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Analysis of the enhancement effect of UHMWPE backplate thickness on the
penetration resistance of aluminum composite panels

YANG Kexu, HE Chenglong, HUO Ziyi, MAO Xiang
(College of Mechatronics Engineering, North University of China, Taiyuan 030051, Shanxi, China)

Abstract: Ultra-high molecular weight polyethylene (UHMWPE) fibers are widely used in explosive fragment protection due
to their high modulus, high strength, and low density. To study the effect of UHMWPE backplate thickness on the penetration
resistance effect of aluminum composite panel, the digital image correlation method (DIC) and computed tomography (CT)
were used to obtain the dynamic response and local failure of UHMWPE. A finite element model of a tungsten ball penetrating
an Al/PE composite plate with different speeds (500, 1000, and 1500 m/s) was established, and the simulated results were
found to be in good agreement with the experimental results. The influence of PE backplate thickness on the energy absorption
performance and strain of the composite target plate was mainly studied, and the thickness of the backplate was 1.6-20 mm.
The results demonstrate that the aluminum plate undergoes adiabatic shear failure under the impact, and the fiber layers are laid
orthogonally to produce fiber bulges and bifurcated strain bands under tension. The fiber bulge and cross-shaped strain band
bifurcation phenomenon occur when the fragments penetrate the orthogonally laid fibers. With the increase of the PE plate
thickness, the main failure of the fiber layers changes from shear failure to tensile failure, and the strain band of the fiber layers
changes from cross shape to X shape. Increasing the thickness of the PE plate hinders the movement of the plug body of the

aluminum block, thereby increasing the time and kinetic energy consumption of the fragment penetrating the aluminum plate.
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When the impact velocity is 500, 1000 and 1500 m/s, the optimal areal density absorption energy thickness respectively is 6.4,
12, and 16 mm, and the surface density energy absorption respectively is 14.55, 49.51 and 98.07 J-(kg-m?). The influence of
PE composite plate thickness on energy absorption performance first rises rapidly to the threshold and then slowly decreases,
this result shows that increasing the PE plate thickness is limited in improving its energy absorption performance after reaching
a certain thickness.

Keywords: UHMWPE; aluminum composite panel; tungsten ball impact simulation; bullet penetration resistance
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L4 R BE % T ik 44 K B - /Bk £F 4k ( carbon nanoparticle/carbon fiber, CNT/CFRP) |2 & M 75K vk 2 1o
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2 Modulation ’
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Fig. 1 AI/UHMWPE target fabrication process
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WA A W B, DR PO 1 22 WA BT AL A3 A1, I ELAT 3 > 0 % B R R A X L . SIS O AR 2
KT 2 mm, FEBHETEFRC 200 mmx200 mm S8 X340 K 3 fizs, 5% Match ID #4315 381 von Mises
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(a) Schematic diagram of the smoothbore gun test system (b) High-speed camera

(c) Copper mesh target breaking device (d) Six-way electronic time meter (e) Bullet butts
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Fig. 2 Experimental site layout
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Fig. 3 Schematic diagram of target plate fixing method and high-speed camera shooting
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Fig. 4 Schematic diagram of a composite target simulation model
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Table 1 Material parameters of UHMWPE

p/(kg'm™) E,,/MPa E,,/MPa E,;/MPa Vis Vi Vas
970 95000 95000 11300 0.3 0.3 0.4
G,/MPa G,/MPa G,/MPa X/MPa X/MPa Y/MPa
6000 6000 3600 3048 1580 130
Y/MPa Z/MPa Z/MPa S,,/MPa S,/MPa S,/MPa
650 340 180 130 130 130

BAE AP R Fir 5~ 7 7 Hashin 7 DU 22 75 I (5] o 0] f) i 2% 1 17 17 A2 24007 19 2 2 i il
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023103-6



5 44 & BalvE, 5F: UHMWPES MG R A AR DRI B 08 2347 %2

FRP 4t £ 91 %% 1 — i % FH 97 00 997 28, 360 838 1T A0 B8 22 Chang-Chang 47 B8 17 A
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Fig. 5 Subroutines analysis flowchart!
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Kottt NGRS, €, 6,0 8 A SN GRIFRIAS), K, Ko\ K 3 D7 TR ORI
Cohesive ] #4573 1 R FH Wk 44 SO 7 (quads damage) , 243

() +(5) +(F) = 10
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®3 REERBERDS SR ERIEE

Table 3 Comparison between simulation and experiment in penetration process

W AR (mes™) BREY%
HOMUE L /mm bilbires o) WP/ (mes™)

B LK M i
10.02 Al 1027.49 823.83 844.88 25 4.92
10.01 Al 861.67 682.44 658.75 3.6 7.32
10.01 Al 1020.48 822.30 835.62 1.6 3.16
10.01 Al 1283.26 104331 1093.19 4.6 8.92
10.00 Al 1091.24 879.88 856.74 27 5.47
12.00 AVUHMWPE 1031.03 815.47 815.51 0.0 0.01
13.30 AI/UHMWPE 1109.26 837.90 882.61 5.1 9.87
14.40 AVUHMWPE 1015.25 736.59 721.04 2.2 4.36
15.60 AI/UHMWPE 1071.68 725.44 736.71 1.5 3.04
17.40 A/UHMWPE 988.45 517.27 500.82 33 6.68

&1 6 itz Ay 55 045 3] A S AR SR v 30 e -5 BUE R S UL A R W Sl R R X L, NI 6 HmT L& B, R
JE R 12 mm Y A/UHMWPE & & #7E 1031.03 m/s 91 3% 5280 F 3h e R 2/ F 10 mm A4 7E
1283.26 m/s WI R A2 )T BB RE WIS I o 3R FR T 0 A8 A A B K S BP0 B A e, X AR
R B e vy TR A K 22 BN B OR BBy, AT 2R B 22 (Bl B8 . Fh I AT L, 5% e S AR X 1 3
BB PR ZE Bk T AR 1 B R, B R 2 e RO A Sl R AL . A TR R, A (R BT BB R 1 B
et Z

1 500  —=— Experimental result 988.45 m/s
—e— Simulation result

1400 1
1300 F 1 071.68 m/s

120071 98326 m/s
1100 f

1000 1
900 |

800
1031.03 m/s
700 1 1 1 1 1 1

9 10 11 12 13 14 15 16 17 18
Target plate thickness/mm

6 SRR S RE A S S AR (E USSR L

Fig. 6 Comparison between experimental and simulated kinetic energy absorption of

1015.25 m/s

Energy absorption/J

1 109.26 m/s

the target plate

32 EEWRNTNASNN T

AVUHMWPE & & WJEE 7 12 mm, H A 4EHJEE R 10 mm, UHMWPE #JS B 8 2 mm, % 1020,
1431 m/s tpits T 52 G A sh A N 47 DIC 434, W 7 fis . 71219 12 mmAVUHMWPE & &4, 5%
A 2BV S O RO FLNAE BDE o BRI A Stsh, T adb2 L i B 0, i Bl T &2
0°FY£F 4™ kS, FIE LA AL Ao S N AR 43 SRR o B 3 v ) o o BE A 456 T8 R 1=
I b 0 £ Qe R R bt I R B U0 R AR, AR A PR (A5 0 ) 1 A 4R AR AL B, S B 4
IS . BT AR 4E)E Z 0 005 90°ff B S I, BTE I AR ) B2 B B IR A 0055 90°%H % fA B
LRGN AR 3 T IR R AR A A
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0.025

200 ps 267 ps
(a) 1 020 m/s (b) 1431 m/s

71020 F1 1431 m/s FIEB =Y PE Z 44 DIC 5347
Fig. 7 DIC analysis of PE composite plate penetrated by fragment at the velocities of 1020 and 1431 m/s

333 ps

I SR 1431 m/s F T8, ZBLLE 67 us i, + IR A 4 W i, Bl 2 i IRV HERS , + 7T AR
W, 333 ps B, I AR A 8 A ) R AR B AR T G, 18 BH S G v B I AR TR T
SRPEARTE o d R B ARAYD A 4 AR N T AT R A b g D R R Ay R R 2, B A R AR
It A5 1 3l 15 2 A A i ] 5 AL, 2 e B S0 1 e, O e A (A R R I 2R 4
LA PR e TS B RO e R] U 1431 m/s I AR )T, 12 mmAI/UHMWPE & G i £F 4831k
(GEIBIW e DA IS

R B BB AN 1 H S 2T R OR 0 R S, A ] TG HEA T BB AL, A5 I A B s [ AR A
W 8 Fin o A AL ZE S mT DUk B0 ph 2% 100 £F 2t 30 T 5 5286 P oA BL 2B R AR, LB 25 o AR
5 FAL R, 1020 m/s T A 24 us 5 1431 m/s S EE R AY 18 us H B FIE R AR 7 LR, 1X3IE I
B BB RYXT T, 9 Hy 100 2 4 17 A 1 ]

12.0 ps 14.4 ps 18.0 us 12.0 ps 15.0 pus 18.0 us

&

>0.020 0
0.0200
0.0180
0.016 0
0.0140
0.0120
0.0100
0.008 0
0.006 0
0.004 0
0.002 0
0.001 0
0.000 5
0

20.0 ps 24.4 us 30.0 ps 21.0 pus 24.4 us 27.0 us
(a) 1 020 m/s (b) 1431 m/s

&8 1020 F1 1431 m/s WIER 2T AVUHMWPE & A M AR % 2 &

Fig. 8 Strain propagation cloud diagrams of A/UHMWPE composite plate penetrated by fragments
with the velocities of 1020 and 1431 m/s

3.3 AVUHMWPE £ &N HEh 7S N 5 7

i X K 1431 m/s B R BIEEE 12 mm B AVUHMWPE & & WE T 5E R, 193] 78k A2
W FE v AVUHMWPE & 5 Hr 1) von Mises W 15 # = (K1 9) o AL 9 o] LU i, & 5L BB A
NI ARG, TSR T AR AR R 2024 BRA 4, A JE A5 ) R A AT R B AR ) AR A e L2
[ [RUIR A% 405, 107 ) 9 W (1 2ot 280 MPa, K485 4 JiE IR BE 77 150 MPa. I g 3% #6585 4 Al 1 1% 4 2o
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R, N I E B 55, W Bk i RS 5 205 W T AR S BEA e, X (A5 1 S R I A
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Fig. 9 Mises stress propagation distribution of AVUHMWPE composite plate penetrated by
the fragment with the velocity of 1431 m/s
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Fig. 10  Local destruction around the bullet hole of the PE composite plate
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Fig. 11 Runs through the target plate successively strain cloud map
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Fig. 12 Kinetic energy absorption history during fragment penetration process
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Fig. 13 Cross-sectional view of the composite panel during fragment penetration
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