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A Coloring—Based Cutting Area Calculation Method for PDC Bits

Deng Xiuli  Zhou Chunxiao Ren Haitao Zhao Jiahui He Jia Liu Lei
(School of Mechanical Engineering , Southwest Petroleum University)

Abstract: PDC bit is an important rock—breaking tool in drilling engineering. However, in soft-hard alternat-
ing, gravel-bearing, and composite formations, its drilling efficiency is often affected by uneven load distribution
on cutters, which readily causes failure modes such as ring cutting and core pulling. Cutting—region analysis and
cutting—area calculation are fundamental for bit working—load analysis, but traditional modeling methods suffer
from low efficiency and cumbersome procedures under complex cutting conditions. To provide a theoretical basis
for bit cutter arrangement optimization and performance improvement, a rapid cutting—area calculation method for
PDC bits based on the coloring technique was proposed. For this method, the tooth—edge trajectory equation of a
single cutter in the bit spatial coordinate system is established, MATLAB is used to plot the cutting—region image
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of each cutter, and the regions of the current cutter on the current and previous rows, and of the adjacent cutters are
separately marked with red, black, and white. Through pixel-level classification and grayscale value conversion,
the number of pixels for each color is counted to achieve automatic identification and area calculation of the cutting
regions. To improve calculation accuracy, key parameters such as penetration depth and cutting sequence are intro-
duced, and image superposition is used to identify the actual cutting overlap regions between cutters on the radial
projection plane. Taking a ¢215.9 mm PDC bit with 19 primary cutters as an example, the proposed method was
compared with the traditional numerical integration method, indicating a good consistency in the cutting—area distri-
bution pattern of each cutter, with an overall relative error controlled within 5%. The research results demonstrate
that the proposed method can more realistically reflect the actual cutting region of each single cutter of the PDC bit,
featuring a concise calculation process and intuitive visual representation. While ensuring the rationality of the
results, it significantly improves modeling and analysis efficiency, providing a feasible technical approach for quan-
titative evaluation of cutting performance, wear trend analysis, and cutter arrangement optimization of PDC bits.

Keywords: PDC bit; coloring method; cutting—region; cutting—area; penetration depth; pixel-level classifi-
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Table 2 Cutter arrangement parameters

e EMCEmm EAEE/mm AREAC) HA/(7) ifsifm/(C)  RECA/C) AR EAR/mm A )RR /mm
1 9.47 33.28 355.54 30 0 -17.00 19 16
2 21.85 37.06 174.35 30 0 -17.00 19 16
3 33.23 40.54 353.26 30 0 -17.00 19 16
4 42.10 43.26 172.41 30 0 -17.00 19 16
5 48.95 45.35 81.75 30 0 -17.00 19 16
6 55.07 47.12 351.15 30 0 -12.73 19 16
7 60.49 47.91 260.53 30 0 -4.00 19 16
8 65.37 47.92 169.88 30 0 3.77 19 16
9 71.05 47.09 79.02 30 0 12.92 19 16
10 76.52 45.36 348.08 30 0 22.06 19 16
11 81.64 42.80 257.08 30 0 31.18 19 16
12 86.30 39.44 166.05 30 0 40.33 19 16
13 90.36 35.40 75.01 30 0 49.46 19 16
14 93.50 31.12 344.07 30 0 57.91 19 16
15 96.00 26.39 253.15 30 0 66.44 19 16
16 98.00 20.59 162.18 30 0 74.24 19 16
17 99.30 15.30 71.35 30 0 78.14 19 16
18 100.10 10.88 340.70 30 0 81.36 19 16
19 100.32 6.35 250.49 30 0 82.47 19 16
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