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Abstract: The disc cutter is the key component of the shield machine, and it is also the most easily worn and failed compo-
nent in the tunneling construction process. The wear of the disc cutter ring is mainly composed of three types of abrasive
wear, adhesive wear and fatigue wear, among which abrasive wear and adhesive wear are the main wear mechanisms. In
the process of rock breaking, strong extrusion and high impact make the cutter ring often wear, eccentric wear, blade,
fracture, blade collapse, shedding and other failures. The cost of cutter ring loss accounts for 5%-10% of the total project,
and the maintenance and replacement of cutters caused by the cutter ring failure greatly reduce the engineering construc-
tion efficiency. At present, the commonly available materials for cutter rings are DC53 and H13 steels, and their wear re-
sistance and impact toughness depend on the type, morphology, size, quantity, distribution and matrix structure charac-
teristics of carbides in those steels. In order to inprove the performance of the disc cutter ring, domestic and foreign schol-
ars have carried out a series of studies on the optimization of alloy design for the cutter ring, the one-time forming prepara-
tion of the cutter ring, the induction heat treatment preparation of the gradient performance cutter ring, and the develop-
ment of the bimetallic composite cutter ring, which provides a strong support for the performance enhancement of the cutter
ring.
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Fig. 1 The construction process of TBM tunneling and the schematic diagram of single—edge disc cutter



R e 5 JE A TBM R T 1 R F ) 2k Je © 3

PERE Va0 LR 5 5 2 RO s 0 e T OB T
Jiti THERT BRAL AL SR B LR, Wik, HER
S NTRR T1 J] Bl ) S5 4 i D B B b1 K 2R 3L
A5, Sk 70 P M RB S T BRI ) S

2.1 BRI E54

FIB R IINE R TBM I B 342 fil 2 e (R 21 0, 2
TBM 47 #if 7F T 9 G 5, o 3 25 4 4n 18] 2
FRE

HRAJE T 18 1 71 W) JUART A 38 T 1 AT 43k
T J VBRIV 14 T P, AN 3 i . AE i T AR, 2
AR A A 5] 114 b [0 2% A2 18 S [R) J LA R R 1y ) R
ST T P AR 48 71 S A [) S0 ko o T F8) L 5 70 ] el
FE AL I IE WA 3 (amc) 7N ; #8157 P AR 91 e i 1)
B &t AR TR] Sy R -V ) B BR A DR B TR
& 3(d-f) fros .

B 7 B4 £ E T 5, 0 P 1R 9 ERi i 5 2258 3|
57~60 HRC, [F] i 71 FRGE L %8 , A e PR UEXT A A
AR BN SRERE . SR, 76 32 B 1l 5 43 55 1 1) e
A R, SR B 0 0 B 25 5 R A s . BT IR
1 Bl VT 24 1) £ B 2 18 TR T 0 LA 1 R A )
55~56 HRC s}, JJ B ) 3 e, () B 328 2 hn 5 70 141 A

12

10 1 7%
11 2, 9z

\

 min SN NN i
LA NNy 1N vyl | 7]

1S
i B o

e

NN
‘.

N

N
\\\\\I

%

~

T 7, Tk
8. #H

i

12, J1@

33, OEIFHE
4, ERBPEH
{56, EHETFHE

10, EMA
11, 1k31H

PETHREARGT R RE X PP AR T I BT A S
A WA RO AR 2 . FE B ECH R E A )2
T AR R ) P B A I A BE T Y Rl I S
A B BN A £ 76 N
2.2 FIBRIIWEE R

JE P s, Ho) 8 B EIB R T B R T
L BIRIRTITESE A Sk A 5 0 R I 28 ) 3
R AT AN o TEJE R BLES B SOR T R A
R R e R i B 8% . 2478 T J) Bl Xt
A R IR B BE, T T T EAE R A A2
R, 5 BE b 25 7 A i S IR 4 Bl i ) ML 4k 2 4
b FAAR R TD 0] 9 2L SO W K T A0 BB A A
PR TR M i B . b &= JE LA T AE
o RE R ) A R A S R AN 4 R o ST,
F LR TI TI R R EPE (ES R AR A B
Il B A = A B SR AR TR T TR A . el o
Bk T AR A AR A 1Y e = " TBM A e 7K S ik
AR SEHN A A WU EI AR VR, ke T FE AR A
b2 T B B [
2.3 FIBRITEBHHLE

FE A0 55 05l 9 57 T PR R 4 XA ARG Bk Y

K2 #IBEJ): ()45, (b) Ly s
Fig. 2 Disk hob: (a) structure, (b) physical section view
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Fig. 3 Different cross—sections shapes of cutter ring
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Fig. 7 Abrasive wear resistance of various microstructure in

steels

R1 R DA YIRREE RIS R

Table 1 Hardness and melting point of common carbides in steels

[28-29]

P NbC w,C wC Mo,C TiC ZrC Ve Cr,,C6 Cr,C,  Fe,C

YE/C 3770+125 3130 2867 2 960+50 3410 3805 3023 1577 1780 1227

T EE (HV) 2050 - 1730 1480 2850 2840 2010 1650 1700 =800
P/ (g.em™) 7.9 17.2 15.8 9.1 - - 5.7 - 6.9 7.2
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ter ring materials : (a)(b) H13 steel, (¢) (d) DC53 steel
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Table 2 Composition design of new type cutter ring steel %

Ji C Si Mn Cr Mo v A\

H13 0.32~ 0.80~ 0.20~ 4.75~ 1.10~ 0.80~ B
045 120 050 550 1.75 1.20

DQ50 051 094 027 495 141 0.80 -

DC53 0.95~ 0.80~ 0.20~ 7.80~ 2.00~ 0.25~ _
1.03 1.20 050 830 2.80 0.40

HI13E 049 095 040 540 135 1.05 -
H418E 0.66 030 050 520 240 1.10 -

K4 039 035 035 487 177 049
0.48~ 510~ 220~ 045~
spiss G <050 <os0 N 2300 04505
046~ 070~ 030~ 450~ 090~ 0.80~
CREG-1" 155 140 070 530 150 130
€2 083 087 048 495 234 069 -
DBI 087 102 044 767 201 024 -
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TR PR T BIEAER T 45 DC53 )
P i 2 20 KM L SR U Bl 0 3R IER Ny i B E k 5 T)
] 0 SRR I B ] 2 (g A B T2 A A B e R
B0 T, 245 52 BH < I 5B 8% 0 i #4855 ) s
PSS ] kPR AR T 2R REAS 2 0 1A R L0
TS0 e g s B M R ] T P e R i
[l k) T2 07 A

B BE P g U0 B 0 8 EE R T LGk #) 59~
61HRC, [A] it Lo i B AR FF7E 48~52HRC , iX 45 J]
1 WG B DR F 710 3488 1 i 5 2, B (R I 0 358 1) o 65 9
P A RO nh T ), Bk T PR W, TR A
B R REVR T T R B AR B i B
4.3 ETIJIE SR

(1) mmfk ]

G ) B ) B RRE A A R R B AE
By s I HILBY 0 5 0 5 4 A 1A R 2 T JE 5 4 AL
D, T B ER U LR AR S AR T B A 14
BRI FRAE ST 4 %) T S 1 A0 K T P k1 FH

BT AR 504 4 T VL < ] BRI S5 A 4 R AT AR
(7 AT 3% 2 8 2k TR R R B A B 52
JCRE TG 4, BT R AR SR 116 A 45 A, B A
B 4 AT P 4 S0 K ) P ol FH 54

WO T M SR T B e SR e Y O s
FOR R B A2 5 6 MRV RAETR J1 7] 1l L 1l
T B VA B )2 o A TG B 2 b S A5 PRI BB S A
S5 AR T VB %) S AR OO D/ e ) VR BR, AR E T
HLAR

S T T M A D B e R P A T T
20K A Ak AR e B AE T B SR AR L B G 4
KoK 5 0 B AR BG4 45 G, DT ff ff KR 2 0
& B S KRR SR P A A T 1 0 & 4, i 78
ARS8 AT REME T /N

()W 4B A )R

[ o — b 5 ¥R J) ) B (O = TBM
DC53 JJI) 3% o T ORFE— iy s 3 vk (LA 5 )
Rl f75 0 i DRI 224 ) T A A5 AN A7 e E T B P P 4

(b)CoFR IR R [B] K

B0 BB RE TR A 3T 25

Fig. 10 Test and equipment for heat treatment of cutter rings with different hardness gradients
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Process diagram of centrifugal casting preparation of bimetallic composite tube blank : (a) Centrifugal casting composite

process of inner and outer liquid steel, (b) liquid steel casting, (¢) liquid steel filling, (d) liquid steel filling end

15 55 A 4 DCS3 JJ BIXE DL 78 0 & 4% H i | g i
JE L W4 TR A MR AT AR N AN 2 IR A 1 R
TR UEAT A R A LB A RVC L, A 28 A vERe it
MR 77 vt R AL 2w, T N T
T P TR o A e R R AR SR WO T
o PERE XA &8 A MR 25 SR 5 1 LS T &R
FIBIFGE AR o HE 78 1 7 B B A 72 BUIR B IR 2% 1
RBZRk MR T — R m R RE NS R E A B =
R AR 5 0 Y — IR & B kT e
SR S OB 1 il 25 M 9B X4 25 DA I,
F LR BRI  F5E R 1 T B i i s #4953 )
B BB AR VR Y R N 4 SR A T
WE 12 FrR . MR 6 s i 14 58 ) Bl il v 120,
R — IR A T 2B T m A R = ek
T = 3 N O o L =T G D S el R |
Pl f14 197 P BE A7 28k A4 it T 28 4 R T RER
B I TR AR, 78 R K JT B & v b 4 70 T T
LI

5 #5iF

(IR 71 1 VAT o T R AL B 2 e T g A% 0 3
1 PRS2 g 5 e A0 ™ A e il R Y
J o b A T A 5 o JES A AR 28R i o K
TR I B R K J& , — 5 1T, N5 7R I U1 Vel
B R RE S 15 T 42 32 B3 FC TS, B 8 2
T il AL B HR ) T R 235 PR RE , SE K T 8 i H A7
i 3 73 —J7 T, RSN R IR ] ] Bl AR A A 4R
MRIETE | L2 It e B 2595 70, Wk > T Bl 2k 3%
5 X PR T A5 L A P B R AB 2K o

K12 il e 545 8 SO BE B9 U il 4 525 70 Felid
AERE: (a) BOREEGZEOH, (b) S O0EHRY)
B, (o) MRy g, (d) 2471 E

Fig. 12 The schematic diagram of the process of cutting the

prepared composite tube blank and milling forming to prepare

the composite tool ring : (a) centrifugal casting composite hol-

low billet, (b) hollow tube billet cutting, (c¢) high temperature

rolling forming, (d) composite cutter ring forming
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