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Abstract; Aiming at the problem of serious cutter wear when the shield machine passes through the rock
stratum, based on the excavation examples of sand-rock composite stratum and medium-hard rock stratum
in the shield tunnel project of the right line of Nanjing Heyan Road Cross-River Channel, the wear of the
inserted-tooth hob is measured, its wear law is analyzed, and the BP neural network is used to fit and
predict the measured cutter tooth collapse. The results indicate that the most influential factors on the
wear of the inserted-tooth hob in the sand-rock composite stratum are penetration and propulsion speed,
while in the medium-hard rock stratum, it is the cutterhead torque. In the process of shield machine
tunneling from sand-rock composite stratum to medium-hard rock stratum, the number of cutter teeth of
the inserted-tooth roller cutter gradually increases, and the proportion of cutter teeth defect increases from
28% to 86%. At the same time, the eccentric wear of the roller cutter is becoming increasingly serious.
After BP neural network training, a neural network prediction model with a smaller mean square error can
be obtained. The amount of model training data is directly related to the accuracy of the BP neural

network model in predicting cutter tooth collapse. In the case of smaller training data (56 groups) , the
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prediction error rate of cutter tooth collapse in sand-rock composite strata is 45%. The average prediction

gap of cutter tooth collapse in medium-hard rock strata with more training data (135 groups) is 8. 03%.

It is recommended to control a smaller cutterhead speed to reduce wear when tunneling in hard rock

formations. Meanwhile, more sample training data should be measured when the tool wear is actually

predicted, thereby improving the prediction accuracy.

Keywords ; tunnels ; shields ; inserted-tooth hob ; wear ; prediction ; BP neural network
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Fig.1 Cross-section of shield crossing section in

sand-rock composite stratum
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Fig.3 Wear performance of inserted-tooth hob
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Fig.4 The damage amount of the cutter
teeth of the 788 ring
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teeth of the 821 ring
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Table 1 Parameters of shield tunneling in tool changing

section of sand-rock composite stratum
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B (kNem) (mm-r™") kN (r-mm™")(mm-min~")
735—764 9410.52 12.48 144 618 0.92 10.79
765—788 11 267.42 9.48 157 325 0.98 8. 87
789—821 8 774.22 9.91 151 225 0.98 9.19
822—=841 10 504.90 9.15 154 172 0.95 8.25
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Table 2 Correlation analysis results of inserted-tooth
hob in sand-rock composite stratum
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Fig.7 The wear damage performance of the inserted-

tooth hob in the medium hard rock stratum
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Table 3 Statistics of teeth damage of the inserted-tooth

roller cutter in medium hard rock stratum

W THBIRE/B TR %
842—879 6.89 0.48
880—900 4.61 0. 54
901—926 3.17 0.27
927—939 5.58 1.36
940—948 0 0
949—0954 13.82 1.40
955—964 7.00 1.69
965—974 22.25 4.91
975—982 18.08 1.52
983—992 1.93 0.15

993—1 001 18.85 5.15
1 002—1 023 7.80 1.09
1 024—1 035 18.94 2.51
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Table 4 Shield tunneling parameters in cutter replacement section of inserted-tooth hob in medium hard rock stratum

L A/ (KN - m) AR/ (mm-r") #:J1/kN Bedi/ (remm ™) HEBEHESEE/(mmeminT')  HADURRE/MPa
842—879 11 343.82 9.53 143 047.47 0.96 8. 84 14
880—900 10 211. 62 9.81 144 733. 62 0.97 8.95 15
901—926 10 588. 35 7.54 146 823. 12 0.97 7.00 20
927—939 6 661. 69 4.69 145 531. 85 1.33 5.85 40
940—948 6 877. 11 3.56 152 239. 56 1. 11 4.11 30
949—954 8 852.17 4.33 134 393. 17 1.08 4.67 30
955—964 7 078.90 5.00 141 799. 10 1.13 5.00 30
965—974 6 238.47 4.76 139 748. 94 1. 14 5.00 35
975—982 6 653. 60 4.72 139 362.28 1.16 5.08 36
983—992 5701.20 3. 80 142 748. 90 1.17 4.00 40

993—1 001 5 650. 33 3.33 153 490. 78 1.11 3.56 50
1 002—1 023 4 915.50 3.86 142 792. 09 0.97 3.55 45
1 024—1 035 7 600. 08 4.17 144 784.92 1.17 4.92 50
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Table 5 The results of correlation analysis of inserted-tooth

hob in medium hard rock stratum
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total number of tools inspected
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Fig. 11 Comparison of network fitting and measurement

in medium hard rock stratum
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Table 6 Statistical of gap between prediction and
measurement of teeth defect proportion of the

inserted-tooth hob in medium

hard rock stratum %
TIRS SENE TRIE Tt 22 #E
76 0 9.4 9.4
74 0 -0.9 0.9
62 0 0.4 0.4
52 0 -13.7 13.7
50 91.3 279. 1 187.8
28 0 0.1 0.1
27 43.4 10.3 33.1
25 0 8.5 8.5
15 6.5 3.2 3.3
13 0 -2.9 2.9
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