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Table 1 Mechanical properties of panel materials

ket E/GPa p/(kg'm™) u o,/MPa o/MPa 5/%
whE4 110 4500 0.36 922 986 15.5
921A 44 210 7 800 0.30 590 750 23
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1.2 BN K 5 RNIRRE
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DN ERAG 2, 5 A o i A BN . SCR RN 2 R .
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(a) Experimental setup of model I (b) Model 1

Projectile

(c) Model 1T (d) Model IIT

5-mm-thickness steel
60-mm-thickness UHMWPE

8-mm-thickness titanium alloy

i 5-mm-thickness steel 5-mm-thickness steel
i 20-mm-thickness aerogel felt 20-mm-thickness aerogel felt
v 60-mm-thickness UHMWPE v 60-mm-thickness UHMWPE
—_— —_—
0 8-mm-thickness titanium alloy o 20-mm-thickness aerogel felt
Projectile Projectile |
8-mm-thickness titanium alloy
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Fig. 1 Sketches of sandwich armor structures and experimental setup
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Fig.2 Schematic diagram of the experimental device
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Table 2 Experimental results

I T4 AR IS JEJE /mm o/ (kgm™?) vy/(m-s™) v/(ms™) E/(Jm*kg™")
1 I 8/60/8 162.09 1628.0 713.1 363.39
2 1I 8/60/20/8 161.45 1687.0 752.9 388.20
3 1 8/20/60/20/8 161.93 1657.0 632.6 398.32

T AT AR T
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(a) Front view (b) Rear view (a) Front view (b) Rear view
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Fig. 3 Failure morphologies of the front panel in Test 1 Fig. 4 Failure morphologies of the front panel in Test 2
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Fig. 5 Incident attitudes of projectiles
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Fig. 6 Failure morphologies of polyethylene panels
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Fig. 7 Failure morphologies of rear panels

K7 JE AR S

34 MIRMINIES

o Al Sk SRR AT T R S W, Ak A P R TR IO AR SRR AR I I, X B D) I AR B AR, [ B AR A
PR AR TG S, S BUR XA R & A SRR R, TR IR A A i B 2Ok 4 A B T
IR, $OBR AL B AV B s A sz B s sh A far 1 1, R BRI AR T 5 FLRE 2L, 485005 i v A 25 4
T 0 B e S B

R R R R LA RE T4 R 3 BB, A3 SRR SR L BT DRSS . BRI . 24 i AR
55U 2 0 ) BN, 6 A f i AR B 45 I 0, 2 T T MR 2R B L T 2 A 1) L R (U R AR
JELJETr 1)), B R 3R 2 AR A B I ks 2 i AR R A AR (R BRI, TR 46 I G A LR R LR, i
AR 25 375 T AR A e A R R S S R M AR R T B B T o Y T AR S U R A A TR BR A, AR )
AT Y BB 7 B AT — @ IR0 iR CEA, (RVR St B 3 K T e [, 0 T ik A RIS RE .

(1) FEHC RS B Bl : 5 A F A0 42 o ¥ AR A 3o 5 0 4 0 ) A2 478 3, 9L 55 o i 0K S 45 0% 17 T 42
W32 35 I CARAURT R4 BI85 4 58 1 378 1K T 5300 5 3R 07 M4 o v 1149 R 406 19 77, 335 B3R 2 M A 2T 4 A
BHOBEIR, 51 IR Z AR AR i AR 5502 0 18] B, Fh i I A A4 24 5, 3 2 s sl 3t g L
VU i) T 2R B T A T 7 e [ W S, 4 ) i A A RS, 300 B T A IS %) 2 A RN AR RT3 g Jz ) [l 5L

()BTRS Be: “Hefn X7 5 “HEX 7 B AR R T B R, IR 2 AT AR
BBY Y VR A B DR DN 5 B 25 AR ) A TR, R R ARG, 408 D e T AR 1) A% 3 22 3R AT 1T 24
R 5 EARAEAE BRSBTS PR, TR0 I 4 R SR HCTS 1 SR B s, HR B S
205 e FE AR — B, B It S 1) A (B AR A S T 1) ), 224 2 S i 0 % 47 2 o 0 ol TS, B UT) R 4 By

125104-6



539 & FRITEE, S5 GRSt AT A e R 5 A LRI PR RE Y32 1 5 12 3]

B i o 2 5 e AR G R B, p AR I B R, T AR D SR M A - T A SR IR 1) AR
i, 285 AR 1T S SR B ARR e, S S 982 5 1) (R sER (AR A8 B D 1) ) A% 47 22 23R £ 0 Al - T AR St I
LB IS LA, A A e A 47 2 5 e Sl T I, B DD AR B B R o DA b T R A g R R A
TERER 22 5, PRI 24005 2 5 T AR T 8] BT, B8 688 2= B 3 DIV I TR BE G

(3) PLARAZTE Bir BE: 4082 5 ) 10 A JC 18] B, 3R M B i 2 24 B BRI i sh 8 B
HE” Tovk B R R MRS R AR TR BN, ShASAIEHE AR AT R RS 18] 2 ) B AL 68 I, 2
TEHE DX AT 24 38 SRR R AT ARG, 47 2k s P e A5 LAS 7 K 4

SRR R, S AT A b ZE DR AR SR ) AR B R AR Y2 S S ARG A BRI, 5 T
WSz R FERSE I, HhBURHE R ALY 5 202 5 5 TR A AR A2 8 [B] B, 5 AR AN 52005 2 1 R I,
ST BN, [RIF S A sz« ShAAHE” 0, 18 75 TR AT RE B — R B BUA

FH 2% 2 AR, G548 U0 A st A (0 7 ot I T 54 10 v ), 540 T A 1 3 R B R T 4540 10 1y, L%
Kl 6 455 BB TN g, T T AR 55 52 (8] Bt 9 47 8 SR 4R 190 i AR T B B R AR AT — 5 1 0 B
KA, ROIR ZMAR I PO T R EL R SR e A B REALYE, 0L T R RIS RE, AR TR
R 2 A AT R RE s 45 H T rh SRR A s T 454 1 B, (EL el T4 T v sfR AR i 3 B2 5 L
R PR FE RN, TSR B A T AY TR E W RE R T 45 TR, B DR 8RR 5 i TR (8] Bt A 77 7,

“ESIHE” AR A ] R RS ), A YRR R REAT LLEUE R R, B R T AT R ST RERS LU o

L B RTIA, 3 R A BB R BIPEREHEF - B S A1 BR i, I )RR, T ] B s 55

4 #& it

VA 8 2R LM e el o 5 RHE SO BTSSR, LUBRG S A A B S5 T A, it T
3R E SR EEH . T R S5 M 7E 55 g IR AR S e sl vh i B B9 e stk g S e R PR, JF
JB T R HUE SR, 158 LUT EEESE: (1) BE SRR 37 U] b JEREIR, 7 FL3 i BLE A
7% BRGs AT AR LG BRI RSO R e, 7 TE I BR A R LA W o (2) SR S AR 2 4 S S 1)
PRI, (RN A7 AL 2T 4 1 AUCAR | B AR o o) B XA A mh, 3R 0 15 AT 3 I 1 B B f ™
A5 Ji T B 2R i [ B Qs A v, 2R M A s 1 B0 2 S T s i e) B a4 M v, 3R 2 04T
TET A 3L FR T 2T A8 S 05 T A . (3) i T A 5 )2 ) B 8 4 A f A 45 A9 i T S T R B BT —
TE WD G CHUA, 2380 T RO IR BIShRE, B TR AR BIRE 1 SRS TR A B A AR sl SR
JEHE” FrAenl R Ras ], S T R LM p bt v fe . (4) MR oh i T, s 1] B Qa4 i HT iR 1)
PERE R R, J5 A BR S AT ITERE YR 2, JC IR B a5 M R B iR M R fe 58

ARSCAG R A A58 w] o LA G BE BB BRS G 2R S A5 D i S M S 1225, HLA A4 18] B A 1 2%
JE S PRI T SR A5 o

S k-

[1]  CORBETT G G, REID S R, JOHNSON W. Impact loading of plates and shells by free-flying projectiles: a review [J].
International Journal of Impact Engineering, 1996, 18(2): 141-230. DOI: 10.1016/0734-743x(95)00023-4.

[2] CHEN X W, LI Q M. Shear plugging and perforation of ductile circular plates struck by a blunt projectile [J]. International
Journal of Impact Engineering, 2003, 28(5): 513-536. DOI: 10.1016/s0734-743x(02)00077-5.

[3]  WEN H M. Penetration and perforation of thick FRP laminates [J]. Composites Science and Technology, 2001, 61(8):
1163-1172. DOI: 10.1016/s0266-3538(01)00020-3.

[4] NUNES L M, PACIORNIK S, D’ALMEIDA J R M. Evaluation of the damaged area of glass-fiber-reinforced epoxy-matrix
composite materials submitted to ballistic impacts [J]. Composites Science and Technology, 2004, 64(7/8): 945-954. DOL:
10.1016/s0266-3538(03)00105-2.

(5]  Eoold, THH, 153, & Kevlar 2 RPUFTEREDTIE [7]. TR 124, 2005, 22(3): 76-81. DOI: 10.3969/j.issn.1000-

125104-7


http://dx.doi.org/10.1016/0734-743x(95)00023-4
http://dx.doi.org/10.1016/s0734-743x(02)00077-5
http://dx.doi.org/10.1016/s0734-743x(02)00077-5
http://dx.doi.org/10.1016/s0266-3538(01)00020-3
http://dx.doi.org/10.1016/s0266-3538(03)00105-2
http://dx.doi.org/10.3969/j.issn.1000-4750.2005.03.015
http://dx.doi.org/10.1016/0734-743x(95)00023-4
http://dx.doi.org/10.1016/s0734-743x(02)00077-5
http://dx.doi.org/10.1016/s0734-743x(02)00077-5
http://dx.doi.org/10.1016/s0266-3538(01)00020-3
http://dx.doi.org/10.1016/s0266-3538(03)00105-2
http://dx.doi.org/10.3969/j.issn.1000-4750.2005.03.015
http://dx.doi.org/10.1016/0734-743x(95)00023-4
http://dx.doi.org/10.1016/s0734-743x(02)00077-5
http://dx.doi.org/10.1016/s0734-743x(02)00077-5
http://dx.doi.org/10.1016/s0266-3538(01)00020-3
http://dx.doi.org/10.1016/s0266-3538(03)00105-2
http://dx.doi.org/10.3969/j.issn.1000-4750.2005.03.015
http://dx.doi.org/10.1016/0734-743x(95)00023-4
http://dx.doi.org/10.1016/s0734-743x(02)00077-5
http://dx.doi.org/10.1016/s0734-743x(02)00077-5
http://dx.doi.org/10.1016/s0266-3538(01)00020-3
http://dx.doi.org/10.1016/s0266-3538(03)00105-2
http://dx.doi.org/10.3969/j.issn.1000-4750.2005.03.015

539 4% 15 743 5 i i 12 3

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

4750.2005.03.015.

WANG Yuanbo, WANG Xiaojun, HU Xiuzhang, et al. Experimental study of ballistic resistance of Kevlar laminates [J].
Engineering Mechanics, 2005, 22(3): 76-81. DOI: 10.3969/].issn.1000-4750.2005.03.015.

MERRIE, KR8, oL ZE. FRC )2 G M4t i o i MLEEBE 5 [J]. B & A RE4 48, 2006, 23(2): 143-149. DOL: 10.3321/j.
issn:1000-3851.2006.02.025.

MEI Zhiyuan, ZHU Xi, ZHANG Lijun. Ballistic protective mechanism of FRC laminates [J]. Acta Materiae Compositae
Sinica, 2006, 23(2): 143—149. DOI: 10.3321/j.issn:1000-3851.2006.02.025.

WAMBUA P, VANGRIMDE B, LOMOV S8, et al. The response of natural fibre composites to ballistic impact by fragment
simulating projectiles [J]. Composite Structures, 2007, 77(2): 232-240. DOI: 10.1016/j.compstruct.2005.07.006.

TN, SCEY NG ] v BROE ML o T FRP 2 G AR MR BIRIZESE [1]. B A MR A=), 2007, 24(2): 131-136. DOL:
10.3321/j.issn:1000-3851.2007.02.023.

QIN Yue, WEN Heming, HE Tao. Penetration and perforation of FRP laminates under normal impact by ogival-nosed
projectiles [J]. Acta Materiae Compositae Sinica, 2007, 24(2): 131-136. DOI: 10.3321/j.issn:1000-3851.2007.02.023.

EEER, KRB, ML, 5 MR TR OIRLE IR 2 A BRI ERE ST (9], BRKELS rhidi, 2000, 29(1): 29-34.
DOI: 10.11883/1001-1455(2009)01-0029-06.

WANG Xiaogiang, ZHU Xi, MEI Zhiyuan, et al. Ballistic performances of ultra-high molecular weight polyethylene fiber-
reinforced thick laminated plates [J]. Explosion and Shock Waves, 2009, 29(1): 29-34. DOI: 10.11883/1001-1455(2009)01-
0029-06.

Be, RSO, SR, S, DT A PPRINTERIE SR B EEERERIT AT [1]. 52 244, 2010, 31(4): 458-463.

GUO Zhongren, DU Wenze, ZHONG Weihua, et al. Anti-perforation performance of aramid composite against spheric
projectile [J]. Acta Armamentarii, 2010, 31(4): 458—463.

CARRILLO J G, GAMBOA R A, FLORES-JOHNSON E A, et al. Ballistic performance of thermoplastic composite
laminates made from aramid woven fabric and polypropylene matrix [J]. Polymer Testing, 2012, 31(4): 512-519. DOI:
10.1016/j.polymertesting.2012.02.010.

SR, LN, XV, 55 528 MORHZE AR BT ST 2 AL S BT 5T (0], B4 5w, 2012, 32(4): 337-345. DOL:
10.11883/1001-1455(2012)04-0337-09.

PENG Gang, WANG Xucai, LIU Yuandong, et al. Research on anti-perforating mechanism and simulation of composite
laminates [J]. Explosion and Shock Waves, 2012, 32(4): 337-345. DOI: 10.11883/1001-1455(2012)04-0337-09.

WIAEI, PRICHE, e i, 55 B s ALt i T 2 AR EH2 SR ROy HATTSE (0], S it R 2 5 TR, 2017, 403):
66-70. DOI: 10.14024/j.cnki.1004-244x.20170427.008.

HU Nianming, CHEN Changhai, HOU Hailiang, et al. Simulation on damage characteristic of composite laminates under
high-velocity projectile impact [J]. Ordnance Material Science and Engineering, 2017, 40(3): 66-70. DOI: 10.14024/
j.cnki.1004-244x.20170427.008.

SR, KRB, BRI, 55 B R T = 0 1R SR 2 A AR S AR BRAN 5 0 s 0], EARATE ST, 2014, 9(4):
55-62. DOI: 10.3969/j.issn.1673-3185.2014.04.0009.

HU Nianming, ZHU Xi, HOU Hailiang, et al. Estimating method for the ballistic limit of ultra-high molecular weight
polyethylene fiber-reinforced laminates under high-velocity fragment penetration [J]. Chinese Journal of Ship Research, 2014,
9(4): 55-62. DOI: 10.3969/j.issn.1673-3185.2014.04.0009.

B, Mg, XU, 5. AR A W A5 BTSR[], 4K 5 iy, 2003, 23(1): 61-66.

ZHU Xi, MEI Zhiyuan, LIU Runquan, et al. Warship's light composite armor structure resistibility for ballistic impact [J].
Explosion and Shock Waves, 2003, 23(1): 61-66.

VRICHE, A8, el i, 55, SUILIRIE S 27 2 5 4 Jm A SR 1 il RIT AT [0, £ 1243, 2012, 33(12): 1473-1479.
CHEN Changhai, ZHU Xi, HOU Hailiang, et al. An experimental research on low-velocity projectiles perforating fiber and
metal combined thin targets [J]. Acta Armamentarii, 2012, 33(12): 1473-1479.

WRACHE, 8, Beife e, 55 Rk IR BT 28 4 % /FRP 20 4 WiAR (9 SE 90 BT (1], SRIE 2241, 2012, 24(4): 51-55. DOL:
10.3969/j.issn.1004-499X.2012.04.011.

CHEN Changhai, ZHU Xi, HOU Hailiang, et al. Experimental research on low-velocity ball projectile perforating metal/FRP
combined-thin-plates [J]. Journal of Ballistics, 2012, 24(4): 51-55. DOI: 10.3969/j.issn.1004-499X.2012.04.011.

TRIEE, BRAUE, R /B AR AL G 45 A X i S B M BLAR B REE [0]. TP B AF 9T, 2017, 12(1): 93-100. DOL:
10.3969/j.issn.1673-3185.2017.01.014.

ZHANG Yuanhao, CHEN Changhai, ZHU Xi. GFRP and steel compounded structure subjected to impact by high velocity

125104-8


http://dx.doi.org/10.3969/j.issn.1000-4750.2005.03.015
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.1016/j.compstruct.2005.07.006
http://dx.doi.org/10.3321/j.issn:1000-3851.2007.02.023
http://dx.doi.org/10.3321/j.issn:1000-3851.2007.02.023
http://dx.doi.org/10.11883/1001-1455(2009)01-0029-06
http://dx.doi.org/10.11883/1001-1455(2009)01-0029-06
http://dx.doi.org/10.1016/j.polymertesting.2012.02.010
http://dx.doi.org/10.11883/1001-1455(2012)04-0337-09
http://dx.doi.org/10.11883/1001-1455(2012)04-0337-09
http://dx.doi.org/10.14024/j.cnki.1004-244x.20170427.008
http://dx.doi.org/10.14024/j.cnki.1004-244x.20170427.008
http://dx.doi.org/10.3969/j.issn.1673-3185.2014.04.009
http://dx.doi.org/10.3969/j.issn.1673-3185.2014.04.009
http://dx.doi.org/10.3969/j.issn.1004-499X.2012.04.011
http://dx.doi.org/10.3969/j.issn.1004-499X.2012.04.011
http://dx.doi.org/10.3969/j.issn.1673-3185.2017.01.014
http://dx.doi.org/10.3969/j.issn.1000-4750.2005.03.015
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.1016/j.compstruct.2005.07.006
http://dx.doi.org/10.3321/j.issn:1000-3851.2007.02.023
http://dx.doi.org/10.3321/j.issn:1000-3851.2007.02.023
http://dx.doi.org/10.11883/1001-1455(2009)01-0029-06
http://dx.doi.org/10.11883/1001-1455(2009)01-0029-06
http://dx.doi.org/10.1016/j.polymertesting.2012.02.010
http://dx.doi.org/10.11883/1001-1455(2012)04-0337-09
http://dx.doi.org/10.11883/1001-1455(2012)04-0337-09
http://dx.doi.org/10.14024/j.cnki.1004-244x.20170427.008
http://dx.doi.org/10.14024/j.cnki.1004-244x.20170427.008
http://dx.doi.org/10.3969/j.issn.1673-3185.2014.04.009
http://dx.doi.org/10.3969/j.issn.1673-3185.2014.04.009
http://dx.doi.org/10.3969/j.issn.1004-499X.2012.04.011
http://dx.doi.org/10.3969/j.issn.1004-499X.2012.04.011
http://dx.doi.org/10.3969/j.issn.1673-3185.2017.01.014
http://dx.doi.org/10.3969/j.issn.1000-4750.2005.03.015
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.1016/j.compstruct.2005.07.006
http://dx.doi.org/10.3321/j.issn:1000-3851.2007.02.023
http://dx.doi.org/10.3321/j.issn:1000-3851.2007.02.023
http://dx.doi.org/10.11883/1001-1455(2009)01-0029-06
http://dx.doi.org/10.11883/1001-1455(2009)01-0029-06
http://dx.doi.org/10.1016/j.polymertesting.2012.02.010
http://dx.doi.org/10.11883/1001-1455(2012)04-0337-09
http://dx.doi.org/10.11883/1001-1455(2012)04-0337-09
http://dx.doi.org/10.14024/j.cnki.1004-244x.20170427.008
http://dx.doi.org/10.14024/j.cnki.1004-244x.20170427.008
http://dx.doi.org/10.3969/j.issn.1673-3185.2014.04.009
http://dx.doi.org/10.3969/j.issn.1673-3185.2014.04.009
http://dx.doi.org/10.3969/j.issn.1004-499X.2012.04.011
http://dx.doi.org/10.3969/j.issn.1004-499X.2012.04.011
http://dx.doi.org/10.3969/j.issn.1673-3185.2017.01.014
http://dx.doi.org/10.3969/j.issn.1000-4750.2005.03.015
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.3321/j.issn:1000-3851.2006.02.025
http://dx.doi.org/10.1016/j.compstruct.2005.07.006
http://dx.doi.org/10.3321/j.issn:1000-3851.2007.02.023
http://dx.doi.org/10.3321/j.issn:1000-3851.2007.02.023
http://dx.doi.org/10.11883/1001-1455(2009)01-0029-06
http://dx.doi.org/10.11883/1001-1455(2009)01-0029-06
http://dx.doi.org/10.1016/j.polymertesting.2012.02.010
http://dx.doi.org/10.11883/1001-1455(2012)04-0337-09
http://dx.doi.org/10.11883/1001-1455(2012)04-0337-09
http://dx.doi.org/10.14024/j.cnki.1004-244x.20170427.008
http://dx.doi.org/10.14024/j.cnki.1004-244x.20170427.008
http://dx.doi.org/10.3969/j.issn.1673-3185.2014.04.009
http://dx.doi.org/10.3969/j.issn.1673-3185.2014.04.009
http://dx.doi.org/10.3969/j.issn.1004-499X.2012.04.011
http://dx.doi.org/10.3969/j.issn.1004-499X.2012.04.011
http://dx.doi.org/10.3969/j.issn.1673-3185.2017.01.014

539 & FRITEE, S5 GRSt AT A e R 5 A LRI PR RE Y32 1 5 12 3]

projectiles [J]. Chinese Journal of Ship Research, 2017, 12(1): 93-100. DOI: 10.3969/j.issn.1673-3185.2017.01.014.

(191 TREH, EAIL, ™ SCRR, 5. 2P NSRS G AR = IRA BB 2 T S 88 (0], A MPRL# 1, 2012, 29(3): 72-78. DOL:
10.13801/j.cnki.thelxb.2012.03.019.
XU Yuxin, WANG Shushan, YAN Wenkang, et al. Armor-piercing experiment on fragment against sandwich plate with fiber
reinforced composite cores [J]. Acta Materiac Compositae Sinica, 2012, 29(3): 72-78. DOI: 10.13801/j.cnki.thclxb.
2012.03.019.

(20] #RIOHT, WO, EW LN, 55 LPEENTRIT S AR = BB 2 BB 05 L (0] flRsh 5 vhifi, 2014, 33(2): 134-140. DOL:
10.3969/j.issn.1000-3835.2014.02.026.
XU Yuxin, DAI Wenxi, WANG Shushan, et al. Numerical simulation on fragment armor-piercing against sandwich plate with
fiber reinforced composite cores [J]. Journal of Vibration and Shock, 2014, 33(2): 134-140. DOI: 10.3969/j.issn.1000-
3835.2014.02.026.

[21] 2%, GRilgw, KRB, 5. M ] BR X 05 20 4T 4k 1 9 52 5 4 W S5 A HU AR B AL B 19 52 ) [7]. 4= T2 4T, 2017, 38(9):
1797-1805. DOI: 10.3969/j.issn.1000-1093.2017.09.017.
LI Mao, HOU Hailiang, ZHU Xi, et al. Influence of structural interspace on anti-penetration performance of para-aramid fiber-
reinforced composite armor system [J]. Acta Armamentarii, 2017, 38(9): 1797-1805. DOI: 10.3969/].issn.1000-1093.
2017.09.017.

[22] O'MASTA M R, DESHPANDE V S, WADLEY H N G. Mechanisms of projectile penetration in Dyneema® encapsulated
aluminum structures [J]. International Journal of Impact Engineering, 2014, 74: 16-35. DOI: 10.1016/j.ijimpeng.2014.02.002.

Influence of structural interspace on anti-penetration performance
of sandwich composite armor system

ZHANG Yuanhao'?, CHENG Zhongqing®, HOU Hailiang', LI Yanru®
(1. College of Warship and Ocean, Naval University of Engineering, Wuhan 430033, Hubei, China;
2. Naval Logistics College of PLA, Tianjin 300450, China)

Abstract: A sandwich composite armor consisting of an 8 mm thickness front titanium alloy plate, a
60 kg/m® planar density high-strength polyethylene fiber reinforced composite laminate core layer and an
8 mm thickness rear steel plate was used to simulate the structures of composite sandwich bulkheads on ship
sides. According to whether there was an interspace of 20 mm between the panel and the core, the composite
armor structures were defined as non-interspace type, back interspace type and front-back interspace type. In
order to study the anti-penetration performance and failure mechanism of the above three structures under
high-speed impact of a cylindrical projectile with the mass of 55 g, a series of ballistic tests were carried out.
The failure modes of the titanium alloy plate, the ultra-high molecular weight polyethylene fiber-reinforced
composite laminate core, and the steel panel were analyzed, and the influence of the structural interspace on
the anti-penetration performances of the composite armor structures was obtained. The results show that the
failure mode of the front titanium alloy plate is shear plugging, brittle fracture occurs on the bullet surface of
the target plate and is accompanied by debris collapse; that the failure mode of the polyethylene fiber
reinforced composite plate and the deformation range of the steel back plate are greatly affected by the
interspace, while the front titanium alloy plate is less affected by the interspace; and that the existence of
interspace is beneficial to improve the anti-penetration performances of the composite armor structures.
Keywords: composite armor; structural interspace; titanium alloy; high strength polyethylene fiber
reinforced composite; high-speed impact
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