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Abstract: With the increasing speed of high-speed trains, especially when passing through tunnels or meeting cars,
aerodynamic loads place higher demands on the strength characteristics of the skin structure. 3D hollow sandwich
composite with thermoplastic aluminum alloy-glass fibre/polypropylene (Al-GF/PP) faceplate is a kind of sand-
wich material with fiber metal laminates as faceplate and 3D hollow composite as core material, which has the
advantages of lightweight and high strength, sound and heat insulation, and can be used in the skin structure of
high-speed train doors, skirts and so on. By comparing the performance of 3D hollow composites with different
heights (10-25 mm) in flatwise compressive, edgewise compressive and flexural properties, it is found that the
mechanical properties show a decreasing trend with the increase of the thickness, and the thicker 3D hollow

composites have higher bending moments in the core and low structural stability. Aerodynamic load tests of 4 kPa,
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5 kPa, 6 kPa and 7 kPa were carried out on the 3D hollow sandwich composite with Al-GF/PP faceplate. The results

show that when the "8" fibres are subjected to forces perpendicular to the faceplate, the weft fibres carry the main

load, which help to reduce the displacement of the fibres in the loading direction. The highest loading stress is

applied at the joint between the core and the upper panel, and the main displacement occurs on the loaded side of

the structure, with maximum displacement values of 1.80 pm, 2.26 pm, 2.72 pm, and 3.19 pm, respectively, and the

aerodynamic loading of this order of magnitude does not lead to macroscopic deformation and failure of the

specimens.

Keywords: fiber metal laminates; 3D hollow composite; sandwich composite; aerodynamic load; strength char-

acterization
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The resin dosage was calculated with
a mass ratio of 3:4 for the 3D hollow
4 fabric and the epoxy resin, after which

Ej . _ the epoxy resin was mixed at a mass
- ratio of 100:45 for the resin and the

il curing agent; l

The vacuum deflector of 3D hollow

fabric; l

—=~. 3D hollow fabric was "standing up"
_ after removal of the vacuum bag;

l

The 3D hollow composite were cured
' in an oven;

The 3D hollow composite burrs were
removed to complete the preparation
process.

BI1 =4 i abbRHl 4 T2

Fig.1 Preparation process of 3D hollow sandwich composite
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Fig.2 Vacuum diversion technology of 3D hollow sandwich composite
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Fig.3 Effect of curing process on mechanical properties of 3D hollow sandwich composite: (a) Flexural properties; (b) Flatwise compressive properties
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Fig.4 3D hollow sandwich composite specimens
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Table1 Physical parameters of 3D hollow sandwich
composite

F -
Weave thickness/mm Actual thickness/mm Surface density/

(kgm™)
10 8.5 2.1
15 12.4 2.2
20 17.6 2.9
25 23.3 3.0
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Fig.5 Typical flatwise compressive load-displacement curves (a) and typical failure modes (b) of 3D hollow sandwich composite
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Fig. 6 Typical flexural (a) and edgewise compressive (b) results of 3D hollow sandwich composite
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Fig.8 Model parameters of 3D hollow sandwich composite

with Al-GF/PP faceplate
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Table 2 Finite element method (FEM) parameters of 3D
hollow sandwich composite with Al-GF/PP faceplate

Hight Faceplate thickness Curve equation (Bundle
h/mm hy/mm diameter of fiber is 0.5 mm)

x = 0.85sin(360¢)
y=176(1-1)
z=10¢t

8.5 0.5

%3 Al-GF/PP EIR-Z 4= S &4 FEM $4(
Table 3 FEM parameters of 3D hollow sandwich composite
with Al-GF/PP faceplate

Parameter Faceplate Core
p/(g-cm™) 1.4x107° 2.1x107°
E,/MPa 11 230 16 560
E,/MPa 14 670 4750
Uy 0.151 0.334
G»/MPa 1 660 1730
G,3/MPa 4780 2120
G,3/MPa 4780 2120

Notes: p—Densities; E—Young's modulus; v;,—Poisson's ratio;
G,y Gi3, Gys—Shear modulus; 1—Fiber direction; 2 and 3—Two
normal directions of the fiber.
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