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Overall wear state recognition of shield cutters

QIAO Shifan, TAN Jingren, WANG Gang, LI Haoyu

(School of Civil Engineering, Central South University, Changsha 410075, China)

Abstract; The wear of cutter is an important factor affecting the efficiency of shield tunneling, which is also a basis
for determining the time and frequency of cutter replacement. As it is difficult to evaluate the overall wear state of
the cutters in the process of shield tunneling, three wear degrees (light, moderate, and severe) were proposed
based on the relationship between the wear amount of each cutter and the limited wear at the cutters change site.
The theoretical relationship between three main tunneling parameters ( thrust, torque, and tunneling speed) and the
cutting force component of a single cutter was derived, and a method for recognizing the overall wear state of cutters
was proposed by using the wavelet packet algorithm to decompose the tunneling parameter signals. In this method,
the eigenvectors composed by the standard deviation of the wavelet packet coefficient of decomposed signal nodes
were used as the wear recognition index. Sensitivity analysis was performed to find out the most sensitive node
eigenvector of the cutter wear. Then the functional relationship between the wear state and the wear recognition
index was determined by fitting. The analysis of the section from Dayun station to Baohe station of Shenzhen Metro
Line 14 showed that the method could accurately recognize the overall wear state of the shield cutters. Among the
three tunneling parameters, the recognition accuracy was the highest when using the tunneling speed signal,
followed by the thrust signal, and the torque signal was the lowest. The proposed method is easy to use and cost-
effective, since it only needs to analyze the automatically collected tunneling signals without installing any sensors,
which provides reference for cutter replacement.

Keywords: shield; cutter; tunneling parameters; wavelet packet analysis; wear state recognition

JEFTTESE AL EE TAER 2 — O B T B AR R ZS B U HAT 2
PRI B 0 TR R B2 RS i R ol e A A FRT S T 5 H J) BB BT 5, — J7 R M T
DX, JTR GBS e D0 A M 1 TR AR BT b SR i 2 R R T G [l
A, TBHE IO I R I AR A S Sy T T ) L ) A R
JERF AT, i 7 el BT A 2 X TR At % AIBIE R/ O T i ) T B AR A R B B D TA 4

WFREH: 2022 -03 -21; A BH: 2022 -04-30; MEHEZBH: 2022-09-17
M4& B & ik : hiips://kns. enki. net/kems/detail /23, 1235. T. 20220915. 1511. 002. html
ELWA . W LSBE R ATIH0 H (Y)J20210409)

EEEN: T (1975—) B, 802, LR

BIEEE: £ NI, wanggangl 23@ csu. edu. cn



.40 - MoK BT Ol k% %

AR JZ T 45 71 T A5 4 RS R (8] i N e
SRR SR AR I A A A T T L 5
FECG IS EA K FR UL T B R S PR 7R B
(06 F 25 Liu S50 ST 1 ) BB i 5 A A A
PEZ A (Y R F 353X Huang 60 48 T —Fp i 2
JERG TR 09535 | F388 1 R S B BR 5T
TN ST AR RN T Z B A AR OGP, 5K
P4 22 RO A2 A5 T R AR 2 Ml Jo 2 45
WA K, R AL S B e R 8
JITAT D H AR AR 13 DL 1) S ke T A B4 T L A
(RTINS St Po CIVEESEXCEIVL DAY -2 78 RSF i
PES R R ANRE S e T H B A AR O, 15 8
WP HBEAERR 23 T H 1222 S HIPEAT R

TERCE LR T B SR BT 50, 2 2@ i b
HIl 1 15 5 e AiE 2k 92 BT L B4 e A © T 2R
SRR A A T ORI AR S /N L R A
RE T (A T BB BURFE S5 Kaya 57 UG 4
BRI T A S i 2R £ 14 3 A4S 5 [ D) I O AN AR S
EAPI - VAN R RIS N 14
PEAUPRA I fr) 2 A T LB BE AR 00, 5 5 M BL S
SR ZAE ) H A B R R A A7 e 22 5 T HLJE
FAALR AR B2 ) B A B R RIAE g, O R DNl B4
JVEEYIHI T

N ARSCE Se b 5 1 ) B AR R IR A5 5
G, BRI VAR ) R il A4 S 1 4 S 405 T B
KA IR L, $2 ) —Bh /N 23 i i 2 25U
(9 F J HE R 7 vk, T ) BB R B AL T
ANFARZS I, 2t 2 8005 5 WS R A7 78 22 57 1
AT REBURG R bR . A S A T% T i
4 S B ASE B A, e o S P AR B e IR
i BT A R E S H0R 0 T B 8OCR

7B SR A % SR A AR

1.1 7TIEBEEERREITENIER
JTREIE 03 WA — R S B, HoR
SRS TSP A P P AR, n] PR R R
FEBERIEA 53— R AR S A LA i B | A
UGG R U A TR S FEAR B RS R — 2, A
PABHERAL . XTI A SR H B ATUIR 25 2 80 00 X B
JIPIRP UL AR B BEAUIR S BEA T B 4, O DA i
SEREPRBE SR S F B H RN I H 1 B AR 40155

N M
H=Yw/Y S, we[0,1] (1)
1=1 a=1

itquNﬂgjjﬁﬂE‘}é\%&’Sa y‘j% a %ﬂﬁﬁﬁ:,ﬂl
R TVEZERE w, AER i D TTRIBESUIRE R R

555 %
AR EERAIE ) w0, TR LT .
1) ¥5] 4
w; =q,/q. (2)

g WA AT RRES g, N5 i DR/
BRAE B Y, =g, I B w, =1, (AR SCE B
GRS i g, =20 mm™ )

2) RIS AR

TR 1 i PR AT 5 PSS P PR A 5 B w0, 5 T
i 245 T A U S 8, R w0, =1

i PR R A5 2 T B ) DU A P R4 B 3 18T

PP T T R — B AT 1 R R 1
P AR A
A, :Rzarccos(R];q) - V2Rg-¢ (R-¢q) (3)

CHP A, AR ] B s 4 45 1 R 5 ¢ SRR D 1) i
JEI R R ONTR JIH IR A% Fie HE R $54 e AR 45 i
LR I Y2 TR N a2y i @ L S i T AR =
KA

A, =mR -m(R-q')* (4)
TP A, R SR B IR RR ¢ SRy SR I
i, WA a(3) FIa(4) A A AR s B A k>

R

q' :R—N/R2 —%Rzarccos(R _q) +% «/2]{(17—(]2(1{ -q)
(5)

SRR
V227 Al 5 ) S5 B S 3 TR A
FEEEE] 452050 5 f S 43 T A

B1 REEREFETE

Fig.1 Converting method for partial wear amount
1.2 TTEBEEHREER
S H MR R AR K A ) LR A
FUIRZS 7 B RE P | o B2 PR A A0 7™ T A 3 4%
%, TR T B T 22 9 M (1) B 5 45
FERURAS RN R H A RIS, W3R 1,
®1 JNEBEEBEHREER

Tab.1 Degrees of overall wear state of cutters

JEBRAS AR BUIRES R BT JL LA L
R 0~0.35 P2 104
SREY =l 0.35 ~0.50 LG A
J T P A 0.50 ~1.00 =L ]




55

TG, 45 JEH ] ARSI DTS 41 -

2 |IHSH AT

JE AR LA i 2 o A 2 S A SR A A o R dl
RS ) BT e R AT e R
&, CAWITEERM], AL ) BB sz U] ) 5 R i
ARG, JTEEHAE S e AR HEE R 3 2SS
JTEEAS B AR SCHEA BB . A A 1 o fi 0 2
W5 B IIUIH ) 2 T B 56 R AT BIS HE S, LR ST
PRESHECS T R RERER Z B NTEBCR . IR
TIEREA R i 52 s B an i 2 fros, R 24
HI D132 3 ANT7 1 B D 3 LA T (DTHI )
F, JKRFOIEN S F AN T P d R AR AT
F g,

B2 RINZHDH
Fig.2 Force acting on cutter
2.1 BN
JE A S T A R ) S A IR T e ELAE T Y
Tk

F=F +F +F, (6)
F =NF, (7)

_ORL ’ SU?UI)COS¢>
F?‘K1+wd(¢~@m > ®

K P oNER T F o Z e T Fy oG
B THFEHE ST 5 F R T ELI ARG ), th BHER T
O3 ELHE B nmiAR 2 F N BT T ) 3R EL I H
(VIEI ) s K R K=2. 1254 HIIRIET)
RGO AR S A A WM R IR T
5L RHIETIJIRTERE ;S RIIMIEE o, N A ADUE
SRIE o, R AR

X TR — b J2 vh A 2 ) RIS JE R HL, F, F 22
FEEALR A E 2 ¢ B, 2 (6) 1By

F=F, +C,=NF, +C, (9)

2.2 TIEHESH

J) SR ARG K ARV T1OKE- DT
S|

T=T,+T, +T, (10)
N
T, :F‘E‘l - r; =NrF, (11)

3
o
_gORL 200 b

R ®

5 (12)

AT ORI E RS T E R E LR T, NS
FIBE A AGHIRE ; T 9 T3 SEH AR, BRI T EKEY)
H a6t 0 B A i e A B A 5 F R AR T
IKSEGIEI 1 5r, R 0 A TTERRRE AR r A J)
BRI r =0.59D/2 D RIIEEAN

[ H, %ot ) 3t 2 R MR S MO WL, T, 55 T, =2 3
AP, I C B K (10) AR 7T K

T=T, +C, =0.295NDF, +C, (13)

2.3 EHEESH

JE R ML 0 B 55 ) el TR T BN
VIEEY i ed AP S-S Wikt

V=n_-p (14)
C.=F/F, = p/(d-p) (15)

Kb, VR R n N I8 p IR JTETA
FE,CRUIHI ZEL, d MR T AR, T SCBRjitE T
p<d WX (15) Wi . C, = /p/d.

HH ot Yk R SR T UTEI 2 R 00

V=nd- (F/F)’ (16)

M (8) Fn= (12) AT LLE Y, JT RS, TR
TR L IR R U A A o sh ARk ss
SRR TIUINN iy 2l 3T s A 4 i 2 50
FRR TIVIA 73 1 Z R C & 20(9) L (13) Fi(16) ,
ECTINNIE Biine 2 €= DAR=Y i v [ DB S

3 ET/N KA ST R E# R A
TEATAR T ik
15 R TERI RN 1 A SR /NI L 1

M T R BURASFUIE br , 48 T AR
A A D R R AR TR LI 3

JEFIBLRSETL R AR S B
(. HAE. )

| sowmrsans |

Lt visasy | [ wemerisazry | [isoenrieazy
|

f————- ¥--—----
|
Frew || BEaREdEE| |
R : Ve TP F? |L _ _[ IR
| | RHE I
R ! |
RERYH | ,
___________
B A BB R A R JE A 7] Rt
BV T F REHR B HORAS A

EotSEHEny —— KERIHEEIRG — EEFSdam

B3 BaNEEEERKSRSRREER

Fig.3  Flow chart of overall wear state recognition of cutters
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Fig.7 Tunneling parameter signals under different wear states
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