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20134 %21 % %18 (85-91)



86

RO, g, SRS, ki, e

2 HERUHR

2.1 HERBERHTESH

FIF LS-DYNA F /5 4 Lagrange 8535, % 4 &1 1
JI 7S 1) 25 ) 2 M 58 R D10 0 53 1) 4% 0 A2 40 o A R AT (L
B o SR A TR R A B R Ak S 4 T 1T N AR ()
B IT 2 e (UL 1) Bys2 e, TS AL AN 18] 2 B

steel tube

main charge

copper pipe

B2 VT 0 AR A P A A

Fig.2 The two dimensional plane strain computational model

T P HE G AR T i A 250 R B R B AT R
7 (High-Explosive-Burn) , R 2 75 #2 & JWL (Jones-
Wilkens-Lee) """,

_ _ E
—A(] =2 RY Lyl =2 Ryv , WL 1
P=AG = )e V(1 - e 188 (1)

K, p W E Ty, Pay By HE 25 5007 5T & 1 N fE
Jo kg™ VRAMELA; ALBLR, R, .0 KR TR
SR IEL M R R SR E T RSO 1,

H 5 R il MAT-JOHNSON-COOK 1 Hf
A R A 2 Mie-Grineisen'? 7,

poCul1+(1 —%),U« -%uz]
p:
2 3
_ _ I M 2
[1-(S, -u 52,u,+1 53(M+1)2)]

o, C J ol 0k 52 -Jo o T 2R RO A, S, LS,
S, BRI R R v, & Griineisen R o /2
RBUBIE R B E RO IR BUNRE ;s (AR (LR
M=p£ =15 pupo I35 D9 M4 BLIE BE LB R B) U6 5

0

kg - m ™ M SWMEMRE I RSHILE 2,

+(yo+au)E (2)

1 JEAMBEASREF RS
Table 1

the main charge

Materials model and state equations’s parameters of

p D p A B R R E
/g-cm™ /km-s~' /GPa /GPa /GPa ' 2 “  /j.kg™
1.65 6.95 22 581.4 6.801 4.1 1.0 0.35 5.6e+06
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Table 2 State equations’s parameters of the copper pipe and
steel tube
copper pipe il 5 p %0 L
PPEr PP 0.394 1.49 0 0 2.02 0.47
Sy 5 S Yo a
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a. The deformed steel pipe from the numerical

simulation(t=400 s )

b. The deformed steel pipe from the experiment
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Fig. 10 The deformation diagrams of the steel pipe from the

numerical simulation and the experiment
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a. The flyer from the numerical simulation impacting the wall

inside the steel pipe(t=400 ws)

b. The flyer from the experiment impacting the wall
inside the steel pipe
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Fig. 11 The comparison diagrams of flyers impacting the steel

pipe between the experiment and numerical simulation
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YUAN Shao-guo, HOU Dian-kun. Treatment of drill-jamming

Application of the Multi-directional Linear Cumulative Cutter

XIA Hong-bing', LI Lei’, MA Hong-hao’, SHEN Zhao-wu’, HUANG Shi-hua’

(1. Department of Civil Engineering University of Science and Technology of Anhui, Huainan 232001, China; 2. Department of Modern Mechanics, University
of Science and Technology of China, Hefei 230026, China; 3. Department of Geology and Mineral Resources, Anhui Technical College of Industry and Economy
Hefei 230026, China)

Abstract: According to the characteristics of the drill-jamming accidents, a kind of multi-directional linear cumulative cutter in
which twelve hollow copper pipes distributed evenly around the cylindrical explosive was designed. The linear cumulative cutter
explosion principle and penetration process were studied through the numerical simulation method, which used the lagrange
method of the LS-DYNA procedure, then the numerical calculations and experimental results were compared. The numerical
simulation results showed that the twelve copper pipes formed twelve jets,slugs and ‘tails’ which moved after the jets under the
pressure of detonation. Then these twelve jets moved along twelve different planes which were formed from the central axis of the
copper pipes and explosive respectively(the angle between two neighboring planes was 30°). The velocity of the jet tip and slug
were approximately up to 3530 m - s~ and 1180 m - s~ respectively. The target steel pipe primarily formed swell and fracture
under the detonation pressure, then it was cut by twelve jets( the penetration velocity was about 2550 m - s~') ,eventually resulting
in the formation of twelve slits. The steel pipe deformation results and the quantity of slits are in consistent with the experimental
results ,and this technology is applied successfully to the drill-jamming accident of three hundred meters deep drilling. Moreover, it
is noted that the charge and cost are reduced respectively by 80% and 50% at least compared with existing normal cutter. In addi-
tion,the structure of cumulative cutter is simple and easy to be processed.

Key words: engineering mechanics; drill-jamming; multi-directional linear cumulative cutter; numerical simulation; jet; slit
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