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Impact of Protection Functions Issues on Long-Term Voltage Instability

This thesis develops an integrated framework for real-time voltage instability prediction,
mitigation, and protection supervision in modern power systems. A deep learning—based
Voltage Instability Prediction (VIP) module is introduced to predict instability within the first
second following a disturbance using PMU data to ensure that no critical scenario is
overlooked. Upon detecting an impending instability, a Voltage Instability Mitigation (VIM)
module evaluates the effectiveness of On-Load Tap Changer (OLTC) blocking as a remedial
action. Using mathematical morphology (MM) and localized voltage measurements, the
module identifies the specific OLTCs driving long-term instability and selectively issues
blocking commands. This selective blocking successfully mitigates all load-restoration-related
instability events in the Nordic32 test system and significantly reduces the need for extensive
load shedding. When blocking is insufficient, the framework recommends targeted load
shedding, which when coordinated with OLTC blocking restores stability with minimal
disruption.

In addition, the thesis proposes a distributed Intelligent Electronic Device (IED) supervision
scheme to enhance the dependability and security of Zone-3 distance protection during power
system instabilities. The method employs a lightweight four-layer hierarchical architecture that
monitors PMU-based impedance measurements, relay signals, local fault data, and limited
inter-station communication. Without modifying existing relay hardware, the scheme prevents
instability-induced Zone-3 misoperations while maintaining proper backup protection and
coordinating with under-voltage load shedding.

Overall, the contributions provide a unified real-time framework that improves early detection
of voltage instability, enables selective and effective mitigation actions, and strengthens
distance relay security enhancing overall system resilience and collapse prevention.
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