B T = 2% RBD-DEM 48475 ik 69 BN TR T wf 5% a7

B R E £ R

MODERN TUNNELLING TECHNOLOGY

XE S :1009-6582(2021)06-0077-08

DOI: 10.13807/j.cnki.mtt.2021.06.009

T4 RBD-DEM RE& T 5L A MR T o
Al

ALY EE S W ER !

2
(1 73 R ok % R R

B oxlwat’

M T AZ M FANE B LI F R 610031;2 HTALEW T4 B AR AF,

7% 31449953 H 4k T W B £ F A R A, FFE 250014)

WOE TR MR T T 58 KR T H IR | R A5 TR R
S EDEM B o/t , 3T RBD (WA 3h 1127 ) -DEM U35 &

, T8 AR TV AR R N . Rt , S
TR IR T G52 A EAR i%?ﬁﬁfﬁﬁ*ﬁ

L IR Bz Bl HEST AR 43 90 R 150,300 .45° 600 . 75°F1 9003 6 Fp T, , BIF 5578 T 70 R AS 1y 1 J2 vp B A

A LT 32 il O RENE  DIFSE A SR, B A BE 2 R WA U] 1) 1% o) - T 140925 o) i 48, 24

B IR B 45°

IR, 7 770 o) A6 ) - T et B BT A2 O (L Ay A8 P40 5 B B R 5 BEAA EE I 9028 AL 21 45 Y TF DL T, 125 ol - T 11

LT3 i) S TAT )32 1) i DA (L B2 1 8 701 ik 2 SR 9 18,74 4% 1 3.53 48

5 A KT R A

T 1) S T R 1) i 28 ) R AL AT A TR T

xR LRV RBD-DEM EUEFH ®T] SEARE _E A2

FE 425045543 THERERIRAD A

1 5 &

AR E M TR i R rp, JE Ak DL
TR AU R FE R OSSN A A 3
T ZWRH . E A T, R85 R
Fa RN e /K VA S R T A, v A P S 7R AR
MR Tk rh VR 5 K R R, DRV 2
FXTILHEAT T A OCHEST , 41 Gong "R F UDEC #X
PR T BRIE] RS Ty [ W TR B2 . 5]

FEEEPR FH B BT B T TBM R T X 3 3 45 g
A SRR S . Cho S5 HJ AUTODYN 3D 4k 4
B T VR TI0 A B, R BN T 44 S 4% i) [ 1k i 2
A B EAUZE ST B e R0 FL S O 5 5K LA
A 2D B ECR TR TR TI W 5 R RN T ]
BRI SE 2R, S L O i %o VR T B 5 B3 HT
IR TIWEA R R T TR M s . B

&M FRIEE HH#E:2021-01-18

R A A A BR Oy BAUAR 2 T T H AT
PRI AR O R . BRI AEYIE & UDEC
AR T AR RDE AR TP o 15 5455
T BE R K B, VR 1R 1) %2 1 KTV ) 3% 77 o
7 MEAEVO5E 351 X5F MatDEM 25 8OC#E 1) IR FF &
KB, R TIAE RV AS Y 2 ) 25 B T #5109 3%
TR, EASFE B %N Hh gk 18454k 4 &
%@IE*’WLE’J&W? FRBIR 5 IR 1 IR TR
Wi S 48 1) R JEORY . 2% o 4 A kA VR ) B
ATRE B0 TR I e R PR A o3
BB, s R AR ST K B, ) T i R
TIPS EEE N, Fang %2 B BOTHRM:, %
F&T IS M2 Z A EAE R, a8 TR JIIH)
AR A b )2 AR PSR
TESE Bt T 7R T A i F i i ) 8
BNIEVR T 555 A A R Y SR Ik shiR

EEWA : [FH5K AR 4 (52078428) ; IUJIAA 78 HH #4FH:43 (2020]DJQ0032).
EB BN ARAR(1996-) , 55 W WFTTAE |, B MR R T4 i H AR DCWFFE TAF , E-mail : gongyunxu@qq.com.
BWREE . 5 (1981-), 5, i1, 22, NG RRIE J5 10 A AH DG T X2 TAE , E-mail:fy980220@swtju.cn.

E58EE6H (B 401H), 2021 F 12 AR (77
Vol.58, No.6 (Total No.401), Dec.2021




AN K 8 B R

MODERN TUNNELLING TECHNOLOGY

A T =% RBD-DEM 48475 269 RN TR T of 5% a5 47

3, NTEAE G TR T A sl v R AR SR e TR TR
Sy ok 3 e 1R [ S ) 2 R A SR A TR T Y
Pz 71, B 838 gl 5 5 SEBRite TR JI iz sh
JEBATER R 2250 ok, BRI &
B PE SO T B AN BT A far 2 A5 T, %o
RITASE IR b,

BEXT bR [A) 8, A8 SCR H = 4 RBD-DEM Al &5
ik 2 SRR ) 5 2 WA AR MR AR T fhsz
TSR 2 SIS i MR T AR A
i JZ2 A BT 1 AR B e SR T B 22 IR
A3 HTHsZ 2 1 b 3
2 REMZRIINC IR

JE S T Al B A R TR A2
TEAE A BT e 2 () ) B, R 5 43 L T A , P ol
AP R U 22 S S AR I A S
T I SRR AR AR A, DTG (o8 75 S AR A LT H 2o
HTR JIARZE S RS2 T R BG4 T Bl AR B A
TESS LS R 2870 far 80K T BE 80T Bl bR
MRS A2 PR A AR AN R | TR TR
FAOPIRE D KT AR, I, BE 5
NS EXHR JITE E R 15F 22 380 RIS i 28 140 52 T 0
(e N DA

3 =4 RBD-DEMFHA ik

WA S 1% (RBD) |2 JH TR MIATES N 7R
T iz s R3S ¥ B BoTHH RS BIIR 7152 1
FTHR L BRI S 258, Al AR B0 T S HiT % 3
RN SINGERE , AT SR T W shiR shid 72
BRI R

(1) B VR TR S e RO A e 2l 97

R ITERBE ] 38—z gl , I a2

cosf+(1-cosf) x>
M (axis,f)=| (1 - cosf)-yx +(sinf)-z
1-cos@)-zx —(sinf) -y
VR P R I 24k, Y RTIEER e REL A -
Hrr o] LIARAE A (6)11H5
0=|w|-di (6)

(4) SEHTIERE skt

T Sl 5 R AR B A G, BEE TR TS
B, WG RIER AR IR 2 R A AR BT e shskd A«

I'=010" (7)
VG A BN Y e S e D [ G
AR R FE T WA Bl g 2 R i 20 3R SR

78 £ 585 % 65 (B 401H7), 2021 £ 12 B HAR
Vol.58, No.6 (Total No.401), Dec.2021

(1= cos)-xy —(sinf) *z
cosf + (1 - cosf) +y’
(1= cos@)-zy +(sinf ) -x

FEAH , FEIZ AL BRHRR T Y JUA] v RV kg v o5
P EBCE R I]2R B s YRR R, a)
W R T1 3z Sk Fl SE 8% 2l v (0 AR FR A e %
AT B E IR B R TR 1
(2) W il 2
BRI A R b R gl ] LA 2 -3l 4%
RAHOBCE N R AR 2R 1Y U BOETR 118 3)
HEE I &R V, S B s A2 |
L=L"+V-dt (1)
AP=0_AP+L
X LAEBENE Loy E— LR AP Ny
IR & O_AP IR TIWI ML 5 de it 53706
W,
(3) WL AE R
A R VR TR I R e P ) AR A AT LA
B2 SR TR AR . R 1 is sl B i £
Ty
a=T-I" (2)
AP a S =R ) 5 T8 52 B = 2R
[F=
R F 2 R AT A5 352 3 h i A e R
w=w+a-d (3)
Ko = A E 0 8 E—20 0 =4kl
FEVEm . AR RN R 1] i o PR, T 0 i o
PR ERANE 1] £ axis AR B Bl
BT B R I A TE R AR AR B &R O v
IR M, H 7% v 655 (18 77 o) T3 AN 2% [
RN AR

100
0O=0-M=|010|

001
MR B R A R A bR 2R B A e, 75 31—
(1= cosf)-xz+(sinf)-y

miu M2 M3

(4)

ma Mz M23

ms3 ms mss

(1= cosf)-yz—(sinf)-x (5)

cosf +(1—cosf) -2

C++18 5 JF & 19 RBD 5 2 vl S BRI T i
TR SR B
4 BUEFTY

i EDEM & 37 B iionBiny, anlehl s, #4
TR TR A i i A v 18 32 T8 L e 32 34
IINFREA BCCA R AR BT A e 1 B IR
SR A 2P i 2 AR R SE R/ R 200 mmix
400 mmx220 mm, & | $E @R B0k R/



& T =4 RBD-DEMAB&-7r ik 9 RN A JEXTIR ] o 3% v o b7

B R E £ R

MODERN TUNNELLING TECHNOLOGY

z
il x

‘€DEM

B RITIEA SRR

Fig.1 Penetration angle model of disc cutters
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Table 1 Calculation parameter values in particle model
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Fig.2 Schematic diagram of setting disc cutter motion
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Fig.3 Penetration angle conditions of disc cutter
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Fig.4 Normal and tangential planes of disc cutter (Unit: mm)
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Fig.5 Normal and tangential loads on normal plane of disc

cutter
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Fig.6 Curves of load on normal plane of disc cutter
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Fig.7 Curve of peak force on normal plane as function of
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Fig.10 Curve of impulse under peak force on normal plane
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Fig.11 Curves of load on tangential plane of disc cutter

MR IR Pz it b TN, 7E 0 )
ST A P AR ) ORI A £ R 902 B, ERER T
B AL/ ABATY SR BAT I ol A2 12 0
AT . AL 12 Tha] LU HY W (BT I R LAAHAE £
h A5 SRR BRI, RHAZ SN T 150 J5 WEAE ) i) 22 A R
JEAR /N, 45°1] B AR ] LAk 1) 905 10 F Y 3.53
Vo T RIIRIERBOR , RAZ IR AR

FES8EEH (BFE401H), 2021 12 AR (81
Vol.58, No.6 (Total No.401), Dec.2021




AN K 8 B R

MODERN TUNNELLING TECHNOLOGY

A T =% RBD-DEM 48475 269 RN TR T of 5% a5 47

7000 -

6000 N
r / \ ® W)y
/ \
z 5000 - i \
R / v
m 4000 | 4 Y
7 \
& /
3000 | 7
- N
2000 |- s e a
1000 -
ok
P S ST S S T Rt
0 10 20 30 40 50 6 70 80 90
FEEN(°)

P12 Y1 - e (1 RSS2 AT 0
Fig.12 Curve of peak force on tangential plane as function of

intersection angle

13 St 7 90 1) - TR AR O, AH2E
R 451 LT W 1 (1 b ok 3 T 7501 150
B %) 4.05 F116.62 A5 , UITH) AL ) 47 LT 1) o i 50l
L EP=Y N NI i D O T =) N [ R A TR U = Y i B ta s N A
BoRT-22

il

180
e 160 |
Z 140
=
iz 120
E 100

80

60

.
40
20
.
10 20 30 40 50 60 70 80
FBENC°)

13 D i s /R T e A e tis ol

Fig.13 Curve of impulse under peak force on tangential plane
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Fig.14 Curves of vertical load of disc cutter
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Amnalysis on Influence of Penetration Angle on Disc Cutter Impact Based on
Three—dimensional RBD-DEM Coupling Method

XU Gongyun' XU Wanghao'?  YAO Zhigang' FANG Yong' LIU Sijin’®
(1 Key Laboratory of Transportation Tunnel Engineering of Ministry of Education, Southwest Jiaotong University, Chengdu 610031;
2 Zhejiang Hanghai Intercity Railway Co., Ltd., Jiaxing 314499; 3 China Railway 14th Bureau Group Co., Ltd ., Jinan 250014)

Abstract  In the soft—hard composite stratim, /shield tunnelling may easily induce such problems as eccentric
wear and fracture of disc cutters, solthat<the replacement frequency of cutter tools may increase largely. Therefore,
considering the interaction between jthe disc cutter and strata based on RBD (rigid body dynamics)=DEM coupling
method, the EDEM discrete element software is adopted to realize the passive motion of disc cutters in numerical
simulation. Six working conditions with intersection angles of 15°, 30°, 45°, 60°, 75° and 90° are established to
study the effect of changing penetration angles on impact of disc cutters in the soft—hard composite stratum. The re-
sults indicate that the penetration angle mainly affects the normal load on the tangential and normal planes. When
the penetration angle is up to 45°, the peak load on the tangential and normal planes of the disc cutters might reach
the maximum in the impact phase. When the penetration angle changes from 90° to 45°, the increase amplitude of
peak normal load on normal and tangential planes might reach 18.74 times and 3.53 times, respectively. The abrupt
change of normal load on normal plane is the main cause of {alling'off;-offset and fracture of the disc cutter.

Keywords Earth pressure balance shield; RBD-DEM; Numerical simulation; Disc cutter; Penetration angle; Com-

posite stratum
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