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ABSTRACT

If the disc cutter is excessively worn or damaged, it becomes incapable of rotating and effi-
ciently cutting rockmass. Therefore, it is important to appropriately manage the replacement
cycle of the disc cutter based on its degree of wear. In general, the replacement cycle is
determined based on the results of manual inspection. However, the manual measurements
has issues related to worker safety and may lead to inaccurate measurement results. For these
reasons, some foreign countries are developing the real-time measurement system of disc
cutter wear by using different sensors. The ultrasonic sensors, eddy current sensors, magnetic
sensors, and others are utilized for measuring the wear amount of disc cutters. In this study,
the applicability of eddy current sensors for real-time measurement of wear amount in TBM
disc cutters was evaluated. The distance measurement accuracy of the eddy current sensor
was assessed through laboratory tests. In particular, the accuracy of eddy-current sensor was
evaluated in various environmental conditions within the cutterhead chamber. In addition,
the measurement accuracy of the eddy current sensor was validated using a 17-inch disc
cutter.
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1. Introduction

TBM £21 Bl Qi Btake 7ol uhaL o] MhYRRe 414 3Bo]o, Tjctap| ahrt ofofal L i
1 9o B4 m8o] Aokl o14le] Bato] Brsalck, ofeieh vl AEle] sl ok A2 Aels] 2] uiek
tioket el R WAlskE= 710 2 B E Y QI Liu et al., 2017, Su et al., 2020, Karami et al., 2020). TjA= #E] o] ufHojl= 4]
Aok, wieg ohcantR), 7JE] 3 vke 2 gt 5o glow nhn o] e Z2k4el AL Bag 4 ek TBM] ofg o
el B R A1) 5401 B0 AL BRI 0] g 2

23 78S daH o= Flishe 2aE MA 52 B EA A, 215 A5t 5 A= TBM 27 285 5] #fstAd
7 AIH(Kim et al., 2020). W=H TBM B2 A= HAT 7B O HRiE 2152 0.2 ste] A12Q] t2= 718 o] i
Al A sk Zlo] vk Fa3 Ao IEn: 544 02 TBMEE o] AAA A= A AE O] oS0t

4 Q = 52 Aol YfalA 25 AB A &2 (Gehring, 1995, Bruland, 1998, Rostami et al., 2005)50] 28537 Q)
om, ofli= Aol Fojzli=TBM O] | tlolgj o} RS vt o = 7k mAled 7 2 -SAAS] 242 5ol A&
A A FH-& dIE51] $3t A=k Fio 49 &A1 QI Kim et al., 2020, Barzegari et al., 2021, Kang et al. 2022) a
B st dlE R g o] T8 B8 =42 AAGA A FAM|2F-E71E AFS] f1-t HAT AE O Ao e E A o R
ZJol= Aol =, ZXeolel et (A H-S 790 26fk= 57 HER 22 5 HAT AR iR A w5 AlSSh= T ;g'@
Ao g Fgsr]ofl= Aol Tl & 4= QTH(Farrokh and Kim, 2018). wh2hA] oF217E%] TBM @4lil= v 78 o]
A7 15 s | ffoliA 242 A'le|= s U= ZIQdsto] EpAlat = 7\]'—‘1—— 7 ]'O]‘: 5= olgsto] niEFE AlSSEA
L}, SRFEAARE Eoll 2T AE 9] &/ & st Qlrk 18U TBM | U= 22F EARY o, Zsko] -79lE 4~
UOH, =2 PP, A4 HZ 50 SRt &4 Y 71sdo] ot $dof| gt olt @'@ —’_"C—ZHE]'D%, Qlo] oJgt AlE-2 wjuf| = -
AR ASHEE TE5F 5 Yth= HARS 7HXIthGong et al., 2021).

Q T AR ol AR ES SESEIA TR AIS AN E E-8ole] HAT A9 iR AE
2 3 A=A It Guo et al., 2013, Liet al., 2016, Sun et al., 2016, Zhang et al., 2017, Wang et al., 2019, Lan et al.,
2019, Gong et al., 2021, Park et al., 2022). A3YAAZolA = AT AE ] v AIS-E QJ6te] 250t AlX(ultrasonic sensor),
ZF7| AA|(magnetic sensor), 235 AlA(eddy-current sensor), 014 AlA(laser sensor) —JJ— Z+o o] Al o] ARARIE 4
7N EF AT Guo et al.(2013) 2] Sof|A= 2230 XS ARESHO] TBM TIAT AE| O] niR RS AlS51] ffet A5 283t
HE glor, =1 o] thiA|?] TBM AH|ZAIR] Herrenknecht Aol A = 22t IS &89t~ 7% O ASAARE 7 521
710 2 motE| 11 QIt(Edelmann, 2013). 253} AlA = 4t Mufaid Yol vl d A2 s geloiA AEd 4= Lo, of2
mfjdo] Ao Sl el AlEel olele E& AYe Ao A TE 2HH Gong et al.(2021)2 271417} AlA
(magneto-resistive sensor)E ©|-&oto] AT AHE 9] ni 315 S 5P| QIet AISAIARRE AVRstS) 7ol A9
A AS ol A7 1A AA & AS A= ARSI = A U il (E, &, o 5)oll F 7] = A 02 B usigly, s
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S PR AAE ARE Sl YA A O nf =5 ASR AREE sl9] 252 Foll Halw] Al QUKL et al., 2016, Sun et
al., 2016, Zhang et al., 2017, Lan et al., 2019, Wang et al., 2019). ©] - Lan et al.(2019)+= P47 AAE o83+ AT #HE] 9]
oha ASAIAEC] 7 U8t o] 5 Bl'E @]l 28/ ARIIE Aslsic. dfio] e NS Fll oFF Al e AR A
e 5i8 B 1elgLR, Sl SFHR AL o] ehHoIL EAje 22 o ol 7ok 7 ol 0 o] ey
ot B} A% 93ke) A2t Faskehn sk Uele] BT HES U SFER AN AAEALTE 7o)
TBME'E &gl Aol A8t o7 AME Foll A5 78 o nigs el 2 S5 A5 vl wste] 14524
Zol9LT, OFaR A2 e 275 ohRahe ) ohRaeh W] mlol oF | mme] 91 19 2o 2 umslck, FolA 274
) Ziolg Tofet o), 2 @] 48 SUR A DA AR nlRakg vlnA T 20 Ao B 4
2 Aol e ATl AT 7B 9] uii AlSS ffote] 2851 Qli= TRt TR AA F PR AME dldes
B 4G Ao 2 B 1ol A slsich ARl A S2A1S B oRis AN ] A2) A4S BRI, 59
A= FH O] thelRt 27 UlollA] oFAT Al o] AlS s ks THsiSint. 252082+ 1790 A3 AHE ties

72 AlS Al aeagsto] e Al o] niRAIS 28732 7 IS, Al SaAld Al Blasio] AlS Ageteg S

2. Experimental method

2.1 M (eddy-current sensor)2| A

2 Aoals fAT AR Q] ntRE AlSS SR AR o7 AAE A7datolet. eFdR Alkle 32 F5ate] A=E Agt
s AlEs17] fote] TAflof WAsh= bRl ot I o] QI HA HiSE o] gato] A|ete] AElE S, A |
/g2 719k0 2 Shth(Park et al., 2022). PR AllA] R0l A Wok= AR [@/do 2 I U] 2= wFzRol o) 2
FRlolle 150w A7 1A A P o] A ER=t], o] A2 A o] BTl e[S A/dAIZITk Park et al., 2022). 1
2} 217173ol| 2Jafl B3 2bdFoll ofsl mA|e] EHFO= ThA] 221 A7 o] A=, o] 241 27 1ol AR 12 A7 1%
Th= Hho] Jako 2 R8sk w1 o|afet APy o] e akg.o 2 WAs K= I U o] uiiS=e} QI RIA WIS S7ok= o]
PR AA O] YEfo|th(Park et al., 2022). Fig. 12 2 AlX| 0] GubA] 125 Hojze,
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Fig. 1. Fundamental information of Eddy current sensor: (a) structure and (b) principle
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Fig. 2. A photo of eddy-current sensor used in this study (made by Keyence)

Table 1. Summary of the performance and specifications of eddy current sensor

Categories Information and Specification
Measurement range 0~10 mm
Resolution 2 um
Sampling Speed Maximum 40000/s
Display Speed 20/s(7 segment 2 color LED)
Output Voltage 5V
Analog Voltage Output Impedance 100 Q
Response time 0.075 ms (max)
. Sensor Head (EX-422V) About 200 g
Weight
Amplifier Unit (EX-V10) About 235 g
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Fig. 3. Experiment apparatus for distance measurement used in this study
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(a) #1 cutter (tip: 2 mm) ‘ (b) #2 cutter (tip: 7 mm)

Fig. 4. Small scaled disc cutters used in this study

SHH O AT A2 i Al et S Hgto] thE 0 R A7 Aol 27] 2SR BASR: A} Hasty, &
PR 7ol SHISP | 917 G220 A YRl ek 271 feiiore] wage gaistol e o B A
o] YT B o] g3l +astnl, S 2l o] HEAR Al aaich, ERALS AeE SISk SIe Ao
2 AZgle] FRERS §J2isl Foloksitt, 2719] HEAlRN A1) 0 mm) 2 J2isha Tuje] KIS 0 mm o] Aelz Qeiuke.
Eq =

| A2E ANE] 27117 hEA o] ZARAE roks 2ol e] Asikke sk Qeiel 1e-A2] 7o) vk
Stz AGZ71E F1slo] AZGEE EETT. o4t Zo] AwE AR el tet & Aol A2e AR Table 2
o] it uiol 2, 1 QAo QPR AL o] A2) A et ot 54 o] HiAls ke Slshaa} sl A Al
0 mmE] 30 mm717] 2 mm 7.0 2 Z71A07 710 AlGS 5005190, 17914 HATL 7|El7} Q4P 2 20-25 mm Hhshs

A5 WA 2 A sl] ASENE Aok

Table 2. Experimental variables considered in this study

Variables Values
Tip width of disc cutter 2 mm, 7 mm
Disc cutter wear 0 ~ 30 mm (2 mm interval)
Measurement Environment Air, Water, Bentonite slurry, Excavated muck

3. Result and Discussion

3.1 0P S 72 2% 2t

Fig. St o7 Vel Al obis A 0] AZAs-2 71 A B458 Holm, Fig. 62 A2 Th2 § UHIS 2 Z4 023
Aol tifgt 7] Flo] A2 TS Lhehl Zeleh (A Aeiet sbis NS B 24 AE 11 A= EAIsch.
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(a) #1 Cutter (tip: 2 mm) (b) #2 Cutter (tip: 7 mm)

Fig. 5. Experimental set-up of distance measurement test by eddy-current sensor in air condition
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Fig. 6. Distance measurement results for disc cutters in air
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(c) Bentonite slurry (d) Excavated muck

Fig. 7. Preparation for different measurement conditions
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Fig. 8. Results of distance measurement by eddy-current sensor in different conditions
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Fig. 10. 3D schematic drawing of test apparatus for distance measurement of 17 inch disc cutter
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(a) Test Equipment (b) sensor installation

H
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Fig. 11. Test device for distance measurement of 17 inch disc cutter

(a) Case -1 (b) Case-2

Fig. 12. Comparison of measurement directions for 17 inch disc cutter
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Fig. 13. Distance measurement result for 17 inch disc cutter
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