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Heat treatment of tunnel boring machine cutter ring for hard rock

Wei Jiabo' Cheng Xiaonong' Zhang Bocheng' > Zhang Jie' Li Yangcheng' Luo Rui' Yuan Zhizhong'

(1. School of Materials Science and Engineering Jiangsu University Zhenjiang Jiangsu 212013 China;

2. Jingkou Heat Treatment Service Station Zhenjiang Jiangsu 212012 China)

Abstract: The microstructure of H13 steel for cutter ring of tunnel boring machine was optimized by electroslag remelting multi-directional

forging and ultra—refining treatment. The optimized H13 steel was first subjected to conventional heat treatment to analyze the relationship

between the hardness and impact toughness of the steel. According to this the H13 steel cutter ring was subjected to the elastic hardening

heat treatment. The results show that after the elastic hardening heat treatment the blade edge forms a tempered martensite microstructure

and the hardness is increased to 59 HRC; but the blade seat forms a tempered martensite microstructure the hardness is reduced to

44 HRC and the impact absorbed energy is increased to 23.5 J achieving the combination of the high-hardness blade and the high-elasticity

tool holder which makes the cutter ring have the elastic characteristics of contraction and rebound and significantly improve the service life

and rock breaking efficiency of the cutter ring.

Keywords: H13 steel; ring blade; heat treatment; microstructure; mechanical properties

4= Wi i 5 A % TR 4 38 AL ( Tunnel boring machine
TBM) FEFREZ R MG AL 2 H F7E KR Bk 18
BOMIHL T TR P R e o )2 B — 8RB TR AL
0 FH TBM PRl b B R T bl 25 3 A 5
%4x o TBM S5l v 2 (58 RO o TAR TR A2 T AR T
oA E BRI RIER T TBM 2R R J1 i 4h
173V AT BRI A A e e % 7 o T
HYREARSMILANTE 1( a) Frs HAMEA AN FE RS J]
R 1) TAE PR 45 T T0 A 7K 32 ) B0 R 455 s 43
R[] B T8 I A 32 Tl ZU Y it o RAS — B i)
Je JIRE D 7 A BE R 2R IR 33 s LR ) 1 A
Tt B P b T P AR Y o ST ) B v 1

:2019-09-19
VLI R TR P M i S AL MO AR H (BE2017127)
CHRW(1994—) B WIEBIGAE F B SO HR S R
ELAN AL I T 258 E-mail: 15751004363 @ 163. com. #HIHMEH: =
s BI#EE%  E-mail: yzzjs @ ujs. edu. cn

DOI: 10. 13251/j. issn. 0254-6051. 2020. 02. 022

PV T AR UE T B T AR A =57 HRC PO i 22 R
1B RIN ScE TR T W5 T 2 T BB Ay
=10 J " o FIIEMEREE i AU TBM
WA B8 1 ™ ARG I8 25 388 i 48 1 1 60 e B8O
TBM JJ 4% ET il 29 TR 00 48tk F B KR 2 v T
EEZIK 19 .

1 ISR fe 01905 D] s K
Fig.1 Real drawing of the cutter ring and schematic
diagram of the blade and the holder
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Table 1 Chemical composition for H13
steel ( mass fraction %)
C Cr Mn Mo Si \ P S
2
0.45 5.08 0.36 1.45 1.04 0.91 <0.03 <0.03
1.1 60 min
H13 160 mm x 260 mm x 1.4
300 mm + +
+880 C 80 ~ 800
2 o
2 mmo.
H13 50 mm x 60 mm x
25 mm 1060 C +550 °C
R 80 ~ 2500
1.2 1 pm
H13 60 mm x 160 mm x 5%
32 mm 1060 °C +300 ~ 630 C
o SXL-400 0
1060 C 40 min
SX1.4200 300 ~ 630 C 2
2 h 2 2.1
1.3 3
SXL-400 1060 °C HI13
45 min 130 C
1h
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Fig.2 Superrefining process curve( a) and isothermal

spheroidization annealing process curve( b)
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Fig.4 Microstructure of H13 steel after heat treatment
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Fig.5 Mechanical properties of the HI3 steel
+550 C ° HI13 after heat treatment
53 HRC H13 510 C 60.5 HRC; HI13
55 HRC. 3.6 )
H13 o =57 HRC
HI13 4.7] 717
H13 8.7 o
| I
2.2 H13 °
6 H13 300 ~630 C 2.3
o 6



2 117
28 70 32
——
601 —e—namkies /,/X { {02 60} 1% _
_a—§ 2 194 5
55 s ? e / 120 2 50t 22
3 x O 120 g
& BEEETY € 401 R
I 50+ E\i ki = {16 <@
i \5\ 112 & e on =
] % B ¥ 112 ﬁ
45 \5\ /1 18 f_ 20r 18 &
sol =y 14 10} 14
1 1 1 1 O O O
250 350 450 550 650
B XGRE/C ETETDEALE
6 H13 300 ~650 C 7 HI3
Fig.7 Hardness and impact absorbed energy of different
Fig.6 Hardness and impact absorbed energy of positions of the H13 steel cutter ring
the optimized H13 steel tempered at 300-650 °C
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Fig. 9 Optical microstructure( a) and SEM image( b)
of the holder of H13 steel cutter ring
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Fig. 10  Cross section of cutter ring( a) and three different
hardness distribution( b)
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