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Influence of Cavity Defects in Large-diameter Shaped
Charges on Detonation Waves and Jets

JI Yueyue, JIA Xin", GE Ziwei, YANG Zhenying, SONG Zijun
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: To investigate the influence of cavity defects in large-diameter casting explosive on detonation
waves and jets,using simulation software to analyze the charge melt-casting process and jet formation. The
casting process of a large-diameter shaped charge is simulated. It is found that,when the pouring nozzle is
not offset, the defects are primarily concentrated in the upper portion of the charge and at its conical angle
: large-sized shrinkage cavities and honeycomb-like shrinkage porosity in the upper portion, and clusters of
small-sized cavities at the conical angle. When the pouring nozzle is offset, the defect locations in the
upper portion are shifted laterally. Based on the identified defect locations from the aforementioned
research , the effects of porosity defects on detonation wave and jet are systematically analyzed. The
research results indicate that the detonation wave can traverse the defect without being significantly
impacted when pore size is smaller than the width of reaction zone. The pressure peak of detonation wave

increases with the incrase in pore size near small and medium-sized cavities. The large-sized cavities
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induce secondary peaks in the detonation wave. Further simulation study on the randomly distributed

cavities reveals that, as the void fraction increases, the jet head velocity rises while the jet tail velocity

decreases, and the fracture time of the shaped charge jet advances. For every 0. 25% difference in void

fraction on the left and right sides of the charge,the deflection angle of jet increases by approximately

0.2° to 0. 5°.

Keywords ; shaped charge; large-diameter; casting explosive; cavity defect
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Fig. 1 The main ideas and simulation framework of this article

1 KORREERG IR E S

1.1 BHEGEFAORBELAERTERRS

HigE

it PR A O B A 0o K 1 4 R B2 2 A T M 5
B, G 2 s, B R 5 ke 2 35 2R DU T R
Wk 14 T BRI R 43, AR RS 20 mm , S84S5
PR R BATE A 354 140 4>, HAp 325 142 800 mm
= 1050 mm , BEELEFE A 40 mm,

W25 It sr 3 IREABLE P 1 RIEAY
200 kg, i 24 A 1 25 YR TS, S5 P A 25 = 2
FF T ARZGRFL 12, Rl BRI ] A 8 min, 24 25 %
TR 2 80 °C ZE4 Bt AT F — IR E 25, RDX/TNT
IEEEE 2 (IRID [ RDX @ TNT =60% : 40% , it
3 RDX/TNT 60/40) 3 RDX (1) s A TNT (945
PR, 25 A AR T 20 MO K AR R e 25 1

250700
e $800 mm
A
=
£
£ B
g
T
- =)
] =}
60° %
Y Y
$775 mm
(a) CADIE| (b) YA R A K] 53 5]

(a) CAD drawing

2 CAD B purmfA s sl sy 4]
Fig.2 CAD drawing and tetrahedral meshing

(b) Tetrahedral meshing

FHAR e DRIt 18 8 2 245 44 K RDX/TNT 60/40),
BERAPECNN . KE2h AR5 E 1S 40ca m
T 1PVER

k1 kU EHAR S HP

[21]

Table 1 Charge and mold part parameters
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Fig. 3 Internal cavity defects in charge under different mesh

size conditions
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Table 2 Orthogonal analysis table
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Fig. 4 Temperature field contour maps at different times
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Table 3  Explosive material model and its equation of state

[22]

parameters
o/ Py’ D/

o A/GPa  B/GPa R, R,
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Material model of the drug mask and its equation

of state parameters (23]
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Table 5  Air material model and its equation of state

parameters (23]

p/ (kg m™) Cy (o C, Gy Cy Cs Cq

1.28 0 0 0 0 0.4 0.4 0

‘EE;CO \Cl \Cz \Cg \C4 \C5 \Cﬁ ﬂ‘j*ﬁ*’l‘ﬁﬁo

2.2 BRTHEMIGHBMERIE

TEBUE B Z 1T, 1 S FH B 8 A% 451 AU )5 F
FE55SCHR [ 24 ] %) 558 378 15 28 R G 38 96 50408 2 A 7 %
FLIGUE , an S0 B4 R 50 A s W A 554y, 0 56
T BUEALL A R T | LR PRAIE J5 SL 0 5% 245 2 T A
PP TSR, 8 HBLTY [ AR BT R 7S TH R )
K& EATT, 2T B A% BTl 27 648 A, JERFE 5 1] %
B 6 JZMIRG R 2 A% LTl 378 880 4, A5 AW
K& ELTT N 654 848 >, S Uit 388 3 5 43 A Jin %%, It
RERIZEAE 1420 56 mm Y B8 A5 24 45 Fb 491 il Kk
JIT A, 530k [ 24 ] iR 58 Ir FH 25 F A TR] , AR SC A%
BT 5 LU A5 45 /1N 16 S 0 T A BB A 0L 5 3 245
R 9 FrR,

B AL S IR0 45 Xt LR, SRR S A
— 350, 3 3 2 S A B T SRS B I Sk T
T 6 916 m/s , FEASADL S0 o 15 a0 45 A 22
12% A& T B SR bp i 20% , 3iE 52 7 BUE AL B 1F 5
PR, PRI A AL A% BT T JS 22 i A A BR T4

B
2.3 RHEOREB KX ORI 27 R R m
A

FET I 5 R A2 2 5L sk B A7
i, WA GU AT R R FLIR SRS B sk 6 R,
2l LAl O B R ORI DI BN A AN R IE
B EIRALI AR R, O T 5 A SE TR 2 s 4 AL
PP R HO— AR R R (8 IR 15 (A Y
REARSLI , KA O 110 mm JEAHE N 47 mm,
M 5 Ff /LI EAE N 0. 3 mm,

42.891 us

82.99 mm | 73.30 mm

212.49 mm

""""" e 1A B

©100.00 mm ©100.00 mm
AL AL

(a) WXl 1 20
(a) Pulse X-ray test photograph!**!

B (m - s7) AR (m - s7)

6068 6181

I 5527 I 5620
5986 5060
4 445 | 4500
3904 | 3940

I 3363 I 3380
2822 2820
2281 2260
1 740 1700

I 1199 I 1140
658 580

(b) 42 psEAEAALL (c) 24 psEU A

(b) 42 ps numerical simulation (c) 24 ps numerical simulation

K9 ¢56 mm RAEGHI MY S804 R 5 8UE
BEHUSE R X H
Fig. 9  Comparison of experimental and simulated results of the

formation of a $56 mm shaped charge jet

6 JLREskERTAREKE

Table 6 Size and quantity of hole defects

FLIR BB R~/ mm <3 3~20 >20
Ak 6 8 5
2.3.1  fLIREE RS

HRAEZR 6 K FL BB 12 R0k 3 26

1) /NRGEFLI . A% <3 mmj

2) HP A RSF LI . 3 mm< B A2 <20 mm;

3) RIRSHFLIA .20 mm < B 4%,

H L fe B 95 by 018, % 2 2 rh AR TR B AL
T B BT 05 5, O LA RLAN & 10 frzs, Horp s
E 2L S o B 20 A A S UL 5, 5 A B AL



54

TR SR e 24 FFL ] ihe o Mo 5 90 5 S5 ) 82 i ML

250700

1] 58 o A AR S N A, 8 S 0 L3 A T
0, FLIR SR 22 BT B P LR 2 F R AL
] F e (8 DR B, o A i) RSt ) L ke 26 4747
HOMT , AR RS

B10 /s o R FLI il g 7 ECASE LS T

Fig. 10 Schematic diagram of small and medium-sized

hole defect simulation models

33 Zeldovich-von Neumann-Doering ( ZND ) 5

RYFRE ] 4 G RDX/TNT 60/40 S X B, BP
a=(D-u) -7 (1)

.7 IR SN I R] 5w S 7 R DX A L [R] y
DAL 24 S5 %7 7 0 R AR 8 B - S

i (1) 75 7715 RDX/TINT 60/40 2B X
FERELI N 0. 32 mm AR SORE X TR 5 LR Sy
XL RS AT 2 3, LR RS 43 31 /N R AL
i (AR 0. 32 mm 2 mm) A5 RCE LR (ELAR
6 mm 14 mm)4 R, @05 BT AL JAR N
14 mm F 20 ws 21 ws F130 s W20 R 22 PR A
FH RN 11 s,

TR P AR R AE AR 2G A TE 14 mm L Bk G
(R 2 R AT A0 AT P A1 20 s B MR SR I IR A7 48
Tk LA DX S L) S5t o o) A e ) 40 30 Wl 25 g
I TSR R SEAL R AR SRR I 51T, 1B
TE P W T 388 [0 S5 A% 48 | A0 £ LR e 4 5 A 8
21 s BN 5 I I T %) e s v e ¢ A A0 L I ) 1
FEARFLIR AR A Jmy A e il e e, 5 AR R A
VEFT, DA TR 32 J] T KE 24573 | 4 S B ) A 2 S i 5 B
A AL BLARS AR O, 0 S I A W R R B
PRIt , LR e B 2 5 OHR 55 1B ) 3 T B A% 4% 7 1)
i | BHC DA o TR ) 5 P AR S

PO E o s e | i B AL IR ELAR O 0.32 mm
2mm .6 mm. 14 mm ) T35k Z,.2,.Z, . Z,
M Z g FFAEALIR BRFE T4 (553 E ) FAEE 2L 5k
BEEAL (5 F ) 28 B 22 UL A5, 22 TR 0 1
RIEJ g, 4 R IE 12 Pow

JE71/GPa
24.71
22.24
19.77
17.30
14.83
12.35
9.88
7.41
4.94
247
0

(a) 20 ps
J£41/GPa

26.59
I 23.93
21.27

14 mm7Lif

J% 11/GPa

25.53
22.98
20.43
17.87
15.32
12.77
10.21
7.66
5.11
2.55
0

(¢) 30 ps
B AR 2 s s A

Fig. 11 Detonation wave interaction at different times
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