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Abstract: In order to realize functional integration, a new kind of sandwich panel was made. By carrying out quasi-static
shear experiments, its elastic modulus and ultimate bearing capacity with different resin immersing thickness, additional
layer thickness of resin and specimen thickness were investigated. The load - displacement curves and failure models
were obtained, which were compared with the traditional aluminum honeycomb sandwich panel. The experiments indi-
cated that the integrated aluminum honeycomb and epoxy resin sandwich panel’s shearing process undergoes three phas-
es: elasticity, yield and destruction. The specimen’s elastic modulus and ultimate bearing capacity increase with the in-
crease of the resin thickness, additional layer thickness of resin and the specimen thickness, which greatly improve com-
pared to the traditional sandwich structure. The composite layer and the core show good stability under shearing process,
and there is no peeling-off or cracking between the composite layer and the core.
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1. INTRODUCTION

Honeycomb material is a great research in major human
bionics, which was inspired by natural hexagonal honey-
comb. Scientists have discovered that compared with other
shapes, it could get the biggest volume and stiffness if the
same amount of material was made into the shape of honey-
comb [1]. Since the continuous multi-wall arrangement of
the honeycomb and hexagonal network structure, disperse
the external force from all directions, the extrusion resistance
of the honeycomb structure is much higher than other shapes
[2], thus aluminum honeycomb sandwich panel with alumi-
num honeycomb core has been developed. The aluminum
honeycomb material has a special porous structure. As a re-
sult, it is becoming widely used in the field of damping and
energy absorption such as metallurgy, chemical, aerospace,
shipping, electronics, automotive manufacturing, architec-
ture and so on [3-5]. Sandwich panel combined with alumi-
num honeycomb and other metal panel has become a hot
spot research direction in the academic circle for its light-
weight, high specific stiffness, efc. [6-9]. Traditional prepa-
ration methods of aluminum honeycomb sandwich panel are
bonding and welding [10-12]. However, with its low bond
strength and poor performance at high temperatures or corro-
sive conditions, the bonding method can easily cause strip-
ping of the core and the surface; while the welding method
combines welding flux and aluminum together that may
cause corrosion. While a drawback is that the welding area is
only limited to the aperture that also decreases the structural
strength [11].
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In recent years, the mechanical properties of different
types of aluminum honeycomb sandwich panels have been
widely concentrated on and studied by scholars at home and
abroad. Zhou Zhulin [13] conducted shear tests of aluminum
honeycomb sandwich panel under different boundary condi-
tions and found that experimental results and theoretical val-
ues of the shear strength are very consistent. Ashby [14]
drew a collapse mechanism diagram of sandwich beam, and
analyzed the failure modes of sandwich panel under the con-
dition of four-point bending. Through shear tests and finite
element method, Pan [15] studied the transverse shear modu-
lus and strength of No0.5056 aluminum honeycomb core.
Russell [16] conducted a three-point bending test on carbon
fiber honeycomb sandwich beams. Core shear, core indenta-
tion, panel micro-buckling and panel folds failure modes
were also obtained.

Aluminum honeycomb core mainly withstands shear
force and surface layer mainly withstands bending force.
Therefore, it is important to study the bending and shear
properties of aluminum honeycomb sandwich panel [17]. A
kind of integrated composite sandwich panel is proposed.
The upper and lower surfaces of the structure are aluminum-
resin composite layers, and the core is aluminum honey-
comb. This composite sandwich panel’s core and surface
layers are connected to a whole without any obvious inter-
face. The overall performance is greatly improved. By quasi-
shear experiments, the integrated aluminum honeycomb
sandwich panel’s mechanical properties were tested and the
influence of different resin immersing thickness, additional
layer thickness of resin and specimen thickness on its me-
chanical properties were analyzed. Also it is compared with
traditional aluminum honeycomb sandwich panel which was
made by paste methods.
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2. EXPERIMENT
2.1. The Experimental Material

Hexagon aluminum honeycomb was chosen as the main
material, which has the advantage of good flatness, high
strength, low density and high ability of shear. The thickness
of the cell is 0.05 mm. The DY .E.44 resin and DY .EP resin
firming agent were selected, both of which are produced by
Norsun Chemical Limited Company. In order to improve the
plastic and mechanical properties of composite material,
dibutyl phthalate was chosen as plasticizer.

2.2. Manufacture of the Specimens

First, according to the test purpose, core material with
different pore size and core thickness is made into 140
mmx40 mm specifications, and the grease is washed away
from aluminum honeycomb with alcohol. Then they are put
in a ventilated place to make them dry naturally. Second,
groove molds are made to make aluminum honeycomb pan-
el, and the height of the mold is same with the height of resin
immersed in the panel. Third, the resin and firming agent are
put in a water bath and the water is kept heating at 60°C. If
the temperature is too high, the reaction rate would be so fast
that no bubbles would come out. If too low, the flow ability
would be poor which makes it difficult to stir. Fourth, stop
heating when both of them have a good liquidity, in a beaker
they are mixed at the ratio of 1:1, and 5% of the plasticizer is
added and stir rapidly until the polymer is color uniformed
and bubble free. Fifth, they are fully filled into the mold
which has a specific thickness, and shave. The depth of mold
is the sum thickness of immersed and additional resin layer.
Some supports are pasted to the bottom of core material, and
the thickness of the support is equal to the additional layer
thickness of resin. Then the treated aluminum honeycomb
sandwich panels are put into the molds slowly and smoothly,
panels are immersed fully by the resin from the bottom of
the aluminum honeycomb. Sixth, panels are solidified for
three days at room temperature and then the molds and the
excess resin at the edge of the aluminum honeycomb are
removed. Seventh, the other side is poured into the resin by
the same procedure. Finally, all the specimens are marked
the number.

Table 1. Specimen number and parameter
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Fig. (1) is the Schematic diagram of the integrated sand-
wich panel aluminum honeycomb and epoxy resin. Fig. (2)
is test specimen pictures. Eight groups of specimens with
different immersed resin thickness, additional layer thickness
of resin and specimen thickness were designed. Specimen
number and parameters are shown in Table 1.

[

Notes: H is the specimen’s height, 4 is the additional layer thickness, ¢ is the
immersed resin thickness, / is the core’s thickness, m and n are the lengths
of specimen edge.

Fig. (1). Schematic diagram of the specimen.

Fig. (2). Test specimen pictures.

2.3. The Experimental Equipment and Load

The tests on the specimen are conducted with the
WDW3100 micro-controlled electronic universal testing
machine which is produced by Changchun Kexin Test In-
strument Co. Ltd. The specimen was sheared and loaded
vertically at the speed of 1 mm/min, as in Fig. (3). Four-
point shear test was conducted with the reference of Adams
[18] described one. The schematic diagram of a four-point

i i Thick! f Additional Thick! H
Group Number | Specimens Number Specimens Size Immersed Resin Thickness # (mm) ickness of Additiona fekness
m,n (mm) Layers 4 (mm) (mm)

1 1-172 1 0 20

2 2-12 2.5 0 20

3 3-172 4 0 20

4 4-1/2/3 2.5 0.5 20
140*40

5 5-1/2/3 2.5 1 20

6 6-1/2/3 2.5 1.5 20

7 7-172 2.5 0 30

8 8-1 0 (paste with aluminum panel) 20
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shear test method is shown in Fig. (4). The test data are all
collected automatically by the computer.
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site layer thickness is thicker than 1 mm, as is shown in Fig.
(6b,c).

Fig. (3). Shear test pictures.

Fig. (4). Schematic diagram of test method.

3. TEST RESULTS AND ANALYSIS
3.1. Process of Destruction

The destructive process of shear test is shown in Fig. (5).
Integrated sandwich panel of aluminum honeycomb and res-
in epoxy does not appear instability phenomena in the shear-
ing process, which indicates that the specimen shows no ob-
vious catastrophic changes in the loading process. In the pro-
cess of destruction, the upper composite layer starts to ap-
pear micro-deformation at the load point. Then the upper
composite layer and core appear depression while the lower
composite layer appears cracking. Cracks develop to alumi-
num honeycomb core with the increase of load. However,
because of the high stiffness of the composite layer, alumi-
num honeycomb core around cracks is also compressed with
the increase of load until the specimen is destructed.

3.2. Specimen Without Additional layer

Group 1 to group 3 are specimens without additional lay-
er. The quasi-static shear force-displacement curves of inte-
grated sandwich panel of aluminum honeycomb and epoxy
resin with different immersed resin thickness are shown in
Fig. (6). It can be figured out that the integrated sandwich
panel of aluminum honeycomb and epoxy resin undergoes
two phases: elasticity and destruction. Elasticity (O-A):
sandwich panel presents linear elastic deformation in the
elastic range. Destruction (A-B): cracks appear in composite
layer and core. The load bearing capacity of sandwich panel
reduce rapidly once the load is beyond the yield load of alu-
minum honeycomb material. These three groups appear al-
most the same features except the load of group 1 has a small
reduction during the elasticity phase. When immersed resin
thickness is 1 mm in group 1, it is easy to appear small crack
or deformation in the thin upper composite layer, as is shown
in Fig. (6a). This disadvantage can be solved when compo-

(d)

Fig. (5). Destruction form of the specimens.

The stiffness of specimen increases with the increase of
immersed resin thickness. Thus the shear modulus and shear
bearing capacity also increase gradually. With the increas-
ing immersed resin thickness, the core gets thinner. The
core bears load directly after the destruction of the compo-
site layer, which results in the decrease of plastic and ener-
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gy consumption in the process of destruction. That’s to say
it will destroy more quickly.
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Fig. (6). Force-displacement curves of specimens with different
immersed resin thickness.

The average curves of the first, second and third group
are compared, as is shown in Fig. (7).

It can be concluded from Fig. (7) that with the increase of
immersed resin thickness, the stiffness of the upper and low-
er composite layers and ultimate bearing capacity of speci-
men have been greatly improved. In group 1 immersed resin
thickness is 1 mm, in group 2 the thickness is 2.5 mm and in
group 3 the thickness is 4 mm. It is found that the shear
modulus of group 3 is 1.72 times larger than that of group 2
and 2.92 times than that of group 1. The ultimate bearing
capacity of group 3 is 1.21 stronger than that of group 2 and
1.58 higher than that of group 1, as is shown in Fig. (8).
Thus, with the increase of immersed resin thickness, the
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shear modulus and ultimate bearing capacity of specimens
without additional layer increase gradually.
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Fig. (7). The average force-displacement curves of first, second and
third group specimen.
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Fig. (8). The contrast curves of ultimate bearing capacity and shear
modulus of specimen with different immersed resin thickness.

3.3. Specimen with Additional Layer

Fig. (9) is the force-displacement curves of the fourth,
fifth and sixth groups of specimen, and the additional layer
thickness are 0.5 mm, 1 mm and 1.5 mm respectively. It can
be figured out that, different from the specimen without ad-
ditional layer, specimen with additional layer undergoes
three obvious phases: elasticity (O-A), yield (A-B) and de-
struction (B-C). The bearing capacity of the specimen ap-
pears to be a short-term decline after cracking in additional
layer. With the destruction of the core, shear deformation
begins. The material transforms the shearing released-energy
into the needed-energy of deformation. Force-displacement
curves appear platform stage until the core is damaged.

The average curves of the second, fourth, fifth and sixth
group are compared, as in Fig. (10). It indicates that the
shear modulus and ultimate bearing capacity of integrated
sandwich panel of aluminum honeycomb and epoxy resin
rise steadily with the increase of additional layer thickness.
After comparing second, fourth, fifth and sixth group of
specimens, it can be found that shear modulus of group 6 is
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1.41 times larger than that of group 5, 2.04 times than that of
group 4 and 2.41 times than that of group 2.
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Fig. (9). Force-displacement curves of the fourth, fifth and sixth
group specimens.

The ultimate bearing capacity of group 6 is 0.95 stronger
than that of group 5, 1.23 higher than that of group 4 and
1.43 higher than that of group 2, as shown in Fig. (11). Thus,
with the increase of additional layer thickness, the shear
modulus and ultimate bearing capacity of specimen with
additional layer increase gradually. Although the cores are
cut from the same aluminum honeycomb panel, specific den-
sity of each specimen may vary due to the extrusion in the
preservation process and aluminum honeycomb material’s
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nature. This anomaly could explain the reason for the higher
ultimate bearing capacity for group 5.
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Fig. (10). Force-displacement curves of specimens with different
additional layers’ thickness.
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Fig. (11). Contrast curves of ultimate bearing capacity and shear
modulus of specimens with different additional layer thickness.

3.3. Influence of the Specimen Thickness

Fig. (12) is the force-displacement curves of the seventh
group specimen. The core thickness has increased with the
increase of specimen thickness. The process of destruction is
similar to those groups from 4 to 6. What a difference is that
the core’s characteristic of damaging layer by layer improves
the length of the yield platform greatly.
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Fig. (12). Force-displacement curves of the seventh group of spec-
imen.
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Fig. (13). Force-displacement curves of specimens with different
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Fig. (14). Contrast curves of ultimate bearing capacity and shear
modulus of specimens with different thickness.

The average curves of specimens in the second group (20
mm thickness) and the seventh group (30 mm thickness) are
compared, as shown in Fig. (13). It can be concluded from
Fig. (13) that with the increase of the specimen thickness, the
yield load increases and the yield platform gets longer. The
specimen thickness in group 7 is 30 mm and 20 mm in group
2. The shear modulus of group 7 is 1.65 times larger than
that of group 2, the ultimate bearing capacity of group 7 is
1.12 stronger than that of group 2, as shown in Fig. (14).
Thus, with the increase of specimen thickness, the speci-
men’s shear modulus and ultimate bearing capacity increase
gradually.

3.4. Compared with Traditional Paste Aluminum Sand-
wich Panel

The surface aluminum panel of the aluminum honey-
comb sandwich panel has good plasticity, which makes it
deform together with aluminum honeycomb core without
cracks under shearing process. The long yield phase also
determines that the specimen has a good energy absorption
capability.

The average curves of the second and eighth groups were
compared, as shown in Fig. (15). It can be concluded that the
shear modulus and ultimate bearing capacity of the integrat-
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Fig. (15). Force-displacement curves of second and eighth group of
specimens.
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Fig. (16). Contrast curves of ultimate bearing capacity and shear
modulus of integrated and traditional specimens.

ed sandwich panel of aluminum honeycomb and epoxy resin
have been greatly improved compared with traditional sand-
wich panel. The shear modulus is 1.27 times larger than that
of traditional sandwich panel and the ultimate bearing capac-
ity is 1.45 times stronger, as shown in Fig. (16). Although
the integrated sandwich panel occurs cracks under shearing
process, the ultimate load capacity is still close to that of the
traditional sandwich panel. Thus, the shear modulus and ul-
timate bearing capacity have been greatly improved than
traditional sandwich panel.

CONCLUSION

1) The integrated sandwich panel of aluminum honey-
comb and epoxy resin maintains good stability under shear-
ing process, and there is no peeling-off or cracking between
composite layer and core.

2) Under the condition of quasi-static shear, specimen
without additional layer presents two phases: elasticity and
destruction while specimen with additional layer presents
three obvious phases: elasticity, yield and destruction. Spec-
imens have a long yield platform and high ultimate bearing
capacity.



1006 The Open Mechanical Engineering Journal, 2015, Volume 9

3) With the increase of the immersed resin thickness, the
shear modulus and ultimate bearing capacity increase gradu-
ally. The ultimate bearing capacity and shear modulus of
group 3 are 1.58 and 2.92 times respectively than that of
group 1; With the increase of the additional layer thickness,
the shear modulus and ultimate bearing capacity increase
gradually. The ultimate bearing capacity and shear modulus
of group 6 are 1.23 and 2.04 times respectively than that of
group 4; With the increase of specimen thickness, the shear
modulus and ultimate bearing capacity increase gradually.
The ultimate bearing capacity and shear modulus of group 7
are 1.12 and 1.65 times respectively than that of group 2.

4) The shear modulus and ultimate bearing capacity have
been greatly improved than that of traditional sandwich pan-
el.
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