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Fig. 1 Schematic representation of the cross-section

geometry of the sandwich structure
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Table 1 Parameters and types of composite sandwich structures

UIRIER N Ao = B 2 F
n PE 2 )& i TR SIC J& i .
G5 w2 HEF JEJE (1 — 1) Mt (g B (mm)
Hpg (mm) s(mm) t, (mm)
(mm)

PN-1 RE 0 0

PN-2 RE-+SIC+PE 5.5 3

PN-3 RE-+PE-+SIC 5.5 3

PN-4 SIC+RE+PE 5.5 1.5 3 0.55-0.55 230 70
PN-5 PE+RE+SIC 5.5 3

PN-6 SIC+PE+RE 5.5 3

PN-7 PE+SIC+RE 5.5
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Fig. 2 Schematic diagram of the finite elementmodel
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Table 2 Johnson-Cookmodel parameter values

for 304 stainless steel

24 Bl 28 B

o(kg * m™*) 7900 c 0.07

E(GPa) 200 m 1.00

P 0.3 e (s 1.00

A(MPa) 310 T,.(sH 1673

B(MPa) 1000 T.(s™H) 293
n 0. 65
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Table 3 Parameter values for polyethylene materials

S8 Bl e Bl
p(gecem ™) 0.98 pios 0.004
E;, (GPa) 30.7 a1 0.004
E,, (GPa) 30.7 Gy, (GPa) 0.73
E.; (GPa) 1.97 G5 (GPa) 0.67
e 0.008 Gy; (GPa) 0.67
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Table 4 Mechanical parameters of PE bonding layert?")

B RAE R (GPa) KA S (MPa) W4 hE (J/m*)
Eyw G, Gy ov or o Gy Gs Gr
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Table 5 TNT explosive JWL state equation parameters

A(GPa) 617.5

B(GPa) 16.9
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w 0. 25
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Table 6 Air gas state equation parameter
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os (kg e m*) 1.225
P(Pa) 1.013X10°
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Fig. 3 Comparison of ballistic experimental and simulated damage morphology of polyethylene laminates

*

- ™

0.090
400+
L 350 Ig;[;?:mental measurements L0.075
:;; 300- —*— Numerical calculations 660
2 250+ <
2 200- £0.045 S
) s
ale 10.030 £
S 100-
&) 50 r0.015
01 -0.000
—50 T T T T T T T
350 420 490 560 630 700 770 840

Impact velocity (m/s)

P4 SR AR A T B X L

Fig.4 Comparison of residual velocity of projectile

2.2 MEHEMBREAMEKER

Shy 6 VI A e o TR U A 1 L SR A () £ A A
RS H T T SCHR Y SE B AL R T
48 5 SIS RO I AT X b DB 5 R R AR TR B AR
1A 07 BT AT B 0 B R O 2 A5 R R

Fiber [l PP [nterlaminar
fracture . delamination

Interlaminar
delamination

fracture

B5 by 5 6 1R 32 2R B8O S0 L
Fig. 5 Comparison of the failure appearance of the
sandwich by the combined action of shock

wave and {ragmentation



« 684 - W g 22 4l

2024 45 45 4

e /9 3 5 200 25 R AT Bl — Bk Y 3R B
AR R A AR L T TR RS A L R TR
Hh s DX A B 95 2R 280 T A -0 TR G A S L B
TR FEMR S SEZ A RBEAR. @i
X EE T T AR i AR T B RT R A SCHR BT ST A AR
BERY T DL i WA B2 e J2 5 0 1 A T B R UK
fiE» —F e KA TE iR 2 7E 80 LA,

3 H#ERHyHFITE

AR LT JLT5 T TT 53 B B 5 e IR 45 4 B

Pressure (MPa)
46.54
42.66
38.78
34.91
31.03
27.15
19.39
15.51
11.64
7.76
3.88
0.00

PR (1) SR (PN-1) Zh A0 B 4347 5 (2) 4%
PR A3 T8 15 7 43 AT R AE 5 (3) 85 J2 I B 0 45 44 vh i
PEREFL I 5 (4) i 0 4 1 22 5.
3.1 EAEERZNEmA S

207 J6L 0% I % 7 ) DR 8 1) AP R JIK TR 1
e P ek . ot O B T e AE S P LB AR A
5 77 AL 4G B 6 s o FE B2 il 45 40 1 2% 1 fe
R R O IF R BE R  E RIX

Free field propagation

Wavefont

Head-on reflection

A

Oblique reflection

UL TR R N OF i R (TR i
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Fig. 8 Deformation cloud of negative Poisson’s ratio core layer in horizontaldirection

35

30 1

251

20 1

1535

AEJAE (mm)

10 1

0 T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Bf A (ms)

&9 PN-1 HiAR 0 G 8T8 DL K8 )2 T 46 e 7 it 2
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Dynamic Response Characteristics of Laminated Composite

Sandwich Structures under Airborne Explosive Loads

Jiayuan Luo Yongsen Fu Zhelun Chen Shiyue Li Jialin Wang

(School of Electromechanical and Vehicle Engineering , ChongqingJiao tong University, Chongqing, 400074)

Abstract To improve blast and impact resistance of sandwich structures, this study introduces a com-
posite sandwich structure comprising a re-entrant (RE) negative Poisson’s ratio core, polyethylene (PE)
fibers, and silicon carbide (SiC) ceramics. Utilizing the coupled Eulerian-lagrangian (CEL) algorithm
within ABAQUS, the dynamic response of this structure under explosive loading was simulated, assessing
the impact of various core layer configurations on protective performance through structural deformation
mechanisms, velocity response features, and energy absorption capacities. At equivalent areal densities,
the incorporation of ceramic and polyethylene layers led to reductions in upper and lower panel deforma-
tions by up to 53% and 5. 7%, respectively, relative to an RE-only sandwich layer. Notably, a core con-
figuration of SiC-PE-RE optimized interlaminar load distribution, minimizing lower panel deformation; an
increase in panel support strength correspondingly reduced panel velocities. Positioning the SiC and PE
layers at the upper and middle core layers, respectively, achieved peak reductions in upper and lower panel
deformations by 18. 84% and 16% ., compared to the RE sandwich layer, exhibiting the most rapid rate of
decay. Conversely, positioning the RE layer at the upper core resulted in augmented local deformations,
leading to localized crushing failures in the PE and SiC layers, thereby maximizing the energy-absorption
incrementby up to 14 %.

Key words composite sandwich, airburst shock wave, dynamic response, energy absorption charac-

teristics





