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Prerequisite: Power systems

This course will provide the mathematical background of digital protection and understanding the
importance of Digital Relays. It will also develop various protection algorithms. It will also cover
the application of digital protection.

The students will try to learn

The working of numerical relays.

Il. Mathematical approach towards protection.
I11. Algorithms for numerical protection Power flow analysis using various methods.

At the end of the course students should be able to:
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Overview of static relays, transmission line protection, transformer protection, need for digital protection;
performance and operational characteristics of digital protection, basic structure of digital relays, finite difference
techniques, interpolation formulas, numerical differentiation, curve fitting and smoothing, Fourier analysis, Walsh

Illustrate the significance of protection systems and elements involved in protection of the
power system.

Develop the structures, mathematical models and formulae of digital relays for mathematical
analysis of the system.

Identify the basic components of digital relay and signal conditioning subsystems for
implementation of digital protection.

Develop the mathematical models for analysis of the relying algorithms to address the various
types of faults in the power system.

Categorize the digital relying algorithms to minimize the transient deviations and steady state
error to zero.

Analyze the various algorithms applicable for protection of Transformers and transmission
lines.

function analysis, relationship between Fourier and Walsh coefficients.

Basic components of a digital relay, signal conditioning subsystems, conversion subsystem, digital relay
subsystem, the digital relay as a unit.

Sinusoidal wave-based algorithms: Sample and first derivative methods, first and second derivative methods, two
sample technique, three sample technique, an early relaying scheme. Fourier analysis-based algorithms: Full cycle
window algorithm, fractional-cycle window algorithms, Fourier-transform based algorithm. Walsh-function-

based algorithms.




Unbalanced faults: Introduction to symmetrical components, sequence impedances, sequence circuits of
synchronous machine, transformer and transmission lines, sequence networks analysis of single line to ground,
line to line and double line to ground faults using Thevenin’s theorem and Z-bus matrix.

Contingency Evaluation: Operating states of a power system, concept of security monitoring, techniques for
contingency evaluation, Importance of contingency analysis, addition / removal of one line, construction of a
column of bus impedance matrix from the bus admittance matrix, calculation of new bus voltages due to addition
/ removal of one line, calculation of new bus voltages due to addition / removal of two lines.

Principles of transformer protection, digital protection of Transformer using FIR filter-based algorithm, least
squares curve fitting based algorithms, Fourier-based algorithm, flux-restrained current differential relay; Digital
Line differential protection: Current-based differential schemes, Composite voltage- and current- based scheme.
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NPTEL Digital Power system protection - NOC: Digital protection of Power Systems.
NPTELDigital Power system protection- NOC: Introduction to protection of Power Systems.
NPTEL Digital Power system protection- NOC: Power systems protection.
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