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Abstract: The Beishan high—level radioactive waste disposal pit in China is planned to be excavated by a
small-diameter blind shaft boring machine, and the gage cutter is the key component of the boring machine to
control the accuracy of the hole and the most vulnerable to loss. Its reasonable design and layout are the

premise to realize the efficient excavation of the high—level radioactive waste disposal pit. In this paper, the
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linear cutting test of gage cutter is carried out for Beishan granite by using 11 inch round edge cutter
preselected by small diameter blind shaft boring machine. The rock breaking process and vibration
characteristics of gage cutter under different penetration depth and installation angle are analyzed. The test
results show that under the same penetration depth, the average normal force of the 20° installation angle
cutter is generally larger, the lateral force is smaller, but the average rolling force of the two cutters are
closer. Under the same penetration depth, the average peak value of triaxial vibration acceleration of gage
cutters with different installation angles is the largest in the lateral vibration acceleration, followed by the
normal vibration acceleration and the tangential vibration acceleration. The larger the installation angle, the
greater the difference in the triaxial vibration acceleration of the gage cutters, the greater the lateral vibration
intensity, and the higher the frequency of the lateral high—amplitude vibration. With the increase of
penetration depth, the triaxial vibration acceleration of the gage cutter increases, and the frequency of strong
vibration in the rock breaking of the gage cutter increases. The influence of penetration depth on the lateral
vibration acceleration of the gage cutter is more significant than that in the normal and tangential vibration
accelerations. This study can also provide a reference for the optimal layout of the cutterhead of small-
diameter blind shaft boring machine.
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Fig. 1 The experimental platform for mechanical rock fragmentation
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Table 1 Physical and mechanical property of Beishan granite samples

KR (g em™) AR /GPa

HER/Y

PR 9 )% /M Pa LRI JE /M Pa

2.60 38.90

124.50 6.50
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Fig. 2 Installation of gage cutter with 20° installation angle and vibration sensor
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Table 2 Design parameters for the linear cutting test of gage cutter
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Fig. 3 Rock-breaking schematic diagram of gage cutter
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a—The cutting forces of the cutter with 10° installation angle; b-The cutting forces of the cutter with 20° installation angle.
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Fig. 4 The force curve of gage cutter with different installation angles at penetration depth of 2.0 mm
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a—Rock cutting surface for the cutter with 10° installation angle; b—Rock cutting surface for the cutter with 20° installation angle.
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Fig. 5 The rock cutting surface for the cutter with different installation angles at the penetration depth of 2.0 mm
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a— Typical rock chips for the cutter with 10° installation angle; b— Typical rock chips for the cutter with 20° installation angle.
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Fig. 6 Typical rock chips produced by the cutter with different installation angles at penetration depth of 2.0 mm
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Fig. 7 Relationship between normal force of gage cutter, Z—axis acceleration and rock surface in rock breaking stage with

penetration depth of 2.0 mm
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Table 3 Summary of test results for the linear cutting tests
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chips for the cutter with 20° installation angle.
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Fig. 9 The long axis distribution of typical large rock chips
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Table 4 The average peak values of triaxial vibration acceleration at different penetration depth/ (m-s)
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Fig. 10 Statistics for the peak value of triaxial vibration acceleration of the gage cutters
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Table 5 The average vibration signal energy of each notch at different penetration depth/ (m”s™)

A P/ AR 10° LA 20°

ad mm

SO VSE_X VSE_Y VSE_Z VSE_X VSE_Y VSE_Z
1.0 2.86 x 10° 1.56 x 10° 1.90 x 10° 5.58 x 10° 1.32 x 10° 3.14 x 10°
2.0 8.03 x 10° 5.86 x 10° 6.44 x 10° 9.83 x 10° 2.54 x 10° 8.29 x 10°
2.5 1.03 x 107 6.75 x 10° 8.05 x 10° 1.26 x 107 2.92 x 10° 8.02 x 10°
3.0 9.11 x 10° 6.87 x 10° 7.29 x 10° 1.51 x 107 3.05 x 10° 1.59 x 107
4.0 1.74 x 107 1.29 x 107 1.35 x 107 2.00 x 107 3.77 x 10° 2.09 x 107

TIAE 2.0 mm RHRJT i A =BRSS5 5 B8 1 00 58 0 /D 5 4R 3loin 2 52 i 4 A
i 12 s e i 12 a0, AR 2 Ae s B — 2ok BIVR 3o B e {5 5K AL
R JIB = PR Sh7Emr ) B HA —BobE  Hs IRAE 5 RIFRE Y .

Tl v i S i R 22 S B WL RO ) R Sl 9 R B U E 2.0 mm VR JT8 e = i sl 5 sl th
Kywkmkz Wi/ OBk LB 13 Fos. s B I3, AR 22w
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Fig. 11 Energy of triaxial vibration signal of the gage cutters at the penetration depth of 2.0 mm
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a—Time domain analysis of triaxial acceleration for the cutter with 10° installation inclination angle; b-Domain analysis of triaxial

acceleration time for the cutter with 20° installation inclination angle.
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Fig. 12 Time domain analysis diagram of triaxial acceleration at penetration depth of 2.0 mm
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a— Frequency domain analysis of triaxial acceleration for the cutter with 10° installation inclination angle; b— Frequency domain analysis

of triaxial acceleration for the cutter with 20° installation inclination angle.
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Fig. 13 Frequency domain analysis diagram of triaxial acceleration for the gage cutters
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Fig. 14 Triaxial vibration acceleration peak of different penetration

AR TR 20° 2 26400 1 7R T 1% A B X
SR S R B AR O L S W 15 BT s .
B 15 AT, BE A B A /N A Xl AR st i e

BN HHAS A8 B A /DN, S A A T 48 55 0 ik 3
MRE . W AR 1.0 mm 5, £ +25 m-s > X [a]
B % 3 R R R I 70 % 5 Bl BN A



5 A% b BT # 2

340 https://gwyd.cbpt.cnki.net/portal % 42 %

i, Xt R Sl e B 2 K, B AN B AR B n 78 %o HA LA AT AT AL, A RE A 8 i nT 4 K
R 7 LR R AR A, BT A 2.0 mm B R IIREA s iR 2 (K, — R 1IR3l 5
P 20 R AE £ 25 mes 2 X ] B9 o L R 2 ERIE B E ARG, LA R R i 4
35 %LAF , M +25~+100 m-s 2 X 1] f4 9% 30 hin 33 QY REE WA IR WA RS R TR Bh
JE G IR B 55 %, BB 4.0 mm B HRNINEE SR . 5 — Oy, BT BERSm, 8 R )
JEFE £25 mes XA 4 HEBEIR A 19 % LR, JIEK B TI ) TN AU AR e =, A e AR R
+25~+100 m+s~ X [H] /) I 20 fin 2 o Lk &) TR TR 1) B B vy, IR B L T R 2

1200 100 1200 100
a f:- b
: -4 80 - 80
%00 | 900 |
H60 =2 H60 =
. & =
F 600 - HI % 600 | HI
= = 7 =
{40 5% é 40 B
7
300 b A 300 | ??
420 gg 420
7 gé
g
L ,I% N 1L W o,
500 400 300 200 -100 O 100 200 300 400 500 -500 -400 -300 -200 -100 O 100 200 300 400 500
I EER E / (mes™) i E X, (mes) .
1200 100 1200 100
c d
480 - 80
900 900 -
7 {60 2 4 60 f_
=
= | | S 4 =
= 00 I & I? x
| J40 w& A g q40 B&
) iigaz
I
W
300 | d 300 | ﬁ ?
420 7 Vl <20
.
0 . . . 0 0 ‘ ‘ vy ‘ ‘ 0
-500 -400 -300 -200 -100 © 100 200 300 400 500 500 -400 -300 -200 -100 O 100 200 300 400 500
IEE X/ (mes?) . IR X R/ (mest)
1200 100
c
80
900 -
—
7 H460 =2
ey
? 600 - o
- 440 E&
300 |-
A 420
0 1 1 J %ﬂ-— | - 1 1

0
-500 -400 -300 200 -100 0 100 200 300 400 500
ILEEIXFE/S (mes2)
a— B AE 1.0mm; b—FEAJE 2.0 mm; c—HAE25mm; d—F AE 3.0 mm; e—H A 4.0 mm.
a—Penetration depth of 1.0 mm; b-Penetration depth of 2.0 mm; c—Penetration depth of 2.5 mm; d-Penetration depth of 3.0 mm; e-

Penetration depth of 4.0 mm.
B 15 AN [El BEABETT X R sl i 52 9 4% E 5 K

Fig. 15 Frequency histogram of X—-axis vibration acceleration under different penetration depths



28 SR, . BETAMERCH ISR /N R

HLA SR IINCA IRV T 341

4 &
3 2o A [ 22 B A A (10° 1 20°) Y I 5008

TIWCETR T1 01 W RO A A i R 3 4
S BT, AT AR AT 2538 -

D ZEARR BT AT, 20° 22 25 45 £ 7% J1 1 F-
IR I8 N2y N U 6 A A N (I 3
JIPVE D13 43l . WA BTN BB I, PR
T B33 1) 3 KA 1) g ¥ 38 R ARSE 3] )
JIHER R

2) AN [7) %2 2 A VR D B A L g A L
Bl TN BE R AN e B R e A A B
BET,20° 2 R i M VR T) i A LLRE A/ T 10742
B A, HWVR T AE BB 2.0 mm B B
BOR B o KRS B S B M LR S R G o B
G5 SRR T A A — 3

)M R BT A BE R, AN [R] 22 2 0 £ VR D
I =R Bl B R S K U X LA ) in
R e R IR IR 2, Y ) B /0N 5 AR R
KR T =l Bl R Y 25 R K, ) ) R
Lo N ER NN R R Eo SR R S =

4) Bt 5T N BE B 3G 30 G 0 1 = ik 3h
T FEE X 88, FLYR T W rh o i Bh 1) ARk s
Ko BERTLAET 207 L2 MAIE T X il .2
Bl Sl o RLRRS K T 107 e i Al HLAE
BENTENBE B T A R Bl i 3 28 BE A OK A&
POTABET 20° 42 3 MR TT R Y Bl 3l
AR T 10° R Wi MR ), HAE R BT A JE
B, 4 0 ik 25 R A K

B RisFRE R BB LIFARLIES
Fots kR EEREL,

S & 3Tk

I WE i = oA =101 9 7 B DR O 04X
(M. b5t st B Y R, 2009.
PAN Ziqiang, QIAN Qihu. Astrategic study on
geological disposal of high—level radioactive waste in
China[M]. Beijing: Atomic Energy Press, 2009 (in
Chinese).

2 EI L OR Wy b TAL 20 e R[]

FhEREH AR ,2019,53(10) :2072-2082.

WANG Ju. Advances in the 21st century geological

disposal of high level radioactive waste in China[J].
Atomic Energy Science and Technology,2019,53(10):
2072-2082(in Chinese).

FI R HRAE A LT S TR W b B A T
SEHG A G e[ ) ] I A ML R, 2022,39(1)
1-13.

WANG Ju,SU Rui, CHEN Liang, et al. Site selection
of underground research laboratory for geological
disposal of high level radioactine waste in China[J].
World Nuclear Geoscience, 2022,39(1) : 1-13 (in
Chinese).

Whae , 5 0, A W, A5 v il 02 ) Hb e b b T 2
U5 2 42 SORT 405800 ¢ S8 R [ 1]t 5 b o )
2,2023,40(1):1-16.

CHEN Liang, WANG Ju, YANG Feng, et al
Excavation and fine detection technology of the
underground research laboratory for geological disposal
of high-level radioactive waste [J]. World Nuclear
Geoscience,2023,40(1) :1-16(in Chinese).

Jorma Autio, Timo Kirkkomaki. Boring of full scale
deposition holes using a novel dry blind boring method
[R]. Forsmark: Swedish Nuclear Fuel and Waste
Management Co., 1996.

Andersson C, Johansson A. Boring of full scale
deposition holes at the Asps Hard Rock Laboratory.
Operational experiences including boring performance
and a work time analysis [R]. Forsmark: Swedish
Nuclear Fuel and Waste Management Co.,2002.
Wik, TR, TN . A AR B R P i Tk S AR
A PR E R IM ] e 50 B2 R
#t,2009:85-97.

YANG Zhifa, WANG Sijing, GAO Bingli. Coordinate
projection graphic method and its application in
stability analysis of rock blocks[ M ]. Beijing: Science
Press,2009:85-97(in Chinese).

INERE, R R RS O TR A A TR B )
SRR M ] AE st B R, 1980:103-112.
SUN Yuke, GU Xuntong. Application of stereographic
projection in geomechanics of rock mass engineering
[M]. Beijing: Science Press, 1980: 103-112 (in
Chinese).

E A, BRI B, AF LS H T AR LR R
/N BLAR I ALV ) 70 B R () ). AH
FRBLF,2023,40(4):992-1001.

MA Yanan, GONG Qiuming, YIN Lijun, et al.
Preliminary study on the shape of disc cutters for small—

diameter blind shaft boring machine used in Beishan



342

5 A% b BT # 2

https://gwyd.cbpt.cnki.net/portal

4542

11

12

13

17

18

granite[ J]. World Nuclear Geoscience,2023,40(4) :
992-1001(in Chinese).

BORESI A P, SCHMIDT R J, SIDEBOTTOM O M.
Advanced mechanics of materials [M]. New York:
Wiley, 1993.

MISHNAEVSKY Jr L L. Investigation of the cutting of
brittle materials[ J ]. International Journal of Machine
Tools and Manufacture, 1994 ,34(4) :499-505.
SHAH K R, WONG T F. Fracturing at contact surfaces
subjected to mnormal and tangential loads [J].
International Journal of Rock Mechanics and Mining
Sciences, 1997,34(5) :727-739.

GENG Q,WEI Z, MENG H. An experimental research
on the rock cutting process of the gage cutters for rock
tunnel boring machine (TBM) [J]. Tunnelling and
Underground Space Technology,2016(52) :182-191.
TUMAC D, FERIDUNOGLU C, ERGIN H. Estimation
of rock cuttability from shore hardness [J]. Rock
Mechanics and Rock Engineering, 2007, 5 (40) :
477-490.

Zhao X B, Yao X H, Gong Q M, et al. Comparison study
on rock crack pattern under a single normal and
inclined disc cutter by linear cutting experiments[ J].
Tunnelling and Underground Space Technology , 2015,
50:479-489.

AR TBM 1 2k R I A 3R BoE N B RHAE
WIRWFZE D], dbat At s Tolk k%%, 2019.

LI Xia. Experimental study on rock breaking efficiency
and rock damage fracture by TBM gage disc cutters[ D].
Beijing: Beijing University of Technology, 2019 (in
Chinese).

SRATRE . FE TR 75 1 B TBM VR IR LB A
AR P Z AT (D] A6 Rt b Tl K2,
2022.

ZHANG Hengyi. Numerical study on rock
fragmentation mechanism and the influence factors of
breaking efficiency by TBM cutters [D]. Beijing:
Beijing University of Technology,2022(in Chinese).
BEE AR, R0, 252, 55 IR I A 51 BUA A R 3)
FRrE IR I 5 ()], BRIE d i (e 30) , 2018 (3% 1)

19

20

21

22

23

2):337-344.

XUE Yadong, QIAN Xu, LI Xing, et al. Experimental
study on rock vibration characteristics induced by rock
breaking of rock cutter[ J ]. Tunnel Construction,2018
(Sup.2):337-344(in Chinese).

ARHEV W 23 1 4l Bh TBM V& J1 Tk A BT K 25 2R A
FELD L ALAT LR Tk K, 2022.

LI Yingtao. Study on the rock breaking mechanism and
efficiency by TBM cutter assisted with a free surface
[D]. Beijing: Beijing University of Technology , 2022
(in Chinese).

SRRKH sk, 25, AE L LRI A 7 A B
I BARER A ,2016,53(2) :17-25.

GONG Qiuming, ZHANG Hao, LI Zhen, et al.
Development of a testing platform for mechanical rock
breaking[ J |. Modern Tunnelling Technology,2016,53
(2):17-25(in Chinese).

LAl A . R e R /N BAR R F R SRR T 2 Y
HATEAFEID ] AL AT ARt Tl s, 2023.

MA Yanan. Study on the cutter selection and layout
for small diameter blind shaft boring machine in
extremely hard rocks[ D].Beijing: Beijing University
of Technology,2023(in Chinese).

ES R B R, SRR A v OK P Ab ST
BRI UL B T B A P RE X AT (]
H S TR, 2024,41(4) :792-804.

WANG Pengchao, YIN Lijun, GONG Qiuming, et al.
Comparative analysis of rock breaking performance
based on preselected cutters of small-diameter blind
shaft boring machine in high-level radioactive waste
disposal pit[ J].World Nuclear Geoscience, 2024 ,41
(4):792-804(in Chinese).

SR, JE N BRI A T2 D) R R
B 0 BT B VR 0 B ORI ST ()] RO ik,
2017,37(3) :363-368.

GONG Qiuming, ZHOU Xiaoxiong, YIN Lijun, et al.
Study of rock breaking efficiency of TBM disc cutter
based on chips analysis of linear cutting test [J].
Tunnel Construction, 2017, 37 (3) : 363-368 (in
Chinese).





