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Figure 1 Schematic diagram of the critical surface of the

broken rock
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Table 1 Physical and mechanical parameters of granite

KIREE/  BRERL bLESR  bihiag ks

THAR
(g-cem™”) H/GPa it BE/MPa JE/MPa  (°)

2.60 23.01  0.188 105. 6 6.4 0

1.3 RINWAEEEEST

IR 432 mm 5 B BE R JIAL AL R )
N 7800 kg/m’  BUEAR B R 206 GPa I LR
0.3, 7 I 2 TR B7R JIRE A

216 mm

‘
ZIE
s =

o
S
3

B2 RIIEE
Figure 2 Cutter model
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Figure 4 Plastic deformation cloud diagram of linear rock breakage with knife spacing of 60 mm
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Figure 3 Linear rock breaking model
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Figure 5 Effect of four modes on rock breaking force

under linear rock breaking
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Figure 6 Effect of different rock breaking modes on
rock breaking efficiency
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Figure 8 Effect of four modes on rock breaking force

with rotary rock breaking
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efficiency with rotary rock breaking
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Table 3 Comparison of force data between linear rock breaking and rotary rock breaking cutters
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Table 4 Comparison of specific energy data between

linear rock breaking and rotary rock breaking
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Numerical Simulation of TBM Three Rolling Cutters Cooperative Linear and

Rotary Cutting Rock Breaking Fragmentation

ZHAI Shufang'?, DU Hongkun', TIAN Hao', LI Kang', WANG Yihan'

(1. College of Civil Engineering, Henan University of Technology, Zhengzhou 450001, China; 2. Henan International Joint Laboratory
of Modern Green Ecological Storage System, Henan University of Technology, Zhengzhou 450001, China)

Abstract: During the excavating operation of a tunnel boring machine (TBM) , the disc cutters on the cutterhead
work together to break up rock. To investigate the influence of cutter breaking on TBM breaking efficiency, in this
study a finite element numerical simulation approach was employed to compare the effects of three cutters linear cut-
ting breaking and rotary cutting breaking. According to the number of crucial surfaces, the three cutters breaking
was classifed into, sequential breaking, inward-outward breaking, and outward-inward breaking. The results
showed that outward-inward rock breaking with two critical surfaces had the least overall trend of rolling force, nor-
mal force, and specific energy, indicating that it was the most efficient of the four rock breaking modes. When the
blade spacing to penetration ratio was 30, the roller cutter had the lowest specific energy for breaking rocks and the
maximum efficiency. When the cutter’s linear cutting test data was converted to rotary cutting test data, the conver-
sion coefficients for rolling force and specific energy were 1.35, while the conversion coefficient for normal force
was 0. 87. This study casted extra light on a theoretical basis for determining the operating parameters and designing
the cutter for the TBM's operation procedure.

Keywords; tunnel boring machine (TBM) ; rolling cutter; collaborative rock fragmentation; linear cutting test; ro-

tary cutting test





