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Design Scheme for Relay Protection of
220kV Transmission Lines
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Key Takeaways

A 220 kV transmission line relay protection scheme typically uses distance relays
with three zones (Z1, Z2, Z3), coordinated backup protection, and fault simulation to
ensure fast, selective, and reliable fault clearance.

Key Principles of Relay Protection

Distance protection is the most widely used primary protection for high-voltage lines
because it operates based on the measured impedance between the relay and the
fault, rather than fault current magnitude, allowing selective tripping along the line
length. The scheme usually includes: Zone-1 (Z1): Covers 80-90% of the protected
line for instantaneous tripping. Zone-2 (Z2): Extends beyond Z1 to cover part of the
adjacent line with a time delay to coordinate with remote relays.

Zone-3 (Z3): Provides backup protection for the remaining line section and adjacent
lines with a longer delay.

Relay Coordination and Backup

Backup protection ensures system stability in case the primary relay fails. For 220 kV
lines: Primary protection: Distance relay at each bus (or a combination of distance
and differential relays) detects faults within its zones. Backup protection: Overcurr
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1-1. 0 seconds) depending on fault location and current magnitude. Communication-
assisted schemes: For long or meshed lines, line differential protection or
communication links may be used to ensure complete coverage.

Fault Analysis and Zone Setting

Designing the relay requires: Network modeling: Include line length, voltage,
transformer ratings, and fault contributions from generators. Impedance calculation:
Compute positive and zero-sequence impedances for three-phase, phase-to-phase,
and phase-to-ground faults. Zone reach derivation: Adjust Zone-2 reach for remote
infeed currents and fault resistance to prevent overreach or underreach.

Timing coordination: Set Z2 and Z3 delays to coordinate with downstream relays and
ensure selective tripping. Example: For a 150 km 220 kV line, Z1 may cover 120 km
(instantaneous), Z2 may extend to 180 km with infeed correction (1-second delay),
and Z3 may cover the remaining section with a 2-second delay.

Simulation and Online Monitoring

Modern relay design often includes simulation and action deduction systems:
Simulate different fault types (phase-to-phase, phase-to-ground) to verify relay
response. Online monitoring systems can predict incorrect relay actions, check
setting correctness, and provide early warnings using real-time data and dynamic
Markov chains. MATLAB/Simulink or similar platforms can model the line, relays, and
fault scenarios to optimize settings before field implementation.

Practical Considerations

Ground compensation: Adjust for zero-sequence currents during earth faults. Remote
infeed: Consider contributions from interconnected lines to avoid relay misoperation.
Redundancy: Duplicate primary protection for critical lines to maintain N-1 reliability.

Compliance: Follow IEC 61850 standards for communication and protection
interoperability.

Summary

A robust 220 kV relay protection scheme integrates: Distance relays with Z1, Z2, Z3
settings. Backup overcurrent or earth fault relays. Fault simulation and online
monitoring for predictive maintenance.

Coordination with adjacent lines and substations to ensure fast, selective, and
reliable fault clearance. This approach ensures system stability, minimizes outage
duration, and protects equipment in high-voltage transmission networks.
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Transmission Line Protection: Schemes & Relay Zones

A transmission line protection one-line diagram showing how CTs, CVTs, relays,
breakers, trip circuits, and communication channels work together to detect and
isolate a line fault.

Numerical Relay Based 220 kV Transmission Line Backup Distance ...

After parameterizing the relay for correct grid settings, the test results are obtained
for the distance relay 7SA522 installed on the Pipri west grid station to protect Pipri-
Karachi development authority (KDA)

Transmission Line Protection Theory

The D90PIus Line Protection System and the D60 Line Distance Relay handles the
challenge of dual-breaker line terminals by supporting two three-phase current inputs
to support breaker failure,

Central Electricity Authority

The design and settings of the transmission line protection systems must be such
that, with high probability, operation will not occur for faults external to the line or
under non-fault conditions.

A Design of 220 kV Line Protection Action Deduction ...

Based on the numerical simulation, this paper proposes an action deduction system
which can comprehensively consider the protection logic function and the conditions
of software and hardware.

Line protection calculations and setting guidelines for relays ...

The documents presented should serve as a model for setting protection relays
installed installed at 220kV, 400kV and 765kV EHV and UHV transmission systems

220kV Transmission Line Design Documents

This repository contains publicly available design documents for a 220kV
transmission line project, primarily intended for educational and non-commercial use.
The full design package for a
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CONTROL & RELAY PANEL

The Contractor has to design the Schematics for protection and Control of all
equipment including monitoring indications, visual and audible alarm, interlocking
schemes between different equipment.

A Design of 220 kV Line Protection Action Deduction System Based

Simulation and analysis system for transmission line relay protection (M.S. Thesis).
Hunan University, China. [Google Scholar] Appendix A Figure Al: Logic design of
distance protection subsystem Figure

Analysis of a Relay Protection Responding to 220kV Transmission Line

Download Citation | On May 1, 2019, Huidong GUO and others published Analysis of a
Relay Protection Responding to 220kV Transmission Line | Find, read and cite all the
research you need on ...

Transmission Line Protection Theory

GE Multilin relays provide simplicity and security for single pole tripping,
dependability for protection communications between line terminals, security for dual-
breaker line terminals, and simplicity and

Protection of Lines or Feeder

As the length of electrical power transmission line is generally long enough and it
runs through open atmosphere, the probability of occurring fault in electrical power
transmission line is

Line protection calculations and setting guidelines for relays ...

Protection Settings The documents presented should serve as a model to various
utilities in preparing similar documents for setting protection relays installed installed
at 220kV, 400kV and

A Design of 220 kV Line Protection Action Deduction System Based

2 Structural Design of 220 kV Line Protection Action Deduction System | system to
the device and the necessary conditions information interaction. Besides, it should
realize the deduction of relay p

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 operation of power grid. They play a key role in power
system protection.

Transmission Line Protection: Schemes & Relay Zones
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Transmission line protection is the coordinated use of protective relays, instrument
transformers, circuit breakers, communication channels, and backup logic to detect
faults on high

IEEE Guide for Protective Relay Applications to Transmission Lines

The impact of different electrical parameters and system performance considerations
on the selection of relays and protection schemes is discussed. The purpose of this
guide is to provide a reference for
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