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Abstract: The article systematically analyzes key links such as material interface control, equipment cluster collaboration, and
non-destructive perception of concealed engineering, revealing the systematic defects of traditional construction modes due to
technological discretization and uncontrollable quality. It constructs a collaborative innovation framework of digital twin empowered
process parameter chain and intelligent perception network. Research has shown that by establishing a dynamic optimization model of
process parameters and a defect self-healing mechanism, core bottlenecks such as corrosion suppression of grounding devices and multi
field stress balance of cables can be overcome, and precise control of the full life cycle performance of engineering entities can be
achieved. The research proposes a construction quality field reconstruction method based on quantum sensing arrays, integrating material
genome engineering and nonlinear dynamic simulation to predict the risk of electromagnetic topology instability under extreme working
conditions, promoting the transition of power engineering from experience driven to data intelligent paradigm, and providing theoretical
support for the construction of a resilient foundation with environmental adaptability and fault tolerance for new power systems.
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