PRk
Rock and Soil Mechanics
ISSN 1000-7598,CN 42-1199/03

(BN MBEHERIRI

H TEN A X B4 A 1 BB 5 LA HEAT R 52 I A

= M, e, AN, fRtEim, mE

DOI: 10.16285/j.rsm.2022.0067

WCH 3 2022-01-14

Mgk Hi:  2022-10-11

51 F#E MR, AR, AN, fRARE, BEF. ENAE RS YRR S L HE

iR 7 [JIOL]. &+ 712%. https://doi.org/10.16285/j.rsm.2022.0067

@NKit s

www.cnki.net

MEER: (EgEI TR, FrENFH B R ER TSR ER. Hoefa. B0 e S
B ERERBNACSHE, HIBSRTITF. EmAad AR, HERse e A e i i
TR CRIEM L LI HERUE R, AT AR . WIS . B e R R
FRAFE 45 W1 DUIL8) O e (0 ED R Sl Hh AR A B T S 1 o S e R X 468 1 R R N 2 L 2B & (il
SR FLAG) A T H B EE ) e FARI AR BA QIR RHEERGEE, FF 6
BRSO R, AAETE S AR AT g S HARZ AT s R ) 28 BB A & [ 5 R T
HAR R AR R, ERE MG —HEIE S 7 f9 87 AU BE 1R E T AL Mo B AR S
DR T E R 2% R i, SRR — kAT, MBSO SO H & . WU AR AR N 2%,
AL BT R R AT A B S B L

HERBA: 400 T g 5 (P ESART OefBo) BraELGRARZY, £ (hHE
FARIAT (WD) R & LA S 40T T P9 25— B 4 i, DLE RS B A O 20, 7 B
W /TR SO s i HERCE R B e Ae . R R E AR (2RO ) 2 [ 58T H
PG FEL R TR 1) R 2% S S R H YD (ISSN 2096-4188, CN 11-6037/Z), Ft LAZS LI 3T (1 44 i J4 4 1
KRS IE AR



2022-10-11 14:28:47
https://kns.cnki.net/kems/detail/42.1199.03.20221010.1652.006.html

243 5 12 = + 71 =2 Vol.43 No.12
2022 F 12 A Rock and Soil Mechanics Dec. 2022

DOI: 10.16285/j.rsm.2022.0067

BAfREXEEHREEES /LIRS

WAL, FREFLL B L2 iRl B A

(1 EREERERICE LI At S TR E R E A E, Wik s 430071; 2. PEAEPERRY:, JEE 100049;
3. ERNERE AR RE RS RGP E SRS, et 1001900

OB EA TN R AR B AT U RGO R O R R — . B TELE- AR Tk (CDEMD, ##EIAIF A
JE i BONBICA BB R, i I W 2R AR B2 ST AR B P — B — T R B R AR, TR AU A 2800 B2 50° & 90° X ]
PYE 9 ZH bt BEONBBCE AL, AF T BTN A R 0 e M B SRR, R TN SR B LA B, R S A G R
G LT HE U . 250, BN 90° FRMIRE 50° i, Ak lh sk hi—hr B AR ) BT U) - B A R A, T
BTN SRR R SR, AR R AR N 1 2 PR SNSRI 75° 5 90° (H5R | ZRakih 5 /T 55° (58 11 3%
B TERCA HRRABIER, BEINMIE 55° %5 75° (MER 11 SRV vT 7E A A P3P~ A VB B S K /KPR BB AR, 7EAT 6 RSt
W A R ORI AR 2 ANEE 1 A S J5 BTN A T B R R AR R R R i, TR — R ARl e, 24
SR A B e IR RS2 R R A, BB T — A 06 RGBT ik W A0 BR N 58 38 WU BERE LA 16 R g8 sEit ik, 4T
T L A E XU R ALA 15 R G B 10 I AR B 22 BRI T BB SR

RO OE: BN phEBCE NI A RS HNME: CDEM

PESRE: TUM, TU452 CERIRIRRS: A X E4S: 1000—7598 (2022) 12—0000—13

Research on the influence of penetration angle on rock breaking performance
and geometrical arrangement of picks

XIAO lJian-cheng™?2, LU lJing-jing®2, ZHOU Hui'?, XU Fu-tong®?, FENG Chun®
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: The penetration angle of pick is one of the key factors in the design of tooth arrangement system of double-wheel trench
cutter. Based on the continuum-discontinuum element method (CDEM), established a numerical model for picks to penetrate the rock
at different angles, and the elastic-damage-fracture fracture process of rock mass is realized by the fracture energy constitutive model.
Nine groups of impact penetration rock breaking simulations are carried out within the pick’s effective angle range of 50° to 90°.
The influence of penetration angle on the rock breaking performance of pick is studied, and the influence of penetration angle on the
geometric arrangement of pick is discussed. And the geometric arrangement principle of the pick of the tooth arrangement system is
summarized. The results show that when the penetration angle decreases from 90° to 50°, the rock mass changes from tension and
tension-shear fracture to shear and tension-shear fracture, the average penetration force and crushing degree of pick increase, and the
leaping invasion characteristic of pick decreases significantly. Type | picks with penetration angles of 75°—90° and type Il picks with
penetration angles of less than 55° play an auxiliary role in rock breaking, while type Il picks with penetration angles of 55° to 75°
can produce a wide range of horizontal non-penetrating cracks in the rock mass and play a major role in the process of breaking rock
mass in the tooth arrangement system. Two type Il picks have successively penetrated into the rock mass between the better broken
sections of the rock mass, two type Il picks forming the mechanical model of the basic rock breaking unit, and several basic rock
breaking units are arranged according to the sinusoidal form, thus forming a design method of tooth arrangement system. The
research results provide a theoretical basis for perfecting the design method of the tooth arrangement system of the double-wheel
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trench cutter and breaking the technical barriers in the design method of the tooth arrangement system of the double-wheel trench

cutter abroad.

Keywords: Double-wheel trench cutter; impact rock breaking mechanism; tooth arrangement system; penetration angle; CDEM
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Fig.1 The main structure of the double-wheel trench cutter
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Fig.2 Main milling tooth type of double-wheel trench cutter
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Fig.5 Effective penetration angle and failure penetration
angle of picks
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Fig.8 Local fragmentation shape and displacement of the rock mass impacted by the pick under different penetration angles
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Fig.14 Penetration force-total kinetic energy of the block-penetration degree curve and fracture shape
under two typical penetration angles
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Fig.17 Fracture form and function of three types of picks
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Fig.20 Partial tooth arrangement system based on basic
rock breaking unit
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