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Analog Quantity Accuracy of Relay
Protection Devices

Overview
Protective Relay Basics The objective of this presentation is to convey a basic
understanding of protective relays to an audience of engineers already fami.

Key Takeaways
The accuracy of relay protection devices depends on the precision of analog
measurements of voltage and current, the quality of current and voltage
transformers, and the calibration of the relay's analog front-end.

Analog Measurement in Relays

Relay protection devices rely on analog signals from current transformers (CTs) and
voltage transformers (VTs) to detect abnormal conditions in power systems. The
analog front-end (AFE) of modern relays typically includes high-resolution delta-sigma
ADCs for precise measurement of AC voltage and current over a wide dynamic range,
often complemented by low-resolution SAR ADCs for diagnostics and redundancy (TI
reference design). The accuracy of these measurements directly affects the relay's
ability to detect faults and operate correctly.

Factors Affecting Accuracy

Transformer Accuracy: CTs and VTs must maintain linearity and minimal phase shift
under load. Errors in these transformers propagate to the relay, affecting both
magnitude and phase measurements.

AD
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C Resolution and Sampling: Higher bit resolution (e.g., 24-bit delta-sigma ADCs)
improves measurement precision, reducing quantization error and enhancing fault
detection sensitivity. Signal Conditioning: Amplifiers, filters, and level shifters in the
analog path must maintain low distortion and stable gain to preserve signal integrity.
Environmental Factors: Temperature, electromagnetic interference, and aging of
components can introduce drift or noise, impacting analog accuracy.

Verification and Maintenance

To ensure reliable operation, relay protection devices undergo regular verification
and calibration. High-voltage systems (≥60 kV) typically require annual verification,
while lower-voltage systems (10 kV) may be calibrated every two years. Verification
ensures that the relay maintains selectivity, sensitivity, speed, and reliability, which
are critical for minimizing fault impact and preventing cascading failures in the power
system.

Impact on Protection PerformanceAnalog measurement accuracy affects: Fault
detection speed: Faster and precise measurements reduce the duration of short-
circuit currents and voltage dips. Selectivity: Accurate analog inputs allow proper
coordination between primary and backup relays, limiting supply interruptions to the
affected area. Reliability: High-accuracy analog measurements reduce false trips and
missed faults, ensuring stable and safe operation of the power system.

Conclusion

The analog quantity accuracy of relay protection devices is a combination of precise
transformer outputs, high-resolution ADCs, careful signal conditioning, and regular
calibration. Maintaining this accuracy is essential for fast, selective, and reliable
protection of electrical networks, minimizing equipment damage and service
interruptions.

Article Content

Protective Relay Basics

The objective of this presentation is to convey a basic understanding of protective
relays to an audience of engineers already familiar with low voltage protective device
coordination.

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 relay protection, and can accurately check whether
the relay

A Numerical Protection Relay Solution (Rev. A)

© 2026 CGWEB NETWORK INFRASTRUCTURE - All rights reserved



Page 3/5

In order to avoid catastrophic failures, these relays should employ high-speed and
high-accuracy electronics. A comprehensive hardware solution has been proposed (as
shown in Figure 5) by using

Protective Relays: Types, Working Principle & Uses

Protective relays should be tested as part of the full protection system, not just as
standalone devices. A relay can pass an isolated measurement test and still fail in
service if the

Case Study: Defining and Measuring Protection Signal Transfer Speed ...

Results from these tests provide evidence of trip circuit behavior and guidance for
engineers to evaluate the impact of device‐to‐device communications, digital versus
electromechanical lockouts, and

IEEE Std C37.90 -2005, IEEE Standard for Relays and Relay Systems ...

This standard specifies standard service conditions, standard ratings, performance
requirements, and testing requirements for relays and relay systems used to protect
and control power apparatus.

Practice verification and analysis of comprehensive relay protection

It can be seen that relay protection and automatic device are of great significance to
the stable operation of power grid. It plays a key role in ensuring the safe and
economic operation of

Settings Considerations for Distance Elements in Line Protection ...

The paper explains why distance protection applications in weak systems face
additional challenges, provides a brief explanation of typical approaches to distance
element design that alleviate some of

USE OF SYNCHROPHASOR MEASUREMENTS IN PROTECTIVE

The report provides protective relaying engineers and the industry with practical
information in synchrophasor measurement applications in the protective relaying
area.

Protection Basics

Protection System Elements Protective relays Circuit breakers CTs and VTs
(instrument transformers) Communications channels

Protective Relay Basics

Traditionally, protective relays were electromechanical devices utilizing induction
disk, coils, contacts, and solenoid elements to determine protective characteristics.
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Evolution of Protection Relays: From Electromechanical

Early digital relays appeared around 1980, with numerical relays following by 1985.
These devices transformed relay protection by using analog-to

Protective Relays: Types, Working Principle & Uses

Protective Relays A practical guide to how protective relays detect faults, trip circuit
breakers, coordinate protection zones, and improve power system reliability. By
Turn2Engineering

Digital Protective Relays Demonstrate Superior Reliability and

Digital devices introduce an attribute of embedded firmware, which must be analyzed
for reliability performance in addition to the hardware. This paper provides a detailed
analysis of accepted

Design and Application of Electronic Analog Relay Protection Device ...

This paper designs an electronic substation simulation relay protection device with
load check. At the same time, the device is studied and applied in the new
substation. First of all, this

(PDF) REVIEW OF MICROPROCESSOR BASED PROTECTIVE RELAYS

The functions of electromechanical protection systems are now being replaced by
microprocessor-based digital protective relays, sometimes called "numeric relays".

8 essential relay operating principles of catching faults

Relay operating principles may be based upon detecting these changes, and
identifying the changes with the possibility that a fault may exist inside its assigned
zone of protection. We will

Design of an adaptive identification method for faulty operating states ...

Abstract To address the high complexity and diversity of faults in relay protection
devices, as well as the challenges in fault feature extraction that affect fault
identification accuracy, an
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This video was associated with the source search result. Verify technical details
against current product documentation and project requirements.
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Contact Us

Continue your research online:

Website: https://cgweb.co.za
Technical inquiry: https://cgweb.co.za/project-enquiry.html

This document is for preliminary research. Verify specifications against current
standards, product documentation and project requirements.
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