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Influence parameter analysis and optimization design
of disk-shaped roller cutter on TBM rock breaking efficiency

ZHOU Yalai', ZHAN Jinwu', SHAO Shun’an®, ZHENG Jinxi*, LIU Guo', WU Yujiao'
(1. School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China;
2. Fujian Testing Center of Construction Engineering Quality Co., Ltd., Fuzhou 350118, China)

Abstract : To investigate the impact of disc cutter geometry on TBM rock-breaking efficiency, based on the ge-
ological parameters of the Fuzhou Coastal Express Line project, a disc cutter rock-breaking model was created
using ABAQUS. By optimizing the structural parameters of a single cutter, the effects of multiple-cutter rock-
breaking methods on tunneling efficiency were analyzed. Results show that cutting width and penetration depth
have the greatest impact on rock-breaking; with the increase in cutting width and penetration depth, the rolling
force, vertical force and rock volume gradually increase, reaching the best rock-breaking effect when the cut-
ting width is 20mm and penetration depth is 10mm. The efficiency of synchronous rock breaking with double
disc cutters is significantly higher than that of sequential rock breaking, and the optimal cutter spacing is 60
mm. With the increase of the rotation radius of the four-disc cutter, the tangential force, vertical force and
combined force acting on the hob increase. The lateral force presents an increasing trend before decreasing and
reaches its maximum value at the circumference of 350mm. The research results can provide a basis for the se-
lection of TBM cutters and the optimization design of construction schemes for the Fuzhou Coastal Express Line
project.
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Fig.1 Geological overview of Xianggian Station to Shouzhan Station
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Fig.2 Rolling cutter rock-breaking schematic diagram

and rock model
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Fig.5 Impacts of cutter width on rock-breaking process
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Fig.6 Impacts of transition arc radius on rock-breaking
process

M, 798> 71 14 >3 P B A2 5 X T s 1k
RIS W Y L 0 55, 90 98 > o 8 (B SR~ 422 > T 7]
i, HARELT J1 58 5 P RGN, T 70 £ X0 1k
FIHE MR BE fe K
32 BUIBREINEHSHTUNBEERRN

A1)

N T — A BRI S O B ROR B3
M, AR A M T TR PRI H | B UA ) BT AR B2 AN
DI H 38R AT AT

H1E 8 (a) TN, B BT BEHE K 1R ] % 5|
PR 3l 1 AN B 7 3 K i th TR T1 T 1
BA—2Em I, BEE AR, W) 5 4%
S T R ) 1 T R T B I I U R B
TR ) ) R AR S RS B2 B B T
B, WIIRR SN 1 3 B MICA L BERE D) H
JRE BB e TG R, R SR A0/ N U 1 38 B A 1
IR RERE , (ELD) I 58 ek /) 2 fof i T A 9 2
JEN RS2 T R, W T EOR AFE AR L
[l P R TT B R AR LU RE A SIS B EA



12 PR T R ) %22 %
01 o g h 84 YIMERE/ (um - s7)
—o— FEHN 200 400 600 800 1000 1200
401 —o— Bea AR 180 80 T T T g 29210

176 &

530- 512
= 72ﬁ
20 Ja
168 &

4.8
0 20 40 60 80 100f

of LT 61

ob—— — — 60

0 20 40 60 8 100
JI71%a/ )

() I RWEE AR A

0 2l0 4I0 6.0 8IO 1(.)0
T8/ )
(b) LR AL

E7 JI71 RN AT R RN M

Fig.7 Impacts of cutter angle on rock breaking process
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