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Fig. 1 Structure of square dispersing device Fig. 2 Image of square dispersing device
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Fig. 3 Fuel dispersion and shell rupture at different times during the experiment
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Fig. 4 Finite element model Fig. 5 Mesh distribution of the device computing model
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Table 1 Detonation properties and JWL equation-of-state parameters of TNT explosive

o/(g-em™) D/(m-s™) p/GPa A/GPa B/GPa R, R, w E/(GJ-m™)
1.63 6 930 21 374 7.33 42 0.9 0.35 7

PR AR B A 2, HPEREISRIT /K, A bk R B AR AR 8 FH K AR S, SR I MAT _NULL #4 55 7l

F Griineisen R T FEW), HE S E0LF5 2, Grineisen RS T EE R H
el
p= = to+aewE @)

2
H H
1-$,-DHu-8S,—-S;——
[ (S1—Du 2#"‘1 3(#_'_1)2

023301-3



o34 % = JE LY} L 2% Eitd 2

K : y, A Griineisen #5510 o 2 , 10— BT IR BUE £2 HMNTESH

IE%; u=pl 001, 0, o BREL ) UR )\ig}g, C. Table 2 Parameters for the computation of fuel
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Table 3 Parameters for the computation of air

o/(grem™) C, C, c, c, C, C, C, E/(J-m’) v,

0.001 25 0 0 0 0 0.4 0.4 0 2.5x10° 1.0

e B 2L K % ) MAT _PIECEWISE _LINEAR PLASTICITY A1 RHREBIH 1A o 1280 50 ] DL 458 o ff b 4
R PRNE LR v R A AR SR B AR BB DL, AR O A Y EEA R S B R 4 s . KL E N
Wy IR &L, v RIARS L, FRSFRON AR, C, 5 P, AN B R S50, THE D, Y ST bR Y 45 8500 722 i 2o 45
BRGNS I, BATTHOM B, 25 ) i 25 U SEAR 3L

R4 REZWTHESH

Table 4 Computation parameters of device structure

Structure Material p/(g-em™) E v F C, P,
Shell SA06 Al 2.75 0.68 0.35 0.45 40 5
Plate, central tube and tube cap 2A12 Al 2.78 0.70 0.35 0.35 40 5
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Fig. 6 Results of fuel dispersion and shell rupture at different time in the simulation process
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Effective stress/MPa Effective stress/MPa

Effective stress/MPa Effective stress/MPa
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343.3 343.3 343.3 343.3
295.4 2954 295.4 2954
247.5 247.5 247.5 247.5
199.6 - 199.6 - 199.6 - 199.6 -
151.6 151.6- 151.6 151.6 -
103.7 103.7 103.7 103.7
55.8 55.8 55.8 55.8
7.9- 7.9- 7.9- 7.9-
a) 0 us b) 150 ps
@ 0 (®) 150 (¢) 300 ps (d) 450 s

K7 FeRmRS R MR ) 2 &

Fig. 7 Side-view of stress nephogram for the shell rupture process
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Fig. 9 Top view of chamfer at edge of shell
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T 208 1 A 1) B DRI g 328 W 15 KR, Z il 2 b ) e Edge 376 Yes 175
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BAAT 0.8 em 3] /1 50 1 kb To R fA AH LT Groove2 355 No

ToR K AR, 34 Mt i Ak I 24 1 20 R Ak R 5 b Edge 374 Yes 205

A 1.0 em B 1.2 om (3] £ 1], 42 i Ab AN FETT 2L, 0.8 cm chamfer Groove 1 369 No

M 20l 1 A & A e 24, H T 24 [R] Bl 45 £ 1Y Groove2 355 No

8 R 41 L, T 20 2 A WU AR 2R L, n AT 10 Edge 360 No

FE7R o 1.0 cm chamfer Groove 1 381 Yes 185
H O AT, 30 i A 1RSI A AT A R DR Groove2 356 No

/NKE AL R T AR AR s e, AR TR A i 6 Edge 359 No

Y Z0F 1 R 2 T X A 1 A ) ZI R 2 oA i 1.2 cm chamfer Groove 1 385 Yes 175
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x5 BREAMNTHFZLRLERNM

Table S Effect of chamfer on edge and groove of shell

(a) No chamfer

(b) 0.8 cm chamfer
PE 10 400 s AN [FME) K/ N 7 AR AL B CIE AL IET)

Fig. 10 Effect of shell rupture under different chamfer sizes at 400 us (front view)

(c) 1.0 cm chamfer (d) 1.2 cm chamfer

R 6 ZIEREIRFZRGRZIERIF
Table 6 Effect of groove depth on edge and groove of shell

32 ZERENEHFBHROF AR

321 BREZIEMNZW
N BIF TS A TR JEE X 7 R S0 BURCR I S, 78

Depth of

/ Ta/MPa  Crack or not  Z,q/US
groove/mm

Position

T 11 A TC B A B DT, A B 6 Z0RE R B R 0.6, Edge 376 Yes 175
0.8, 1.0, 1.2 & 1.6 mm (5 BHEAT T 05T, 52 1 bE 0.6 Groovel 361 No
A Je M b 15 K I A3 B FF B4R I A 6 g Groove2 355 No
2 e 31 b e A 7 RE AR UMY 1 1 4 H0 2R I o GEdg 1 ;Z; ‘; 173
BT AR e K, 2 5 bifi A 20 R TR B %) 38 R 328 T ' Groove 2 358 No
/In; ZAM 1 A 0 5 A S 2RV TR I e 8 ve 13
K s 2 2 b K B B AR VR o Gl 3% Ve 1ss
AS ARty : 2R 2 Ab R 4R KR A A 1 T A Groove? 366 No
I, SeB Wi K, Z 52218 TR Edge 375 No
ZIFE VR B R 0.8 mm B, SE AR i Ak 5 Z#37 1.2 Groove 1 378 Yes 165
B LA RUR S ZI MR R 0.6 mm AH L IF T Groove 2 366 No
Ak, AN 10 Ak T 4TI 20 R A R T S5 XY ZI R TR Edge 369 No
BE8 1.0 mm B, ZIAE 147 B T2, T 24at ] 1.6 Groove 1 381 Yes 145
Groove 2 364 No

i b FF AL I 10 ps 17 42UV 1.2 mm
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Table 7 Effect of increasing groove 2 depth on shell
rupture under multi-depth grooving conditions

ol A 7 VAR JBE 7 53 A5 AN B30 58 AT 3R PR R R W
PREFZIAE 1 RN 1.2 mm, 3% 5E %008 2 19 R

R 1.4, 1.5, 1.6 mm, Z5RMNFE 7w, HE7 gr(l))()ifr;[};;iim Position Oy /MPa Crack or not #,,q/1s
AR, AR 1R AR, B M 2 R Groovel 378 Ve 1es
Y, ZAVRE I SR AR AR, K 2 B K M o2 370 No

R ) WL G o 4 ZIH 2 B9V E 1.4 mm Grovel 3 P o
I, 220 M 2 A IFL o T 2 20 2 B0 R 1 38 i L5 ooved 373 Ves 175
1.5 mm I, UM 2 TF 22, HC T B4 1 2 20 M 1 16 Groove 1 380 Yes 16
10 pss ZIH 2 BV B0 % 1.6 mm i, ZIH5 2 5 Lo Groovez 377 Yes 165

Z0RE 1 TR R AR 2R 2 TR B e B

ZAFE 1 A TF 2L R X80 165 ps. Z0AHE 2 AR BE R R i S AR 4 25 A & 11 s,

I

(a) 1.4 cm groove 2 (b) 1.5 cm groove 2 (c) 1.6 cm groove 2
11 400 ps %It 2 BREA RN SER g a5 R GEALED
Fig. 11  Effect of shell rupture under different groove 2 depth at 400 ps (front view)

PRAFFZIMG 1A TRBE AL, SN 20K 2 (0 R BE A A T 0/ NFe PR I8 3 73 A AN 2490 57 (R BB AN 1 1Y
PG, 200 2 AT EE TR F 1.6 mm B, 2 5 A 08 R B F 24
3.3 EIE A SRR E M E R KA ZR AR &

T 2RV B 1 B — B R, S 2 1 TR T 2 R
N 1.2 mm 1 ZIFE 2 (IR E A H] 1.6 mm B, GEA-IE ot 55 A Al BB 5 B B2 e
FEARKE T A AT ST ZI) Kl B[R] R 2 T AR S Table 8 Effect of increasing groove 2 depth on shell
l}/f? ,r%;ﬁ? i 2'] TE]%E Jij(X“J’J’iuﬁi E/‘J ﬁ E ﬁiﬁf ?‘5 fracture under two factors condition
Wi, 7] B S ORI Depthof i o /MPa Crack ormot. f./is
[R5 1 (51 P £ 5 2R W AN R 22, iy bk groove 2/mm
ST B0, 3008 0/ 1.0 e FL LR VR 12 o oreevel e oS
9 0.8 mm AN L 55 s 140 A T £ T o AR VR R Groove2 364 No
1.2 mm 915 B0 AR IR, 00 b R RS, IR 1 B . Groove I 382 Yes 165
ST 165 us. UL Bt b 1516 K/l Groove2 7L Yes 1B
1.0 cm, ZIRE 1 BOTREE J9 0.8 mm, 558 ZIH 2 195 g  (Oroovel 382 Yes 165
Groove 2 376 Yes 165

BE4Y A 1.0, 1.1, 1.2 mm, 3245 58 a3 8 iR .

023301-7



i34 % = JE LY} L 2% Eitd 2

RQGERGR T ARIEA — 2 ZI8 2 (TR 1.0 mm 5, 20K 2 AR TF2L; ZIRE AR 1.1 mm
I, Z20A8 2 JF 28 (R)0E T 2008 15 25200 2 A9 TREEHE N 2 1.2 mm I, 2068 2 55 2088 1 [ IR

3.4 BB A 5 %48 R B XS PARY 53 B AN 2 A 12

BT RS R, A T s . 2R K9 HRBY
LIRE N 1.2 mm., ZIAE 2 BE R 1.6 mm WL E Table 9 Scheme parameters
ZIRE AR B, SR AE A 1.0 em, ZIHE 1R Plan Chamfer Depth of Depth of
B R 0.8 mm., ZIH 2 R K 1.2 mm A9 Z 4L size/cm groove I/mm  groove 2/mm
B, AR LLOR TR TR #5 KE A R b o A i 4k ! 0 0.6 0.6
AR, Z0FE A7 B AE 165 ushif [A] i 24 o K e ) 2 0 1.2 1.6
MR AR L SR R s 10 08 12

52, (R0 #7520 DR T N R AR T S a2 0 07 58 3, 3 BT RSN 9 P .

N T AT RICACE B DR BOROR, K 3 R O7 SR HOHE B AT R e o e 028 B AR R R
JE Vo BETIRAALEL, T /N BE v, TR TS 1] 0 RTEE 3 R 7 58N 0 T A ) g R 2 -5 48 317 1)
14 fre /I T L2 A, An P 12 AT 13 B o

200 1 —=—Plan 1
250 = Plan 2
¥ ; —+—Plan 3
~ 200 E r
3 P s 150
- n -
£ 150t pgmmmEmmEEERITS 5
> - 3}
= g £ 100
S B
< 100F 2
> /’, —=—Plan 1,v,,, —=-Planl, v, 'g 50
500 1# Plan2, v, Plan 2, v, 2
" ——Plan 3,v,,, —*-Plan3,v,,
G - 1 1 1 1 0 1 1 1 1
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
Time/ms Time/ms
12 3 F)y SRt i) fe R R 5 e/ N 13 3 FhO7 SRR i R R/ N 2
Fig. 12 Maximum and minimum fuel speed in three schemes Fig. 13 Velocity difference of fuel in three schemes
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Structure Optimization of Square Explosive Dispersion Device
LI Jianping, LIU Siqi
(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: This paper presents a numerical model of the square dispersing device for simulating the process
of shell failure and fuel dispersion by LS-DYNA software. Combined with the results of the field
experiments, this model reveals in detail the influence of the fillet angle and groove depth on the shell
rupture process and fuel dispersion speed. The results show that the shell edge would no longer rupture when
the fillet radius increases to 10 mm or the groove depth increases to 1.2 mm, since different groove depth
would effectively reduce the nonuniform shell rupture. And when the depth of edge and middle groove is
1.2 mm and 1.6 mm respectively, the shell is uniformly ruptured. In addition, a special dispersing device
with 10 mm fillet angle, 0.8 mm edge groove depth and 1.2 mm middle groove depth, could not only
make the shell uniformly ruptured, but also increase the strength of the shell. Meanwhile, it would reduce the
average velocity difference of fuel dispersion by 22%, which effectively improve the fuel dispersing
efficiency.

Keywords: square dispersion device; fuel dispersion; LS-DYNA; crack

023301-10



