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Table 1 Material parameters of the shaped charge liner and the rubber

Material o/ (g/cm®) C,/(km/s) S, 14
OCHF 7.83 4.569 1.33 2.17
Shore hardness oy Elongation Tearing permanent 0
Material )
H, /(MPa) at failure/ (%)  deformation/( %) /(g/cm*)
Natural rubber 75 20 400 30 0. 900-0. 955

2.2 HIRMFEHRBR KB ZE

WA 45° PRI JZFE M 25 f an i 2 s,
TR AR AR RS 24 - K 200 mm, 9 150 mm, J5
2 mm; R JZ M T N 140 mm, B JE N2 mm,
Aoy 45703 JRREREE ) AS B IRIRSHBIBIRE g g a5 e R i 4o
TR BT AR S BT A2 D, T AR K Fig 2 Sketeh of the corrugated sandwich composite armor
SRAGIE » v 8] 2 )22 JEE B R 20 mm, with corrugation angle of 45° filled with rubber

P E A E R SC R WA 3 s, 2 A A K
200 mm, %% 80 mm(1/2 A ; J5H4 40 mm, FE 40 mm, JE 200 mm; MR 45 0. I )23 BN S 250

/|

juf
2.20 2

__________ (\ 3)___-__________,.-...-___--_-_-_____---_..__-
W




%5274 46 R % LI Vol. 27, No.§
9693 4 12 A CHINESE FOURNAL 0¥ Hich priFSsURIE prHYSICS Defé, %

PR PR A% 91 H I A A A B A 5 2 0 24 2R SR e ] SR PR O I RS 5 R0 o I ) o TR G 9 % 249 7R
e JZ U RCHL A F A it 4 2 9R 2SRt B s O AR SO IR

330 200

B M-
\ AN

K3 FALeE I C R

Fig.3 Sketch of the experimental and simulation set-up

KRR R F Ogden #8178 S 502 1
7R o D9 T REAR b M 47 o) R SRAGUI A S O AR 1) i A
RGP E PR A LSDYNA 42481 9 S AH 5.
AP RS X EE IR SN ST S N O NS SO A
Emx =2. 0,

2.3 FEAR B4 R

BEF S 3 LA LR R B0 46T A 4= 190 B 5 AR S Y Fig. 4 Scheme of the simulation
454 bR e 2 SR AN ToAR IR 9 4573 IR e = B Al
AIRE B A Pl BUEAT TG B A BTSN 2 B o AL 0 %A S U Bl e S SR B 1) 09 e A
sl 3 fras) .

xk2 FEFAR
Table 2 Scheme of the simulation
Target structure  Number 0/(°) Penetration path Target structure  Number 0/ (%) Penetration path

Al 0  Showed as 2-2 of Fig. 4 Bl 0 Showed as 2-2° of Fig. 4
Al. 1 0 Showed as 1-1" of Fig. 4 Corrugation B2 30

Corrugation Al.2 0 Showed as 3-3 of Fig. 4 angle of 45° B3 45  Showed as 5-5 of Fig. 4

angle of 45° A2 30 without fillings B4 60

filled with A3 45 Showed as 5-5 of Fig. 4 B5 68

rubber A3.1 45 Showed as 4-4" of Fig. 4

A4 60
A5 68

3 HEGEERESH

X BB TS 45 2R BEAT 568 3L 1= A1 T AR 408 K BE Bk 0 A | B 2% 30 20 WA B A P 20 7 L 53 U AR R S R
1R EE 1 23 B S AT AR 5T B By 47 R B0 M o AR AR 2800 R S S 2 X SRS U ) B2 0 3 B S 9 T R 1) A Al
ST {1 A 0 22 T A S O R A R B 0 AR ARG BRI
3.1 SiREMEIRIRKEES T

SO DR AR AU R I S5 3L ) R B B = 10 Y AT A IR/ S [ A T S O AR U B TS AR B 457 3 IR
Je JE U AN TCAR I BT Y 45 47 IR e J2= B A IR 55 0 A ) 28 Ak 20 Sl G 1 5L 6 T

M5 6 AT LA W SR BE AR 20 ps 76 A7 I 3K B B JCAHL 5 IR SR U 6 AR SR L R OK A R
59.34 kJ .Sk AR E N 6 787 m/s, 20 ps ZJa . BH U IT 40 X ELARAR 0 . GE BB W T FE . SRR T — B



5 6 ] Tl SR - S T e J= 4 ) O A SR B A O AR 1T P RE E 931

i) J5 28 H AR . B S AR = Ok 330 mm, PRI O 3L 2 HH R ARG 7R A5 0 RAT L RE AR AR E . Y 5
VB G R AR SR, e A PR R LS,

5 T A S FEAR R Y A5 AR e SRR A I AT 3 R O, 4 xR EL 5 P ATLAT 1AL 2,
A1 B S AR 1Y) B AR N T AR AR e MR AR R LTI AL IS SO AR A AR S AR AR L e AR L T
M, AL 2 B S 30 42 400 B A Ol T L e AR AR TR . 3 R T S R A e 2 B S 1 AR R (E 2 R
46.38.47.87.46. 58 kJ, Al LUt S U 4= 100 X2 AR L 2 10 50 22 AR 468 2 1) R s O, 3B 0t S =2 A8 e
SR b e 1R A AR IS4 2 1) R R W K 136 B Sl S22 6 A S [ 1 HE A D7 3XRT LR S 3 AR o 7 AR A R R B 1

RN

—— Al.l
60 | —— Bl
60 —— B2
50F sob —— B3
2 —— B4
s 40 40 s=iE0
") )
~x 30r < L
=y [rJE 30
20F 20}
10+ 101
0 —t - - L 0 L ' L )
50 100 150 200 50 100 150 200
t/(us) t/(us)
5 S AR A AR S AR RS M A I ) 7 S A it £k 6 S AR T AR I S S AR I Y R S Ak T 4R

Fig. 5 Energy curve of the jet penetrating the composite  Fig. 6 Energy curve of the jet penetrating the composite
armor filled with rubber armor without fillings
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Table 3 The consumed jet energy of composite armor filled with rubber

more than the composite armor without fillings

0/ &/ 0/ &/ 0/ &/
0 35.7 15 18.4 68 6.7
30 19.9 60 28.1
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Fig.7 Energy loss curve of the jet penetrating the two different ~ Fig.8 Energy absorbed curve of the jet penetrating the composite
composite armors with different angles armor filled with rubber with different angles
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Study on the Effects of Composite Armor with Corrugated Sandwich
against the Shaped Charge Jet Penetration

ZHANG Zhong-Wen, HUANG Zheng-Xiang,
ZU Xu-Dong,JIA Xin

(Minister Key Laboratory of ZNDY ,Nanjing University
of Science & Technology s Nanjing 210094 ,China)

Abstract; The anti-penetration property of the corrugated sandwich composite armor with the corrugation
angle of 45° in different penetration angles was studied. The performance of the armors filled with
rubber and without rubber was studied, based on the energy loss, DOP and quality protection factor
considerations. The energy absorption characteristics of the armor filled with rubber was analyzed. The
reliability of the simulation results was validated by (ZJ56 mm stander shaped charge penetrating the
steel at 0° dip angle and the composite armor at 60° dip angle. The results showed that the protection
capability of the corrugated sandwich composite armor with corrugation angle of 45° was effective, It’s
beneficial to fill the corrugation gaps with rubber. This kind of composite armor has excellent protection
capability and can be used as a new kind of light armor.

Key words: impact mechanics;corrugated sandwich;jet;anti-penetration property;quality protection factor
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