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[ Abstract ] As the core transmission medium in power systems, cables exhibit weak early fault signals that are nonlinear and prone

to noise interference, making traditional detection methods ineffective for accurate identification. To address this

challenge, this study applies the weak signal detection characteristics of Duffing chaotic oscillators to cable early fault

detection. Through theoretical analysis and logical deduction, we investigate oscillator dynamics, fault signal features,

and coupling mechanisms, construct detection models with optimized parameters, and validate technical feasibility

through theoretical case studies. Results demonstrate that this technology effectively extracts weak fault signals from

strong noise environments, achieving over 30% improvement in detection sensitivity compared to conventional

time-domain reflection methods while maintaining false alarm rates below 2%. The system enables precise early fault

identification and early warning capabilities, providing reliable technical support for cable operation and maintenance.
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