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High-frequency decomposition of relay
protection

Overview
The article provides an overview of protective relaying principles and their
applications for high-voltage power system components.

Key Takeaways
High-frequency decomposition in relay protection involves analyzing the high-
frequency components of voltage and current signals to detect faults and improve
relay accuracy and speed.Concept Overview

High-frequency decomposition is a technique used in modern protective relays to
separate the high-frequency components of electrical signals from the fundamental
frequency. These components are particularly useful for detecting fast transients,
arcing faults, and high-impedance faults that may not be visible in the low-frequency
or fundamental signal alone. By analyzing these high-frequency signals, relays can
respond more quickly and accurately to abnormal conditions, enhancing system
reliability and security .

Methods of High-Frequency Decomposition
• Fourier Transform-Based Methods Relays can use discrete Fourier transforms (DFT)
to separate the fundamental frequency from higher-order harmonics and transient
components. This allows the relay to estimate instantaneous frequency and detect
anomalies in the waveform .
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• Filtering Techniques High-pass or band-pass filters are applied to isolate high-
frequency components. These filters can be analog or digital, depending on the relay
type. The filtered signals are then analyzed to detect sudden changes indicative of
faults .

• Wavelet Transform and Multi-Resolution Analysis Advanced numerical relays often
use wavelet transforms to decompose signals into time-frequency components. This
method provides both temporal and spectral information, making it effective for
detecting short-duration transients and distinguishing between fault types .
Applications in Relay Protection
• Fault Detection and Classification: High-frequency components help identify the
type and location of faults, including arcing and high-impedance faults that are
difficult to detect with conventional relays .

• Transient Analysis: By monitoring high-frequency transients, relays can respond
faster to sudden disturbances, improving system stability .

• Electromagnetic Compatibility (EMC) Testing: High-frequency decomposition is also
used in relay testing to ensure devices operate correctly under high-frequency
disturbances, as required by standards like IEC 60255 .
Practical Considerations
• Sampling Rate: Accurate high-frequency decomposition requires a sufficiently high
sampling rate in digital relays to capture transient events without aliasing .

• Noise and Harmonics: High-frequency signals are sensitive to noise and harmonics,
so filtering and signal processing must be carefully designed to avoid false trips .

• Integration with Numerical Relays: Modern multifunctional relays integrate high-
frequency decomposition with other protection algorithms, such as rate-of-change-of-
frequency (ROCOF) and differential protection, to enhance overall system security .
Conclusion

High-frequency decomposition is a critical tool in modern relay protection, enabling
faster and more accurate fault detection by analyzing transient and high-frequency
components of electrical signals. Its implementation in numerical relays, combined
with advanced filtering and signal processing techniques, significantly improves the
reliability and responsiveness of power system protection .
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Evaluating wavelet decomposition techniques in protective relays

To ensure a stable and reliable grid, continuous monitoring and protection are
essential through digital measurements

Research on the analysis method of power system relay protection

The experimental results show that this method can effectively analyze the operation
characteristics of power system

Multiresolution Signal Decomposition With Haar Wavelets for High ...

ABSTRACT Accurate and low-latency estimation of power-system frequency is critical
for protection, control, and

Development of overcurrent relay based on wavelet transform ...

This study proposes a protection relay using a microcontroller to detect and classify
faults in transmission lines based

Power System Protective Relays: Principles & Practices

Abstract: Protective relays and devices have been developed over 100 years ago to
provide “last line” of defense for the electrical

Phasor Estimation of Transient Electrical Signals Using Modified

Abstract Modern protection relays require accurate and fast phasor estimation under
harsh transient conditions,

Current transformer (CT) saturation classification using empirical

This research applies Empirical Mode Decomposition (EMD) with Relevance Vector
Machine (RVM) to extract high

Iterative Processing of Relay Protection Inputs Under Uncertainty of ...

These conditions are the uncertainty of the spectral composition of the observed
periodic or transient process and

Protective Relays: Types, Working Principle & Uses

Learn how protective relays detect faults, trip breakers, coordinate protection zones,
and

Transient Protection Principle Based on Current Ratio of Two ...
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After verification using PSCAD simulation, it was found that the protection principle
proposed in this article can act

The Role of Protection Relays in Power Systems and an

Protective relays are critical in power systems because they serve as decision-making
devices that ensure the safe

High impedance fault detection in distribution networks using ...

Abstract Detection of high impedance faults (HIFs) in low and medium voltage
distribution networks has always been

Basic protection relay knowledge

On the other hand, unselective protection operation in the extra high voltage network
– i.e. at the national grid level- may endanger

Basics of Protective Relaying and Design Principles

Perform power system simulations of selected faults and observe how a given
protection principle (overcurrent, impedance, and

Power System Protective Relays: Principles & Practices

This presentation reviews the established principles and the advanced aspects of the
selection and application of protective relays in

A state evaluation and fault diagnosis strategy for substation relay ...

Abstract and Figures Ensuring the operational reliability of substation relay protection
systems through rapid defect

Preparation of Papers in a Two-Column Format

These studies have focused on eliminating non-fundamental frequency components
or mitigate the effect of these components in the

Introduction to Relays – Relay Terminology：High

High Frequency Characteristics 1.Isolation High frequency signals leak through the
stray capacitance

Protective Relaying Principles and Applications

The article provides an overview of protective relaying principles and their
applications for high-voltage power system components. It

Power System Protective Relays: Principles & Practices
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This presentation reviews the established principles and the advanced aspects of the
selection and application of protective relays in

Analysis of Relay Protection System Comparison for Better ...

Through empirical mode decomposition (EMD), the intrinsic mode functions (IMF) of
high frequency harmonics can be

Comparison of Protection Relay Types

This comparison summarize characteristics of all protection relay types described in
previously published technical

A Time-Frequency based backup protection scheme for enhancing

To restrict the operation of distance relay only to fault conditions, an intrinsic time-
scale decomposition (ITD) based

Rate Of Change Of Frequency (ROCOF) Protection df/dt ...

Rate Of Change Of Frequency (ROCOF) Protection df/dt working Principle: Rate Of
Change Of Protection is used for load shedding

6 different types of relaying schemes to protect the EHV and UHV ...

A substation can employ many relaying systems to protect the equipment associated
with the station. The most

On the Assessment of Sampling Rate Impacts on Responses of Digital ...

In this article, the three digital protective relays are tested when deployed as the
digital 87 T transformer digital

An improved differential protection scheme for micro-grid using time ...

This paper presents an improved differential scheme for the protection of micro-grids
based on a hybrid time-frequency

A new phasor estimation method for digital protective relays

Some alternatives have been proposed to prevent undesirable frequency
components. These alternatives concentrate

Rate of change of frequency protection: towards a viable algorithm for ...

The authors in [2, 3] implement the decomposition with a discrete Fourier transform
for an estimated fundamental. They then

Evaluation method for relay protection of flexible DC transmission ...
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In order to address the issues of poor targeting and high cost of test in the current
comprehensive test of flexible DC

The Role of Protection Relays in Power Systems and an

Protective relays are critical in power systems because they serve as decision-making
devices that ensure the safe

High impedance fault detection in distribution networks using ...

Abstract Detection of high impedance faults (HIFs) in low and medium voltage
distribution networks has always been

Basic protection relay knowledge

On the other hand, unselective protection operation in the extra high voltage network
– i.e. at the national grid level- may endanger

Basics of Protective Relaying and Design Principles

Perform power system simulations of selected faults and observe how a given
protection principle (overcurrent, impedance, and

Power System Protective Relays: Principles & Practices

This presentation reviews the established principles and the advanced aspects of the
selection and application of protective relays in

A state evaluation and fault diagnosis strategy for substation relay ...

Abstract and Figures Ensuring the operational reliability of substation relay protection
systems through rapid defect

High frequency directional-based protection scheme for transmission ...

The proposed protection mitigates the negative influence of the wind farm response
to faults on the fundamental

Rate of change of frequency protection: towards a viable algorithm for ...

The authors in [2, 3] implement the decomposition with a discrete Fourier transform
for an estimated fundamental. They then

Evaluation of Harmonics Impact on Digital Relays

The paper includes several tests: frequency variations and decomposition of voltage
waveforms with Fourier

Operation analysis of fuzzy logic-based relay protection devices
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The efficient operation of relay protection systems is essential for maintaining the
stability of modern power grids.

Preparation of Papers in a Two-Column Format

These studies have focused on eliminating non-fundamental frequency components
or mitigate the effect of these components in the

Introduction to Relays – Relay Terminology：High Frequency Characteristics

High Frequency Characteristics 1.Isolation High frequency signals leak through the
stray capacitance across contacts even if the

Protective Relaying Principles and Applications

The article provides an overview of protective relaying principles and their
applications for high-voltage power system components. It

Power System Protective Relays: Principles & Practices

This presentation reviews the established principles and the advanced aspects of the
selection and application of protective relays in

Evaluating wavelet decomposition techniques in protective relays

To ensure a stable and reliable grid, continuous monitoring and protection are
essential through digital measurements

Research on the analysis method of power system relay protection

The experimental results show that this method can effectively analyze the operation
characteristics of power system

Multiresolution Signal Decomposition With Haar Wavelets for High ...

ABSTRACT Accurate and low-latency estimation of power-system frequency is critical
for protection, control, and

Development of overcurrent relay based on wavelet transform ...

This study proposes a protection relay using a microcontroller to detect and classify
faults in transmission lines based

Power System Protective Relays: Principles & Practices

Abstract: Protective relays and devices have been developed over 100 years ago to
provide “last line” of defense for the electrical

Phasor Estimation of Transient Electrical Signals Using Modified
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Abstract Modern protection relays require accurate and fast phasor estimation under
harsh transient conditions,

Current transformer (CT) saturation classification using empirical

This research applies Empirical Mode Decomposition (EMD) with Relevance Vector
Machine (RVM) to extract high

Iterative Processing of Relay Protection Inputs Under Uncertainty of ...

These conditions are the uncertainty of the spectral composition of the observed
periodic or transient process and

Protective Relays: Types, Working Principle & Uses

Learn how protective relays detect faults, trip breakers, coordinate protection zones,
and

Transient Protection Principle Based on Current Ratio of Two ...

After verification using PSCAD simulation, it was found that the protection principle
proposed in this article can act

Evaluating wavelet decomposition techniques in protective relays

To ensure a stable and reliable grid, continuous monitoring and protection are
essential through digital measurements

Research on the analysis method of power system relay protection

The experimental results show that this method can effectively analyze the operation
characteristics of power system

Multiresolution Signal Decomposition With Haar Wavelets for High ...

ABSTRACT Accurate and low-latency estimation of power-system frequency is critical
for protection, control, and

Development of overcurrent relay based on wavelet transform ...

This study proposes a protection relay using a microcontroller to detect and classify
faults in transmission lines based

Power System Protective Relays: Principles & Practices

Abstract: Protective relays and devices have been developed over 100 years ago to
provide “last line” of defense for the electrical

Phasor Estimation of Transient Electrical Signals Using Modified
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Abstract Modern protection relays require accurate and fast phasor estimation under
harsh transient conditions,

Current transformer (CT) saturation classification using empirical

This research applies Empirical Mode Decomposition (EMD) with Relevance Vector
Machine (RVM) to extract high
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