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Abstract: A new composite structure based on aluminum foam sandwich and fiber metal laminate was proposed. A layer of glass 
fiber was provided at the interface between the metal panel and the aluminum foam core in this composite structure, using adhesive 
technology to bond the materials together by organic glue in the sequence of metal panel, glass fiber, aluminum foam core, glass fiber 
and metal panel. The experimental results show that the new composite structure has an improved comprehensive performance 
compared with the traditional aluminum foam sandwiches. The optimized parameters for the fabrication of the new aluminum foam 
composite structure with best bending strength were obtained. The epoxy resin and low porosity aluminum foams are preferred, the 
thickness of aluminum sheets should be at least 1.5 mm, and the type of glass fiber has little effect on the bending strength. The main 
failure modes of the new composite structures with two types of glues were discussed. 
Key words: composite structure; three-point bending strength; aluminum foam sandwich; glass fiber 
                                                                                                             
 
 
1 Introduction 
 

The properties of aluminum foam are superior to 
traditional aluminum because of its porous structure. As 
a functional material, open-cell aluminum foam has 
excellent electromagnetic shielding capacities, good 
noise reduction and closed-cell aluminum foam 
possesses high shock absorption capacity. As a structural 
material, aluminum foam has low density and high 
specific strength. Because of the existence of the internal 
trapped gas, the closed-cell aluminum foam has better 
mechanical properties with respect to open-cell 
aluminum foam. Many researches have been carried out 
on closed-cell aluminum foam as a structural    
material [1−5], and most studies on the mechanical 
properties of pure aluminum foams were focused on 
energy absorption performance in quasi-static 
compression or dynamic compression tests. One problem 
is that comprehensive mechanical properties of 
closed-cell aluminum foam are not good enough to meet 
the requirements of industrial applications. Therefore, the 
aluminum foam sandwich (AFS) has been developed for 

its improved strength while retaining the excellent 
properties of aluminum foam. 

Metal panels and aluminum foam core constitute the 
aluminum foam sandwich. The main ways to 
manufacture AFS are by powder metallurgy route and 
adhesive route. KITAZONO et al [6] reported that the 
adhesive prevents local buckling of the cell walls by 
infilling the open cell surface, so the adhesive coating 
can increase the mechanical properties of aluminum 
foam. Although some researches [7,8] showed that the 
metallurgical bonding interface is stronger than that of 
adhesive bonding, the lower cost and the simpler process 
have given adhesive technology a better application 
prospect. 

Fiber metal laminates (FML), made by aluminum 
plates and fiber-reinforced resin layers laminated 
alternately, were developed by Delft University in the 
Netherlands and the Fokker Aircraft Company in the 
1970s. There are two types of fiber metal laminates, 
named Arall (Aramid Reinforced Aluminum Laminate) 
and Glare (Fiberglass Reinforced Aluminum Laminate), 
the fibers in which are aramid fiber and glass     
fiber, respectively. Glare overcomes the shortcomings of 
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sensitivity to gap and impact in Arall and improves the 
biaxial stress fatigue properties, so it gets a better 
application prospect [9]. The base materials in Glare are 
aluminum alloy sheet, glass fiber and epoxy resin. Glare 
combines the advantages of both metal and composite 
materials, especially for low density, high strength, high 
fatigue resistance, high impact resistance, excellent 
corrosion resistance, flame retardance and relatively low 
cost. This gives it a broad application and great potential 
in the aviation industry. The first successful application 
of Glare was in the skin structure and leading edge of the 
wing and empennage in the Airbus A380 aircraft. The 
application area reached 380 m2 and achieved a mass 
reduction of 794 kg [10]. 

Based on the AFS with adhesive bonding and Glare 
plate, a new aluminum foam composite structure which 
is named as glass fiber reinforced aluminum foam 
laminate (GRAFL) was proposed, which was fabricated 
by adding a layer of glass fiber to the interface between 
the metal panel and the aluminum foam core of AFS. 
Adhesive technology was used to bond the materials 
together in the sequence of metal panel, glass fiber, 
aluminum foam core, glass fiber and metal panel, as 
shown in Fig. 1. The new composite structure is a 
material with the integration of structure and function, 
and it has very wide application prospects in the fields of 
ship manufacturing, aerospace, automobile 
manufacturing and transportation. The anti-bending 
performance is an important property index of the 
composite sheets, and the response to three-point 
bending of AFS with adhesive bonding was investigated 
in many studies [11−15] through experimental and 
theoretical analysis, which discussed various failure 
modes related to the geometric and material factors. The 
main failure modes of AFS are face yield, indentation 
and core shear in the literature previously mentioned. In 
this work, the influence of the thickness of panels, the 
glass fiber, the porosity of aluminum foam, and the type 
and amount of glues on the three-point bending 
performance of the new composite structure were studied. 
The parameters of materials which gave the best 
mechanical properties were obtained, and the 
performance of the new aluminum foam composite 
structure was compared with that of AFS. Moreover, the  
 

 
Fig. 1 Schematic diagram of new aluminum foam composite 
structure 

main deformation and failure modes of the new 
composite structure were discussed. 
 
2 Experimental 
 

The aluminum foam core, two metal panels and 
glass fiber sheets were all in the size of 200 mm ×    
50 mm. The aluminum foams with a thickness of 10 mm 
were prepared by melt foaming process. The aluminum 
foam sheets used in the experiments were carefully 
selected, the pores of which were relatively uniform. So, 
the differences between the aluminum foams were not 
considered except for porosity. Commercial aluminum 
panels were used as metal panels because of their light 
weight. Three aluminum panel thicknesses were adopted, 
namely 0.5, 1 and 1.5 mm. Three glass fibers were used 
for comparative analysis. Their grades and tensile 
breaking strength are shown in Table 1. The thicknesses 
of fibers 1, 2 and 3 are 0.2, 0.1 and 0.21 mm, 
respectively. Fibers 2 and 3 are high-strength glass fibers, 
so the monofilaments of fibers 2 and 3 have superior 
mechanical properties compared with fiber 1. Two kinds 
of commercial adhesive were used in the experiments, 
namely Kafuter K-801 AB glue and Kafuter epoxy glue 
with epoxy curing agent. Kafuter K-801 AB glue, which 
is a kind of modified acrylate adhesive, is also called 
green−red glue. Kafuter epoxy glue mixing with epoxy 
curing agent is called epoxy resin in this work. The 
epoxy resin is used as binder in the Glare plate, but it 
needs 3 to 5 h to reach initial curing, the aluminum foam 
and panels are easy to dislocate with each other in the 
curing process. The green-red glue can reach initial 
curing in 3 to 5 min, therefore, green-red glue was 
chosen as a comparison for its easy use. 
 
Table 1 Grades and strength of glass fibers used in experiments 

Tensile breaking force (N/25mm) 
Composition 

Zonal Meridional 

EW-140 450 650 

SW100A-100a 550 550 

SW210A-92a 1350 1600 
 

The aluminum foams and aluminum panels were 
firstly sanded with sandpaper, to remove the oxide film 
on the surface. Moreover, the surface became rough after 
sanding which was conducive to the good adhesion of 
glue. Then, the sanded panels were washed using ethanol 
to further remove impurities. Equation (1) was used to 
calculate the porosity of aluminum foams, and the 
specific porosities of aluminum foams were selected for 
the experiments. The mass of adhesive was obtained by 
subtracting the mass of other materials from the total 
mass after bonding and drying. 
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(1 ) 100%mp
V

= − ×
ρ

                          (1) 

where p, m, and V are the porosity, density, mass and 
volume of the aluminum foam, respectively and ρ is the 
density of pure aluminum. 

The specimens were bonded with the order of 
aluminum panel−glass fiber−aluminum foam core−glass 
fiber−aluminum panel. 

Two different coating conditions were used. The 
first route, which is named coating condition 1, was a 
coating with green−red glue: the glue was coated on the 
adhesive surfaces with green glue on one side and red 
glue on the other side. The sample should be pressed for 
more than 30 min with a certain press force after bonding. 
The second route, which is named coating condition 2, 
was a coating with epoxy resin: the epoxy resin was 
uniformly brushed on the adhesive surfaces after the 
epoxy glue and curing agent were evenly mixed, then the 
sample was fixed to solidify for more than 24 h. 

The three-point bending tests were conducted on a 
WDW-100E electronic universal testing machine at the 
loading rate of 5 mm/min. The size of the samples was 
200 mm in length and 50 mm in width; and the span 
during the tests was 180 mm. The load−displacement 
curves were obtained from the experiments, the samples 
were considered to have failed when the curves were in 
steady decline section. Figure 2 shows the schematic 
diagram for the three-point bending tests. The peak load 
F could be obtained from the three-point bending tests, 
and the bending strength R was calculated using Eq. (2). 
The three-point bending strength values in each 
condition reported in this work were the averages of 
three tests. 

 

2
3
2

FlR
bh

=                                    (2) 
 

where l is the size of the span, b and h are the width and 
thickness of the specimen, respectively, and F is the peak 
load during the test. 
 

 
Fig. 2 Schematic diagram of three-point bending test 
 
3 Results and discussion 
 
3.1 Influence of aluminum panel thickness on three- 

point bending strength 
The specimens with aluminum panel thicknesses of 

0.5, 1 and 1.5 mm and two coating conditions were 

tested, and the three-point bending strengths with 
different thicknesses of aluminum panels and coating 
conditions are shown in Fig. 3, where the mass of glue 
was controlled approximately the same in each coating 
condition. The porosity of the aluminum foams was 
about 90 %, and fiber 3 was used. 
 

 

Fig. 3 Influence of aluminum panel thickness on three-point 
bending strength 
 

It can be seen from Fig. 3 that the bending strength 
of the composite structure under coating condition 2 
(epoxy resin coating) was significantly higher than that 
of the composite structure under coating condition 1 
(green−red glue coating). The thickness of aluminum 
panel is positively correlated with its strength, but the 
rule does not apply for the new composite structure. 
There was a best fit between the strength of aluminum 
panel and adhesive during deformation. The toughness of 
green−red glue is better than that of epoxy resin and its 
strength is lower [16], so it could be deformed together 
with the thinner panel and less prone to generate the 
internal stress. Therefore, the specimen with the sheet 
thickness of 1 mm had the highest bending strength in 
coating condition 1. After consolidation, the strength of 
epoxy resin was high enough to coordinately deform 
with the 1.5 mm panel, so the highest bending strength 
appeared in the specimen with 1.5 mm panel in coating 
condition 2. 

Figure 4 shows the failure specimens with different 
thicknesses of panels in two coating conditions. As 
shown in Fig. 4, the strength of 1.5 mm aluminum panels 
was too high for the sample in coating condition 1, so 
uncoordinated deformation between aluminum panels 
and the other parts promoted the crack extension of 
aluminum foam, which was under high tension and shear 
stress (Fig. 4(a)). But the 0.5 mm panel was too flexible 
for epoxy resin in coating condition 2, and poor fit 
between the strength of aluminum panel and the other 
parts caused the buckling of aluminum sheet (Fig. 4(b)). 
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3.2 Influence of glass fiber on three-point bending 
strength 
Specimens with fiber 1, fiber 2, fiber 3 and no fiber 

(AFS) in the two coating conditions were tested. The 
three-point bending strengths with different fibers and 
coating conditions are shown in Fig. 5. The thicknesses 
of aluminum sheets were all about 1 mm and the mass of 
glue was controlled approximately the same in each 
coating condition. The porosity of aluminum foams was 
about 90 % in both coating conditions. 
 

  
Fig. 4 Failure specimen with 1.5 mm thick panel in coating 
condition 1 (a) and failure specimen with 0.5 mm thick panel in 
coating condition 2 (b) 
 

 
Fig. 5 Influence of glass fiber on three-point bending strength 
 

It can be seen from Fig. 5 that in coating conditions 
1 and 2, the bending strengths of AFS specimens were 

not low, and even higher than some new composite 
structure specimens, but their overall performance was 
not good. Figure 6 shows the load−displacement curves 
for the new composite structure and AFS. As shown in 
Fig. 6, although the peak load of AFS was higher, a low 
extended plateau region appeared after the high peak 
load, which resulted in a poor energy absorption property 
during compression process. Figure 7 shows the 
comparison of the failure specimens between the new 
composite structure and AFS in coating condition 2. The 
bonding interface did not fail due to the high bond 
strength, and a core transverse shear failure appeared 
instead in the new composite structure (Fig. 7(a)). 
Because the stress was too high for AFS to withstand, the 
fracture occurred and the crack extended from the lower 
plate of AFS to the interior of the aluminum foam   
(Fig. 7(b)). The AFS samples in other groups of coating 
condition 2 also showed cracks in lower plate, while the 
new composite structure samples mainly failed in 
aluminum foams. Therefore, it was not easy to produce 
cracks in the lower plate of the new composite structure 
due to the high strength of glass fiber filament. Moreover, 
most samples maintained integrity even after failure, 
which gave an extra kind of security. The core shear 
 

 
Fig. 6 Comparison of load−displacement curves for new 
composite structure (fiber 3 was used) and AFS coated with 
green−red glue (a) and epoxy resin (b) 
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Fig. 7 Failure specimen of new composite structure (fiber 3 
was used) (a) and failure specimen of AFS in coating  
condition 2 (b) 
 
failure of the new composite structure can be avoided by 
the glue coating on the sidewall of aluminum foam. The 
glue on the sidewall could prevent the local yielding and 
fracture in the edge, thus avoiding the extension of the 
crack from the edge. 

Fiber 1 is an E-glass fiber, the monofilament 
strength of which is lower than those of fibers 2 and 3. 
But in coating condition 1, the three-point bending 
strengths of the specimens with fiber 1 were all relatively 
high. That was because the larger pores between the 
filaments were conducive to the penetration of the glue 
in fiber 1, which was equivalent to an increase of the 
thickness of the adhesive layer. For the short curing time 
of green−red glue, the penetration of glue made the 
bending strength of the sample with fiber 1 higher. Fibers 
2 and 3 are both high-strength fibers, but the strength of 
fiber 3 is higher due to the greater thickness, so the 
three-point bending strength of the sample with fiber 3 
was the highest in coating condition 1. Therefore, the 
reinforcing effect of glass fiber for the new composite 
structure is not only related to the monofilament strength, 
but also related to the size of pores between filaments, 
namely the filament density. An anomalous phenomenon 
was that the bending strength of the specimens with fiber 
3 was the lowest in coating condition 2. As shown in  
Fig. 8, the specimens with fibers 1, 2 and 3 all failed in 
the core transverse shear mode. The longer curing time 
of epoxy resin made it permeate sufficiently in fibers 1, 2 
and 3, so the strength of the resin fiber layer was high 

enough during deformation. Also, because of the high 
strength of epoxy resin, the stress on the specimens in 
coating condition 2 was higher than that in coating 
condition 1, as shown in Figs. 5 and 6. The stress was too 
large for the aluminum foam to withstand, so the failure 
was mainly related to defects in the aluminum foam itself. 
And the difference of fibers had little effect on the 
bending strength of the new composite structure. 
However, the presence of the glass fiber made the lower 
plate of the composite structure not easy to have cracks 
and increased the height of the platform in 
load−displacement curve. 
 

 
Fig. 8 Failure specimens of new composite structure with fiber 
1 (a), fiber 2 (b) and fiber 3 (c) in coating condition 2 
 

In Fig. 3 and Fig. 5, it is remarkable that the 
strengths of the new composite structures with epoxy 
resin are higher than that with green−red glue. The 
strength of epoxy resin is higher than that of green−red 
glue after consolidation [16] and it could permeate 
sufficiently into the glass fibers, which are both 
conducive to enhancing the strength of the composite 
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structure. Therefore, epoxy resin is the preferred 
adhesive. 

 
3.3 Influence of aluminum foam porosity on three- 

point bending strength 
The specimens with different porosities in two 

coating conditions were tested, and the three-point 
bending strengths with different aluminum foam 
porosities and coating conditions are shown in Fig. 9. 
The thicknesses of aluminum sheets were all about 1 mm, 
fiber 3 was used in all samples and the mass of glue was 
controlled approximately the same in each coating 
condition. 
 

 
Fig. 9 Influence of aluminum foam porosity on three-point 
bending strength 
 

It can be seen from Fig. 9 that the three-point 
bending strength increased with a decrease in the 
porosity of aluminum foam. It was firstly due to the 
strength of aluminum foam itself increasing with the 
decrease of porosity. The second reason was that the 
contact area between aluminum foam and adhesive 
increased with the decrease of porosity, which resulted in 
the enhancement of bonding effect, and then the 
three-point bending strength increased. Therefore, in 
order to improve the bending strength of the new 
composite structure, the aluminum foams with lower 
porosity are preferred on the lightweight premise. 

 
3.4 Influence of amount of glue on three-point 

bending strength 
The specimens with different amounts of glue in 

two coating conditions were tested, and the three-point 
bending strength with different amounts of glue and in 
different coating conditions are shown in Fig. 10. The 
thicknesses of aluminum sheets were all about 1 mm. In 
coating conditions 1 and 2, the porosity of aluminum 
foams was about 90 % and fiber 3 was used. Figure 11 
shows the failure specimens with different amounts of 
glue in coating condition 1. 

 

 
Fig. 10 Influence of amount of glue on three-point bending 
strength: (a) Coating with green−red glue; (b) Coating with 
epoxy resin 
 

 

Fig. 11 Failure specimens with different amounts of green−red 
glue in coating condition 1: (a) 16.25 g; (b) 68.29 g 
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Everyone can get a conclusion from Fig. 10(a) that 
the three-point bending strength increased firstly and 
then decreased with an increase in the amount of glue in 
coating condition 1. The increase of the three-point 
bending strength was due to the enhancement of the 
bonding effect of the green−red glue. Because the curing 
time of the green−red glue was too short, the glue cannot 
fully penetrate to the cells of aluminum foam. Then, the 
bonding effect would not be satisfactory when the 
amount of glue was not enough. Moreover, the specimen 
was not prone to brittle failure because of the 
improvement in toughness when the amount of glue 
increased. As shown in Fig. 11(a), the weak bonding 
effect made the aluminum foam partly disengaged from 
the lower plate with fiber, and the glue adhered on the 
surface of aluminum foam was too small to avoid the 
formation of brittle cracks. Figure 10(a) also shows that 
the bending strength decreased with an increase in 
amount when the amount of green−red glue was too 
large. It is because the green−red glue has low intensity, 
good toughness and is easy to bend. When the amount of 
glue was large enough, the performance of the specimen 
was greatly influenced by green red glue and the bending 
strength was low. As shown in Fig. 11(b), the sample did 
not show any bending crack due to the existence of large 
amount of green red glue. For the sample size in this 
work, the three-point bending strength of the new 
composite structure decreased with an increase in the 
amount when the mass of green−red glue was greater 
than 25 g. Moreover, it is not easy to meet the 
requirement of light weight when the amount of glue is 
too large. So, the adhesive should be in a suitable amount 
during bonding, especially for green−red glue. 

Figure 10(b) shows that there was no obvious 
regularity between the three-point bending strength and 
mass of epoxy resin. In coating condition 2, more pores 
of aluminum foam were filled by epoxy resin due to the 
long time of consolidation compared with coating 
condition 1. Moreover, the interface between glue and 
aluminum foam was strong because of the high strength 
of epoxy resin, so the aluminum foam was hard to 
disengage from the glass fiber. Because of the long 
curing time and high strength of epoxy resin, the amount 
of resin had little influence on the bending strength as 
long as the resin was not particularly lacking, but it could 
affect the failure modes. The sample failed in the defects 
of aluminum foam, and the core transverse shear 
appeared because the aluminum foam strength was not 
sufficient, as shown in Fig. 12(a). Figure 12(b) shows 
that when the amount of resin was large enough, the 
specimen showed buckling failure on the upper plate. 
Even if the local micro cracks had formed, the cracks 
were difficult to propagate because of the good adhesion 
of the epoxy resin. The epoxy resin buffered the stress 

and absorbed the compression energy through recessing 
and buckling of the upper plate in the region around 
loading roller. As shown in Fig. 4(b) and Fig. 12(b), 
either too thin of aluminum sheet or too large amount of 
resin was easy to cause wrinkles on the upper plate in 
coating condition 2. 
 

 
Fig. 12 Failure specimens with different amounts of epoxy 
resin in coating condition 2: (a) 43.23 g; (b) 71.04 g 
 
3.5 Failure modes of new composite structure 

The failure modes were different in different 
coating conditions. When coating with green−red glue, 
the majority of the specimens failed in both the core 
cracks and delamination between the aluminum foam 
core and lower plate as shown in Figs. 13(a) and (b). 
This kind of failure was caused by core yield. As shown 
in Fig. 14, there are two types of core yield modes 
[11,17,18], mode A and mode B. In mode A, the plastic 
hinges were at around the loading points, and the 
specimen which failed in this mode was shown in    
Fig. 13(a). The lower part of the core was under tensile 
stress and shear stress due to the presence of plastic 
hinges in the bending process, so the lower part of the 
aluminum foam cracked and the cracks extended 
gradually, then the tilted aluminum foam eventually led 
to the delamination between the core and lower plate. 
Glass fiber was generally bonded together with the lower 
plate when delamination occurred, because of the larger 
contact area between glass fiber and the lower plate. In 
mode B, the plastic hinges were located at the loading 
points and supporting points, the specimen failed in  
this mode was shown in Fig. 13(b). The core cracks and  
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Fig. 13 Failure modes of specimens coating with green−red glue: (a) Core cracks and delamination between core and lower plate;  
(b) Core cracks and delamination at boundary; (c) No obvious failure (the same as Fig. 11(b)); (d) Wrinkle in upper plate 
 
delamination occurred at the boundary in these 
specimens, which was due to the existence of the plastic 
hinges in supporting positions [19], as shown in      
Fig. 14(b). Some specimens exhibited no obvious failure 
as shown in Fig. 13(c), and this was because the good 
plasticity of green−red glue made them have a large 
deformation before failure. There was also a sample with 
wrinkle in the upper plate due to debonding between the 
green−red glue and aluminum foam, as shown in     
Fig. 13(d), and it was attributed to the causal factors 
during bonding. 
 

 

Fig. 14 Schematics of core yield: (a) Mode A; (b) Mode B 
 

When coating with epoxy resin, the majority of the 
specimens were failed in the core transverse shear failure 
as shown in Fig. 15(a). The core shear failure occurred 
when the interfacial strength was higher than the core 
shear strength, thus the high strength resin fiber layer led 
to the transverse shear failure in the aluminum foam 
itself. In our experiments, all the AFS specimens when 
coating with epoxy resin failed in the cracks on the lower 
plate and core. In addition to the AFS, Fig. 15(b) shows 

that some new composite structures also failed in this 
way just not as serious as in AFS. The brittle fractures 
were caused by the brittleness of the epoxy resin. 
According to experimental statistics in this work, when 
the mass of epoxy resin was greater than 58 g for the 
sample size, buckling failure occurred on the upper plate 
of the specimens as shown in Fig. 15(c). Besides, a 
sample with 0.5 mm thick panel also failed in the same 
way. The occurrence of buckling failure was because that 
the strength of resin fiber layer was higher than that of 
face sheets, then the epoxy resin buffered the stress and 
absorbed the compression energy through recessing and 
buckling of the upper plate in the region around the 
loading roller. Figure 15(d) shows that a delamination 
occurred between skin and core with fiber, it may be that 
the roughnesses of the panels were not enough after 
sanding, and then further the bonding effect was not 
satisfactory. 

In summary, there were three main failure modes 
when coated with green red glue, 1) core cracks and 
delamination between the core and lower plate; 2) no 
obvious failure; 3) wrinkle in the upper plate. The 
failures were due to the weak bonding between the core 
and green−red glue, the good plasticity and short curing 
time of green−red glue. Similarity, three main failure 
molds were observed in the specimens coated with epoxy 
resin: 1) core transverse shear, 2) cracks on the lower 
plate and core, and 3) buckling failure on the upper plate. 
The failures were due to the high strength of resin fiber 
layer, the brittleness and long curing time of epoxy resin. 
So, the type of adhesive is the main influencing factor for 



Ning-zhen WANG, et al/Trans. Nonferrous Met. Soc. China 26(2016) 359−368 

 

367
 

 

 
Fig. 15 Failure modes of specimens coating with epoxy resin: (a) Core transverse shear; (b) Cracks on lower plate and core;       
(c) Buckling failure on upper plate (the same as Fig. 12(b)); (d) Delamination between skin and core with fiber 
 
the failure modes of the new composite structure. The 
thickness of panel, the presence of glass fiber and the 
mass of adhesive also have some effects on the failure 
modes. 
 
4 Conclusions 
 

1) Because of the low platform height in load− 
displacement curve, the energy absorption capacity of 
traditional AFS is lower compared with that of the new 
aluminum foam composite structure. Moreover, the 
lower plate of the new composite structure is not likely 
to show cracks due to the high strength of the glass fiber 
filament, but the lower plates of the AFS specimens are 
more likely to fracture. The new aluminum foam 
composite structure could maintain integrity even after 
failure, which helps to avoid possible dangerous 
situations in practical applications. So, the new structure 
has an improved comprehensive performance compared 
with traditional AFS. 

2) The three-point bending strength tests showed 
that the strength of the specimens with epoxy resin was 
higher than that with green−red glue. Therefore, in order 
to obtain the highest bending strength in the sample size 
of this work, epoxy resin is preferred. The optimized 
parameters of materials which give the best bending 
strength are as follows: the thickness of aluminum sheet 
should be at least 1.5 mm; the type of glass fiber and the 

amount of epoxy resin have little effect on the bending 
strength because the strength of resin fiber layer is high 
enough for the composite structure (the amount of epoxy 
resin should not be too much for the weight reduction of 
sample); the aluminum foam with low porosity is 
preferred. 

3) To reduce the curing time, the green−red glue 
should be chosen. The highest three-point bending 
strength could be reached by the aluminum sheets with a 
thickness of 1 mm, the glass fiber with big pores between 
filaments and high monofilament strength, the aluminum 
foam with low porosity and the around of 25 g glue mass 
for the samples. 

4) The main influencing factors for the failure 
modes of the new composite structure are the strength 
and curing time of the adhesive. The thickness of panel, 
the presence of glass fiber and the mass of adhesive also 
have some effects on the failure modes. 
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新型泡沫铝复合结构的三点弯曲性能 
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摘  要：在泡沫铝三明治和纤维金属层板的基础上提出一种新型泡沫铝复合结构。这种复合结构是在金属面板和

泡沫铝芯材之间添加一层玻璃纤维，采用胶粘技术按“金属面板−玻璃纤维−泡沫铝−玻璃纤维−金属面板”的顺序

粘结起来。实验结果显示，新型复合结构相对于泡沫铝三明治的综合性能有所提高。得到了新型泡沫铝复合结构

在弯曲强度最佳时的最优制备参数。应选择环氧树脂胶及低孔隙率的泡沫铝，铝板厚度至少为 1.5 mm，玻璃纤维

的种类对弯曲强度的影响很小。讨论了新型复合结构在两种粘结剂下的主要失效模式。 

关键词：复合结构；三点弯曲强度；泡沫铝三明治；玻璃纤维 

 (Edited by Yun-bin HE) 
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