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Abstract

In the design of a tunnel boring machine (TBM), the excavation efficiency of the
equipment depends on the design of the cutter head, which is directly in contact with
the ground. Especially, the allocation of disc cutter is crucial issue. Disc cutters can be
divided into center cutter zone, inner cutter zone and transition cutter zone depending
on where they are placed. Many studies have been conducted to identify optimal
cutting conditions for face cutters. However, research to determine the optimal cutting
conditions for the transition cutter has been relatively incomplete. In this study, to
identify the optimal cutting conditions for the transition cutter, numerical analysis
using discrete element method was performed, and the specific energy curve according
to the angle between the transition cutters was drawn to find out the optimum cutting
conditions. The results show that the angle between the transition cutters showing
minimum specific energy in the transition cutter zone is 9°. Transition cutter zone was
divided into three sections according to the slope angle of the transition cutter. It is also
found that, the greater the slope angle of the transition cutter. This finding shows good
agreement with the present design of transition cutter zone.

Keywords: Transition cutter, TBM, LCM simulation, DEM, PFC3D

22

Tunnel boring machine (TBM)<] “dAof| QlojA] |8t} 21542 © &2 giedo} HALS o
Fok= Al =] AAlof whabA AH] 2] 271 a-g0] GefA|A| Hot. tATAE = H)
2| =h= fIx]of| et Al AE] F, o] AE &, EfIZA AE| o2 L) 7]Eo

Journal of Korean Tunnelling and Underground Space Association 1



Sang Yun Lee - Ki-il Song

& HolA7E| o] 21 BAEAL FHel] 1 A o] TalElo] govt, Edx 4 Eje] 24 BAEAL 7Y
17] $18F 7 A o niRlsllct 2 ol BN AElo] 2He] Az FEs] i) AEad
S| SSITL B AE] Afolo] 2ol mE ol TS Awslel 24 ARAS Johr 1z} 5}
o}, :2j8q A7} dol ol 24 HlefAE Kol B 7H Alo]] 7 9°9) Ao = SlElglet o] 2 E
1714 7E|] Aol w3714 delo & st el HATzE Aoje] ol ulo s Helet At e
A4 7Ee] AAfzto] A4S 2 Wl AlE Hol EdRA 78 Ajo]e] ZHr 1000 8°7HA] 1} 2hasis

olr

2 ok

T

79E Bt o2t Arbs 7|20 AMSE| 1L Q= ERIZA AE 9] A Arjel GAR Ao 2, 2 Aol AdtE
ekt

F20{: EdIZ|A AE|, TBM, A @A, 7894, PFC3D

1.ME2

Tunnel boring machine (15} TBM)2] ‘Ao QlojA] Z|5ta} 21544 © & gheto} AARS Hidoh= A BT =9
Ao whebA Agu) o] X B-go] DA "t ol2f’t A= AA ol ZRE el Higt A S8 gt
A Ao, Z&FsEaIA} Sk AWkl et thE 22 A5 AR S| k. 22 e JHHA 02 EAL
Z]Qko]] ARE-E]= B H] E(Cutter bit) 2} ARER|EHO)| AR&SH= AT A E|(Disc cutter) 5 AFERITE o] 5 T AT
AE] ] 739 AE 9] 7], AE 7} o]l A== Zol, A Al 11, AE o] 4 Foll et dA agold
2}x]7| wizol| o]2]et Ma5 2|AStsto] AAlsh= Zo] F-asitt

Fig. 10 EAH BRe} o] AB|S| S F4lol| A 9] Ag]ol whet ZA] AlE| 7€ E(Center cutter zone), ©]1 7]
E] Z(inner cutter zone), EZ|A #1E] E(transition cutter zone, ©]o} Ho]77hH o] A 7HX| 2 L& 7Fsott
(Zhang et al., 2019). ©] 5 AE] AE & 9 o] AH Eof| WX &= t] AT A (o]st Hlo] AAH) o] 2|2 DAtz
A 785E] 918 St 710l e Wol 218 E]o] Itk Rostami and Ozdemir (1993)+= HAT7E 2] AL o]
AUSE o|E4 o= Aefste] oRFE/ 41} A /42 ol 7E ol 285 e 5T 4 Sle RES Y
Stk Rostami (1997)= A HAA| 97| (Linear Cutting Machine, LCM)S- o|-&3}o] ¢b4 A2 A, t AT 7
] 9] §19]9} 385 S ok AdS a5t o] & ol&sto] HATAE O] HAtE S oS0l WA AES Al

Q¥sigon, o] 2 @aeoleio v

O

Sl AHP L Bl elZlo] ' o] AAE o] F
&8sk S1Rt A+t X138 HE Qlet Qi et
al. (2016)+= Rolling cutting machine (RCM)= ©]-85t] Alo|X|AE 2] it A|d-S 4=8851] Alo]x|AHE of 2F
Boh= A, HlolURE S7ste 75 78R Bf Qlok E-H =] KICT (2015)0fl4= AleIx]7E 2] 24

ANEAL TS 190§ S84 22 T35 SPH =S o] §3)e] Alo]x)7 Ee] Tt et

N
o
lo
D
2
ite)
BN o
N,

H7VAS APSE ATE 2okt Alo|2

:

2 Journal of Korean Tunnelling and Underground Space Association



Numerical analysis on the estimation of optimal disc cutter angle in transition cutter zone

e =30t bt Qit. 1Lt Ao] 27t tlATF E o] H 7 AR AL FH5l] St 7= wlo] AAE o] H]
aff mjH]Rt A olm, sie] TBM Al 7192 AElS|= A AA| 7]&S the]oll 3 7HoEA] il QITHKTA, 2008).

S

Rock broken plane

v 213944 50 52 59 57,5 62 LU 563  4Ix65=26ES 10x70=700 SxE4=420 47
n 0% 08 o7 06 05 04 03 02 [i5] 6 c5 <4 <3 cB 1
d >
&1 i 3 2 AN
* < ]
GE ! !
5 | 1]
lo e
&
Inner cutter zone Center cutter zone i
- Cutterhead rotation axis
g |
s e
5 Transition cutter zone |
2 |
£ Gage cutter | :
= < < > |
W . N
Transition cutter NK% Face cutter I
SEZ00

Fig. 1. Cutter head layout (KTA, 2008; Zhang et al., 2019)
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Table 1. Micro-properties of rock specimen with 100 MPa of UCS (Lee et al., 2020)

Property . Value of Property . Value of
Micro-property . . Micro-property . .
type micro-properties type micro-properties
Ky (MN/m) 25.0 K, (GPa/m) 2.4¢e4
K (MN/m) 12.5 K, (GPa/m) 1.2¢4
Porosity 0.359 | N 510
Tensile st MP .
Ball | Radius (mm) 3.00 ensile strength (MPa)
Density (kg/m3) 2,720 Cohesion (MPa) 42.0
. - Parallel .
Damping ratio 0.3 E{) 1 de Friction angle (°) 30.0
Friction coefficient 0.3 Friction coefficient 0.3
K, (GN/m) 200.0 o
Moment contribution factor 0.1
Wall K (GN/m) 100.0
a . .
Friction coefficient 0.15 Normal damping ratio 0.3
Bond gap (mm) 0.5 Shear damping ratio 0.3
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(a) Rock specimen of transition zone (b) Disc cutter model (cutter size: 355.6 mm (14 inch))

Fig. 2. Numerical analysis model in PFC3D
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Fig. 3. UCS and BTS of rock specimen
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@) Aa :6° (b) Aa @ 8°

(©) Aa : 10° (d) Aa @ 12°

Fig. 5. Rock specimen result of transition cutters according to 4a (Green particles : Broken particles, Blue
particles : Bonded particles)
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Fig. 6. Specific energy according to 4da
Table 2. Average specific energy according to dain transition cutter zone
Aa (°) 6 8 10 12
Average specific energy (MJ/m’®) 13.41 10.81 11.06 14.99
2k719] dae] whel 3 8 =21 A (6e, 8°, 10°, 12°)0] BAFIE A7 249 a2 Fig. 7o) A1
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Fig. 7. Rolling force of first transition cutters according to 4a
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Fig. 8. Optimum 4« in transition cutter zone
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Table 3. Average specific energy according to 4a

o) Average specific energy, SE (MJ/m®)
Section 1 Section 2 Section 3
6 10.51 14.92 14.83
8 11.70 9.57 11.18
10 9.19 11.02 13.00
12 12.27 16.90 15.80

Table 32| A1}Z 0]-8519] da-Average SEE 251 Fig. 100 YERIGITE HloW| 2] 9] Zeks =jlet 4
3} E214 7El9] AAZHa)7} AAT ARS2 24 HlolU 22 ol da7} Section 19141 10°, Section 2
olA] 9°, Section 30141 8°= A} TAER= 7S SIS 4= ATk
v 19 1
o 15 1 7 .
S S < /
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Fig. 10. Specific energy according to 4a
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