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Abstract

In the context of smart grid development, the main transformer in substations serves as a core component of power systems, where
its insulation status directly impacts grid safety and stability. Traditional insulation testing methods, relying on oftline tests and
periodic maintenance, suffer from low timeliness and high costs. Recent advancements in IoT and sensor technologies have enabled
the widespread adoption of multi-dimensional online monitoring systems, which can collect real-time electrical, chemical, and
mechanical parameters to provide massive data for insulation assessment. However, existing methods predominantly focus on single-
parameter analysis, lacking multi-source data integration and comprehensive diagnostic capabilities, making it challenging to achieve
early fault detection and precise localization. To address this, this paper investigates integrated assessment and diagnostic methods
for main transformer insulation, systematically outlining multi-dimensional monitoring technologies, data fusion preprocessing
approaches, comprehensive insulation status evaluation methods, and fault diagnosis with decision support systems, offering valuable
references for related research.
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