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Abstract: In order to study polycrystalline diamond compact (PDC)-cone hybrid bit penetrating rock formation, a
series of mechanism analysis, numerical simulations and field drilling experiment are conducted in this paper. Firstly,
the rock-breaking mechanism of hybrid bit is analyzed, including the mutual contribution of the roller-cone and PDC
cutting structures to rock destruction. On this basis, the 3D finite element (FE) modeling of hybrid bit and PDC bit
penetration rock formation is performed. In this process, the 3D uniaxial compression experiment and simulation are
carried out to calibrate and determine the key property parameters of granite. Then, the torsional and axial dynamics
characteristics of hybrid bit and PDC bit are quantified for comparison. The results show that, under the same drilling
conditions, the torque fluctuation of the hybrid bit is reduced by up to 50% compared with that of the PDC bit. The
hybrid bit also helps to mitigate torsional vibration and suppress stick-slip behavior. It can also increase the axial
vibration amplitude without essentially leading to the rapid failure of drilling tool. Therefore, hybrid bit has higher
rock-breaking efficiency in hard formations, which is in good agreement with the field drilling experiment results.

Keywords: Hybrid bit; Rock-breaking; Mechanism analysis; Numerical simulation; Field experiment

1 Introduction

Drill-bit is one of the core tools of oil and gas drilling, and development of drill bit technology will directly
improve drilling efficiency and reduce drilling costs. In most drilling operations today, polycrystalline diamond
compact (PDC) bit and roller-cone bit are the most commonly used. PDC bit, in particular, has been used for more
than 90% global drilling length due to its great advantages in terms of drilling speed and wear resistance [1]. However,
in the context of the current shift in the main battlefield of oil and gas exploration and development to deep and
ultra-deep formations, the hardness and plasticity of rock increase with the increase of well depth, while both the rate
of penetration (ROP) and service life of PDC and roller-cone bits decrease, causing low rock-breaking efficiency in
hard formations, as shown in Figure 1. Hence, it is urgent to develop a new type of drill-bit which can crush hard
formations more effectively.

Driling-time curve

Figure 1. Low efficiency and serious failure of polycrystalline diamond compact (PDC) and roller-cone bits
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