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Abstract

Commutation failure is a common fault in the operation of AC-DC hybrid grids, particularly in high-
voltage direct current (HVDC) systems. Its occurrence can result in a reduction of DC voltage, distor-
tion of AC grid voltage, and may even lead to system oscillations and large-scale power outages. Com-
mutation failure is typically caused by factors such as voltage disturbances in the AC system, fluctua-
tions in the DC system’s power, and inadequate control strategies. Accurately capturing its early signs
and classifying them is critical for enhancing grid stability. Current methods primarily rely on physical
model calculations or machine learning techniques based on traditional feature extraction, which are
inadequate for meeting the real-time detection requirements in complex grid environments. Dynamic
pattern recognition methods, when combined with deep learning, can extract key features from time-
series data, improving fault detection accuracy. For commutation failure’s time-series characteristics,
the dynamic pattern recognition-based fault detection method can identify key signals before failure
occurs, enhancing early warning capabilities and enabling classification of different types of commu-
tation failures. This helps optimize grid safety strategies.
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Figure 1. Process diagram of commutation principle
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Figure 2. CNN-LSTM joint model diagram
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Figure 3. Algorithm flowchart
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Figure 4. Improved IEEE39 AC/DC system model diagram
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Figure 5. Confusion matrix diagram
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