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Tutorial 1: Control and Protection of Power Electronics-Dominated Power System

Objectives and motivation

The rapid transition toward carbon neutrality has led to a paradigm shift in power systems, moving from traditional synchronous machine-based architectures to power electronics-dominated power
systems. With the high penetration of inverter-based resources, the system exhibits complex dynamics that differ significantly from conventional systems. Traditional control and protection schemes are
facing unprecedented challenges, such as resonance instability, fault current limiting, and protection maloperation.

This tutorial aims to introduce advances in modeling, control, and protection for power electronics-dominated power systems. The primary objectives include:
1. Providing a comprehensive understanding of dynamic behaviors of grid-following and grid-forming converters under complex grid conditions.
2. Analyzing the fundamental conflicts and coordinated control between protection relays and inverter-based resources.

Novelty and Technical Innovations
This tutorial introduces the connection and the challenge between converter-level control dynamics and system-level protection. The novelty lies in two aspects: (1) revealing control dynamics of grid-
following converters and grid-forming converters under complex grid conditions; (2) introducing coordinated methodologies that synchronize damping controllers with protection relays.

Tutorial content:

Part 1: Stability analysis and damping design of grid-following converters

Part 2: Stability analysis and damping design of grid-forming converters

Part 3: Coordinated control and protection strategies for inverter-based resources

This tutorial provides a comprehensive analysis of grid-following and grid-forming control architectures within power electronics-dominated power systems. It begins by exploring the fundamental
dynamics and grid-support functionalities of converters, followed by a detailed assessment of their impact on conventional protection schemes. By integrating converter control theory with protection
engineering, this tutorial offers practical insights into ensuring the stability and security of future inverter-dominated grids.
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