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Course Qutcomes:

At the end of this course, students will demonstrate the ability to
* Understand the concepts of power systems.

Understand the various power system components.

Evaluate fault currents for different types of faults.

* Understand the generation of over-

voltages and insulation coordination.
Understand basic protection schem

es.
Understand concepts of HVdc power transmission and renewable energy generation.

Module 1: Basic Concepts (4 hours)

Evolution of Power Systems and Present-Day Scenario. Structure of a power system: Bulk
Power Grids and Micro-grids.

Generation: Conventional and Renewable Energy Sources. Distributed Energy Resources.

Energy Storage. Transmission and Distribution Systems: Line diagrams, transmission and
distribution voltage levels and topologies (meshed and radial systems). Synchronous Grids
and Asynchronous (DC) interconnections. Review of Three-phase systems. Analysis of
simple three-phase circuits. Power Transfer in AC circuits and Reactive Power.

Module 2: Power System Components (15 hours)

Overhead Transmission Lines and Cables: Electrical and Magnetic Fields around conductors,
Corona. Parameters of lines and cables. Capacitance and Inductance calculations for simple
configurations. Travelling-wave Equations. Sinusoidal Steady state representation of Lines:
Short, medium and long lines. Power Transfer, Voltage profile and Reactive Power.

Characteristics of transmission lines. Surge Impedance Loading. Series and Shunt
Compensation of transmission lines.

Transformers: Three-phase connections and Phase-shifts. Three-winding transformers, a;%
transformers, Neutral Grounding transformers. Tap-Changing in transformers. Reat€ral i
Transformer Parameters. Single phase equivalent of three-phase transformers. invertis Unive..
: - - Bar?igv

Synchronous Machines: Steady-state performance. characteristics. Operation w!len connecte

to infinite bus. Real and Reactive Power Capability Curve of generators. Typical waveform

under balanced terminal short circuit conditions — steady state, transient and sub-transier}t

equivalent circuits. Loads: Types, Voltage and Frequency Dependence of Loads. Per-unit

System and per-unit calculations.
Module 3: Over-voltages and Insulation Requirements (4 hours) ‘

Generation of Over-voltages: Lightning and Switching Surges. Protection against Ove
voltages, Insulation Coordination. Propagation of Surges. Voltages produced by traveling
surges. Bewley Diagrams.
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Module 4: Fault Analysis and Protection Systems (10 hours)

Method of Symmetrical Components (positive, negative and zero sequences). Balanced and
Unbalanced Faults. Representation of generators, lines and transfprmers in sequence
networks. Computation of Fault Currents. Neutral Grounding. '

Switchgear: Types of Circuit Breakers. Attributes of Protection schemes, Back-up Protection. - -
Protection schemes (Over-current, directional, distance protection, differential protection)

and their application. . .- '

Module 5: Introduction to DC Transmission & Renewable Energy Systems (9 hours)
DC Transmission Systems: Line-Commutated Converters (LCC) and Voltage Source
Converters (VSC). LCC and VSC based dc link, Real Power Flow control in a dc link.
Comparison of ac and dc transmission. Solar PV systems: I-V and P-V characteristics of PV
panels, power electronic interface of PV to the grid. Wind Energy Systems: Power curve of
~wind  turbine. Fixed and variable speed turbines. Permanent Magnetic Synchronous
Generators and Induction Generators. Power Electronics interfaces of wind generators to the

grid.

Text/References:

1. J. Grainger and W. D. Stevenson, “Power System Analysis” , McGraw Hill Education,
1994,

2. O. 1. Elgerd, “Electric Energy Systems Theory”, McGraw Hill Education, 1995.

3. A.R. Bergen and V. Vittal, “Power System Analysis”, Pearson Education Inc., 1999,

4. D. P. Kothari and I. J. Nagrath, “ Modern Power System Analysis” | McGraw Hill -
Education, 2003. |

5. B. M. Weedy, B. J. Cory, N. Jenkins, J. Ekanayake and G. Strbac, “ Electric Power
Systems”, Wiley, 2012.

BEES551: Power Systems — I Laboratory (0:0:2 — | credit)

Hands-on experiments related to the course contents of BEES0]. Visits to power system
installations (generation stations, EHV substations etc.) are suggested. Exposure to fault
analysis and Electro-magnetic transient program (EMTP) and Numerical Relays are

suggested.
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