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Table 1 Parameters of JH2 constitutive model for glass material

o/(kg'm™) G/GPa K,/GPa K,/GPa K,/GPa T/GPa o /GPa Pur/GPa
2488 29.6 40.8 —136.6 239.8 0.078 6 2.75
A B C M N D, D,
1.679 1.783 0.0144 0.637 0.982 0.005 0.8
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Table 2 Parameters of Mooney-Rivlin constitutive model for PU material

ol(kg-m™) y C,/MPa C,,/MPa
1100 0.495 1.6 0.06
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F=3 PCHMPIHIfE K IC AIRBESH

Table 3 Parameters of simplified JC constitutive model for PC material

pl/(kg-m™) % E/GPa A,/MPa B,/MPa N, C,
1200 0.38 2.34 56 176 2.67 0.09

22 AIRTHER

K AL A BRIT /T 8 LS-DYNA 47T B (B A0 73 A, B T 00 5l i & — 2., i T30
JEREAR I R L A — 5 1 B RPE, R, SR T A BEA T RUE B, Anl&] 2 iR o SR it SR B B A AL
fi o o R P R RS R AL R, RN B A PR RS R 0.3 mm SR A A T E T A2 R
SR . B B2 A PC 2 MRS R Lagrange W% 34 5 3 L5 $E 4 2 8] 152 B ERODING_SURFACE _
TO_SURFACE {2 % fii; PU ¢ 2R FH ¢ HLoT #E4T @A, JF % CONTACT_AUTOMATIC_SURFACE_
TO_SURFACE_ TIEBREAK # filt 40 43 J2 101 403, 12 OG5 73 4 7 L NFLS. SFLS 2 ™28 2 J2 1) 2%

%, B
(|crn| ) (|crs| )
— ] +|—] =1 )
O'NFLS O SFLS

Kb o, AP ST, o0y AFIRLTT, orers TP TR BB ST, orgers P TN RLBT VIR TT

. I Ball projectile

I First layer of glass
M PU layer

I Second layer of glass
W PC layer

K2 ARRuER

Fig. 2 Finite element model

FT T B 7 ¥ AL g AR ol 2 Y B A R R g, A B E A S I LR W), TR )R
HEAE N ds G AR b | N FEM-SPH. 5 WA 45 330 12 , 2 0 vk o 45 00 M P o7 2% 8 30) 2R R0 B T e A
SPH ki . 5154 BT Jr vk Ml b, Bk A i SPH KL (0 T it . (8 . SR | 1 g 38 5 W A% B T A
O A3 PR ) B DR — B, I ol 5 S S AR AL T 0 I K )

1 Ne 0 1/3
R
N2 ro'(p-) (10

A N, g SRR GBI B TR, RV SATE R T, p, RIHI IR B
3 HEROM

3.1 BEERAAIE

h T W TEAT R ICAE T (A5 0, Xt B TS [ B AL B o R 06 MO A B S R, W 4, T
T [T A 1 B 38 25 R 0T %) T8 0 e o A L o AR T st A S T 3 2 O R T R ) 4
i, SRR MR — MR IR 25 . X TR LS S, BAL R IR 55— L) B Sk N A8y
W I3 4 AT, R R B o R, B0 5 B A4 SR A 25 20% LAPY .

024101-4



%39 % TOACEAF WL HUE T T SR S A R A S L 52

x4 HBESHEEUNRMRESL

Table 4 Comparison of depth of penetration between experiment and simulation

. . Depth of penetration
No. Impact velocity/(m's™) -
Exp./mm Sim./mm Error/%
1 336 4.9 4.1 16.30
2 413 5.8 6.1 5.20
3 517 11.3 10.2 9.70
4 634 13.4 153 14.20
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(b) Simulation result
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Fig. 3 Penetration process of glass composite amor subjected to projectile at high velocity of 517 m/s
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Fig. 5 In-plane damage of glass composite armor

at penetration velocity of 517 m/s
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Fig. 6 Damage of glass composite armor along thickness direction
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Fig. 7 Stress and deformation characteristics of the PU adhesive layer
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Damage Mechanism of Glass Composite Armor Subjected
to Projectile at High Impact Velocity

HUANG Yougi', SHI Liutong”, GAO Yubo?, LI Zhihao®>, HUANG Aoxiang'

(1. China Building Materials Academy, Beijing 100024, China,
2. School of Aerospace Engineering, North University of China, Taiyuan 030051, Shanxi, China)

Abstract: The glass laminated composite armor exhibits good light transmission and impact resistance,
making it widely used in military and civil protection fields. However, due to the susceptibility of glass to
failure and breakage, the experiments and numerical simulations were carried out to investigate the impact
damage mechanism of the target plate under high-speed impact of the steel ball projectile. Results show that
under the action of breaking cone of first glass layer and stress wave propagation, the volume of breaking
cone in the second layer of glass and the overall damage area are significantly larger than those in the first
layer. During high-speed impact, many radial and circumferential cracks form in the glass layer. The
circumferential cracks, resulting from Rayleigh waves, can prevent the propagation of secondary cracks
caused by the radial crack propagation. The glass layer can be divided into the powder region, small
fragment region, large fragment region and radial crack region according to different damage degrees. Along
the thickness direction, the combined action of stress wave propagation, bending deformation of the target
plate and volume expansion of the broken glass result in vertical and oblique cracks along the breaking cone
in the glass layer. The PU bonding layer between the glass layer can deflect vertical cracks and hinder the
propagation of the cracks along the thickness direction. At the interfaces between the glass/PU/PC layers,
shear wave action arises due to the differences in dielectric wave impedance, leading to localized
stratification within the adhesive layer. The deformation of PC layer gathers broken glass particles, forming a
local high-stress area and complets the continuous obstruction of the projectile. Finally, the deformation of
the PU adhesive layer is primarily induced by the shear stress caused from the breaking cone of the glass
layer.

Keywords: glass composite armor; ballistic performance; damage mechanism; stress wave propagation
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