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Fig.1 Geometry of double layer liners EFP warhead(unit; mm)
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Table 1

liners EFP warhead

i R 2 7K PR

Influence factors for the formation of double layer

[17]

factors P R N A P2
/g +cm™? /cm /g +cm™?
1 2.70 4 0.75 0.8 1.26017]
2 7.83 4.6 1 1 1.4617]
3 8.97 5.6 1.25 1.2 1.59117]
4 16.67 6.4 1.5 1.4 1.72118]
Note: p, is the density of liner material, R is the radius of liner curva-

ture, N is the liner thickness ratio, A is the aspect ratio of L/D
(the length / diameter of charge), p, is the density of explo-
sive.
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Table 2 Different schemes and numerical simulation results
projects  p,/g+ cm™ R/cm N A p,/g - cm™ v,/m s v,/m - s’ K, K, s/cm
1 2.70 4.00 0.75 0.80 1.26 1956.73 2087.65 0.73 0.58 3.67
2 2.70 4.60 1.00 1.00 1.59 2223.92 2370.40 0.74 0.63 4.18
3 2.70 5.60 1.25 1.20 1.46 2161.47 2466.38 1.17 1.13 8.52
4 2.70 6.40 1.50 1.40 1.72 2414.56 3071.02 3.33 9.50 17.25
5 7.83 4.00 1.00 1.20 1.72 1430.10 1671.37 4.33 4.00 7.18
6 7.83 4.60 0.75 1.40 1.46 1355.21 1519.53 3.89 3.32 4.97
7 7.83 5.60 1.50 0.80 1.59 870.54 977.47 0.50 0.58 2.94
8 7.83 6.40 1.25 1.00 1.26 852.00 953.20 0.80 0.72 2.73
9 8.97 4.00 1.25 1.40 1.59 1158.56 1440.25 2.78 4.00 7.86
10 8.97 4.60 1.50 1.20 1.26 756.54 829.29 0.65 0.60 1.87
11 8.97 5.60 0.75 1.00 1.72 1391.16 1565.56 4.00 2.60 4.93
12 8.97 6.40 1.00 0.80 1.46 1170.71 1427.73 4.19 2.64 7.07
13 16.67 4.00 1.50 1.00 1.46 523.42 550.98 0.36 0.28 0.74
14 16.67 4.60 1.25 0.80 1.72 654.46 700.41 0.44 0.30 1.58
15 16.67 5.60 1.00 1.40 1.26 552.76 578.00 0.36 0.34 0.65
16 16.67 6.40 0.75 1.20 1.59 703.97 745.91 0.58 0.39 1.15

Note: v, is the velocity of back penetrator, K; is the aspect ratio of back penetrator, v, is the velocity of front penetrator, K, is the

aspect ratio of front

penetrator, s is the distance between front penetrator and back penetrator.

®3 LEHNEKNSH TS LB

Table 3 Dimensionless reference sequence and comparison sequence

projects P R N A 12 v v, K; K, s
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2 1.00 1.20 1.33 1.25 1.19 1.14 1.14 1.02 1.09 1.14
3 1.00 1.40 1.67 1.50 1.29 1.10 1.18 1.61 1.95 2.32
4 1.00 1.60 2.00 1.75 1.40 1.23 1.47 4.58 16.38 4.70
5 2.90 1.00 1.33 1.50 1.40 0.73 0.80 5.96 6.90 1.95
6 2.90 1.20 1.00 1.75 1.29 0.69 0.73 5.35 5.72 1.35
7 2.90 1.40 2.00 1.00 1.19 0.44 0.47 0.69 1.00 0.80
8 2.90 1.60 1.67 1.25 1.00 0.44 0.46 1.10 1.24 0.74
9 3.32 1.00 1.67 1.75 1.19 0.59 0.69 3.82 6.90 2.14
10 3.32 1.20 2.00 1.50 1.00 0.39 0.40 0.89 1.03 0.51
11 3.32 1.40 1.00 1.25 1.40 0.71 0.75 5.50 4.48 1.34
12 3.32 1.60 1.33 1.00 1.29 0.60 0.68 5.76 4.56 1.92
13 6.17 1.00 2.00 1.25 1.29 0.27 0.26 0.49 0.48 0.20
14 6.17 1.20 1.67 1.00 1.40 0.33 0.34 0.61 0.52 0.43
15 6.17 1.40 1.33 1.75 1.00 0.28 0.28 0.49 0.58 0.18
16 6.17 1.60 1.00 1.50 1.19 0.36 0.36 0.79 0.67 0.31
Chinese Journal of Energetic Materials, Vol.24, No.8, 2016 (728-734) A fe A www. energetic-materials. org. cn
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Table 4 Degree of grey incidence between structure and per-

formance parameters

parameters 12 R N A P2

v 0.59 0.83 0.79 0.81 0.84
v, 0.59 0.84 0.80 0.82 0.85
K, 0.58 0.70 0.68 0.71 0.72
K, 0.73 0.81 0.80 0.82 0.82
s 0.60 0.81 0.83 0.82 0.83
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Design and numerical simulation results of double layer liners EFP

projects A N R/cm Shape/160 ws(1/2 model) v,/m s v,/m - s K, K, s/cm
a 1 0.75 4.6 ’ 1387.59 1593.67 2.67 3.64 2.90
b 1 0.75 5.6 » 1442.56 1652.98 2.00 3.91 2.79
C 1 2.50 4.6 » 1420.54 1692.52 3.15 5.59 3.96
d 1.2 0.75 4.6 » 1552.81 1566.79 2.90 6.23 2.36
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Table 6 Structural parameters of inner liner and outer liner in different design options based on grey system theory

projects M, /inner liner &, /mm M, /outer liner §,/mm picture of liners

Matched group copper 3.5

p copper 2 iron 1.5 ‘ *
q copper 2 copper 1.5 ‘ .
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Experimental setup of terminal effects of double layer

liners EFP warhead

Chinese Journal of Energetic Materials, Vol.24, No.8, 2016 (728-734)

4.2 ZWHERDW

R7 BARRIT T RELEEE R, NFR7 hlE
LR RUEE EFP e X2 24 R B EFP gyl ol ol 0 AR
P B RS AR I - PR 2 o A, ) B8 A 3 i 7 2 =X
IR o PO AR BB HE AN 58 2, DR B e BE T B 00 4% %)
SE A AF BT SAL B M AR B R R R, AE O AR Y T AL UL
NPT IR . 5 R 2R EFP SR ARAR L,
T IR AL RGBS VLT U2 25 78 B8 EFP i ) 38 a2
RS A BE S FEPIE 2 cm JEEAY 45 050, A2 1)
RE 1IR3 T 0.67 5325 O 42, 1 EFP (4= 1 g J1 1Y
RH 2R U] TR 6 R G TR R B
B EE s R TRIN &, B Cu-Fe 25 BB 4 & Jy 3
MY XLZ 25 AV EE EFP G SF 8 B A= W) 4& 5 B A Cu-Cu
2 I B2 Ty S B2 24 R B EFP S| 0 A R AR 40 A
HRREA AL o 4 cm JERY A5THIED X 5K (L R G EE
S BT 24 BB R RE X AU 24 R R EFP S R AR Y
N

www. energetic-materials. org. cn



WUz 25 B EFP G S8 AE S B K (8 R SE 3 00 W S SR 5

733

PRFFAE S B 0 B S AR S &, W T K (4 RS BB e
SR BT P R MER P . (HR A SR T R TR
By IFGOE AR . EFP (T 5T BAR B R H 345 Cu-Fe
2y R S5 7 A 3 0 R 2 e 1) R A 78 A Al 4 O 1
FEPRA KL, AL 52 BUA B E 5 Cu-Cu 25 U821 5 J5 5K
PR G 8 A 28 A2 A0 A 490 5 B ) T 10 2 DR 0 2 BRI

.

xR7 AREE T RIS
Table 7
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Theoretical and Experimental Study on Performance Parameters of Double Layer Liners EFP Warhead Based on
Grey System Theory

LIV Jian-feng'*, LONG Yuan', JI Chong', ZHONG Ming-shou' | LI Xing-hua', XIANG Dong’
(1. College of Filed Engineering, PLA University of Science and Technology, Nanjing 210007, China; 2. The First Engineers Scientific Research Institute, the
General Armaments Department, Wuxi 214035, China)

Abstract: The characteristic parameters of double layer liners explosively formed penetrators( EFP) warhead with different charge structures were ob-
tained by using LS-DYNA software. Liner material density, radius of liner curvature, liner thickness ratio and aspect ratio of L/D (the length/diame-
ter) and density of charge were also investigated by the grey system theory. Based on the results,double layer liners EFP warhead with different struc-
tures were designed and penetration experiments were also carried out. Results show that double layer liners EFP warhead can effectively break down
about 0.67 times of the charge diameter with the liner thickness ratio of 1.33, which is about twice penetration depth compared with EFP in the
same shape charge structure. Penetration depth of Cu-Cu double layer liners warhead and Cu-Fe double layer liners warhead is at roughly the same
level but perforation shape made by Cu-Cu double layer liners warhead is approximate in circle shape.

Key words: grey system theory; double layer liners; explosively formed penetrators( EFP) warhead; formation parameter; penetration
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