IMPERIAL

Department of Electrical
and Electronic Engineering

Robust IBR Control Design for Enhanced Grid Stability: A Multi-Input- Muhammad Sharjeel Javaid,
Multi-Output (MIMO) Approach Pudong Ge, Jianli Gao

Introduction & Motivation The rapid transition to renewable energy and the increasing penetration of Inverter-Based Resources (IBRs) significantly alters power system dynamics. A
critical modern challenge is maintaining small-signal stability and addressing Sub-Synchronous Oscillations (SSO) across varying grid strengths.

« Grid-Forming (GFM) Inverters in Strong Grids: GFMs actively regulate voltage but often + Grid-Following (GFL) Inverters in Weak Grids: GFLs are highly susceptible to instability
experience instability when operating in strong grids. Classical tuning methods rely on In weak grids due to complex multi-timescale interactions between current, voltage, and
SISO decoupling assumptions, neglecting critical cross-coupling and network dynamics. synchronisation loops.

= Classical Limitation: Conventional Single-Input-Single-Output (SISO) PI controllers are tuned while ignoring crucial cross-dq and cross-loop coupling, and dynamic network interactions. This
paradigm urgently requires a shift towards Multi-Input-Multi-Output (MIMO) optimization.

= Unified Goal: Overcome the limitations of typical Pl-based SISO designs by leveraging robust MIMO H, control to systematically shape input-output bandwidths, explicitly handle loop
Interactions, and guarantee stability across all grid conditions.
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