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Fig.1 Schematic diagram of dual-mode warhead
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BN VAL IV S N R A AR AR )
G AL KE R SR s R, SRR
MAT_NULL #f £} #5551 F1 EOS_GRUNEISEN R 25 7 F2
R 25 6 R 8701, R Hl MAT_HIGH_EXPLO-
SIVE_BURN #1 B} B 8 F1 EOS_JWL AR &S 7 B ik 5 24
RYEERD ST UK B OB 3 G R 56 4R R0 4340 9, R H
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MAT_JOHNSON_COOK ¥ #4578 F1 EOS. GRUNEI-
SENRA TR R ., EMHESHETIELE1~3,

®1 FEMESH

Table 1 Material parameters of air''?!
p/g-cm™ c Yo
0.00125 0.344 1.40

Note: p is the density; c and y, are constant.

R2 8701 MRZHY
Table 2 Material parameters of 8701!

18]

p Py Ve A B E,

0

R R
/g-cm™ /GPa /m-s' /GPa /GPa ' ! ¢ / GPa

1.68 30.4 8425 8524 18.02 4.60 1.30 0.38 10.2

Note: p is the density of explosive. p, is the C-/ pressure of detonation
wave. V, is the detonation velocity. A and B are the pressure coeffi-
cients. R, and R, are the principal and secondary eigenvalues. w is the
fractional part of normal Tait equation adiabatic exponent. E is the

specific internal energy per unit mass of the explosive.

F3OLEI 4340 BB R SR

Table 3 Material parameters of copper and 4340 steel

A P A B . T
materials 7} n c m
/g-cm™ /MPa /MPa /K /K

copper 8.96 90 292
4340 steel 7.83 792 510

0.31 0.025 1.09 1360 293
0.26 0.014 1.03 1793 293

Note: p is the density. A is the quasi-static yield stress. B is the
strain-hardening coefficient.n is the strain-hardening exponent.c is the
strain rate sensitivity coefficient. m is the parameters to be fitted. T_ is

the melting point temperature of material. T is the room temperature.
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AHE T B R B, 22 OB AR SR T 25 S 4% AR
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b. detonation pressure distribution of multi-point initiation

PR NCIF 0 W P ) ]

Fig.2 Detonation pressure distribution under different initiation modes
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Fig.3 Forming parameters of damage element change with the initiation radius
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Fig.4 Forming shape of dual-mode damage element
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SN AR IR Y 5k B2 AU BEHE £f1 20 Sk 80°~100° IR
AR RA4~20 mm ZHRIE FREEJEL A R 1.92~3.12 mm,
i R BEEL h, N 3.94 ~ 5.94 mm 25 KR L/D,
$40.80 ~ 1.12 k3 EBFARIELEESH 3~7 mm., BT IE
22K 0 BT R B A R, ' TS R K P
L25(5°) IEA8ilge 3%, & I R AK P TR L3R 4,

R4 EBOHEREFEKTER

Table 4 Factors and levels of orthogonal design

factor
level
20/(°) R/mm h /mm h,/mm L/D, 8/ mm
1 80 4 1.92 3.94 0.80 3
2 85 8 2.22 4.44 0.88 4
3 90 12 2.52 4.94 0.96 5
4 95 16 2.82 5.44 1.04 6
5 100 20 3.12 5.94 1.12 7

Note: 26 is the cone angle of liner. R is the average radius. h, is the upper
wall thickness of the liner. h, is the lower wall thickness of the liner.
L/D, is the length-to-diameter ratio of charge. & is the thickness of war-
head shell.

22 HESERESW
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PRZ A, 22 SITHAE SRk 6 fk 7 o it S
B4 /N AT LA 38 4% DR 28 X6F 45 46 Ak 52 i) 194 32 IO o

Gy PRI HE A 20 2w AT S Sk B vV, A
BAKEE L, LR R 25 AV, e BB R I
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TR, Wk Sk, 2 A AT TR

(6) FTARJEEBE S X JET Fl JPC 11 4% 48 b5 52 Ml #5481
BEH C TSR3, Sk R 22 AV, FI AV, #0BE 2 9
/N 25 R S R R 22 BRI /N, %) T BB T R A AR )
AESIHRA — s B e, R PR e AR R 609 5 mm

F5 EZXBEEBPIZE R (150 ps)

Table 5 Numerical simulation results of orthogonal test (150 ps)

L5 25 1R A S B0 JPC AL JET BUASE 55 45 7T 1 1A
SER i SRS K ) B O 5 4 SR RC 4 B 2R - 26=
80°,R=8 mm, h,=2.22 mm, h,=5.44 mm, L/D,=0.88
M. 8=5 mm,

odel level JPC JET
26 R h, h, L/D, & \//]/m-s'1 A\/ﬂ/m-s'1 L,/ mm V/.z/m-s'] A\//.Z/m-s'1 L,/ mm
1 1 1 1 1 1 1 5088 3392 446 9181 7662 1001
2 1 2 2 2 2 2 5135 3423 454 8381 6264 920
3 1 3 3 3 3 3 5138 2808 444 7014 4694 764
4 1 4 4 4 4 4 5076 3384 435 6220 4768 636
5 1 5 5 5 5 5 4973 3315 425 5631 3464 563
6 2 1 2 3 4 5 5156 2655 424 7929 5283 837
7 2 2 3 4 5 1 4859 3239 439 6872 5498 768
8 2 3 4 5 1 2 4360 2907 390 6375 5100 723
9 2 4 5 1 2 3 5012 3007 406 6041 4430 593
10 2 5 1 2 3 4 4985 2203 386 6537 3796 658
11 3 1 3 5 2 4 4444 2814 372 7070 5663 768
12 3 2 4 1 3 5 5088 2055 384 6703 3905 667
13 3 3 5 2 4 1 4678 2963 388 6065 4448 631
14 3 4 1 3 5 2 4777 2866 390 6438 4721 665
15 3 5 2 4 1 3 4263 2700 356 6057 4644 641
16 4 1 4 2 5 3 4774 2201 374 6588 3763 676
17 4 2 5 3 1 4 4319 2591 340 6004 4403 632
18 4 3 1 4 2 5 4340 2459 346 6622 4026 708
19 4 4 2 5 3 1 4150 2628 359 6064 4649 664
20 4 5 3 1 4 2 4648 1831 353 5783 3004 534
21 5 1 5 4 3 2 4093 2456 333 6073 4454 657
22 5 2 1 5 4 3 4225 2534 345 6570 4817 701
23 5 3 2 1 5 4 4740 1797 330 6288 3041 593
24 5 4 3 2 1 5 4272 2420 308 5778 3062 566
25 5 5 4 3 2 1 3997 2265 326 5380 3766 544

Note: 26 is cone angle of liner. R is average radius. h, is the upper wall thickness of the liner. h, is the lower wall thickness of the liner. L/D, is length-to-diameter ra-

tio of charge. & is thickness of warhead shell. V” is the front velocity of JPC. A\/ﬂ is the head-tail velocity difference of JPC. L, is the effective length of JPC. \/l.2

is the front velocity of JET. AV, is the head-tail velocity difference of JET. L, is the effective length of JET.

6 T A T AR 22
Table 6 Range difference of each index of JPC

R7 BRI 2

Table 7 Range difference of each index of shaped charge jet

factor Sy /m-s S,, / mm Syvi /m-s” factor Sy ! mes”' S,,/ mm Sy /! m-s”'
26 816.6 112.4 970.0 260 1267.6 164.2 1542.4
R 152.0 20.6 398.2 1490.6 198.8 1630.2

. 73.8 6.2 304.0 ] 1106.8 131.2 764.6

) 484.8 4.6 431.2 ) 457.2 12.6 472.0
L/De 364.2 22.6 372.0 L/De 335.4 61.0 876.8
) 211.4 19.0 339.6 ) 211.4 64.2 1256.6

Note: S, is the head speed range of JPC. S, is the effective length range of
JPC. S,

;i 18 is the head-tail velocity difference range of JPC.

Chinese Journal of Energetic Materials, Vol.31, No.8, 2023 (808—819)

Note: S, is the head speed range of JET. S, is the effective length range of
JET. SAW is is the head-tail velocity difference range of JET.
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Fig.6 Curve of forming parameters of dual-mode damage el-

ement with various factors

Table 8 Optimized structural damage element characteristic parameters

model JPC JET

t/ ps 120 120

shaping form e s L= g = Tl
Vi/m-s 5069 8631

AV /m-s™! 3447 7258

L/ mm 350 762

ratio of L and D, 17.74 37.65

Note: tis time. V, is the front velocity of damage element. AV, is the head-tail velocity difference of damage element. L is the effective length of damage ele-

ment. L/D, is the length-diameter ratio of damage element charge.
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LA DL 2 O 509 0] 5 Pk o BUBE B 05 oo B T O
BTG XOE K B L AP 7 R, L 7 AT LR
AT 2 O R 2R BB S O R R4, [ ELAE AR X0k
40 B T E S W) A BB, AT 2 R A R
LSk 3 BT ST O e AU T S A B S 4 K
S S % i B 0 - - N N 2 V1 B T

L.

X B T8 XO IR R BEAT R A b B 75 3 T B A
TG Sk 2 3 S8 R 22 AL {7 0 AN 36 B8 4 U AR AIE 2 4
XPHE LA 9o b/ h Tk B i JPC A2 Yy X )t [
Jr AR TPk EUE ORI A e X R B EE AR,
AN B8 W X 73 S5 1) Sk 8 S B R R S OC B AL, HLAT
— g X R B A BRI R S, HURAS T A
I 22 JET A Sk 750 30 3 M Sk 8 L J3E 22, JET B8 00 Sk 7
JEE R Sk R B2 2 1) )7 5 a6 45 R B R X R 25 7 5%
ZE AT o AT HR Y 4 R B g A BOX R X O
A 5% 04 B 4 oo i R B 2 5 0 AR B B B —
k.

=35 us

=65 pus

a. comparison of numerical simulation and X-ray test of JPC

=32 us

mental damage element characteristic parameters

JPC JET
model Vi AV, v, AV,
/m-s” /m-s /mesT /mesT
simulation results 4543 3233 9059 6859
test results / / 9521 7280
relative error / % / / 4.9% 5.8%

Note: V, is the front velocity of JPC. AV, is the head-tail velocity difference
of JPC. Vv, is the front velocity of JET. AV, is the head-tail velocity dif-

ference of JET.
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b. comparison of numerical simulation and X-ray test of shaped charge jet
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Fig.7 Comparison of the forming shape simulation of dual-mode damage element and X-ray test
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Table 9 Comparison of numerical simulation and experi-
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Table 10 Constitutive model of concrete material and parameters in damage equation®”’

p/g-cm™ G/ GPa f./ MPa f* f* D, D, Pewus / MPa A,
2.356 16.29 26.8 0.18 0.1 0.04 1.0 17.97 0.3527
A, A, A N Q B AF NF «
0.3958 0.0904 1.6 0.61 0.6805 0.0105 1.60 0.61 1.6723
Note:

G is the shear modulus. f_is the compressive strength. f * is the relative shear strength; f* is the relative tensile strength. D, and D, are the damage parame-

ter. p_. is the crush pressure. A| A, and A, are hugoniot polynomial coefficient. A and N are the failure surface parameter. Q and B are the lode angle depen-

dence factor. AF and NF are the residual surface parameter; « the initial porosity.
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Fig.8 finite element model of dual-mode warhead penetrat-

ing C40 concrete target plate
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b. damage effect of jet penetrating concrete target
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Fig.9 Damage evolution process of double-mode damage element penetrating concrete target
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Fig.10 Radial damage cloud of target
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Fig.11 Definition of measured data

R AS[E A5 oo A2 1Y) TR B A O BB AR 40 25
Table 11

elements penetrating concrete target

Numerical simulation results of different damage

model D, /mm H /mm D,/mm H,/mm P/mm
JPC 210 83 54 810 893
JET 168 42 42 1191 1233

Note: D, is the funnel pit diameter. H, is the deep funnel pit. D, is the tunnel
area diameter. H, is the depth of tunnel area. P is the total penetration

depth.
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Numerical Simulation of the Optimization Design and the Penetration Performance of Dual-mode Warhead
Structure

XU Peng', YAO Wen-jin', LI Wei-bing', ZHANG Xiao-ying*
(1. National Defense Key Discipline Laboratory of Intelligent Ammunition Technology, Nanjing University of Science and Technology, Nanjing 210094 ,
China; 2. 63863 troops, Baicheng 137001, China)

Abstract: Aiming at solving the problems of the structural design and the applicability of the penetration performance of
dual-mode warhead, a dual-mode warhead with arc-cone combined shaped liner of variable wall thickness is designed. Using
ANSYS / LS-DYNA simulation software, the influence of shaped charge structure parameters on the characteristic parameters of
dual-mode damage elements is studied. Based on the optimized structure, the damage of different damage elements to concrete
targets is studied. Through the range analysis, the optimal combination of the structural parameter of dual-mode warhead is ob-
tained: the cone angle of the liner is 80°, the arc radius is 8 mm, the upper wall thickness of the liner is 2.22 mm, the lower
wall thickness is 5.44 mm, the length-diameter ratio of the charge is 0.88, and the shell thickness is 5 mm. The X-ray imaging
test is carried out to verify the optimization results. The results show that the simulation results are in good agreement with the
X-ray test results. Compared with the shaped charge jet (JET), the rod-shaped charge jet (JPC) has obvious advantages in surface
collapse and opening performance when penetrating concrete targets, while the penetration depth of JET to concrete targets is
significantly improved compared with JPC. The research results can provide reference for the design and application of warhead
structure.

Key words: dual-mode warhead;structural design;orthogonal test;penetration performance
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