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Abstract: Increasing ROP, controlling complex downhole conditions, and improving drilling-encounter ratio are the three major
challenges in deep and ultra-deep oil and gas drilling. Since the “12th Five-Year Plan” period, China has made significant
progress in drilling technologies such as rotary steering, precise pressure control, efficient PDC bits, and drilling tools, and
a number of ultra-deep wells of about 8 000 meters have been drilled. This paper focuses on the ROP improvement and
summarizes the recent research progress in drillstring dynamics, efficient rock breaking and drilling tools, mainly including the
review of the development of drillstring dynamics theory, the evaluation methods of drillstring vibration, buckling, and dynamic
friction torque. Focusing on the theory of ductile-brittle critical failure of rock, the selection and optimal design method of drill
bit based on ductile-brittle critical failure are deeply analyzed. This paper also systematically introduces a series of drilling tools
based on impact accelerated crack growth and vibration drag reduction, and the relevant analysis and evaluation method based
on CAE numerical calculation. The comprehensive ROP improving method based on efficient energy transfer and utilization
is summarized and analyzed. Finally, suggestions are provided for increasing research efforts on downhole power drilling tools
and new rock breaking methods. The research work has a certain reference value for improving the drilling speed of deep hard
formation and ultra-deep complex structure wells.

Keywords: deep and ultra-deep formation; ROP improvement; drillstring dynamics; ductile-brittle transition; drilling tools for
improving ROP
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Fig.1 Ductile and brittle failure mode of rock in cutting process
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