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Abstract

To ensure energy security, deep and ultra-deep well drilling is becoming increasingly important. However, the extreme conditions
in ultra-deep layers, such as high temperature, high pressure, high corrosion, and complex stress, cause the performance of key
components of drilling and production equipment to deteriorate and fail, seriously hindering drilling efficiency and operational safety.
This paper reviews the relevant research progress, analyzes the failure mechanism of the drill string system under the coupling of
vibration and buckling, and proposes vibration reduction measures combining active and passive methods; summarizes the efficient
rock-breaking theory and the design methods of speed-increasing tools (PDC bits, downhole power drilling tools); summarizes the
composition design and heat treatment innovation of high-temperature and H2S corrosion-resistant materials, as well as surface
engineering protection technologies; and summarizes the technological innovations of intelligent equipment such as automated
drilling rigs and rotary steering systems. Through investigation and research, it is found that the optimization of key components has
now developed into a “material-structure-operating condition” coordinated system engineering, but still faces many problems, such
as the performance degradation of ultra-high-temperature materials, unclear multi-field coupling failure mechanisms, and insufficient
intelligence. Therefore, in the future, it is necessary to strengthen the basic theory, break through key technologies such as ultra-high-
temperature materials, intelligent diagnosis, and adaptive control, and construct a full-cycle performance optimization system.
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