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Study on Rock Breaking Mechanism and Field Test of
Triangular Prismatic PDC Cutters

LIU Jianhua, LING Wenxue, WANG Heng
(Sinopec Research Institute of Petroleum Engineering, Beijing, 102206, China)

Abstract: The lack of clarity over the rock breaking mechanism of triangular prismatic cutters hinders their
effective applications. In view of this, the finite element method was employed to conduct a numerical simulation
analysis of triangular prismatic cutters in this study with the aim of clarifying the change rules of various cutter force
during rock breaking and revealing the rock breaking mechanism. The results of numerical simulation and scraping
experiments suggested that triangular prismatic cutters and planar PDC (polycrystalline diamond compact) cutters
demonstrated a distinct difference in the stress on the rocks during breaking. The tangential force and its fluctuation
were smaller when a triangular prismatic cutter was used to break sandstone as compared with a conventional planar
cutter under the same conditions. The field test of the PDC bit with the triangular prismatic cutters proved a high
efficiency in rock breaking and impact resistance in strata with high abrasiveness and strong impact. This study
demonstrates that breaking rocks using tension and shear, triangular prismatic cutters can make the tangential force and
torque smaller and the impact resistance and abrasion resistance higher. In that way they can enhance the rock breaking
efficiency and prolong the service life of bits.

Key words: triangular prismatic cutter; non-planar; rock breaking mechanism; numerical simulation; cutting experiment;
field test
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Fig.1 Three-view drawing of a triangular prismatic cutter
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Fig.2 Finite element model of rock cutting by a triangular
prismatic cutter
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Fig.3 Cloud map of Mises stress on rocks cut by a conven-
tional planar cutter
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Fig. 4 Cloud map of Mises stress on rocks cut by a trian-
gular prismatic cutter

o HAPITH N SR E AN 5 B, LLOTH
A AR T I RIDRE A 2 RSB IO 78 o A A S 2 —
HE, TA1FR $2 1 3 HES A A% B 200 Ty RefE . [ 5
1,25 WA g DT AR T S i VI a4 ol A
A1, 5.6 5 P R SR VT4 4 TT A5 A

5 AARTHNORERUNERE

Fig.5 Stress extraction location of rock element
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Fig.6 Change rule of Lode angle of a conventional planar
cutter
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Fig.8 Change rule of tangential force with time
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Fig.9 Change rule of the crushing work ratio with the rake
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Fig.11 Comparison of tangential force between triangular
prismatic cutter and planar cutter
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