
EX-801COMPUTER APPLICATIONS TO POWER SYSTEMS

UNIT-I
Models of power system components, network model using graph theory, formation of Z bus, 
transmissionline models, regulating transformer, line loadability, capability curves of alternator.

UNIT-II
Control of load bus voltage using reactive power control variable, SVC & SVS, Regulated shunt
compensation, series and shunt compensation, Uniform series and shunt compensation and effect on
loadability of transmission lines.

UNIT-III
Sensitivity analysis- General sensitivity relations, generation shift distribution factors, line outage 
distribution factors, compensated shift factors, sensitivity associated with voltage-VAR, sensitivities 
relating load bus voltage changes in terms of PV bus voltage changes, sensitivity relating changes in 
reactive power generation for changes in PV Bus Voltage.

UNIT-IV
Power system security – Security functions, Security level, contingency analysis, security control, 
economic dispatch using LP formulation, pre-contingency and post- contingency, corrective 
rescheduling.

UNIT-V
Voltage stability - Difference between voltage and angle stability, PV Curve for voltage stability 
assessment, proximity and mechanism, modal analysis using reduced Jacobian, participation factor, 
effect of series and shunt compensation on voltage stability , effect of load models.
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EX- 802 – SWITCHGEAR & PROTECTION
UNIT-I

Fault Analysis
Fault Analysis per unit, representation and its advantages, faults in power systems (Symmetrical
& Unsymmetrical), Single line and equivalent impendence diagram representation of power system 
components. Symmetrical components and its application to power systems, fault analysis, Sequence 
networks and their interconnection for different types of faults, Effect of fault impedance, Current 
limiting reactors, its location and application, Short circuit calculation.

UNIT-II
Protective Relays
Requirement of relays, Primary & backup protection, Desirable qualities of relays, Concept of 
Pickup, reset & drop-off, Drop off/ Pickup ratio, inverse time & definite time charters tics, Attracted 
armature, Balanced Beam, Induction disc, Induction cup, Moving coil & moving Iron, Rectifier , 
Thermal, Bimetal directional relay, Frequency, DC, all or nothing relays. Pilot & negative sequence, 
Over current, Over Voltage, Directional, Differential and Distance relays, R-X diagram, Impedance 
mho & reactance relay.Introduction of static analog & digital relays, Classification of static relays.

UNIT-III
Circuit Breakers
Elementary principle of arc quenching, recovery & re-striking voltage, arc quenching devices, 
description and operation of Bulk oil, Minimum oil, Air break, Air blast, SF6, Vacuum circuit 
breakers and DC circuit breakers, their comparative merits, LT Switch gear, HRC fuses, current 
limiting reactor.& their design features, influence of reactors in CB ratings Testing of circuit 
breaker, Description of a simple testing station, direct & indirect testing.

UNIT-IV
System Protection
Protection of Generators - Earth Fault, percentage, differential, Loss of excitation, Prime mover 
failure, Over current, Turn to turn fault, Negative phase sequence, heating, Reverse power 
protection schemes
Protection of Transformers
Internal & external fault protection, Differential, Earth fault, Over Current, Over heating, Protection 
schemes, Protection of transmission lines, Over current, Distance and carrier current protection 
schemes.

UNIT-V
Surge Protection & insulation co-ordination
Switching surges, Phenomena of Lightning, over voltage due to lightning, Protection against 
lightning, Lightning arrestors, selection of lightning arrestors, Surge absorbers and diverters, Rod gap, 
Horn gap expulsion type & valve type lightning arrestors, solid resistance and reactance earthing, 
Arc suppression coil, Earthing transformers, Earthwires, Earthing of appliances, insulation co-
ordination, Definitions determination of line insulation, insulation level of substation equipment, co-
ordination amongst items of substation equipment.
References:
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List of Experiments:

1. Determination of drop out factor of an instantaneous over current relay.

2. Determination of operating characteristic of IDMT relay.

3. Determination of operating characteristic of differential relay.

4. Study and operation of gas actuated protective relay.

5. Study and operation of static over current relay.

6. Determination of transmission line parameters using MATLAB.

7. Analysis of power system faults (Symmetrical & Asymmetrical) using MATLAB.

8. Study of SF6 circuit breaker

9. Protectional simulation study of generator, Transformer, Feeder & Motor protection.



EX-803 A FLEXIBLE AC TRANSMISSION SYSTEMS (FACTS)

UNIT-I

Introduction: Facts basic concepts and general system considerations, power flow in ac system, 

definitions on facts, basic types of facts controllers, benefits from facts Technology, static var 

compensator (SVC): principle of operation and control strategy, thyristor controlled phase angle 

regulator (TCPAR): principle of operation and control strategy. 

UNIT-II

 Transient Stability Analysis: Analysis of Power systems installed with FACTS devices. Control with 

FACTS: Power Transmission Control using UPFC, power transmission control using phase shifting 

transformer (PST), power transmission control using SSSC. 

UNIT-III

 Oscillation Stability Analysis and Control with FACTS: Linearised model of power systems installed 

with FACTS based stabilizers, Heffron-Phillips model of a SMIB system installed with SVC, TCSC 

and TCPS, Heffron-Phillips model of a SMIB system with UPFC, Heffron-Phillips model of a multi-

machine system installed with SVC, TCSC and TCPS. 

UNIT-IV

 Design of FACTS based stabilizers: Analysis of damping torque contribution by FACTS based 

stabilizers installed in SMIB systems, selection of installing locations and feedback signal for FACTS 

based stabilizers, Dynamic Voltage restorer.

UNIT-V

 Power flow Controller: Unified Power Flow Controller (UPFC), principle of operation, configuration 

and control, simulation of UPFC, steady state model of UPFC, interline power flow controller (IPFC), 

principle of operation, configuration and control, static compensator (STATCOM), principle of 

operation and control, application for mitigation of SSR. 
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EX- 803 B POWER QUALITY

UNIT-I

Introduction, power quality -voltage quality, power quality evaluations procedures term and 

definition: general classes of power quality problem, causes & effect of power quality 

disturbances.

UNIT-II

Voltage sags and interruption: sources of sags and interruption, estimating voltages sag 

performance, fundamental principles of of protection, monitoring sags.

UNIT-III

Transients over voltages: sources of transient over voltages, principles of over voltages 

protection, utility Capacitor switching transients, fundamentals of harmonics and harmonics 

distortion, harmonics sources from commercial load and from industrial loads.

UNIT-IV

Applied harmonics : harmonics distortion evalutions, principles for controlling harmonics, 

harmonics studies devices for controlling harmonic distortion, filters, passive input filter 

standards of harmonics.

UNIT-V

Electro-magnetic compatibility, constant frequency control, constant tolerance band control, 

variable tolerance band control, discontinuous current control.

Reference Books:

1. Power Quality- by R.C. Duggan
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3. Power electronic converter harmonics –by Derek A. Paice



ELECTIVE-I EX-803 C – RELIABILITY ENGINEERING)

UNIT-1

Introduction to reliability and indices. Review of probality theory. Density and distribution 

function of continuous and discrete random variable.

UNIT-II

Component reliability, hazard function, failure laws, exponential failure law, wear in period and 

its importance. Safety and reliability, replacement, methods of reliability improvement.

UNIT-III

Reliability evaluation of series, parallel, and series–parallel network. Complex network reliability 

evaluation using event, space, decomposition, tie-set, cut-set and, Satand by system and load 

sharing system,multi state models.

UNIT-IV

Markov process, State diagram, Availability and unavailability function. Evaluation of time 

dependent and limiting state probabilities. MTTF calculation. Concept of frequency and 

durations. State enumeration method for evaluating failure frequency, MUT, MDT,frequency 

balance approach.

UNIT-V

Reliability testing, estimation of reliability function, failure function and MTTF from grouped and 

ungrouped datas , censoring and accelerations ,parametric methods.

TEXT BOOKS

1 Introduction to reliability engineering –E.E.Lewis, John Wiely and Sons, 1987 2 Reliability and 

maintainability engineering, C.E. Ebeling, TMH, 2006

Reference books

1Reliability Engineering : Probability Models and maintanance methods –Joel A.Nochlas,Taylor 

and Prancis 2005

       2 Reliability evaluation of engineering system: concept and techniques-R. Billinton, R.N.Allon,  

        Pitman, 1984



ELECTIVE-IV (EX-804A – SCADA SYSTEMS AND APPLICATIONS)

UNIT I
Introduction to SCADA and PLC:SCADA: Data acquisition system, evaluation of SCADA, 
communication technologies, monitoring and supervisory functions. PLC: Block diagram, 
programming languages, Ladder diagram, Functional Block diagram, Applications, Interfacing of 
PLC with SCADA.

UNIT II
SCADA system components: Schemes, Remote Terminal Unit, Intelligent Electronic Devices, 
Communication Network, SCADA server.

UNIT III
SCADA Architecture-Various SCADA Architectures, advantages and disadvantages of each system, 
single unified standard architecture IEC 61850 SCADA / HMI Systems.

UNIT IV
SCADA Communication-Various industrial communication technologies- wired and wireless 
methods and fiber optics, open standard communication protocols.

UNIT V
Operation and control of interconnected power system-Automatic substation control, 
SCADA configuration, Energy management system, system operating states, system security, state 
estimation,SCADA applications Utility applications, transmission and distribution sector operation, 
monitoring analysis and improvement. Industries oil gas and water. Case studies, implementation, 
simulation exercises.

Reference Books:

1. Stuart A Boyer: SCADA supervisory control and data acquisition.

2. Gordan Clark, Deem Reynders, Practical Modem SCADA Protocols.

3. Sunil S. Rao, Switchgear and Protections, Khanna Publication.



EX-804 B ELECTRICAL ENGG. MATERIALS
UNIT I

Conducting Material: Classification and main properties, High resistivity alloy: Constant 
Mangann,Nichrome, Electrochemical, properties of copper, Aluminum, steel tungsten, Molybdenum,
Platinum, Tantalum, Niobium, Mercurry, Nickel, Titanum, Carbon, Lead, thermal, Bitmetals, 
thermocouple,materials, specific resistance, conductance, variation of resistance with temperature,
super conductors.

UNIT II
Semi Conductor Materials: General conception, variation of electrical conductivity, Elements having 
semiconductor properties, general application, hall effect, energy levels, conduction in 
semiconductors, Intrinsic conduction, impurity conduction, P and N type impurities, electrical change,
Neutrality, Drift, Mobility current flow in semi conductors P-N junction formation by alloying, 
Elasing (forward and reverse) of P-n junction, Reverse separation current, Zener effect, Junction, 
capacitance, hall defects and hall coeffiecient.

UNIT III
Magnetic Materials: Details of magnetic materials, reduction between B.H. and , soft and hard
magnetic materials. Di-magnetic, Para magnetic and Ferromagnetic materials, electrical sheet steel,
cast iron. Permanent magnetic materials. Dynamic and static hysteresis loop. Hysterisis loss, eddy
current loss, Magnetisation, magnetic susceptibility, coercive force, core temperature, rectangular
hysteresia loop, Magnet rest square loop core materials, iron silicon, Iron alloys.

UNIT IV
Insulating Materials: General electrical mechanical and chemical properties of insulating material, 
Electrical characteristics volume and surface resistivity complex permitivity loss, and dielectric loss, 
equivalent circuits of an imperfect dielectric polarization and polarisability classification of dielectric.

UNIT V
Mechanical Properties: Classification insulating materials on the basis of temperature rise. General 
properties of transformer oil, commonly used varnishes, solidifying insulating materials, resins, 
bituminous waxes, drying oils, Fibrous insulating materials, wood, paper and cardboard, insulating 
textiles, varnished adhesive tapes, inorganic fibrous material and other insulating materials, such as 
mica, ceramic, bakelite, ebonite, glass, PVC, rubber, other plastic molded materials.

References:
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3. Materials for Electrical Engineering: B.M. Tareev
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EX-804-C RENEWABLE & NON CONVENTIONAL ENERGY SYSTEMS

UNIT - I

Renewable Energy Systems:-Energy Sources, Comparison of Conventional and non-conventional, 

renewable and non-renewable sources. Statistics of world resources and data on different sources 

globally and in Indian context. Significance of renewable sources and their exploitation. Energy 

planning, Energy efficiency and management.

UNIT – II

Wind Energy System Wind Energy, Wind Mills, Grid connected systems. System configuration, 

working principles, limitations. Effects of wind speed and grid conditions. Grid independent systems 

- wind-battery, winddiesel,wind-hydro biomass etc. wind operated pumps, controller for energy 

balance.Small Hydro System Grid connected system, system configuration, working principles, 

limitations. Effect of hydro potential and grid condition. Synchronous versus Induction Generator 

for stand alone systems. Use of electronic load controllers and self excited induction 

generators.Wave Energy System: System configuration: grid connected and hybrid systems.

UNIT - III

Solar Radiation Extraterrestrial solar radiation, terrestrial solar radiation, Solar thermal conversion, 

Solar Photo tonic System Solar cell, Solar cell materials, efficiency, Characteristics of PV panels 

under varying insulation. PV operated lighting and water pumps, characteristics of motors and 

pumps connected to PV panels.Biomass Energy System: System configuration, Biomass engine 

driven generators, feeding loads in stand-alone or hybrid modes, Biomass energy and their 

characteristics.

UNIT – IV

Energy from oceans Ocean temperature difference, Principles of OTEC, plant operations, 

Geothermal Energy Electric Energy from gaseous cells, Magneto-hydro generated energy, Non 

hazardous energy from nuclear wastes, Possibilities of other modern non-conventional energy 

sources.

UNIT - V

Electric Energy Conservation Energy efficient motors and other equipment. Energy saving in Power 

Electronic controlled drives. Electricity saving in pumps, air-conditioning, power plants, process 

industries, illumination etc. Methods of Energy Audit. Measurements systems; efficiency 

measurements. energy regulation, typical case studies, various measuring devices analog and digital, 

use of thyristers


