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Inverter Relay Protection Method
Selection

Overview

Impact of Grid-Forming Inverters on Protective Relays: A Perspective. This article
gives a holistic analysis of the interaction between GFM inverter-base.

Key Takeaways

Selecting relay protection methods for inverter-based systems requires adapting
traditional schemes to account for low fault currents, fast dynamics, and inverter
control characteristics. Key Considerations for Inverter Relay Protectionl. Fault
Current Characteristics: Inverter-based resources (IBRs) such as grid-forming (GFM)
and grid-following (GFL) inverters produce limited fault currents compared to
synchronous generators, often with rapid dynamic responses and high-frequency
transients.

This reduces the effectiveness of conventional overcurrent and distance protection
schemes, necessitating alternative or adaptive protection strategies. 2. Relay
Sensitivity and Coordination: The sensitivity of protective relays must be re-evaluated
when integrating inverter-interfaced distributed generators (IIDGs).

Optimization methods, such as particle swarm optimization, can maximize IIDG
penetration while ensuring relays detect the smallest faults within their protection
zones. Backup protection sensitivity analysis is critical to ensure reliable operation in
low-inertia environments. 3.
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Supervising Elements and Sequence Currents: Directional and phase selection
elements are commonly used in transmission line protection. In inverter-dominated
systems, the negative-sequence current response can be affected by the inverter's
current-limiting control (CLC) and virtual impedance settings. Highly inductive virtual
impedance can improve reliability, but altered dynamics may still cause malfunctions
in incremental quantity-based supervising elements.

4. Control Mode Considerations: The inverter's current control mode (phase current
vs. sequence current control) significantly impacts relay performance. Accurate
modeling of the inverter's control loops, set points, and time constants is essential for
proper relay coordination and fault detection.

5. Advanced Protection Techniques: Emerging solutions include Al-driven adaptive
protection, digital twin-based simulations, and collaborative fault identification
between control and protection systems. These approaches help overcome
challenges posed by low fault currents, fast inverter dynamics, and distributed
generation integration.

Recommended Protection Methods

Directional Overcurrent Relays: Effective when combined with sequence current
supervision and adaptive settings to account for inverter-limited fault currents.
Distance Relays: Require recalibration or adaptive algorithms to handle reduced short-
circuit levels and inverter dynamics. Differential Protection: Suitable for microgrids or
localized inverter-dominated networks, providing fast and selective fault detection.

Adaptive or Al-Based Relays: Adjust settings in real-time based on system conditions,
inverter type, and fault characteristics, improving reliability in low-inertia grids.

Practical Implementation Tips

Conduct relay sensitivity re-evaluation whenever new inverter-based resources are
added. Model inverter control characteristics accurately in simulations to ensure
proper relay coordination. Consider virtual impedance tuning in GFM inverters to
enhance directional element reliability.

Integrate backup protection analysis to ensure coverage for adjacent lines and critical
nodes. By combining these strategies, power system operators can maintain reliable
fault detection and selective tripping in inverter-dominated grids while supporting
high penetration of renewable energy sources.
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Article Content
Impact of Grid-Forming Inverters on Protective Relays: A Perspective ...

This paper gives a holistic analysis of the interaction between GFM inverter-based
resources (IBRs) and the supervising elements in protective relays, including
directional and phase selection elements.

An adaptive protection scheme for an inverter-dominated grid ...

Detailed investigation into the effect of MC on OCR protection and understanding of
the behavior of protection relays under these unique conditions, which is crucial for
adapting existing

How Inverter-based Resources (IBRs) Affect Protection Relay Elements

Overall R&D Approach « The response in the first three cycles during a fault is crucial
for transmission protection because the relays must decide whether to operate in
that window.

The Performance and Robustness of Power Protection Schemes for

This study examines the impact of different inverter control modes on multiple types
of protective relay schemes. These include different overcurrent relay (OCR)
schemes, both standard

A Comprehensive Dual Current Control Scheme for Inverter-Based ...

Directional, phase-selection, and distance elements of a relay are prone to
misoperation in the presence of inverter-based resources (IBRs). To address these
problems, modifications of relay elements as

Protection of 100% Inverter-dominated Power Systems with Grid

The growth in inverter-based generation has prompted the development of standards
to protect these systems. The IEEE Power System Relaying and Control Committee
(PSRC) has established several...

Transmission Line Protection for Systems With Inverter-Based

Inverters are designed to be current-limited devices to protect their power electronics
switches from thermal damage, and they typically limit maximum injected current
(IMAX) between 1.10 to 1.30 pu of

Adaptability evaluation of relay protection in a GFM inverter system

From the perspective of relay protection design, this paper analyses the equivalent
system structure of a typical GFM strategy, and studies the differences in electrical
characteristics under the GFM strategy
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Impact of Grid-Forming Inverters on Protective Relays: A Perspective ...

Grid-forming (GFM) inverters can significantly alter the fault characteristics of power
systems, posing challenges to the proper function of protective relays for
transmission lines. This

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 systems. They are intended to quickly
identify a fault and isolate it so the

Research on the Adaptive Protection Method for Distribution Networks ...

On this basis, an adaptive distance protection scheme based on real short-circuit
impedance calculation is proposed. The scheme calculates the fault-attached
impedance angle of

Optimization of Multi level Relay Protection Adaptive ...

To improve the reliability and sensitivity of multi-level relay protection in distribution
networks with distributed power sources, this study designs an adaptive setting
strategy optimization

Protection of 100% Inverter-dominated Power Systems with Grid

Protection of 100% Inverter-dominated Power Systems with Grid-Forming Inverters
and Protection Relays - Gap Analysis and Expert Interviews Ulrich Muenz, Siddharth
Bhela, Nan Xue, Abhishek

Applying SEL Relays in Systems With Inverter-Based Resources

INTRODUCTION This application guide serves as a comprehensive reference for
applying SEL relays in systems with inverter-based resources (IBRs), such as wind
farms, solar installations, battery ...

Protection of AC Microgrids with Inverter Interfaced Renewable

Literature study: Conducting a thorough research on all possible protection solutions
for AC Micro-Grids with Inverter Interfaced RES, and an analysis of different methods
and selection of the most effective

Optimal Protection Coordination of Active Distribution Networks Using ...

Much attention has been paid to the optimized protection of microgrids (MGs) and
active distribution networks (ADNs). However, the literature shows a research gap in
proposing a hybrid
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Grid-forming (GFM) inverters can significantly alter the fault characteristics of power
systems, which challenges the proper function of protective relays. This paper gives a
holistic

Impact of Grid-Forming Inverters on Protective Relays: A Perspective ...

Abstract—Grid-forming (GFM) inverters can significantly alter the fault characteristics
of power systems, which challenges the proper function of protective relays. This
paper gives a holistic analysis of the
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