ﬁ OPEN ACCESS

Journal of Korean Tunnelling and
Underground Space Association
26(2)91-111(2024)
https://doi.org/10.9711/KTAJ.2024.26.2.091

elSSN: 2287-4747
pISSN: 2233-8292

Received January 24, 2024
Revised March 11, 2024
Accepted March 11, 2024

@ ® @ This is an Open Access article

—— distributed under the terms of the

Creative Commons Attribution

Non-Commercial License (http://creativecommons.org/

licenses/by-nc/4.0/) which permits unrestricted non-

commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Copyright (¢©)2024, Korean Tunnelling and Underground
Space Association

Research Paper

M7 B 20K SIIE 93

| S—

AE;-I -| I- =21 |AE'|| IZF‘I H|=||' al
I:'I EDE—IOA—ﬂA_IE7EZ
MU=
oo oo
-3 . §5lgP - £52° - =53 . 02|2° - HSF”
1HE|9, B PR HAAHE AL M
2339, s Mol nel WRAAEATL HAA DY
*HI3|Y, (R)EIAA CHE
‘M3, R)FLEEI S UE
6|5]9d, 5 HAAPY HAAEATL YEATY
sxs|el, HaArkstm of X x2St 2 s

Development of disc cutter wear sensor
prototype and its verification for ensuring
construction safety of utility cable tunnels

Jung Joo Kim' - Hee Hwan Ryu? - Seung Woo Song® - Seung Chul Do* - Ji Yun Lee® -
Ho Young Jeong®*

'Senior Researcher, Power System Research Laboratory, KEPCO Research Institute, KEPCO
2Principal Researcher, Power System Research Laboratory, KEPCO Research Institute, KEPCO
3CEO, Tunnel and Machine

4CEO, DOONA Information & Technology

°Researcher, Power System Research Laboratory, KEPCO Research Institute, KEPCO
SAssistant Professor, Dept. of Energy Resources Engineering, Pukyong National University

*Corresponding Author : Ho Young Jeong, hyjeong@pknu.ac.kr

Abstract

Most of utility cable tunnels are constructed utilizing shield TBM as part of the
underground transmission line project. The TBM chamber is the only space inside the
tunnel that encounters rock and soil, and is the place with the highest frequency of
accident exposure, such as collapse and collision accidents. Since there is currently no
way to measure the disc cutter wear from outside the chamber, frequent inspection by
workers is essential. Accordingly, in this study, in order to prevent safety accidents
inside the TBM chamber and expect the effect of shortening the construction period by
reducing the number of chamber openings, the concept of disk cutter wear measure-
ment technology was established and a prototype was produced. By considering prior
technology and determining that magnetic sensors are most suitable for the excavation
environment, wear measurement sensor package were developed integrating mag-
netic sensors, wireless communication modules, power supply, external casing, and
monitoring systems. To verify the performance of the prototype in an actual excava-
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tion environment, a full-scale tunnelling test was performed using a 3.6 m EPB shield TBM. Based on the full-scale
tests, five prototypes were operated normally among eight prototypes. It was analyzed that sensor measurement,
wireless communication, and durability performance were secured within a maximum thrust of 3,000 kN and a rotation
speed of 1.5 RPM.

Keywords: Utility cable tunnel, Shield TBM, Disc cutter wear sensor, Wireless communication, Full-scale tun-
nelling tests
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Fig. 1. Examples of cutterhead intervention frequency and disc cutter life in TBM tunnel sites

Fig. 2= A+ B'd @74 3714 Al E vl 0 & t AT A IAHAE, Hlo|~, Alo]]) ni FH|eh wA|
&S B4R ATHE vehdich. A8 AS] H'EW-2 3.0 mo|H, AESIE 272 3.55 m= A= Sir
ARS|Eol= & 2570] HATAETE AR o] glom, 15%12] JATAE 7 ARSE AT A A ARol|A]
£ 5261719 HATAEZF AR, AT AE] WA o] Hgo] AlE] 13%(347H), Ho]2 32%(847H), Al
0]2] 55%(1437H) 2 RA =it LREA 0 2 Alo]x] 9] wA[gH Hl-go] Ayt oo &2 7p = om AlE] 1705 oF
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Fig. 3. Fracture cases of disc cutters at utility cable tunnel C

3. CJASHE| OLRE MM
3.1 CIATIE] D[R MM M2 9J3t 7|2A1

A1 Oq:ﬂﬂ’ark et al., 2022)°f|X= 235}, oFAF, A71AIA ol tigh H2]ef TBM HATAE T 2841

of| cs < k& melSGiTt. Table 124 2o] 54, Y, S A B2 =7 el A= thet A& 55

Ei%*‘d%*oﬂ *]‘?:*—TL%—% =5kl 55), S=1(Qiuming et al., 2021)2] 73-9-oli= HI = Q= AlA] Al E(Integ-
rated sensor set) S 7Hste] ote, 3] 4= 2L 71| SAoIAT.

Table 1. Summary of pros and cons for TBM disc cutter wear sensor candidates

Candidates 1 : Candidates 1 : Candidates 1I:

Content . .
Ultrasonic wave sensor Eddy-current sensor Magnetic sensor

Applications

L
. . Sensor
Pr1n01ple of D — g
sensor Transmitted signal B —
Signal /\

b

At

(Park et al., 2022) (Spurek et al., 2021) (Qiuming et al., 2021)
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Table 1. Summary of pros and cons for TBM disc cutter wear sensor candidates (continued)

Candidates I : Candidates I : Candidates 1I:
Content . .
Ultrasonic wave sensor Eddy-current sensor Magnetic sensor
* High precision * Sufficient measuring distance

Advantages | * Easy to install and use * No influence on measurement | * No influence on measurement

environment environment
* Influence on measurement . . .
. . * Relatively short measuring * Requirement of external
Disadvantages environment . . .

distance magnet installation

* Low precision

Z-21} AlA|(Ultrasonic wave sensor)+= 2012 St o FATRS 7|5Eo 2 g AT AE il AlA| Qo] 7
25 5ot deE 7L it 25t AIAE 28]t t AT A E np S *1 = =9 TBM AZMARR] Sl
= ]

—= =

5] (Herrenknecht) Aol o] 92 8 2102 1 9100, o}tz - ikl TBMelA] A8 4+ 9l
IR S A1) 1A 5500 0] ol 2554141 B sk 5 0 518 A0 Az

ch 28T o] Zoll] H9HE 30517 10 A0.2 44 ki) ol el odhE AHIE, Fig. 491 2

o] 2} A A0 & 4587, o]4:91o 8, EARSAeIA 248 Almsle] Mokl sg Fukeo] &
P 7] oloje] o2 Fafet) 267] uheel 20 R7ksick ol HEIF U 3.0 mell 45 m Aol
Chlo] b2 727 2.8 TBMOIA 28517] of 2l 2o 2 Tkl ol

(b) Bentonite slurry (€) Excavated muck

Fig. 4. Review of applicability of ultrasonic sensors in various environments

QR A 0] Hgofl= = AT (Park et al., 2023)°] 2J5iA H-8-40] AEEUtk(Fig. 5). AFHF A=
EA}, o]gdll, % 2ol A S AT kS R] b A o & SRIEIA|TFig. 617} o] AA|AZ et 54
A7t A0 TAE 7 ZtiA=7E 9F 16 mmZE ThA Zlof AT A E O] AR E 5% 4517
F71491 HEZT E Q8 71 © 2 Wtw| Itk Park et al., 2023).
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(©) Bentonite slurry (d) Excavated muck

Fig. 5. Review of applicability of eddy-current sensors in various environments (Park et al., 2023)
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Fig. 6. Comparison results of distance measurement in different conditions using eddy-current sensor (Park et
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Fig. 7. Review of applicability of magnetic sensors in various environments
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71K eEe] ol S787 2= 45 mm7HER] 7Fssteieh A7 1A A 25 2] 100 bar7HA] o827 FsshH, Wish
T390 AAS AU Qlek A7 MM = 8 A o & nhR S AFEshH 2 Hel=2~10 VE g& EE5k,
Z] 18] FF541(Zigbee wireless communication)= 5ol TIATAE of|A] 4] @ of|71x] AT 5 Mgt
A7 = 11.5~30 VO A& AR qlor, Adawo] Z-9ol= 2lEel HilEl2] 186505 4P4S (484
3 G+ XFhH 2 ARgot.om, Bl 28RS 10,400 mAhC] AL S 7P 14.8 VoIct. A4 ofj7]|2]

AEEO B SFF 24417 715E oF 39 A= 0] A YEH-8-0 & EE 0] On/Off Aloh= +~3sHA] §hit.

Wireless communication

Battery for power supply module

—_—

-
-
| ——

e — ===
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Fig. 9. Design concept of disc cutter wear sensor package for utility cable tunnel
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AAIBIAL Utk 7 Aol 2 a7le] EER AHE L, 2o] Frishe AS BAIs| Hsl A2 2haA2E 119

shct

Fig. 10. A devopled prototype of disc cutter wear sensor package
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o)l BT oA HEHT] 2] 14 B4 54 IE(XBee S2)-2 E-85t0] WS Fa}51] TBM -2 4157
Hr}, 7 g AT A E uprEA AlA 7] 215 54172 251, PLC (Programmable Logic Controller) 541
H2(Fig. 12)2F-8416ks oFFo)le H B 47| 2 ShRiet, t0] $417 = nii 57 M =Re S73% gt
= Y] A7) 2 il 471 9FPLC “SATEEA 71O AE-2 FAMEA Y19 4H)-8- P4 PC USB ZES

Inside TBM Chamber
A

Sensor.

Arduino
Transmitter

Arduino
Transmitter
Arduino PLC Communicatig

Arduino Reciever
Transmitter

Transmitter

Fig. 11. Conceptual diagram of wear sensing data tramsmission, DBMS, and monitoring system
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5ol dAEH, A2 5AIS ARSIt PLC SAEIA oA = A2 2 35 dlo|HE Ui glo|Ejo] A
2] A|AE(Data Base Management System)©f 94 Z%ict. 5 DBMSO]| -4 AA6k= 712 @ 12lel
(Offline) 7oAk Hlo|ElE =lol7] figtelH, o] =3 =2 T3] Yjo]|A YEL|F 7} -221](Online) U=

WA B P

Fig. 13. Disc cutter wear monitoring system
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Table 2. TBM operational parameters for tunnelling tests

Operational parameters
Test cases -
Thrust force (kN) RPM (rev/min)
#Test 1 1,000 1.5 (1 pump, 90 kW)
#Test 2 3,000 1.5 (1 pump, 90 kW)
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EQFA TBM 4% - S35512-+4N ZgA o] =g 7B =7t At = 3IAIdol E-8591 A, 17914 H 2571
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Fig. 15. Cutterhead design for full-scale tunnelling tests
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Fig. 20. Measured voltages of wear sensors in different excavation conditions
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Fig. 21. Measurement precision of wear sensors during excavation (3,000 kN and 1.5 RPM)
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