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Prediction of wear life of shield disc cutter in complex formations

based on genetic programming

QIAO Jinli', MENG Qiujie', LIU Jianqgin®*, JIN Jianxing'
(1. School of Civil Engineering and Transportation, Hebei University of Technology, Tianjin 300401, China;
2.School of Mechanical Engineering, Tianjin University, Tianjin 300072, China)

Abstract: In process of shield tunneling in complex formation, wear of disc cutter is extremely serious
and service life is hard to predict, and influence factors of the disc cutter wear are multi-dimensional and
uncertain. In view of above problems, main influence factors of disc cutter wear life such as cutter
installation raduis, excavation distance, penetration depth, cutter spacing width, rotating speed were
analyzed, prediction model of wear life of shield disc cutter in complex formations based on genetic
programming was established. Genetic programming can transform the problem of wear life prediction into
the inductive problem of programs. The tree-shaped expression can reflect relationship between the
influencing factors and the wear life under complex geological conditions. The engineering test results
show that the average prediction error of the model is 16.07% and the mean square error of the model is
0.001 6, which are better than the simplified CSM model. The model solves the problem that the wear life
of the disc cutter is difficult to predict, and provides a new solution for prediction of wear life of the disc
cutter.
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Table 1 Testing data samples

e T k2 Y F5 T k2 Y
1 0.1 0.5 1.01 11 1.1 1.5 4.21
2 0.2 0.6 1.24 12 1.2 1.6 4. 64
3 0.3 0.7 1. 49 13 1.3 1.7 5.09
4 0.4 0.8 1.76 14 1.4 1.8 5.56
5 0.5 0.9 2.05 15 1.5 1.9 6. 05
6 0.6 1.0 2.36 16 1.6 2.0 6.56
7 0.7 1.1 2.69 17 1.7 2.1 7.09
8 0.8 1.2 3. 04 18 1.8 2.2 7.64
9 0.9 1.3 3.41 19 1.9 2.3 8.21
10 1.0 1.4 3. 80 20 2.0 2.4 8. 80
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Table 2 Setting parameter of GP model
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Table 3 Disc cutter numbering and installation radius

W e s o
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Mo3 1.32 M18 3.72
Mo5 1. 64 M19 3.88
Mo7 1. 96 M20 4. 04
Mo09 2.28 M21 4. 20
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MIl1 2. 60 M23 4.52
Mi12 2.76 M24 4.68
M13 2.92 M25 4. 84
M14 3.08 M26 5.00
MI15 3.24 M27 5.16
M16 3.40 M28 5.32
M17 3. 56 M29 5.48
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Table 4 Testing samples
o g e P F R S BB J1 ) B IE %3 ST B
R/m L/m h/(m * rev ) S/m N/(r+ min~ PV X/m

Mo3 1.32 354 0.018 18 0.16 1.10 0. 006 60
Mo05 1. 64 442 0.018 18 0.16 1. 10 0.014 20
Mo07 1. 96 442 0.018 18 0.16 1.05 0.015 80
Mo09 2.28 220 0.014 29 0.16 1.10 0.017 60
MI11 2.60 88 0.014 29 0.16 1.05 0.007 90
M15 3.24 88 0.014 29 0.16 1. 05 0.008 02
M19 3.88 88 0.014 29 0.16 1.05 0.008 70
M21 4.20 88 0.014 29 0.16 1. 05 0.010 20
M23 4.52 130 0.014 29 0.16 1. 05 0.008 50
M25 4. 84 130 0.014 29 0.16 1.05 0.012 00
F 5 KT GP MWE 2 )2 i G MR 1 S 45 75 4w

TOUI0 AR D ) S B
Table 5 Setting parameter of shield disc cutter wear life

prediction model in complex formations based on GP
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Table 6 Comparison of fitting precisions of the two models
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