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Metal Laminates (FMLs) fabricated by aluminum and carbon fibers/epoxy composites was investigated. To this
end, first, the FMLs with various configurations of carbon fibers (0°/0°/0°/0°, 90°/90°/90°/90°, +30°/-30°/
-30°/430°, and 0°/90°/90°/0°) were fabricated and put into oven under the thermal cycling conditions with 0, 1,
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10, 30, 50, 70, and 90 cycles. For each thermal cycle, the samples were put into the oven for 15 min to increase
their temperature from the ambient temperature to 100 °C. Then, the temperature was kept constant for five
minutes. Next, FMLs were extracted from the oven to reduce their temprature by the ambient temperature for 15
min. Then, the impact behavior of these samples was investigated based on Charpy impact test, and the related
mechanisms were characterized by macrostructural and microstructural methods. The obtained results confirmed
that followed by the thermal cycling on the unidirectional samples (0°/0°/0°/0° and 90°/90°/90°/90°), the absorbed
energy capability was considerably improved. To be specific, the maximum improvement values in these
configurations were obtained as 21.4 and 19.4 %, respectively. It was also found that by changing the
configurations, the enhancement and reduction of the absorbed energy capability were transferred in the higher
thermal cycles. The microstructural investigations revealed that after thermal cycles, the fracture behavior was
altered, and the adhesion between carbon fibers and epoxy matrix was deteriorated.
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1. INTRODUCTION

Fiber Metal Laminates (FMLs) are known as hybrid
structures which have the metal and composite features
at the same time. According to the applied research
studies in this particular area, a majority of the research
studies characterized the mechanical properties of a
variety of FMLs. In addition, they developed these
features though different methods such as surface
modification of the metal layers, addition of different
nanoparticles, use of the new braided fibers like 3D glass
fibers, etc., to name a few [1]. It should be mentioned
that most of these research studies were carried out in a
specific environment condition (25 °C and low
humidity). However, like other structures, the FMLs
may be exposed to different environments like sea
water, high temperature, cryogenic conditions, etc. [2].

From this viewpoint and to the best of the authors’
knowledge, no study has been conducted on subjecting
carbon fibers-epoxy/aluminum FML (with the trade
name of CARALL) to the thermal cycling condition to
evaluate their impact features yet. In this regard, the
current study aimed to subject the CARALL structures
with the configurations of 0°/0°/0°/0°, 90°/90°/90°/90°,
+30°/-30°/-30°/+30°, and 0°/90°/90°/0° to the thermal
cycling conditions and then evaluate the effect of these

cyclings on their impact features.

2. MATERIALS AND METHODS

In this work, the FMLs with the configuration of 2/1
(sandwiched composite by aluminum layer) were
fabricated. The composite core was the unidirectional
carbon fibers/epoxy composites, and the skin layers
were the 2024 T3 aluminum sheet. The configurations
of the carbon fibers into the composite core were
0°/0°/0°/0°, 90°/90°/90°/90°, +30°/-30°/-30°/+30° and
0°/90°/90°/0°. The Charpy impact samples were
prepared and then put in the oven to run the 1, 10, 30,
50, 70 and 90 thermal cycles. For each thermal cycle,
the samples were put in the oven for 15 min to increase
the temperature from the ambient temperature up to
100 °C. Then, the temperature of the samples was kept
constant for five minutes. Finally, FMLs were extracted
from the oven to reduce their temprature by the ambient
temperature for 15 min.

3. RESULTS AND DISCUSSION

The impact energy of the untreated 0°/0°/0°/0° FML
was about 182 kJ/m?2. Once the number of thermal cycles
reached 30 in this sample, its impact energy increased
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and reached the value of 221 kJ/m? Accordingly,
performing the higher thermal cycles reduced the impact
energy until it reached the value of 151 kJ/m? after 90
thermal cycles.

The impact energy of the FML with the configuration
of 90°/90°/90°/90° before treating was 155 kJ/m?. The
maximum improvement (about 19.4 %) was observed
after 50 thermal cycles. After that, this configuration
exhibited the similar trend to that of the 0°/0°/0°/0°
configuration.

The impact strength of 0°/90°/90°/0° before treating
was 208 kJ/m?, which was 14.3 % higher than the that
of 0°/0°/0°/0° sample. In this configuration, the impact
energy firstly followed a decreasing trend and then
raised. The minimum impact energy, i.e., 123 kJ/m?, was
observed after 50 thermal cycles.

The sample with the configuration of +30°/-30°/
-30°/+30° had the highest impact energy, i.e., 234 kJ/m?,
before the thermal cycles. Performing the thermal cycles
caused that the impact energy of that had the reducing
trend and finally reached to 134 kJ/m? after the 90
thermal cycles.

Based on other research works [3, 4], the
improvement in the impact energy can be related to the
creation of secondary cross-linkage and stress relaxation
of epoxy matrix. On the contrary, the decreasing trends
can be justified by the alteration in the expansion and
contraction of the FML components as well as the
thermal decomposition of epoxy in the composite core
and interfaces of aluminum/composite. To better
understand the effect of these mechanisms, the
microstructural investigations can be taken into account.
Figures 1 and 2 show the cross-sections of the composite
core of the untreated and treated (with 90 thermal
cycles) FMLs, respectively.

As observed in Figure 1, the interface between the
carbon fibers and epoxy matrix is quite strong as a result
of which, the epoxy matrix will be completely adhered
to the carbon fibers.

SEM MAG: 1.00 kx- SEM HV: 15.0 KV i MIRA3 TESCAN
WD: 13.45 mm Det: SE
Date(m/dly): 05/07/22 | View field: 144 pm

RAZI FOUNDATION

Figure 1. The cross-section from the composite core of the
FML before treating

As shown in Figure 2, the surfaces of the carbon fibers

are smooth, and it seems that these fibers were
completely pulled out from the epoxy matrix, which is
indicative of the weak interface between the carbon
fibers and epoxy matrix.

SEM MAG: 2.00 kx I TESCAN
WD: 13.21 mm

Date(m/dly): 05/07/22 | View field: 72.2 pm RAZI FOUNDATION

Figure 2. The cross-section from the composite core of the
FML after 90 thermal cycles

4. CONCLUSION

The obtained results revealed that performing the
thermal cycling on the unidirectional samples firstly
improved the absorbed energy capability and then
declined the higher thermal cycles. The microstructural
investigations revealed that followed by performing the
thermal cycles, the fracture behavior of the FMLs would
change, and the adhesion between carbon fibers and
epoxy matrix would be deteriorated.
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