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Abstract

In this paper, we prepared a kind of carbon fibre/matrix composite honeycomb using carbon fibre and epoxy resin with
compression molding technique. Composite Honeycomb Sandwich was prepared by gluing composite honeycomb with
composite panels. Mechanical performance of the Composite Honeycomb Sandwich was characterized using finite
element analysis (FEA) and three point bending performance. Results indicate that when suffering from bending
loads, stress concentration is located at the loading zone as well as supporting zone. When bending load increases to
7200N, cracks occur on the interface between honeycomb and composite panel, the failure mode is interfacial de-
bonding between honeycomb core and composite panel. Result of three-point bending performance indicates that
composite honeycomb Sandwich breaks down when bending load increases to 6800N, which agrees with FEA results.
Compared with traditional aluminum and Nomex honeycomb Sandwich, carbon fibre/epoxy Honeycomb Sandwich
has higher bending strength. It can be used in aviation and aerospace industries.
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1. Introduction

The use of honeycomb sandwich structure is increasing rapidly due to their excellence strength to weight and stiffness to
weight characteristics, such as aircrafts, ships, and bridges et.al [1-3]. The strength of honeycomb sandwich structure is a
combination property of the skin, core and core-skin interfacial bonding. Any weak point in the three elements will reduce the
performance of the structure. At present the skin of the sandwich structure is made of rigid fiber reinforce plastic composite,
however, honeycomb cores are made of aluminum foil, Nomex paper [4, 5]. As a result mechanical performance of the sandwich
structure is restricted by the performance of honeycomb core [6, 7].

In this paper, a carbon fiber/epoxy honeycomb core is prepared by compressing molding and gluing method. And sandwich
structure is prepared by gluing the top-plate, core and bottom-plate together. Mechanical performance of the sandwich structure
is studied by three-point bending test, and failure mechanism is analyzed by finite element analysis method (FEAM).

2. Experiment

CF/epoxy wave beam was prepared by compressing molding technique (wave length of the beam is 3cm, skin
and core layer properties are listed in table 1), and composite honeycomb core was prepared by gluing the individual
wave beams together. Sandwich structure was prepared by gluing the core and composite plates (top-plate and
bottom plate) together.

Table 1 layer property of the structure

Component Layer angle (deg) Layer thickness (mm) Sum of the layer
skin 0/90/0/90/0/90/0 0.15 7
honeycomb core 0/90/0/90/0/90/0/90/0/0 0.15 10

Stress distribution of sandwich structure was analyzed using finite element analysis method, and 7200N bending
load is applied at the center of structure top-plate (1cm in width), a Z-direction displacement is applied at bottom-
plate 8 cm from the center of the structure. Stress distribution on sandwich structure was characterized using
Von * Mises stress definite as eq(1). Sandwich structure mechanical performance was studied according to
Sandwich Bending Testing Method (GB/T1456-2005) on a universal testing machine.

Fig.1 Finite element analysis model

Table 2 Material property for composite model [8, 9]

Material
EX EY EZ PRXY PRYZ PRXZ GXY GYZ GXZ
Property

Composite 1.26E+11 1.10E+10 1.10E+10 0.28 0.30 0.30 6.60E+09 6.60E+09 6.60E+09
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Displacement ¥ Displacement

Fig.2 Bending load and displacement on the F.E.A model

Structure failure mechanism was analized according to parabolic failure criterion [9, 10, 11] (Eq.1). Where
R=6¢y/01p, Ocp 1S compression strength of epoxy matrix; oy, is tension strength of epoxy matrix, in our experiment
ocp and oy, are 165 MPa and 90MPa respective.

(0,-0,) +(0,—03) +(0,-0,) +2(0, —0p )0, +0, +035) 20,0, =0 %

Take parameter:
o, to,+0
O_O — 1 2 3
3

(@)

where:

9 ™ . 3 (3)
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3. Results and discussion

Stress distribution on sandwich structure is indicated in Fig.3, when suffers from a 7200N bending load. The
maximum stress is 156 MPa, located at both side of the cross head on the top-plate, maximum stress at composite
core is 129 MPa, and maximum stress at bottom-plate is 121 MPa. The stress on top-plate is higher than composite
core and bottom-plate, as can be seen stress on top-plate is higher than core and bottom-plate, as a result, composite
will break down at top-plate at first.

_— i =i _
31013 L 349E408 . 695E+08 +104E+09 39E+09
174E+08 SZ1E+08 +B69E+08 122409 - LSGE+09

663549 . 293E+08 579408 »365E+08 L LLSEHIS
- 150E+08 .436E+DE -J2ZE+08 .101EHI3 - 1Z8E+09

I 4 = i B ———

31013 . 269E+0B - 537E+0B . B06E+06 . L0TE+D9
. 135E+0B - 403E+08 -672E+08 - 949E+HD -121E+09

Fig.3 Stress distribution on honeycomb structure
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We analyzed composite failure mechanism using parabolic failure criterion, the result is showed in Fig.4 and
Fig.5. The octahedral shear stress and octahedral normal stress on nodes of the top-plate and core have exceed the
failure surface (Fig.4 (a) and (b)), while stresses on a few nodes of bottom-plate have exceed the failure
surface(Fig.4 (c)), as a result structure destruction takes place at top-plate and core initially.
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Fig.4 Parabolic failure criterion of Honeycomb Sandwich Structure: (a) top-plate; (b) core; (c) bottom-plate
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Fig.5 Crack distribution in sandwich structure: (a) Top-plate; (b) Core; (c) Bottom-plate

From Fig.5 it can be seen that on top-plate cracks are located at both side of the loading zone; in core, cracks are
located at both side of the loading zone between top-plate and core, while a few cracks can be seen at bottom-plate.
It can be seen from the analysis above the failure mechanism at top-plate is surface cracking; in honey core, the
failure mechanism is interfacial de-bonding between top-plate and core.

We analysis the bending performance of honeycomb structure according to GB/T 1456-2005, when bending load
increases from zero to 6272N cracks take place. The morphology of the honeycomb structure is indicated in Fig.6. It
can be seen on top-plate cracks is located on both side of the loading zone, in core failure mechanism is interfacial
de-bonding between top-plate and core. The result is in accordance with the analysis result above.
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Fig.6 composite honeycomb sandwich structure after bending test

Table 3 Mechanical performance of composite honeycomb

Composite honeycomb Aluminium honeycomb!"! Nomex honeycomb! ™!

Density(kg/m’) 260 21-166 48-80
Bending strength(N- mm?) 2.86x10° 1.00x10° 3.6x10’
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4. Conclusion

Results of finite element analysis indicate that stress distribution on structure top-plate is much higher than core
and bottom-plate, the failure mechanism of composite honeycomb structure is top-plate cracking or de-bonding
between surface plate and honeycomb structure.
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