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Discrete element-based rock breaking analysis of the ultrasonic
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Abstract: Ultrasonic vibration-assisted technology is widely concerned for its advantages of weakening rock strength,

reducing cutting force and accelerating drilling speed. The combination of ultrasonic vibration technology and the disc

cutter can effectively improve the construction efficiency in hard rock in tunneling. The process of rock breaking by the

disc cutter assisted by ultrasonic vibration is simulated with the particle flow discrete element software. The results

show that ultrasonic vibration can produce a periodic stress wave and propagate into rock with strong tensile stress

appearing in the near surface area of rock, which is conducive to the tensile failure of shallow rock. Ultrasonic vibration

can

niti

enhance the crack formation scale inside rock, accelerate the crack formation speed, and advance the crack

ation time, amplifying the rock breaking performance of the disc cutter. With ultrasonic vibration, cracks grow

more stable in rock, which reduces the phenomenon of leap-forward crushing, and can avoid the abnormal wear and

damage of the disc cutter caused by the impact load caused by the violent vibration, which can help extend the life of

the disc cutter.

Key words: discrete element method; numerical simulation; ultrasonic vibration; TBM; disc cutter

0 3%

W Bif 2 1 DEAT A BRI R e — ol G 3 Y BF ST )

FEBR T TR T4, ok i R A R R S YL AW AR A R 4 HE AL (TBM) 2 K % 36 i
it T A8 B — A E PR K, el e AR e R RS SR B Rk B A AR EE T AR TR

Wi B
E&WH:
fE&E e

SRR

2020-10-31; &= H#A:2021-01-31 DOI:10.12143/j.2tgc.2021.03.006

[l 52 1 AR B} 7 R G 0T L AR Sl R HLBR A WF 5 (951 4157020248)

BRAETMG 55, DU, 1994 4F Az, WL 0F 7 A A0 52, b ot T A e ol DA P 4 IR 3l W BT 9 A 8 b R A T B XY R SRR 938
5,992186361@qg.com,

BEEMG RO SR AR A BT R OCAY A SR S 4 B TBMR JJ R 70 A (7). B4R T, 2021,48(3) :46-55.

HAN Junpeng, ZHAO Dajun, ZHANG Shulei, et al. Discrete element-based rock breaking analysis of the ultrasonic vibration-assisted
TBM disc cutter[ J]. Drilling Engineering, 2021,48(3) :46-55.



48 #5531

il H S 25« B T B HIOT R A IR B B TBMUR JT %5 23 47

g ) FL T B R A A LA e T R R L BT R
T AR 3 S A S TR D AE WU S R A
M N EA A, 28 Z 7, JF Bl s I 1 38 hn i
PR AR IR 70 77 A Y S s B R LR A A
J T, Ik BB RR A R A RO A b 2 W B
AR ) 5 B, U IR R HG BT TS A e 7 B R 1
T T 224 b )2 b A T B A I A I B A
SR ) ELAESRBY R A R S0 R T, H R
R B R R KR R b DR A S A R B
Ji 1E 0 R B A4S ) LB A b KRB T
it T AR

N T HER TBM 2 80RO Tl A, £
2 AR 4k T R B 9 5w TR T B TARSCR 5 4l 5
o T4 F AT X ) BB LB AT TS, S d
S J] BT i S R R IR B K R K
TOTE A" Liv %758 o 35 56 03 & B0 AH W] &%
PR T J1 W B A e XSGR I TR B B 8
KB 5 R B o0 BT b s L 1 2 25 1 T S i
WA T, WEEY ERR XL T ol sh &
5 A IR TR S BUATE B vh ol 2 A T LA
PR A AR 2R 7 A K H A K T 1) b Y B i
i R EE A A X S B T RSk R A
PR U N IV B R | N R e
e

7 I IR 3 2 — R R A S 0 G A 2 A 4
75 3, fE 05 7 A 5 R 2 [ A A R R TR B A AR Y A
S LR A I R A VR R A AR e R SR R
MG, KA IFEIR . Zhao 25" ) AT A6 TC 4R
o Iz A X A 7 I A Bl R R A A 5 R AT
TS AR T B o S R I s S R
M MBS R 3B B . Yin S5 3E i 2R 4t
S 56 580 A 8 75 0 91R B A AR IR T A6 B e A R
Fernando 55 3% F 3 F 5 41 AT T Jie 5 8 7 fin 1252
B, & PG 75 IR 2 nT DL A G 00, E )
FEHER T 3% o BUE B kT L i ML
JE R 7 AR B AE 35 A7 18 B b i SO0 405 B % R )
S BB Ak, A T BRI B0 LA T 4
B, BRI AE 5 A 7 T A RS A oS A AR 2 T3z 6 .
B G AS LT B DR H AR B 0L S B0 R TR
A2 L Moon %81 5 T B i IC Hi(H B
DN WA NSRS B N SO A E = e
R RAT T Fe A A Jiang 5B T XUR

JIVVEN A B 2 PR R 23 S 48 B B 10 2 B B
FIER AR BRAZBERE 3A B BE . LIS @ T HUB R J)
PRE R 2 T 20 W RS e S A e
IrHT T AR S BT WA ROR

BUAT B X £ T B8 S 2R X TR D e v e it
By A B, U b o P B AR A 2 A AR AR A
H TR I 77 i (0 PR 45, 68 T v J 0 1 2846 4l B
A BT ST, B TR LB AR AT OV A TR A
AR A A0 N T A0 A AL e A ) T 48 2 A AR B
i B BECA LB A B2 S 7R SOR HURURL IR 2 B
TORL R T AE b A R i R LR TR A
P A A R B TR I MR Sh R 5t
T P AR S B A B e A REYT R AT
8O0, X HE VR T A8 7 IR B A BT R e OR |
O A R TR A e AR AR M ) JE B O R R D D
RIS 50 32 B BB AR A

1 BRRTERESSHERE
1.1 BHUTEA S
111 SR EH

Particle Flow Code & — 3 3k F 55 # # yo 455 Al
(DEM) (1% 400 53 A 1 e AR 4 B 5 4 okt 5)
AW WA E R AT Za . BER
B AN UL S — A~ EL A T R 2R 1 0 WA Al ST s
Bl AT AT A B I i o i sk P 0 i sk
P A A il g SCYORE ) 04 AR B O =, ORI
SR B AT S I ST, SRR O R A R A . BOREL [7)
FIR) 32 Ao 2 DL fi 1 O =X S BRI O T LA
FE2 A 5 Ab AR B, B S XA/ AL —
S ) R/ ) - e S Rl AR OG
LI B B AF A 4 iz 3l A, % 7R 1932 3l il P 48
TE AN 2 2 il 3 5% ) S 30X PR 1) 4 sk 2

iz B A R R O AR B a5 5 dn L L
7N, FE A B R] A5 K ) JE iy B AR 2 12 B e
B E SRR T SRR A [R] | O AR A SORE £
B A M I 4 i, 5SS AR i ) — L 8 S R T 4
fisk b By 3 AT AR RIS AR IR
112 HEfpe i

JIT € SR OB ] A B AR S R B Ry — A 4 ik
BERY , HE fl 19 ) 2 AT Tk E B BT A R
YA T RS Y JOUREL | 355 AR (8] 38 o 42 fi 7 A= SO0 )
AT R AH H A SUER B I E R AR, BF



48 B R T 7%

202143 H

TER 1]
E2S

B1 xHREHRITEDTE

Fig.1 Iterative cycle calculation process
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Fig.2 Theoretical contact surface

1.2 AA BRGNS Bbr E

T A B AT BRI B S /N R K
7 7= N R 450008, 3015 T R W 1 280, O
B 25 SR P A A vk X AR A 4 O 2 B AT R
PR o

BEFH AL 5 i 2 PR K A TR A P E
HORE T, R R4 KA
(0.6~3.0 mm, 60%~70%) . f1 % (0.5~2.5 mm,
20%~30%) B =1 (0.5~2.0 mm,5%~7%) , H

b <<1% , 5 AW S BunE LN, £
BE AW YT T2 S BN R 2R .
WA 377~ , JT A8 28 14 B2l R 45 A6 B o A5 7 3

®1 EREVEBNFESH

Table 1 Physical and mechanical parameters of granite

FEM EEe/  FMEETE EE SRERHLE R E
ZH (geem™) E/GPa 7z o/MPa
EAdlEN 2.79 29.8 0.22 98.75
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Table 2 Mechanical parameters of the mineral

components of granite

EAET PRPERLE A DURISREE KSR NEE
M4y E/GPa tbu  fi/MPa  ¢/MPa fi¢/()
VeE:s 90 0.3 100 55 60
Py 40 0.28 60 30 30
BHE A 81 0.28 90 45 50
Bl A 67 0.27 90 45 50
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Fig.3 Granite sample and model

L REES

=kt

ERRKA
KA

4 TEREEBEST WF
Fig.4 Percentage of the mineral components

of the granite model
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Table 3 Mechanical parameters of the linear model

L7BL W] FREPERTE Y 2 1 i 7
FBH E//GPa I B2 L &) FHJE LE B
BAE 10 0 0.5

R4 ZUTFTHERAANNFSH
Table 4 Micro mechanical parameters of the

linear parallel bond model

zij AT ) s =~k @; zg
AR E ./ GPa 60 20 40 35
;%ﬁ 3 0 0 O L 25 25 25 25
PEIE R 10 06 06 06 06

Wi s AT Bt E |, /GPa 60 20 40 35
SEAT R4 1 B ) B0 25 25 25 25

Kzt PLRIRE 5.,/ MPa 500 300 400 400
4 KBS e p/kN 1000 600 800 800
WEEH S o, /(°) 35 25 30 30

(DFN) Fifl i} 18] 22 £ 73 A3 1§ &0 o AR A4 59 07 3 07 742
LI T,
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Table 5 Micro mechanical parameters of the

smooth joint model

RN UMW BORGREE KR NEES
k,y/GPa ks /GPa  65,/MPa csi)/kN /(%)
0.6Xkyp 0.6Xk;p 12 120 30
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Fig.5 Uniaxial compression test specimen
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Fig.6 Distribution of discrete fracture network (DFN)
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Fig.7 Stress vs strain curve
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Fig.8 Rock breaking model of the rolling disc cutter
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Fig.9 Distribution of the contact force chain in rock
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Fig.10 Strength distribution of the stress chain in rock
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Fig.12 Distribution of discrete fracture network vs time
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