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M. Tech. 
 Power Systems  

Teaching and Examination Scheme  
1stYear –I Semester 

THEORY                
  Course Contact 

hrs/week Marks Cr 

S
N 

Category Code Title 
L T P Exam 

Hrs 
IA ETE Total 

 

1 

PCC 

1EEMPS1-01 Power System Analysis 3 - - 3 20 80 100 3 
2 

1EEMPS1-02 
Power System Stability and 
control 

3 - - 3 20 80 100 3 

3 
1EEMPS1-03 

Advanced protection of 
Power Systems 

3 - - 3 20 80 100 3 

4 

PEC-I 

1EEMPS2-04 Renewable energy systems 

3 - - 3 20 80 100 3 1EEMPS2-05 Smart Grid 

1EEMPS2-06 High Power Converters 

  1EEMPS2-07 ---------------- 
        

5 

PEC-II 

1EEMPS2-08 Electrical and Hybrid vehicle 

3 - - 3 20 80 100 3 

1EEMPS2-09 
Mathematical methods for 
power engineers 

1EEMPS2-10 
Economic operation of power 
systems 

1EEMPS2-11 ---------------- 

6 OES 
1EEMPS3-12 

Human Values and 
Professional Ethics 

2 - - 3 20 80 100 2 

  Sub Total 17 
    

600 17 
                      

PRACTICAL & SESSIONAL 
7 PCC 1EEMPS1-13 Power System Lab - - 2 - 60 40 100 2 
8 FW  1EEMPS4-14 Field Work - - 2 - 60 40 100 2 
9 

AC  
1EEMPS5-15 

Human Values Practice 
School 

- - 2 - 30 20 - - 

  Sub- Total   
6 

  200 4 
  TOTAL OF I SEMESTER 17 

 
6 800 21 

L: Lecture, T: Tutorial, P: Practical, Cr: Credits, ETE: End Term Exam, IA: Internal Assessment 
 
PCC: Program Core Courses  
PEC: Program Elective Courses 
Electives Courses (3-4Nos.) should be relevant to the chosen specialization/branch 
OES: Other Emerging Subjects: (i) Human Values and Professional Ethics 
        (ii) Research Methodology  
It is decided common for all branches.   
FW: Field Work 
Student is required to work in the organization/industry concerned with his/her course. 
AC: Audit Course 
It is mandatory to pass the audit course. However, credit shall not be awarded. 
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M. Tech. 

 Power Systems  
Teaching and Examination Scheme  

1stYear –I I Semester 

THEORY                

  Course  Contact 
hrs/week  

Marks Cr 

S
N 

Categor
y Code Title 

 L  T   P  

 
Exa
m 

Hrs 

 IA  ETE  Total  
 

1 

PCC 

2EEMPS1-01 Operation and control of power 
systems 

3 - - 3 20 80 100 3 

2 2EEMPS1-02 FACTS and custom power 
devices 

3 - - 3 20 80 100 3 

3 2EEMP1S-03 EHV-DC Transmission 
systems 

3 - - 3 20 80 100 3 

4 

PEC-I 

2EEMPS2-04 Dynamics of Electrical 
machines 

3 - - 3 20 80 100 3 2EEMPS2-05 SCADA System and 
applications 

2EEMPS2-06 Wind Solar System 
  2EEMPS2-07 ---------------------- 

        
5 

PEC-II 

2EEMPS2-08 
Modern control of Power 
System 

3 - - 3 20 80 100 3 2EEMPS2-09 
 Artificial Intelligence 
Techniques in Power systems  

2EEMPS2-10 Power Quality 

  2EEMPS2-11 ---------------------         
6 OES 2EEMPS3-12 Research Methodology  2 - - 3 20 80 100 2 

  Sub Total 17 
    600 17 

                      
PRACTICAL & SESSIONAL 

7 PCC 2EEMPS1-13 Smart grid lab - - 2 - 60 40 100 2 
8 FW  2EEMPS4-14 Field Work - - 2 - 60 40 100 2 
  Sub- Total   

4 
  200 4 

  TOTAL OF I SEMESTER 17 
 

4 800 21 
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2ndYear – III Semester 

PRACTICAL & SESSIONAL               
  Course  Contact 

hrs/week  
 Marks  Cr 

SN Category  Code   Title  

 L  T   P  
 Exam 

Hrs 
 IA  ETE  Total  

 

1 PSD 3EEMPS6-16 Industrial/Field 
Project 

- - 28 - 360 240 600 14 

2 PSD 3EEMPS6-17 Seminar - - 4 - 60 40 100 2 
  TOTAL OF III SEMESTER   32    700 16 

 

PSD: Industrial/Field Project, Seminar, Dissertation 

 

 

 

2ndYear – IV Semester 

PRACTICAL & SESSIONAL               
  Course  Contact 

hrs/week  
 Marks  Cr 

SN Category  Code   Title  

 L  T   P  
 Exam 

Hrs  IA  ETE  Total  
 

1 PSD 4EEMPS6-18 Dissertation - - 32 - 420 280 700 16 
  TOTAL OF IV SEMESTER 

 
32 700 16 
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M. Tech. 
 Power Systems  

Syllabus 
 

1EEMPS1-01: POWER SYSTEM ANALYSIS 

 Network modeling and short circuit analysis: Primitive network, Y bus an Z bus matrices 
formulation, Power invariant transformations, Mutually coupled branches Z bus, Fault calculations 
using Z bus, Power flow solutions: AC load flow formulations, Gauss-siedel method, Newton 
Raphson method, Decoupled power flow method, Security analysis: Z bus methods in contingency 
analysis, Adding and removing multiple lines, Interconnected systems, Single contingency and 
multiple contingencies, Analysis by DC model, System reduction for contingency studies. Power 
System Security and State Estimation: Concepts of security states and security analysis in power 
system, State estimation in power system. 

Suggested Readings: 

1. J. J. Grainger, William, D. Stevenson Jr.: Power System Analysis, MGH. 
2. T. K. Nagsarkar & M. S. Sukhija: Power System Analysis, Oxford University Press. 
3. Kothari & Nagrath: Modern Power System Analysis, MGH. 

1EEMPS1-02: POWER SYSTEM STABILITY AND CONTROL 

Steady State and Dynamic Stabilities: Development of swing equation, linearisation of swing 
equation. Steady state stability of single machine connected to an infinite bus system and two 
machine systems. Coherent and non-coherent machines. Swing equation including damping effect. 
Introduction to dynamic stability of power system. Introduction to classical model of multi machine 
system. Transient Stability: Equal area criterion and its application to transient stability studies 
under common disturbances including short circuits. Critical clearing angle and critical clearing 
time. Numerical solution of swing equation by step-by-step method. (i) Multi machine Transient 
Stability: Numerical methods for solution of differential equations: Modified Euler Method, Runge 
– Kutta fourth order method. Multi machine transient stability studies using modified Euler method 
and Range – kutta fourth order method. (ii) Factors affecting steady state and transient stabilities. 
Methods of improving steady state, dynamic and transient stabilities, series capacitor compensation 
of lines, excitation control, power stabilizing signals, High speed circuit breaker, auto – recolsing 
circuits breaker, single pole and selective pole operation, by pass valving and Dynamic braking. 

Suggested Readings: 

1. P. Kundur: Power System Stability and Control, MGH. 
2. Kothari & Nagrath: Power System Engineering, MGH. 
3. Anderson & Foud : Power system control & Stability., IEEE Press. 

1EEMPS1-03: ADVANCED PROTECTION OF POWER SYSTEMS 

(i) Static Relays: Introduction, merits and demerits of static relays. Comparators: amplitude and 
phase comparator, duality between amplitude and phase comparators. Circulating current type 
phase-splitting type and sampling type amplitude comparators. Vector product type and coincidence 
type phase Comparators. (ii) CTs & PTs: Current transformer (CT) Construction, measurement CT 
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and protective CT. Type of potential transformers. Steady state ratio and phase angle errors in CTs 
and PTs. Transient errors in CT and CVT. (i) Static Over Current Relays: Instantaneous over 
current relay, definite time over current relay, inverse-time over current relay, directional over 
current relay. (ii) Static Differential Relays: Differential relay scheme, single-phase static 
comparator, polyphase differential protection. Differential protection for generator and transformer. 
(i) Static Distance Relays: Impedance relay, reactance relay and mho relay using amplitude and 
phase comparators. Polarized and offset mho relays. (ii) Carrier Current Protection: Phase 
Comparison scheme, carrier aided distance protection. (i) Distance Protection: Effect of are 
resistance, power swings, line length and source impedance on the performance of distance 
protection. Out of step tripping and blocking relays. Mho relay with blinders. Quadrilateral and 
elliptical relays. Selection of distance relays. (ii) Induction Motor Protection: Various faults and 
abnormal operating conditions. Protection against faults, unbalance supply voltage, single phasing, 
over load and mechanical rotor faults, HRC fuses, over-current, percentage differential and earth 
fault protection. Negative sequence voltage relays and resistance temperature detector relay. Digital 
Protection: Introduction to digital protection, block diagram of digital relay, sampling theorem, 
correlation with a reference wave, Fourier analysis of analogue and discrete signals, least error 
squared technique, digital filtering – low pass, high pass, finite impulse response and infinite 
impulse response fillers. Introduction to digital over-current, transformer differential and 
transmission line distance protection. 

Suggested Readings: 

1. Badri Ram: Power System Protection and Switchgear, MGH. 
2. Ravindra Nath M. Chander: Power System Protection and Switch Gear, John Wiley Eastern. 

 
1EEMPS2-04: RENEWABLE ENERGY SYSTEMS 

 

World energy situation. Indian energy scene. Comparative study of thermal, hydro, nuclear and gas 
power plants. Selection and location of power plants. Impact of thermal, gas, hydro and nuclear 
power stations on environment, air and water pollution, green house effect (global warning), impact 
on land. Renewable and non-renewable energy sources. Conservation of natural resources and 
sustainable energy sources. Efficiency improvement of thermal and gas power plants- pressurized 
fluid bed combustion of coal, combined gas steam plant and cogeneration. Solar Energy: Solar 
radiation, solar radiation geometry, solar radiation on tilted surface. Solar energy collector. Flat- 
plate collector, concentrating collector – parabolidal and heliostat. Solar pond. Basic solar power 
plant. Solar cell, solar cell array, basic photovoltaic power generating system. (i) Wind Energy: 
Basic principle of wind energy conversion, efficiency of conversion, site selection. Electric power 
generation-basic components, horizontal axis and vertical axis wind turbines, towers, generators, 
control and monitoring component ts. Basic electric generation schemes- constant speed constant 
frequency, variable speed constant frequency and variable speed variable frequency schemes. 
Applications of wind energy. (ii) Geothermal Energy: Geothermal fields, estimates of geothermal 
power. Basic geothermal steam power plant, binary fluid geothermal power plant and geothermal 
preheat hybrid power plant. Advantages and disadvantages of geothermal energy. Applications of 
geothermal energy. Geothermal energy in India. Nuclear Fusion Energy: Introduction, nuclear 
fission and nuclear fusion. Requirements for nuclear fusion. Plasma confinement - magnetic 
confinement and inertial confinement. Basic Tokamak reactor, laser fusion reactor. Advantages of 
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nuclear fusion. Fusion hybrid and cold fusion. Biomass Energy: Introduction, biomass categories, 
bio-fuels. Introduction to biomass conversion technologies. Biogas generation, basic biogas plants-
fixed dome type, floating gasholder type, Deen Bandhu biogas plant, Pragati design biogas plant. 
Utilization of biogas. Energy plantation. Pyrolysis scheme. Alternative liquid fuels –ethanol and 
methanol. Ethanol production. 

Suggested Readings: 

1. G. D. Rao: Renewable Energy. 
2. B. H. Khan: Non-Conventional Energy Resources, MGH. 
3. Boyle: Renewable Energy, 3rd ed. Oxford. 

1EEMPS2-05: SMART GRID 
 
Introduction to smart grid, opportunities, Challenges and benefits of smart grids, Smart grid in 
global perspective. Smart grid architectural designs, smart grid communications and measurement 
technology, performance analysis tools for smart grid design, stability analysis tools for smart grid - 
introduction to stability , strengths and weaknesses of existing voltage stability analysis tools, 
voltage stability assessment. Sensing, measurement, control and Automation technologies. 
Computational tools for smart grid design, pathway for designing smart grid. 
 
Suggested Readings: 

1. Stuart Borlase: Smart Grid-Infrastructure, Technology and Solutions, CRC Press. 
2. Xi Fang, Satyajayant Misra, Guoliang Xue, and Dejun Yang: Smart Grid – The New and 

Improved Power Grid- A Survey, IEEE Transaction on Smart Grids. 
 

1EEMPS2-06: HIGH POWER CONVERTERS 
 
Single-phase and Three-phase ac-dc converters:half controlled configurations, operating domains of 
three phase full converters and semi-converters, Reactive power considerations,Effect of converters 
on power quality, Dual converter-performance analysis, harmonics, ripple, distortion, power factor, 
Effect of source inductance. Analysis and design of dc-dc converters-control of dc-dc converters, 
Buck converters, Boost converters, Buck-Boost converters, Cuk converters. 

Single phase and three phase inverters, Voltage source and Current source inverters, Multilevel 
inverters, Stepped wave inverters, Voltage control and harmonic minimization in 
inverters,Harmonic elimination and PWM techniques, Analysis of single pulse, multiple pulse and 
sinusoidal PWM techniques.Single phase and three phase cyclo-converters – power factor control, 
Forced commutated cyclo-converters, Matrix converters. Series and parallel resonant inverters, 
voltage control of resonant inverters, Class E resonant inverter, resonant dc-link inverter and its 
applications. 

 



 

BTU/SYLLABUS/M.TECH. COURSE/SCHEME AND SYLLABUS  Page 8/17 
 

Suggested Readings: 

1. M. H. Rashid: Power Electronics: Circuits, Devices & Applications, Pearson Publishers. 
2. Ned Mohan, T. M. Undeland and W. P. Robbins: Power Electronics- Converters, 

Applications and Design, Wiley India Ltd, 2008. 

 
1EEMPS2-08: ELECTRICAL AND HYBRID VEHICLE 

 
Introduction to Basic Architecture of Hybrid Drive Trains and Analysis of Series Drive Train: 
Hybrid Electric Vehicles (HEV) , Energy use in conventional vehicles , Energy saving potential of 
hybrid drive trains, Selecting the energy storage technology: battery-based energy storage and 
simplified models of battery, Fuel cells, their characteristics and simplified models, Super 
capacitor-based energy storage, its analysis and simplified models, Flywheels and their modeling 
for energy storage in HEV/BEV. Sizing the drive system: Matching the electric machine and the 
internal combustion engine (ICE), Sizing the propulsion motor, Sizing the power electronics based 
on Switch Technology, Switching Frequency and Ripple capacitor design. Various HEV 
configurations and their operation modes- Series configuration , Parallel configuration ,Series-
parallel configuration , Complex configuration. 

 
Suggested Readings: 

1. Bimal Bose: Power Electronics & Motor Drives, Elsevier-2006. 
2. R. Krishnan: electric motor drives- modeling, analysis and control, Pearson Edu. 

 
1EEMPS2-09: MATHEMATICAL METHODS FOR POWER ENGINEERS 

 
Modeling, Computers and error analysis: Mathematical modeling and engineering problem solving. 
Role of computers and software. Approximations and errors. Significant figures, accuracy and 
precision, Errors, round-off and truncation errors, error propagation.  

Roots of Equations: Mathematical background, Bisection, Regula Falsi, NR method,Secant, 
Successive approximation method, Budan’s Theorem, Barristow’s method, case studies. 

Systems of linear algebraic equations: Mathematical background, Gauss elimination; pitfalls and 
techniques for improvement, matrix inversion and Gauss-Seidel methods, III Conditional 
equations,Predictor-Corrector methods,case studies. 

Curve Fitting: Mathematical background, Least squares linear and polynomial regression, Lagrange 
interpolating polynomials. Spline interpolation, Case studies. 

Numerical Integration: Newton-Cotes integration formulas; trapezoidal rule and Simpson’s rules: 
Interpolation, case studies. 

Ordinary differential equations: Euler’s method, Runge-Kutta methods. General methods for 
boundary value problems,Automatic error monitoring and change of step size stability of solution. 
Case studies. 
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Suggested Readings: 

1. 1.M. Gopal: Digital Control and State Variable Methods, MGH. 
2. J. J. Grainger & W. D. Stevenson: Power System Analysis, MGH. 
3. Ervin Kreyzig, Advanced Engineering Maths, John Wiley. 
4. Chandrika Prasad, Advanced Mathematics for Engineers, Prasad Mudralaya. 
5. Hadley. G.: Linear programming, Narosa Publishing House, New Delhi. 

1EEMPS2-10: ECONOMIC OPERATION OF POWER SYSTEMS 

Economics of Power Generation: Introduction, cost of electrical energy, expression for cost of 
electrical energy, depreciation, power plant cost analysis, economics in plant selection, selection of 
types of generation and types of equipments, factors effecting economic generations and 
distributions, generating cost, economics of different types of generating plants. Economical 
Operations of Thermal Power Plants: Generator operating cost, input, output curves, heat rate and 
incremental rate curves of generating units, system constraints, economic dispatch problem, Effects 
of transmission losses, transmission loss coefficients, formula, function of generation and loads, 
economic dispatch using exact loss formula which is function of real and reactive power, economic 
dispatch for active and reactive power balance, evaluation of incremental transmission loss, 
economic dispatch based on penalty factors. Economical Operations of Hydrothermal Power Plants: 
Classification of hydro plants, long-range problem, short-range problem. Hydro Plant performance 
Model, GlimnKirchmayer Model, Hamilton-Lamonts Model, thermal and hydro model for short 
range fixed head hydrothermal scheduling, equality and inequality constraints, transmission losses, 
advantages of combined operation, base load, peak load operation requirement, idea of 
multiobjective generation scheduling. Interconnected System: Merits and demerits, parallel 
operation of alternators, synchronizing current, power & toque, effect of change of excitation, 
driving torque & speed of one of the alternators, load sharing and power limit of interconnected 
stations. 

Suggested Readings: 

1. J. Wood & B. F. Wollenburg: Power Generation, Operation and Control, John Wiley. 
2. P. Kundur: Power System Stability and Control, MGH. 
3. O. I. Elgerd: Electric Energy System Theory, MGH. 

1EEMPS3-12: HUMAN VALUES AND PROFESSIONAL ETHICS 
 

Need, Basic Guidelines, Content And Process For Value Education: 
Understanding the need, basic guidelines, Self Exploration - its content and process; ‘Natural 
Acceptance’ and Experiential Validation, Continuous Happiness and Prosperity- Human 
Aspirations, Right understanding, Relationship and Physical Facilities, Understanding Happiness 
and Prosperity correctly- A critical appraisal of the current scenario. Method to fulfill the above 
human aspirations: understanding and living in harmony at various levels 
 
Understanding Harmony in the Human Being - Harmony in Myself: 
Understanding human being as a co-existence of the sentient ‘I’ and the material ‘Body’ 
Understanding the needs of Self (‘I’) and ‘Body’ - Sukh and Suvidha Understanding the Body as an 
instrument of ‘I’, Understanding the characteristics and activities of ‘I’ and harmony in ‘I’ 
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Understanding the harmony of I with the Body: Sanyam and Swasthya; correct appraisal of Physical 
needs, meaning of Prosperity in detail, Programs to ensure Sanyam and Swasthya. 
 
Understanding Harmony in the Family and Society- Harmony in Human-Human 
Relationship:  
Understanding harmony in the Family, Understanding values in human-human relationship; 
meaning of Nyaya and program for its fulfillment to ensure Ubhay-tripti; Trust (Vishwas) and 
Respect (Samman) , meaning of Vishwas; Difference between intention and competence, meaning 
of Samman, Difference between respect and differentiation; the other salient values in relationship, 
harmony in the society , Samadhan, Samridhi, Abhay, Sah-astitva as comprehensive Human Goals 
,Visualizing a universal harmonious order in society- Undivided Society (AkhandSamaj), Universal 
Order (SarvabhaumVyawastha )- from family to world family. 

Understanding Harmony in the Nature and Existence - Whole Existence as Coexistence:  
Understanding the harmony in the Nature. Interconnectedness and mutual fulfillment among the 
four orders of nature- recyclability and self-regulation in nature. Understanding Existence as Co-
existence (Sah-astitva) of mutually interacting units in all pervasive Space. Holistic perception of 
harmony at all levels of existence 

Implications of the Above Holistic Understanding of Harmony on Professional Ethics - 
Natural Acceptance of Human Values:  
Definitiveness of Ethical Human Conduct. Basis for Humanistic Education, Humanistic 
Constitution and Humanistic Universal Order. Competence in Professional Ethics: a) Ability to 
utilize the professional competence for augmenting universal human order, b) Ability to identify the 
scope and characteristics of people-friendly and eco-friendly production systems, technologies and 
management models. Strategy for transition from the present state to Universal Human Order: At 
the level of individual: as socially and ecologically responsible engineers, technologists and 
managers. Case studies related to values in professional life and individual life. 

Suggested Readings: 
1. R. R. Gaur, R Sangal, G P Bagaria, A Foundation Course in Human Values and Professional 

Ethics, Excel  Books, 2009. ISBN: 978-9-350-62091-5  
2. R. Subramanian, Professional Ethics includes Human Values, Oxford Univ. Press. 
3. A. N. Tripathy, 2003, Human Values, New Age International Publishers. 
4. M Govindrajran, S Natrajan & V.S. Senthil Kumar, Engineering Ethics (including Human 

Values), Eastern Economy Edition, Prentice Hall of India Ltd. 
5. B P Banerjee, 2005, Foundations of Ethics and Management, Excel Books. 
6. B L Bajpai, 2004, Indian Ethos and Modern Management, New Royal Book Co., Lucknow. 

Reprinted 2008. 
1EEMPS1-13: POWER SYSTEM LAB 

1. Develop the program for power flow analysis for a given power system using Gauss Seidel 
method, NR method& Fast-decoupled method. 

2. Simulation experiments on Modeling of Transmission Lines with a FC-TCR, with a SVC, 
with a TCSC. 

3. Solution of differential equation using forward Euler’s method, backward Euler’s method and 
trapezoidal method. 
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4. Prepare a simulation to observe the voltage build up of an unloaded synchronous generator 
with step excitation. 

5. Develop the software program for solving the economic load dispatch problem . 
6. Simulation of Facts controllers. 
7. Develop the program for solution of swing equation using various method of solution of 

differential equation. 
8. Transient and Small Signal Stability Analysis: Single-Machine Infinite Bus System, Transient 

Stability Analysis of Multimachine Power Systems. 

1EEMPS4-14: FIELD WORK 
 

Student is required to work in the organization/industry concerned with his/her course. 
 

1EEMPS5-15: HUMAN VALUES PRACTICE SCHOOL 
 

This practice school in first semester will have two parts - 
 
I. Industry Interaction 
In this, students will start his industry interaction in the very first semester of the M.Tech. Course. 
He/ She has to visit an organization for 3 hours /week in any industry finalized/selected by 
competent authority. This interaction will give him feel and insight to the real time working.  
 
A. This 3 hours /work will be after the classroom studies 
B. Selection criteria of organisation- 

1. Have turnover more than 20 lakhs 
2. Have more than 20 employees 

 
C. During these hours, student will observe following points in the organisation: 

1. Organisational structure and hierarchy  
2. Different kind of jobs/works done by the employees at all levels in the company 
3. Working of different departments 
4. Types of skills require to work in an organisation 
5. Ways of internal and external communication   
6. Formal dressing and attitude 
7. Coordination and team work 

 
II. Social Responsibility  
To make students understand his role and responsibility in society & nature and co-existence as 
whole, student has to take an initiative towards contribution in any relevant social and 
environmental issue. 
 
A. This work will be performed after the time of regular classes  
 
B. Student will perform one or more of the following activities after the approval of mentor and 

HOD: 
1. Making contribution in increasing the income of any street vender or any needy person from 

under privileged section 
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2. Cleanliness Campaign 
3. Donation of his/her belongings which is of no use to him/her to needy ones 
4. Plantation and care for nature (soil, natural resources, plants and animals) 
5. Girl child and women safety, education and empowerment. 
6. Blood donations and help of needy people at hospitals 
7. Helping the under – privileged section of the society 
8. Educating the street children or in schools when and where needed. 
9. Nukkad Natak on any topic of social or environmental concern. 
10. Any other relevant activities. 

 

2EEMPS1-01: OPERATION AND CONTROL OF POWER SYSTEMS 

Optimal Power System Operation: System constraints. Generator operating cost. Input Output and 
incremental fuel characteristics of a generating unit. Optimal operation of generators on a bus bar, 
algorithm and flow chart.  

Optimal unit commitment, constraints in unit commitment, spinning reserve, thermal and hydro 
constraints. Unit Commitment Solution Methods: Priority list method and dynamic programming 
method. Reliability consideration, Patton’s security function, security constrained optional unit 
commitment, start- up considerations. Optimal Generation Scheduling: Development of 
transmission loss and incremental loss equations. Optimal generation scheduling including 
transmission losses, algorithm and flow chart. Optimal load flow solution. Hydrothermal 
coordination.  

Load Frequency Control: Control of real and reactive power of generator. Turbine speed governing 
system, Modelling of speed governing system. Block diagram representation of load frequency 
control of an isolated system, steady state analysis, dynamic response. Introduction to Two – area 
load frequency control Automatic Generation Control: Speed governing characteristic of a 
generating unit. Load sharing between parallel operating generators.  

1. J. Wood & B. F. Wollenburg: Power Generation, Operation and Control, John Wiley. 
2. P. Kundur: Power System Stability and Control, MGH. 

 

2EEMPS1-02: FACTS AND CUSTOM POWER DEVICES 

The phenomenon of voltage collapse; the basic theory of line compensation. Static excitation 
systems; static VAR compensators; static phase shifters; thyristor controlled series capacitors. 
Co-ordination of FACTS devices with HVDC links. 
The FACTS optimisation problem Transient and dynamic stability enhancement using FACTS 
components. Advanced FACTS devices-the STATCON and the unified power flow controller. 
Introduction to Phasor measurement units(PMUs)- Need of PMUs, Basic configuration. Wide Area 
Measurement Systems (WAMS) and its applications. 

Suggested Readings: 
1. N. G. Hingorani, L. Gyugyi: Understanding FACTS: IEEE Press Book. 
2. K. R. Padiyar: Flexible AC Transmission Systems. 
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2EEMPS1-03: EHV-DC TRANSMISSION SYSTEMS 

Bulk power transmission over long distance, Need for EHV transmission, Problem of EHV 
transmission power handing capacity and surge impedance loading, Current carrying capacity of 
conductor, Choice of economic voltage. Bundled Conductors: Properties of bundled conductors, 
Geometric mean radius of bundle, Inductance and capacitance, Voltage gradients of conductors, 
Maximum surface voltage gradients of bundled conductors, Comparison of maximum surface 
electric fields for bundled and single conductor lines, Electrostatic fields of EHV lines. Effect of ES 
fields of humans, Animals and plants. Series and Shunt Compensation: Effect of series capacitors, 
Location of series capacitors. Sub-synchronous resonance in series-capacitor compensated lines and 
counter measures, Shunt compensation-variation of no load receiving end voltage. Static VAR 
systems: TCR, TCR-FC, TSC-TCR and MSC-TCR schemes HVDC Transmission: HVDC 
transmission, kind of dc links, light activated thyristor, series and parallel connection of thyristors. 
Scheme of converter station, 12 – pulse convecter, converter unit, converter operation, fitters, 
reactive power source, ground return and ground electrode. HVDC Link: Control of HVDC link, 
Converter control characteristics, firing angle control and extinction angle control. Comparison 
between AC and DC transmissions Applications of HVDC transmission. Power modulation and 
power control of HVDC lines. 

Suggested Readings: 

1. K. R. Padiyar: HVDC Power Transmission System, Wiley Eastern Ltd. 
2. J. Arrillaga: H.V.D.C Transmission, Peter Peregrines. 

2EEMPS2-04: DYNAMICS OF ELECTRICAL MACHINES 

Dynamic models of synchronous machines, excitation system, turbines, governors, loads. 
Modelling of single-machine-infinite bus system. Mathematical modelling of multimachine system. 
Dynamic and transient stability analysis of single machine and multi-machine systems. Power 
system stabilizer design for multimachine systems. Dynamic equi-valencing. Voltage stability 
Techniques for the improvement of stability. Direct method of transient stability analysis: Transient 
energy function approach. 

Synchronous Machines: Modelling of cylindrical rotor synchronous machine, flux linkage 
equations, voltage equations and equivalent circuit, real and reactive power control. Modelling of 
salient pole synchronous machine (Two – axis model), flux linkage equations, Park’s 
transformation, current and voltage equations. Transient and subransient effects, reactances and 
time constants of synchronous machines. Equivalent circuits, vector diagrams, power angle 
equations and characteristics under steady state and transient conditions.  

Suggested Readings: 

1. P. Kundur: Power System Stability and Control, MGH. 
2. A. E. Fitzgerald, C. Kingsley Jr and Umans, Electric Machinery, 6th Edition McGraw Hill, 

International Student Edition. 

2EEMPS2-05: SCADA SYSTEM AND APPLICATIONS 

Introduction to SCADA systems, Fundamental Principle of Modern SCADA Systems, Monitoring 
and supervisory functions, Application area of SCADA system, SCADA System Components, 
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Remote Terminal Unit-(RTU), Intelligent Electronic Devices (IED), Programmable Logic 
Controller (PLC), Communication Network, SCADA Server, SCADA/HMI Systems. SCADA 
Architecture: Various SCADA architectures, advantageous and disadvantageous, SCADA 
Communication: Various industrial communication, Open standard communication protocols, 
Operation and control of interconnected power system, Automatic substation control, SCADA 
configuration, Energy management system, System operating states, System security, state 
estimation, SCADA Applications, Case studies, Implementation. Simulation exercises. 

1. Stuart A. Boyer, International Society of Automation, 2010,SCADA: Supervisory Control and 
Data Acquisition 

2. R. Radwanovsky, Handbook of SCADA/Control Systems Security, CRC Press. 
 

2EEMPS2-06: WIND SOLAR SYSTEM 

Solar energy: radiation measuring instrument, Basics of Flat plate collectors, Concentrators Solar 
Principle of photovoltaic conversion of solar energy. Application of solar energy, Solar Heating & 
Cooling System - Liquid based solar heating system, Solar Cell Physics – P-N junction: homo and 
hetro junctions, Metal-semiconductor interface; Dark and illumination characteristics; Figure of 
merits of solar cell; Efficiency limits; Variation of efficiency with band-gap and temperature; 
Efficiency measurements; High efficiency cells, Tandem structure, SPV Applications - Centralized 
and decentralized SPV systems; Stand alone, hybrid and, grid connected system, System 
installation, operation and maintenances; Field experience; PV market analysis and economics of 
SPV systems – Government Schemes and Polices 

Wind energy: Wind Energy Scenario – World and India, Wind energy conversion principles, Types 
and classification of WECS. Blade Element Momentum theory and aerodynamics power, principles 
of drag and lift, design of turbine blades, Betz' and Glauert's turbine theories, Horizontal and 
Vertical axis Wind turbines, drive train, tower, nacelle, foundation, Up wind and Down wind 
turbines, Constant speed Constant frequency and Variable speed variable frequency wind power 
generation, DFIG and PMSG based wind power generation, Various control of wind power system - 
Maximum power point tracking (MPPT), Stall control, Pitch control. 

 

Suggested Readings: 
1. Garg & Prakash: Solar Energy : Fundamentals and Applications, MGH. 
2. Bent Sorensen, 4th ed.: Renewable Energy, Elsevier. 

 
2EEMPS2-08: MODERN CONTROL OF POWER SYSTEM 

 
State Variable Analysis: Introduction, Concepts of State, State Variable and State Model, Various 
State Models for Linear-Continuous Time systems, State Variables and Discrete-Time Systems, 
Eigen values and eigen vectors, Diagonalization, Solution of State Equation, State transition matrix, 
Controllability, Observability, Principle of Duality. 

State Variable Design : Introduction, Pole-Placement, Design of Servo Systems, State Observers, 
Design of Regulator System with Observers, Design of Control System with Observers. 
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Non-Linear Systems: Introduction, Common Physical Nonlinearities, The Phase Plane Method, 
Singular Points, Stability of Nonlinear System, Construction of Phase Trajectories, Linearization, 
Describing Function Method, Derivation of Describing Function, Stability Analysis by Describing 
Function. 

Discrete Time Systems and the Z-Transform Method: Sampled Data Control Systems, Digital 
Controller, Sample & Hold Operation, Frequency consideration in Sampling and Reconstruction. Z-
transformation, Solution of Differential & State Equations by 'Z' Transform Method, The Inverse Z-
Transform, Pulse Transfer Function and Stability in Z-plane. 

Lyapunov’s Stability Analysis : Introduction, Lyapunov’s Stability Criteria, the direct method of 
Lyapunov, Methods of constructing Lyapunov Function for Non-linear Systems. 

Optimal Control: Introduction, Optimal Control versus Conventional Control, Types of Optimal 
Control Problem, Basic Concepts of Calculus of Variation, Finding Minima of function, Linear 
Quadratic Regulator(LQR) Problem. 

Suggested Readings: 
1. M. Gopal: Digital Control and State Variable Methods, MGH. 
2. B. C. Kuo: Digital Control System, Oxford. 
3. Donald E. Kiv: Optimal Control Theory- An Introduction, Prentice Hall. 

 
2EEMPS2-09: ARTIFICIAL INTELLIGENCE TECHNIQUES IN POWER SYSTEMS 

 
Introduction to AI: Definition, Applications, Components of an AI program; production system. 
Problem Characteristics. Overview of searching techniques.  

Knowledge representation: Knowledge representation issues; and overview. Representing 
knowledge using rules; procedural versus declarative knowledge. Logic programming, forward 
versus backward reasoning, matching. Control knowledge.  

Statistical Reasoning: Probability and Daye's theorem. Certainty factor and rule-based systems. 
Baysian Networks, Dampster Shafer theorem. Semantic nets and frames, Scripts. Examples of 
knowledge-based systems.  

Pattern Recognition: Introduction, automatic pattern recognition scheme. Design Concepts, 
Methodologies, Concepts of Classifier, concept of feature selection. Feature selection based on 
means and covariances. Statistical classifier design algorithms; increment-correction and LMSE 
algorithms. Applications.  

Artificial Neural Networks: Biological Neuron, Neural Net, use of neural 'nets, applications, 
Perception, idea of single layer and multilayer neural nets, back propagation, Hopfield nets, 
supervised and unsupervised learning.  

Expert Systems: Introduction. Study of some popular expert systems, Expert System building tools 
and Shells, Design of Expert Systems. 

Suggested Readings: 
1. Saroj Kaushik: Artificial Intelligence, Cengage Learning. 
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2. Elaine Rich and Kevin Knight: Artificial Intelligence 3/e, MGH. 
3. Padhy: Artificial Intelligence & Intelligent Systems, Oxford. 

 
2EEMPS2-10: POWER QUALITY 

Power quality: concepts and definition, Power quality and voltage quality, Power quality standards, 
General classes of power quality problems, CBEMA and ITI Curves, Power quality terms, Power 
frequency variations Long-duration voltage variations, Short-duration voltage variations , Voltage 
imbalance, Waveform distortion, Voltage sags and interruptions, sources of sags and interruptions 
Estimating voltage sag performance, Sensitivity of Equipment’s to voltage sag.  

Transients: origin and classifications, capacitor switching transient, lightning-load switching, 
impact on users, protection, mitigation.  

Power system harmonics: harmonics, inter-harmonics, sub-harmonics, Difference between 
harmonics and transients, voltage and current distortion, harmonic indexes, sources of harmonic 
distortion, effects of harmonic distortion, mitigation and control techniques, harmonic filters. 
Calculation of harmonic currents – effects of source unbalance, circuit reactance, dc filter 
inductance Current harmonics in converter with inductor input filter & capacitor input filter Single 
phase power conversion – effects of circuit resistance, source reactance, 3rd harmonics currents, 
reduction of harmonics Harmonic issues for phase-controlled thyristors 

Power quality conditioners: shunt and series compensators, DSTATCOM-Dynamic voltage 
restorer, unified power quality conditioners-case studies 

Active Power filters Advantages, Types – shunt, series & hybrid, current control techniques – 
instantaneous reactive power theory, synchronous reference frame theory, current controllers for 
active power filters – hysteresis, space vector pulse width modulation (SVPWM). 

Suggested Readings: 
1. Angelo Baggini , Handbook of Power Quality, Wiley Publications. 
2. C. Sankaran, Power Quality, CRC Press. 

 
2EEMPS3-12: RESEARCH METHODOLOGY 

 
Research Methodology: Objectives and Motivation of Research, Types of Research, Research 
Approaches, Significance of Research, Research Methods verses Methodology, Research and 
Scientific Method, Important of Research Methodology, Research Process, Criteria of Good 
Research, Problems Encountered by Researchers in India, Benefits to the society in general. 
Defining the Research Problem: Definition of Research Problem, Problem Formulation, Necessity 
of Defining the Problem, Technique involved in Defining a Problem. 
 
Literature Survey: Importance of Literature Survey, Sources of Information, Assessment of 
Quality of Journals and Articles, Information through Internet. Literature Review: Need of Review, 
Guidelines for Review, Record of Research Review. 
 
Research Design: Meaning of Research Design, Need of Research Design, Feature of a Good 
Design Important Concepts Related to Research Design, Different Research Designs, Basic 
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Principles of Experimental Design, Developing a Research Plan, Design of Experimental Set-up, 
Use of Standards and Codes. 
 
Data Collection: Collection of primary data, Secondary data, Data organization, Methods of data 
grouping, Diagrammatic representation of data, Graphic representation of data. Sample Design, 
Need for sampling, some important sampling definitions, Estimation of population, Role of 
Statistics for Data Analysis, Parametric V/s Non Parametric methods, Descriptive Statistics, 
Measures of central tendency and Dispersion, Hypothesis testing, Use of Statistical software. Data 
Analysis: Deterministic and random data, Uncertainty analysis, Tests for significance: Chisquare, 
student’s t-test, Regression modeling, Direct and Interaction effects, ANOVA, F-test, Time Series 
analysis, Autocorrelation and Autoregressive modeling. 
 
Research Report Writing: Format of the Research report, Synopsis, Dissertation, Thesis its 
Differentiation, References/Bibliography, Technical paper writing/Journal report writing, making 
presentation, Use of visual aids, Intellectual property, Plagiarism. Research Proposal Preparation: 
Writing a Research Proposal and Research Report, Writing Research Grant Proposal. 
 

Suggested Readings: 
1. C.R Kothari, Research Methodology, Methods & Technique, New Age International 

Publishers, 2004. 
2. R. Ganesan, Research Methodology for Engineers, MJP Publishers, 2011. 
3. Ratan Khananabis and Suvasis Saha, Research Methodology, Universities Press, Hyderabad, 

2015. 
4. Y. P. Agarwal, Statistical Methods: Concepts, Application and Computation, Sterling Publs., 

Pvt., Ltd., New Delhi, 2004. 
5. Vijay Upagade and Aravind Shende, Research Methodology, S. Chand & Company Ltd., 

New Delhi, 2009. 
6. G. Nageswara Rao, Research Methodology and Quantitative methods, BS Publications, 

Hyderabad, 2012. 
7. Naval Bajjai, Business Research Methods, Pearson 2011. 
8. Prahalad Mishra, Business Research Methods, Oxford 2016. 
 

2EEMPS1-13: SMART GRID LAB 
1. Prepare a detailed presentation on smart grid initiatives taken in India.  
2. Study of smart sensors used in building automation. Also discuss it merits with respect to 

energy conservation.  
3. Prepare a draft/presentation on working of PMU (phasor measurement unit).  
4. Perform simulation to find the impact of grid integration of wind power generation based on 

DFIG/PMSG.  
5. Prepare a draft of IEEE standards for Grid integrations/Grid code.  
6. Study of different types of distributed energy resources with its relative merits and demerits.  
7. Prepare a simulation of islanding in any software platform.  
8. Prepare a step wise draft on how the power quality audit is carried out. 

2EEMPS4-14: FIELD WORK  

Student is required to work in the organization/industry concerned with his/her course. 


