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Fig. 1 Charge structure drawing
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Tab.2 Computations of numerical simulation schemes

R 53 7 050 3B 4

ST AT A

[ESEA S eI KIIEE  ROWE  FEALE
n/mm W w/(mesT) ay/(mesT) Av/(m-s™)  P/mmod/mm
42 2 3 808 29.5 3718.5 218.7 24.17
42 3 3 969 67.9 3901.1 230.2 23.48
42 4 3 668 84.3 3583.7 214.8 24.27
42 5 3352 197.0 3155.0 190.6 25.46
42 6 3149 328.0 2821.0 155.1 27.65
45 2 3570 744.0 2826.0 185.9 26.73
45 3 3722 36.3 3685.7 202.8 25.56
45 4 3438 253.0 3185.0 200. 4 26.36
45 5 3163 430.0 2733.0 170.3 27.89
45 6 2915 530.0 2385.0 149.3 30.60
48 2 3525 1134.0 2391.0 147.6 29.56
48 3 3610 944.0 2 666.0 182.2 27.74
48 4 3 264 631.0 2 633.0 178.1 28.82
48 5 2978 603.0 2375.0 157.5 30.89
48 6 2726 730.0 1996.0 131.8 34.38
51 2 3286 1162.0 2124.0 128.5 31.58
51 3 3481 1567.0 1914.0 174.7 29.09
51 4 3112 820.0 2292.0 151.9 31.89
51 5 2 827 874.0 1953.0 134.8 34.62
51 6 2 571 921.0 1 650.0 115.5 37.49
54 2 3154 1226.0 1928.0 125.4 34.22
54 3 3401 1661.0 1740.0 143.3 32.39
54 4 3014 1119.0 1895.0 130.3 34.98
54 5 2762 1097.0 1 665.0 116.7 38.13
54 6 2 458 1082.0 1376.0 100. 1 41.07
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Tab.3 Ranges of evaluation indexes
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Fig.3  Effects of factor levels on v, and Av

FRINBEFR , WAEE 3 AT LA AR B % T
VRN RIS A5 M LA, 15 B A [ R 3%t [A] — 8 A 1)
S 220

ZEa R 3 MR 3, M ZE S Al ARl LA
WA REJE b FIAMEE AR AR p) R TSR Sk B
JEE RISk 22 R 25 R 1) SE R

BEJEL b J2sZ e i Sk S s B i i FE R, Y
Y RUEEREIL b AS/NTF 3 mm BF A 8N B Sk 3R
JEROR I HLSk R B 22 Bk 5 X BE SR/ T 3 mm
I, SR Sk AR ) B B HL Sk R R 220 R X
2 PR Oy 24 AU BB gl e s 3o R v L B RR A | S R TR
Sk R R, Al 3 R T AR A5 0, SRR S
B2,

HMEERMARAEAR S B MR I I Sk R T 25 1 i
FEAR, 4ia Ui B R SEERBAE T, r BN,
SRRIAL S S R AR Sk R R 2t K S U AR
PR B | S B0 RE R 24 R S5 Pl TR 5 G S
(ESU/ VAN

T IR B HU RO H By, B R — 2 R
JESAET 3RS LU BT 1 A ) S5 B )
BRERIE R RERE 24 25 A0 25, 20 ol R 5 vy 118 S 0 3k 32
FA NIk R 22
2.2 HERMNEMRESFEFHILENZM

MRIEER 2 R E 5 LA TR 4h
BRI EE FFALFLAR 5 52 e PR 2R 2 a] Y 728 Ak G
0 4 Fias . K4 thal LUE R A SR T
JIE 5 TFALALA Bt o 1 JEE K S S~ A2 1) ek A i AR
TR

NIEL 4 (a) WA LUF HY R 24 700 S5 R JEUR AR
WG SIEE I AR AR BB T I AR IR BE B AR
Teie A AR AR U (E, BEJEHR(E A 3 mm I (A
X EEJRAE 3. 4% ) S R IR EE YA B e K8 . f
FRAPEE R AL | A BEJR IS4k TR BB [
TRAITERE , 24 50 58, () BE JEE 2 ) IR 22 M 46 D iy ke
B3 mm B, HEEEFE 3 mm KA 2 mm L2
Hh ARV R 1 I M 5 T BE TS 1 3 mm 3 DK
XFTRAREE (R 52 ma W gl s 25538 3 Thid
KTAMITREE I 22 , AT R IR B 32 BE TS b 152
M) 5K 5 [ Esf A=A B2 P A8 A A 45 S0 Dt Sk 450 3 1)
AR A

RGN BE 5 LA R L 3 DG R, 25
P 4 (b) AR, X T BRI 24 B 5 5 A0 T 3, 7R BE S
AR OLT , BEAE SMEE I AR G R P fLAR
BTG R, 2P YOG A (HAE i R B AR AL BT



£ 20 - B oA M

Explosive Materials

45 B S W

240
220
200
180
<= 160
140
120
100'_ —v—r=5lmm —— r=54mm
2 3 4 5 &
h/mm

(a) MR IR 1 R

42 —=—r=2mm —v—r=51mm

*
40F o 7 =45mm ——r=54mm
38 —— r:=48mm : 0/

36 ./v/v
g 3 ‘\,/ /A

= 32 Fy, R
30 7y v 1 /
28+ ~—a—— ° "
26+ .\\.—/. /l/
e i e B /.
2 3 4 5 6
h/mm

(b) X ALAR YRR
B4 ARINZX PS5 d, 520
Fig.4 Effects of different factors on P and d,

WF LR TERE 3 mm I L 9 B /M, ELFE %
BEJELIN 3 mm 3 834 K B[R B, X F I FLALAR () 38
G M R SR AR A
2.3 HEBLEHIMNIERE

RS A SO SR LA R BRI B P, = 150
mm , M EREP SRAHRDZRHM LR N
P, =1.7D WG OLT ARl 3242 I BE TR 4 A 1195
HLG T EELEHR a4 (a) B o 04T SH IR AR T HE Al

B O FOF 3R I TR P, LAV P8
UL d, SEH A AT X e, PR A AL i v E T
FRIILS . G5RNFR 4 B,

N 4 05 L AT LA B A T RE R
ANF3 mm (1 17 2F AL, SR A Sk AR K 47
IR EE BARIA B T 7 FLUR 2230 Fl R AR B, {H el
TGRSR AT B U i i B b g hi AR T K Sk B EE
B K SRR R A O FEUR T LAY BE
R2E; MEEER T 3 mm (937 4" 573 41,55 4" 5"W
S I A 58 A i A g 8 DR FC R S R A A1
55 3 UL TR I AR S R BRAR, Sk 22 B 25 R
AR BRGNS AR Y0 AR 1 - 2 LA A B
ZHK,

XiF HE A ] A BE i R A2 1 17 4% F0 27 374,
T e — B AR IREE W [ S5 T, 960 0 iy 3k okt i 2
Bl 25 R JEE (R BT /)N | FFFLFL AR B B B IS B 38
Mt A, BEE KT 3 mm B, X T 12100 1 BE 114 [ g
SO B /N 1T P FLFLAR A48 5 B

HRYE S IR, 455 A SCRT 98 JF 98 UE A 5 el
B, TEIRE 1. 7D R NIREE A IE LT, 38 3 oK JF
FLALARRY B, e 48 37 U7 58, 33 It B A8 Bsf 52 4 i i
HASeredr S B, Sk R U 2 R/ e
Wi 2 B 25 M AR A T 28 S AP BE il R P42 1) =51
mm =0.579D BEJE h =4 mm =0. 045D,

3 TR
3.1 AEHE

P4 LS-DYNA DAL J5 ff s H 119 45 B JE 2R il 8 4
¥, Bl R =0.045D,r, =0. 579D , 47 & i B 56 |
T2 50 BT 0 2 2 St SRy 5 LAY | L] 254 4

F4 BAEE 150 mm xR H 4 Rt
Tab.4 Comparison of simulation results of control group with 150 mm penetration depth
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(75ps) \ b \ !F | \l ‘[‘ g
h/mm 2.0 2.4 4.0 5.3 6.0
r,/mm 48 51 51 48 45
v,/ (m - s™h 3525 3364 3112 2 900 2915
v/ (m s 1134 1158 1002 672 530
Av/(m-s™") 2 391 2 206 2 010 2228 2 385
P, /mm 147.627 149.587 151.903 149. 822 149.262
V/em® 102.2 106.3 121.3 113.2 108.8
d,/mm 29.56 30.08 31.89 30.39 30. 60
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Tab.5 Experimental schemes and penetration results
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Fig.6 Results of jet penetration on target
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Optimization Design of Hemispherical Charge Structure with Equal Thickness

FU Heng, CHEN Zhigang

National Defense Key Laboratory of Underground Damage Technology, North University of China ( Shanxi Taiyuan,030051)

[ ABSTRACT]

According to the requirement of penetration depth and hole of tandem war-head precursor charge,

influence of the charge structural parameters of liner on formation of the shaped jet was studied by orthogonal design test and

extreme analysis. And it is found that at the relative thickness of 3.4% the maximum penetration depth was reached. The

optimal combination of hemispherical charge structural parameters (h =0. 045D, r, =0. 579D) under fixed penetration

depth (1.7D) with biggest hole diameter (0.42D) was obtained. A simple algorithm was presented for the hemispherical

liner charge design of structures. Through the exploding experiment of shaped charge jet penetrating steel target, the simu-

lation results are in good agreement with the experimental results, which provides a reference for the further study of shaped

charge technique.
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