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Abstract: In order to reduce the health risk of equipment due to excessive cutterhead torque fluctuation, the
overload and fluctuation of cutterhead torque need to be dynamically suppressed. The dynamic control
thresholds of tunneling parameters under the constraint of tunneling efficiency control law is explicitly derived to
reveal the suppression strategy on the basis of decoupling the network influence mechanism among geological
parameters, tunneling parameters and rock mass boreability through the combinational two-factor analysis. The
results show that: the combinational two-factor analysis can learn the low-dimensional characteristics of the
mechanism of differential interaction within the rock mass boreability control factors, the multigroup
monotonicity analysis and the elliptic conic envelope model can explain the influence mechanism of the factors
on boreability. The elliptic conic envelope model can accurately determine the overload risk of cutterhead torque
in the form of analytical model in multiple stratum. In the risk management and control task against the
tunneling parameters fluctuation and the key components damage of shield, the dynamic control method for
shield tunneling parameter thresholds based on decoupling analysis of boreability can provide explicit decision
instructions and the control chain of fast command response. The output of the instruction layer of the control
method is interpretable for the two-dimensional projection of the elliptic conic envelope equation can be
transformed into a dynamic threshold model of tunneling speed with the cutterhead torque thresholds as the
control goal under the constraint of tunneling efficiency control law. The command logic of the application layer

is prior-determined single factor control, which can not only respond to dynamic instructions quickly, but also

enhance the steady state of tunneling parameters.
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Fig.1 Geological profile example of the section
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Table 1 Information of stratum drilled by shield

2 44 FR HZ ik )% E /(g/cm?) TR P RR PRI/ MPa A SS FHEER G L
Klg-2 S XA R BT RD 2.48 < 0.30 < 0.50 \Y% <5.00%
Klg-3-1  m KAk iR Fiab 2.55 < 0.30 1.06 Y% <5.00%
Klg-3 R RUAR 8 T D 2.62 0.31 5.26 \% 15.34%
J-2xn-3 XA TR D A 2.67 0.37 14.57 \% 18.75%
J31-2 5 KA 2 1A 2.57 <0.30 1.50 \Y% 5.17%
J31-3 XL 2 L 2.68 0.36 7.82 \Y <5.00%
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Fig.2 Location of disc cutters on cutterhead
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Fig.3 Dimensions of flat tooth inserted disc cutter (unit: cm)
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Table 2 Type and rotation radius of disc cutters

(LS RIIHH & JI A/ mm
1~8 iR 90.0
9~36 TR 90.0~54.5

37~40 W] 32.0.20.9
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Fig.4 Decoupling path of key influencing factors of rock

mass boreability
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Fig.5 Logarithmic linear correlation between FPI and
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Table 3 Disturbance of rock strength on the logarithmic

linear correlation between FPI and TPI
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Jl-2xn-3 =30 0.15
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Fig.6 The relationship between intactness index of rock

mass, natural uniaxial compressive strength of rocks and FPI
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mass, TPI and FPI
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logarithmic linear correlation between FPI and TPI
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Table 5 Coefficients and classification accuracy of FPI envelope surface equation
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Fig.8 Envelope surface of effect stem from rock strength

and cutter head torque on FPI
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and tunnelling efficiency
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Fig.10 Tunneling efficiency control law surface
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Table 6 The effectiveness of cutter head torque control
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Fig.11 Fast wear measure unit for flat tooth of disc cutter
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