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Numerical Simulation of Composite-material Rod-like Jet Penetrating
Underwater Targets
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[ABSTRACT] In order to achieve efficient destruction of shaped warheads to underwater targets, a composite-material
warhead with an eccentric sub-hemispherical liner and spherical liner was modified from the traditional shaped warhead.
Structural design and function principle of the combined shaped warhead were introduced. Processes of forming and pene-
trating the underwater target were simulated by AUTODYN. Damage effects of traditional eccentric sub-hemispherical war-
heads and single-material combined warhead were compared with the composite-material warhead. The results show that the
forward jet formed by composite-material warhead can provide the moving space for the backward jet in the process of pene-
trating the water medium. Under the same burst height, after penetrating the water medium and the target plate of the same
thickness, the residual kinetic energy of composite rod-like jet is 28.59% higher than that of traditional rod-like jet. The
designed composite-material shaped charge warhead can effectively damage underwater targets.
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Fig.1 Geometric diagram of
composite-material warhead
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Fig.2 Finite element models

(d) ZEF AT R A

2475X10° 2.617X10° 5.072X10°
2.220X 10° 2362X 10° 4.595>§ios 4
1.980% 10° 2106X100 4118X10° |
1.733X 10° 1.851X10° 3.641X10° :
1.485X 10° 1.596X 10° 3.164X 10° :"\L :
1.238X10° 1.341%10° 2.687X10° - 1.
9.901X 10° 1.085X 10° 2210X10°
7.426 X 10? 8.301X 102 1.733X10°
4951X10° 5.749X 102 1.255X10°
2.475X 102 3.196 X 102 7.784 X 10°
0 6.441X 10 3.013X 102

(a) P02 BR 2 (b) H—p A () ZABMBEA AR

B33 i TR T O O P R (B ADA 2 24

Fig.3 Numerical simulation results of three kinds of warheads forming rod-llike jet



2019 42 H

AR ASRAEIK T HARRORERL K, 55 <11 -

A1 3 A KSR RS
Tab.1  Performance parameters of

three kinds of rod-like jet
ik kiR, RRAREE kR L ER

K (mes) (mes™) (mes)  mm
ﬂﬁ:i?[;kﬂiﬁ 2472.9 824.1 1 648.8 14.8
%ﬂ—git}ﬁ 2579.5 1423.9 1155.6 12.9
%ﬁégit}ﬁ 3633.2 1603.7 2029.5 3.2

T A7 B S BAE A o AR B 23 AL A U H
bro &ia I3 531 AT LI, 250 Bl A U
SEERIE AT S I | R VA 8 42 g A g Ao
F S BT BRI S P B8 5 LSk A AR A 3. 2
mm , B8 /0 T O Al AT ORI A Sk B B AR, SR
[10] ABEFERIT, St Sk B B AR B e 3 i A K
S Bz S RH T, bR R S ek ; 5/ N Sk S AR
0] AT LR ARAT SR A K iz 3l 32 3 9 R Sk 22

84 ps 146ps

M, I, 25 b A S 2 Rk
R B AR/ N R AT U /JILEﬁAT?K JE T RE

23 M AR B4 R A 2 UL AT LA T S A ) B
P
2.3 HiRAKTEREBERESNT

Kl 4 =AM B A R — A R A A IL

W BRI 3 A R AT SRR KA
LABH SR A N 4 A 3 ?FF&iﬁJriBﬂ}
BT L Sk 0 A 5 5 K VR TSt BRBIOHL, O
FLJA R I — 5 R i 28 M, Bt A 2 3 -5 7K B0
AT, B R, A AT Uk
PRI U5 AU i, g T 4 ol # A ) I ) T2 82 £ o
A i AR A, A el -5 T AL A e R £
PR SR 5 RF J0 42 fih DX 38 ) 1 A AR R R TR
AR YT, I 4 (a) Pl LIRS 454
Ji2H 5 2R FRIE A R AT 2 R R R A B
TR 25 0 D e AT XA TR 1 a2 Bl ol s 9
PP AR i 04 3 B T H IR R AR . MUIET 4 (D)
5 4(c) FRTRIE G, B— b G 20 O

184 ps 220 ps

a) ZaM G

4

128 ps 186 ps

(b) H—F 13

PFE

132 ps

al

210 ps

214 ps

251 ps

(c)ﬂﬁ DAL ER B
K4 3 BT U R ARIK T SR A

Fig.4 Penetrating process of three kinds of rod-like jet to underwater targets
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accuracy of numerical simulation
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