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Simulation analysis of cutting mechanical characteristics of backup
cutter layout structure for PDC bit

ZHENG Li, LIYiran, MENG Yue, LIU Zhenpeng, REN Haitao’
(Southwest Petroleum University, Chengdu Sichuan 610500, China)

Abstract: Under complex conditions, PDC bits are prone to abnormal failures such as cutter breakage, delamination,
and fragmentation due to frequent impact vibration. Adopting a backup cutter layout is an effective method to reduce
impact loads and improve the load environment. Based on the formation characteristics of the Longmaxi Formation
shale in southern Sichuan, a finite element simulation model of the "main cutter-backup cutter" combined cutting was
established using Abaqus software and verified by experiments. The effects of backup cutter shape, exposure height
difference, and cutting depth on the working load of the main cutter were systematically analyzed. The results show
that a reasonable backup cutter layout can effectively share the impact load on the main cutter and reduce stress
concentration. The spherical cutter exhibits the best overall stress dispersion effect and the widest applicability, while
the truncated cone cutter achieves the highest load-sharing efficiency at an exposure height difference of 0.5 mm and a
cutting depth of 1.0 mm. An exposure height difference of 0.5 mm yields the best comprehensive load reduction, but it
should be avoided when the cutting depth is 1.0 mm. Without backup cutters, stress concentration is most severe at a
cutting depth of 1.0 mm; when matched with appropriate backup cutters, cutting depths of 0.5 and 1.5 mm are
recommended. The slope angle of the conical cutter has no absolute superiority or inferiority, requiring coupled

matching with the cutting depth and exposure height difference. For drilling in the southern Sichuan shale formation,
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the spherical cutter is recommended as the backup cutter, with the exposure height difference set to 0.5 mm and the

cutting depth controlled at 0.5 or 1.5 mm. The results of this study can provide theoretical support and technical

references for the optimized design of customized PDC bits in complex formations.

Key words: PDC bit; backup cutter layout; finite element simulation; cutting mechanical characteristics; exposure

height difference; cutting depth; cutter shape; shale
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Fig.1 Rock block model and mesh generation
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Fig.2 Main cutting tooth model and meshing of PDC bit

1.3 FUHIN-E&EAGES S0 EEHXR

1 SolidWorks %4 v, 43 i gt 7 E VT HI G 5 3
ol J5 £ U7 B 4 A B B TR HE 3 A Abaqus #F
o AR R AT TR AR UR A R o B A S AR
UR H T IR Ny By Iy 2 40 A, A R T IM BR ShOR
B 53 B 2L 3k 8 8 =X B ) 22 500, R T 0N B4y
Mot B it 8 B i 4 s N 1O, 8 U0 I U A
FA PR A EAE L R 3T . IRk R T
LYo Ak Ry T pR B il BERR R AR 0.2, 8

A B 52 4 [ 5, XoF U ) 147 e 5 A% A8 A die X 4
FAnPE 4R

3 BAEHESZE 025 mm JIHIRE
0.5 mm K {7 EEE
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Fig.4 Loading results of truncated cone tooth

model with 0.25 mm exposure height difference
and 0.5 mm cutting depth
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Fig.5 Single PDC cutter rock cutting test
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Fig.7 Variation of cutting tangential force of

single PDC cutter with time in simulation
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Fig.8 Simulation effect of main cutting

tooth with 0.5 mm cutting depth
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Fig.9 Stress histogram of main cutting tooth
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under different cutting depths
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