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Comparision between experiment results and simulation results

S1 annulus multi-point initiation (260 ws)

S2 center initiation (220 ps)
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simulation results n ——e 2794 8.92 721 b 2175 3.6 187

2.3 RUEITER KEMEEERNTE

TR 25 IS BN 25 0 S5 b L — 8 I 46 1F T, e A
S5 BLAE M RO R 25 1K AR H AT M A B i X & o
L, R 2a I H H 8 E o IE AL BT 4 SRR .
T ICHE 45 5 58 A BICRE S 23 T ol R S Y B K
ZIN KT SURE I3 - T4 BSR4y 52 i 51 BRI 9l R AR R
CHE I B 358 23 I o3 f) L 491 50 R ) #) — 21 B3 (e R 4 4
oo XFT 4 R 4 K152 5, 45 14 00w H ) 256 7
B M ZHEAT 4" =256 YR, AAUK B IR Z |
BRI B HL Gk X 7345 DR 3R X AR Rz 45 s (k8
JEvoRARE L/D IRk R JE 22 Av) 1 82 Wi 19 3£ K
WPy o IEAZ A B e il R A R A RO v o IE
B2 3R BE B DN 2R ALV L P % i il R o 0 3 AR
HABOR AR, i T IE 2R B A B8 0 B 4 A
PRAIE T 4 1] 572 36 119 7 28 BEOK 5 28 3056 AE 45 B 4 sl o
IR B SR H . RTIESSHR L (47) R 2 HE P
P AR KR o N SRR = KR/ § (=7 I S NPN

CHINESE JOURNAL OF ENERGETIC MATERIALS

G0 T OB, T LB AT LXK 4 4% K 6k A B 45 B
F9 5% W 1) 5 W I

H T A 0 T R LA B B g 7 R B e B T R 4
EFP 7 76 7 3 M6 B 1 1 2] 260 ws EATBIF S, 4% R &
KB LR 2. IEAS FAIH 1 LA 2 EFP 1 JPC fY
WA SHOFE 3,

HEAIIKETH K K, K K, B 250 S, I
Fa, Hf K, R ETTEAT N BB — DR R R E T
FEIKST 1 I3 BE ) B A8 bR 2 A, 388 K, T AR g
B —NBORIKOPEC 8 A BUR R E R IR )
2 S A —3 K/4 s KRB 25 B/ (a7 B
S, =(K,/4),...—-(K,/4)

M4 P E S B RN, T LA 45 DK 4 EFP
S BE BB T BT ¢ L2 R H ;5 X JPC 3k
ML S R R L H R 20, PRILEEIR [ 25
M SOUABS 5% 31 30 S 30 o B 1) BRI K

min

20134 $21 % %14 (80-84)



82

PRz, Bfhde, W, WE, IEF

®2 EXBIAHEZKFRER

Table 2 Factors and levels
factors R/D, 2a/(°) L /D, H/D,
level 1 0.7 140 0.038 0.9
level 2 0.8 145° 0.040 1.0
level 3 0.9 150° 0.042 1.1
level 4 1.0 155° 0.044 1.2

£3 OIEREME L, (4") ISR (260 ps)

Table 3 Orthogonal table and calculated results

' 2 t H EFP JPC
projects 1T 2 3 4 v L/D  Av v L/D Av
1 1 1 1 1 2290 3.30 388 2857 7.60 675
2 1 2 2 2 2238 2.83 86 2886 7.43 478
3 1 3 3 3 2254 2.35 0 2852 5.24 389
4 1 4 4 4 2309 1.40 334 2741 2.93 90
5 2 1 2 3 2308 3.21 128 2866 8.29 378
6 2 2 1 4 2441 2.73 O 3015 10.00 407
7 2 3 4 1 2046 1.55 O 2584 5.57 271
8 2 4 3 2 2243 1.26 255 2712 3.25 153
9 3 1 3 4 2251 2.92 0 2765 6.75 433
10 3 2 4 3 2167 2.23 0 2662 5.52 423
11 3 3 1 2 2083 1.93 0 2594 5.71 387
12 3 4 2 1 2248 1.28 221 2697 3.43 106
13 4 1 4 2 2063 2.55 0 2550 5.71 357
14 4 2 3 1 2066 2.15 0 2563 5.43 253
15 4 3 2 4 2399 1.65 0 2886 3.67 126
16 4 4 1 3 2475 1.14 0 2946 3.42 O
R4 IESRCKHMEE v)
Table 4 Calculated results(tip velocity)
EFP JPC
R 2a ! H R 2a l H

9091 8912 9289 8650 11336 11038 11412 10701
9038 8912 9193 8627 177 11126 11335 10742
8749 8782 8814 9204 10718 10916 10892 11326
9003 9275 8585 9400 10945 11096 10537 11407
2272.75 2228 2322.25 2162.5 2834 2759.5 2853 2675.25
/4 2259.5 2228 2298.25 2156.75  2794.25 2781.5 2833.75 2685.5
4 2187.25 2195.5 2203.5 2301 2679.5 2729 2723 2831.5
/4 2250.75 2318.75 2146.25 2350 2736.25 2774 2634.25 2851.75
85.5 123.25 176 49 155 52.5 218.75 176.5
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Fig.2 The change curves of formation parameters of penetra-

tors with factors
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Fig.4 The formation shape of JPC at 400 s

Table 5 The formation shape of penetrators and formation parameters(200 ws)

explosively formed penetrator (EFP)

jetting projectile charge (JPC)

formation pictures v/im-s™! L/D

Av/m -« s”

' formation pictures v/im+s' L/D Av/m - s

simulation results ’ 2185 3.33 0

- 2963 6.91 349
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Fig.5 The penetration of JPCs after twice optimization
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Orthogonal Design Configuration Parameters of Dual Mode Warheads

CHEN Kui' , LI Wei-bing', WANG Xiao-ming', HAN Yu’, PENG Zheng-wu'
(1. ZNDY of Ministerial Key Laboratory, Nanjing University of Science and Technology, Nanjing 210094, China; 2. The Military Representative Bureau of
Shenyang , Shenyang 110015, China)

Abstract: Using LS-DYNA numerical simulation and orthogonal optimizing design method,dual mode warhead with arc-cone liner
was optimized. The effects of dual mode warhead structure parameters (curvature radius, cone angle,thickness of arc-cone liner
and the height of the explosive charge) were analyzed, and the arc part-cone part-ratio on the formation of explosively formed
penetrator (EFP) and jetting projectile charge (JPC) were discussed. The numerical simulation results show that thickness is the
main factor to affect tip velocity while cone angle is to determine length-diameter ratio and velocity gradient; both the perform-
ances and formation of EFP and JPC are better in the second optimization when the optimum combination,as curvature radius,cone
angle,thickness and the height of the explosive charge is 0.45D, ,145°,0.04 D, and 1.0D, respectively,where D, is shaped charge
diameter, that is the arc takes up smaller part.

Key words: explosion mechanics; arc-cone liner; parameters optimization; orthogonal design; numerical simulation
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