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Abstract

In the context of accelerated urbanization and large-scale integration of renewable energy, traditional ring main units are gradually revealing limitations
in operational monitoring accuracy, fault response speed, and equipment maintenance efficiency, making it difficult to meet the real-time perception
and rapid decision-making requirements of modern distribution networks. Against the backdrop of building a new power system, the intelligent
transformation of distribution networks has become a crucial support for the energy revolution. It is necessary to overcome the functional fragmentation
caused by the physical isolation of primary and secondary equipment, as well as address the operational control challenges brought about by the
volatility of distributed power sources. The continuous iteration of industry standards and the ongoing penetration of digital technology are driving ring
main units toward integration and digitalization. Deep equipment collaboration and data value extraction have become key to breaking through these
challenges, urgently requiring intelligent upgrades to create distribution nodes with active defense capabilities and flexible regulation functions.
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