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Frequency reduction in relay protection
system

Overview

To overcome the drawbacks of electromagnetic and sold state frequency relays,
digital frequency relays are being developed to accurately estimate the power
system frequency.

Key Takeaways

Frequency reduction in relay protection systems refers to the adaptation of protective
relays to operate accurately under off-nominal or sub-synchronous frequencies to
maintain system reliability and prevent equipment damage.

Overview

Protective relays are designed to detect faults and isolate affected sections of the
power system quickly. Traditional relays operate based on the fundamental
frequency of the system (typically 50 or 60 Hz), and their performance can degrade
when the system frequency deviates significantly from nominal values ( ). Frequency
reduction in this context involves ensuring that relays can still detect faults
accurately even when the system experiences low-frequency conditions, such as
during generator overspeed, load rejection, or sub-synchronous oscillations (SSO) ( ).

Impact of Off-
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Nominal Frequencies

When system frequency drops below nominal: Instrument transformers may produce
inaccurate voltage and current signals, affecting relay measurements ( ).
Electromechanical and static relays may misoperate or fail to operate due to reliance
on frequency-dependent quantities ( ). Digital relays require advanced frequency
tracking and phasor estimation algorithms to maintain accuracy across a wide
frequency range ().

Sub-synchronous frequencies, often caused by interactions between generators and
series-compensated transmission lines, can lead to torsional oscillations. Relays
designed for nominal frequency may not detect these slow-developing phenomena
effectively, necessitating specialized SSO relays that extract sub-synchronous
components from system measurements ( ).

Techniques for Frequency-
Adaptive Protection

Frequency Tracking Algorithms: Modern microprocessor-based relays implement
digital signal processing to track frequency changes and adjust phasor calculations
accordingly ().

Sub-

Synchronous Oscillation Detection: SSO relays use techniques such as Discrete
Fourier Transform (DFT), wavelet transforms, and Prony analysis to detect low-
frequency oscillations and prevent generator damage ( ). Adaptive Protection: In low-
inertia or inverter-dominated grids, adaptive relays adjust settings dynamically to
account for reduced fault currents and variable frequency conditions, ensuring
reliable operation ().

Practical Considerations

Relay Settings: Protective relays must be coordinated to avoid misoperation during
frequency deviations, especially in systems with multiple frequency islands (). Time
Delays: SSO relays often require longer operating times due to the slow nature of sub-
synchronous phenomena, but faster detection methods are being developed for rapid
events (). System Design: Integration of renewable energy sources and power
electronics necessitates revisiting traditional protection schemes to maintain
sensitivity and selectivity under variable frequency conditions ().

Conclusion
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Frequency reduction in relay protection systems is a critical aspect of modern power
system protection. It ensures that relays remain dependable and secure under off-
nominal and sub-synchronous frequencies, preventing equipment damage and
maintaining grid stability. Advanced digital relays, frequency tracking algorithms, and
SSO detection techniques are key enablers for effective protection in contemporary
low-inertia and inverter-rich power systems ( ).
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To overcome the drawbacks of electromagnetic and sold state frequency relays,
digital frequency relays are being developed to accurately estimate the power
system frequency.

Power System Protective Relays: Principles & Practices

As the protected components of the electrical systems have changed in size,
configuration and their critical roles in the power system supply, some protection
aspects need to be revisited (i.e. the use of

Frequency Protection Explained: Variants and Rationale

In this article, we explore what normal frequency is, what scenarios cause power
system frequency to vary, and some of the common protection elements which act
on these fault scenarios.

Protective Relays: Types, Working Principle & Uses

Protective relays are power system protection devices that monitor current, voltage,
frequency, impedance, or differential quantities and command circuit breakers when
faults or

Relay Protection & Frequency Regulation Insights

Discover how relay protection engineers optimize frequency regulation in electric
power transmission, control and distribution.

POWER SYSTEM PROTECTION

Overcurrent Protection Relay: Overcurrent relays are widely used in power systems to
protect against overloads and short circuits. They operate when the current exceeds
a preset threshold, signaling a

How Frequency Relays Protect Power Systems
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Overfrequency relays respond by automatically tripping or reducing the output of
selected generators to decrease the power supply. Some advanced relays also
monitor the Rate of Change of

Basic protection relay knowledge

Long term cost reduction (TCO) for trainings and maintenance by reduce variety of
relays. A fast and selective arc fault mitigation for air-insulated LV & MV switchgear
and Relion protection and control

df/dt Relay

To prevent the generating station stoppage on account of frequency variations,
certain protection devices like over frequency, under frequency, and rate of change
of frequency (ROCOF)

Frequency Relay | How it works, Application & Advantages

Underfrequency relays: These relays are designed to detect a decrease in frequency,
which may be caused by an overload, a sudden loss of

Societal and technology trend report

The crisis of traditional relay protection: A disruption of the technological paradigm
Using the high short-circuit currents and system inertia provided by synchronous
generators, traditional relay protection

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 in situations where sudden loss of
generating capacity on a

(PDF) IEEE Guide for the Application of Protective Relays Used for ...

This guide addresses the application of protective relays for load shedding and
restoration in electric power systems during abnormal frequency conditions. It
provides background information on power

Relay Protection & Frequency Regulation Insights

Relay Protection & Frequency Regulation in Electric Power Systems In the highly
complex world of electric power transmission, control, and distribution, precision and
reliability are non-negotiable. For

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

This study compares algorithms that estimate the rate of change of frequency for
power system protection. The authors develop two algorithms that consider the
rotation of the power system
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Frequency Slip Blocking: Introduction, Role, Functions, and Principles

Protection relays use high-accuracy timing and sampling systems to compute
frequency differences between consecutive cycles, determining the rate of change. If
this rate exceeds

Load Shedding Strategy in Electrical Power System Using Under Frequency ...

One of power system management that needs a high concern is load shedding
strategies. It highly depends on system frequency, since the frequency is the most
sensitive value affected by imbalance

How Frequency Relays Protect Power Systems

Frequency relays are essential devices that continuously monitor electrical grids,
ensuring stable operation and preventing system collapse through automated
protection.
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