of field system of DC machine and synchronous
machines, Estimation of performance from design data

...
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·1JNlT 5 -COMPUTER AIDED DESIGN:
Philosophy of computer aided design, advantages and limitations, Computer aided design approaches
analysis, synthesis and hybrid methods. Concept of optimization and its general procedure, Flow charts
and 'c' based computet programs for the design of transformer, de machine; three phase induction and
synchronous machines.

,uNIR 6:. Various commercial Software packages for electrical machine design

Text/ ReferenceBooks;
1.A. K. Sawhney, "A Course in Electrical Machine Design," Dhanpat Rai &Sons., 6.thEdition, 20 L4.
2. K.G. Upadhyay, "Conventional and Computer Aided Design' of Electrical' Machines", Galgotia
Publications Pvt. Ltd., IstEdition, 2004.
3. M.G. Say, "The Performance and Design ofAC Machines," Pitman & Sons, ]9'85.
4. S.K. Sen, "Principle of Electrical Machine Design. with Computer Programming," Oxford and IBM
Publications.

Course Title Microprocessor &Microcontroller Based Systems

Course Code EE 2134'1 Credit 4

CorelElective Elective (PE- I and PE- II) Semester 1

Prerequisite Digital Electronics
Knowledge

Course Aim To teach the basic of micro controllers and its applications
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I

COl: To understand the basic architecture of the micro controllers. I

I
I

Course C02: To understand the memory interfacing.
Outcomes (COs)

C03: To understand the different set of commands.

C04: T0 study parallel processing of the controllers.

PO 1 P02 P03· I P04 P05 P06 I

CO 1 High Medium High High High Medium
CO2 High High Medium High Medium High

IMapping of COs C03 Medium Medium High I High High Medium
with POs C04 High Medium Medium High High Medium

L=Low.,M=Medium, Hr=High

Introduction to the general structure of advanced microprocessors and microcontrollers, Discussions

on architectures, instruction sets, memory hierarchies, pipelining and RISC principles, interfacing to

input and output devices, user interface design, real-time systems, and table-driven software, single chip

microcomputers, Interrupt structures, Parallel/serial VO, Analog VD, DMA operations, Peripheral

controllers, Laboratory based experiments and projects with these devices.

Reference Books:

1. John B. Pearman, Design with PIC Microcontrollers, Pearson Education Asia, 2000.

2. John B. Peatman, Design with Microcontrollers, McGraw Hill; USA,1995.

3. Barry B Brey, INTEL Microprocessors 8086/8088, 80186/80188, 80286, 80386, 80486 Pentium,
Pentium Pro Processor, Pentium II, Pentium III, Pentium 4, and Core2 with 64- Bit Extensions
Architecture.Programming, and Interfacing, Eighth Edition, PHI 2009.

Course
Control Techniques in Power ElectronicsTitle

Course EE21342 14Code Credit
I

Core! Elective (PE-I and PE-II) Semester II I
Elective 1

II ~rerequis Power electronics
ite
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Knowled
ge

Course
Aim To teach the different control techniques of the converters

COl: To introduce the control of switched converters through a generic converter for
DC-DC, DC-AC, AC-DC and DC-DC conversion and its closed loop operation.

C02: To analyze the steady state and dynamic performance using state-space
modelling and discrete-time analysis.

Course C03: To analysis stability of power electronics converters using small signal modelling
Outcome and transfer function approach through conventional root-locus and bode-plot methods.
s (COs)

C04: To consider advance control methods such as hysteresis current.control and
sliding mode control in power electronics converters for tracking of desired current or
voltage.

C05: To consider the various digital controllers such as Microcontrollers, DSP, ASIC,
FPGA etc. for power electronics converters.

PO I P02 P03 P04 PO'5 P06
CO I Low Medium Low High Low High
CO2 High High High Low Medium Medium

Mapping C03 High Medium High Low High Medium
of COs C04 High High Medium Low Medium Medium
with POs

CO 1 Low Medium Low High Low Medium

L=Low, M=Medimn, H'=High

Introduction: Control of power electronics converters, Switched power converters, Power switching

devices, Generic power converters, AC-DC,. DC-AC, AC-AC, DC-DC converters control,

State Space modeling of switched converters: State space Models of Electrical Networks, Transient and

steady state response of switched converters using state models, Instantaneous 'solution of load current,

Device conduction, Pulse width modulation (PWM), single phase H-bridge and three phase inverter,

sinusoidal pulse width modulation (SPWM) analysis of VSI.

Averaging models and Dynamic Analy~is: Output and state feedback SWitching controllers, Averaged

models, small-signal models and transfer functions of dc-dc converters, buck, boost, buck-boost

converters, Conventional stability analysis, Root-locus method, Frequency :re~ponse analysis.

Discrete-time Analysis: Discretization of continuous models, Digital control of converter systems,

Sampling and ZOH, simulation of Power Electronics converters.
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Variable Structure Systems: Variable structure and Sliding Mode control, Linear switched systems,

Phase-plane and describing function analysis.

Current Controllers: Hysteresis, Ramp-comparison, Predictive CUrrent controllers, design and analysis,

switching frequency dependency on parameters, current control loop design and analysis, closed loop

transfer function, bode plots and bandwidth.

Multilevel Converters and Control; Cascaded, Diode-clamp and Flying Capacitor multilevel converters,

Multicarrier modulations

Implementation of Power Electronics Controllers: Analog controllers, Computer Control, DSP
implementation, ASIC's and embedded controller; FPGA's andVirtual Instrumentation

Reference Books:

1. N. Mohan, T. M. Undeland and W. P. Robbins, Power Electronics, Converters,

Applications and Design, Third Edition, Wiley India, 2.006.

2. M. H. Rashid, Power Electronics Handbook, Third Edition, Elsevier, 2.011.

3. M. P. Kazmierkowski, R. Krishnan and F. Blaabjetg, Control in Power Electronics

(Selected Problems), Academic Press, Elsevier Science.(USA), 2002.

4. H. S. Ramirez and R. S. Ortigoza, Control Design Techniques in Power Electronics

Devices, Springer Verlag, London, 2006.

5 V. Ramanarayanan, Course Material on Switched Mode;Power Conversion, Second Edition,

lISc Bangalore, India; 2006.

6. D. o.Neacsu, Power Switching Converters (Medium and High Power), CRCEress, Taylor

& Francis Group"LLC, US, 2006.

7. B Wu, High Power Converter and AC Drives, IEEE Press, John Wiley & Sons., 2006.

8. T. L. Skvarenina, ThePower Electronics Handbook, eRe Press, 2002.
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Course
Title Flexible A€ Transmission Systems

1

Course I

Code I EE 2136)1 Credit 4

II SemesterCorel
Elective Elective (PE-I and PE-II)

Prerequis
ite Power System, Power Electronics, Control System
Knowled
ge

Course
Aim

To teach the application 'of various power electronic devices to improve the power transfer
capability and voltage iprofile

Page 27 of 82



PO 1 P02 PO 3 P04 FO 5 P06
CO 1 Low Medium Low High Low High
CO2 High High High Low Medium Medium

Mapping C03 High Medium High Low High Medium
of COs C04 High High Medium Low Medium Medium
with POs

CO 1 Low Medium Low High Low Mediumjj_

L=Low, Ms=Medium, H=High

Course
Outcome
s (COs)

CO1: To give an overview of existing transmission systems its limitation in enhancement of
power flow capability.

C02: To enumerate the role of power electronics controllers to control the real power flow
and reactive power compensation in the transmission systems.

C03: To give students the understanding of structure, operation and control of various
FACTS controllers with emphasis on design & problem solving capability.

C04: To emphasize on the difference between the Thyristorized and VSC based FACTS
controllers and their merits.

C05: To deliver students the application aspects of FACTS controllers, its extension to
distribution systems and distributed generations, and its future scope.

Introduction to PACTS, challenges and needs, Power Flow in AC transmission line,

Power flow control, Description and definition of FACTS controllers, Static power

converter structures, Voltage-sourced and current-sourced converters, Converter

output and harmonic control, power converter control issues, Shunt Compensation:

SVC, STATCOM, Operation and control, Configurations and applications, Series

Compensation: TCSC, mitigation of sub-synchronous resonance, SSSC, Combination

of shunt-series compensation: UPFC, Power flow 'studies with FACTS controllers,

operational constraints, IPFC, UPQC, other FACTS Controllers: TCPAR, TCBR etc:

Reference Books:

1. N. G. Hingorani and L. Gyugyi, Understanding FACTS,JEEE Press, New Y0Tk" 1999.

2. KR. Padiyar,FACT's Controllers inTransmission.& Distribution, New Age

International, New Delhi, 2,007.

3. V. K. Sood, HVDe and FACTS Controllers: Applications ofStatic Converters in
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Power Systems, Kluwer Academic Publishers, Canada, Apri12004.

4, A. Enriqne, C.R. F. Esquivel and others, Modelling and Simulation inPower Networks,

John ~iley.& Sons Ltd., England, 2004.

I
Course Renewable Energy & Grid IntegrationTitle

Course EE 21372I Credit 4
II Code

Corel Elective (PE-I and PE-II) Semester 1
Elective
Prerequis
ite Electrical Machines, Electrical Circuits
Knowled
ge
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Course
Aim To teach the basic of Renewable energy based sources and their control techniques

C04: To study Hybrid energy system

PO 1 P02 P03 P04 PO 5 P06
CO 1 High Medium High lligh High Medium

Mapping CO2 High High Medium High Medium High
of COs C03 Medium Medium High High High Medium
withPOs C04 High Medium Medium High High Medium

Course
Outcome
s (COs)

COl: To analyse the Wind Energy System.

C02: To analyse the PV based system.

C03: To understand the requirement of the MPPT technique.

,L=Low, M'=Medium, H=High

Wind energy conversion systems, Wind turbines, turbine. characteristics, Various

electrical generators, Induction generators, doubly-fed induction generator,

Synchronous generator and permanent magnet synchronous generator (PMSG), Power

conversion through power electronics converters, Maximum Power point tracking

(MPPT), Controlled rectifiers and DC-DC converters for MPPT, Voltage source

inverters, Modelling and control of WECS for grid interface, Standalone and grid

interface application, Solar photovoltaic CPV) system, classifications, PV

characteristics, MPPT methods, DC-DC converters and!VSI, roof-top and domestic

PV systems; Grid connected PV system, Fuel cells, classification and characteristics,

power electronics interfaces, Hybrid systems, Other renewable sources of energy,

Integration of renewable energy systems.

Components required for grid integration, Energy storage.components and integration

with the grids, Large energy storage technologies (MW), Rechargeable battenies,

Supercapacitors, Superconducting magnetic energy storage, Flywheel energy storage,

Compressed air energy storage, Grid integration iSSUeSand standards. Adequate

converter topologies, tariff related to renewable energy interface.

Microgrid structure.and operation.
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Reference Books:

1. M. R. Patel, Wind and Solar Power Systems, Tailor & Francis, 'eRC Press; USA,
2006.

2. M. H. Rashid, Power Electronics Handbook, Elsevier, Third Edition,.20 11.

3. Bin Wu, Yongqiang Lang, NavidZargari, Power Conversion and Control of Wind

Energy Systems, Wiley, 2011.

4. Anaya-Lara, N. Jenkins et al, Wind EnergyGeneration Modelling and Control,

WHey, 2009.
5. B. Fox et al, Wind Power Integration Connection and system operational aspects,

lET, London, 2007.
I

6. A. Ghosh and G. Ledwich, Power Quality Eooancetnent using Custom Power

Devices, Kluwer Academic, USA, 2002.

7. Ali Keyhani, Design of Smart Power Grid Renewable Energy Systems, Second

Edition, Wiley-lEEE Press, 2016.

Course Electric Traction and VehiclesTitle

Course EE22331
Code Credit 4

Corel Elective (PE-IV and PE-V) ISemester 2
Elective
Prerequis

Power Electronics, Electrical Machinesite
Knowled
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ge

Course
Aim To analyze the application of the various motors in electric traction

COl: Ability to develop the control techniques for traction DC and AC motors

C02: Competence in selecting traction motor ratings suitable for various track

conditions
Course
Outcome
s (COs)

C03: Know how to hybridize the vehicles based on their power source

C04: Proficiency in configuring electric vehicle system.

PO 1 P02 P03 P04 P05 P06
COl High Hiah High Low High High/:>.

Mapping CO2 High High High High High High
of COs C03 High High High High High High
with POs C04 High High High Low High Higb

L=Low, Mr=Medium,H=High

Electric Traction Services, Nature of Traction Loads, Conventional and Modern Traction Drives,

'llraction Motors, Tractions Drives"Braking Systems, Semiconductor Converter Controlled drives,

Induction and Synchronous motor drives, VSIICST drives, Polyphase ac motors for traction

Drives, Diesel Electric traction, Energy Conservation, Interlocking and sequencing operations and

protection.

Introduction to Alternative Vehicles, Electric Vehicles, Hybrid Electric Vehicles, Electric and

Hybrid, Vehicle Components, Vehicle Mass and Performance, Electric Motor and Engine Ratings,

Well-to-Wheel Analysis', EV/ICEV Comparison, Electric Vehicle Market, Vehicle Mechanics,

Roadway Fundamentals, Laws of Motion, Vehicle Kinetics, Dynamics of Vehicle Motion,

Propulsion Power Velocity and Acceleration, Tire-Road Force Mechanics, Propulsion System

Design

Plug-In Hybrid Electric Vehicle, Power train Component Sizing, Mass Analysis and Packaging,

Vehicle Simulation, Battery Energy Storage, Batteries in Electric and Hybrid Vehicles, Battery

Modeling, Traction Batteries, Battery pack Management, Alternative Energy Storage; Fuel Cells,

Ultra capacitors, Compressed Air Storage, Flywheels Control of AC Machines.

Page32 of82


