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Abstract:  Fiber-Metal Laminates are the frontline materials for aeronautical and space structures. These composites consist of layers of 2024-T3-aluminum alloy and composite prepreg layers. When the composite layer is a carbon fiber prepreg, the fiber-metal laminate, named Carall, offers significant improvements over current available materials for aircraft structures. While weight reduction and improved damage tolerance characteristics were the prime drivers to develop this new family of materials, it turns out that they have additional benefits which become more and more important for today's designers, such as cost reduction and improved safety. In many structural applications damage may be caused by accidental impact of various nature, such as runway debris being thrown by aircraft wheels, tools being dropped, accidental crashing of sporting goods and other impacts happening during the manufacturing processes and in service. In particular, the low-energy, low velocity impacts that may occur during manufacture, assembly and in service are potentially dangerous because they can produce extensive sub-surface delamination that may not be visible on the surface. The aim of this work is to compare the impact behavior between a conventional carbon fiber/epoxy composite and fiber-metal laminate. The laminates were produced in EMBRAER Company (São José dos Campos). In this work, the effect of the impact on carbon fiber/epoxy/aluminum laminate is characterized based on the instrumented drop-weight impact test and ultrasound evaluations. The results of this work present the superiority of the metal-fiber laminates when impact properties are necessary.
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1. INTRODUCTION

Fiber-Metal Laminates (FML’s) offer significant improvements compared to current materials used for aircraft structures due to weight reduction and improved damage tolerance characteristics [Vlot, A., D., Gunnink, J. W., 2001]. FML composite laminates are a combination of alternating thin metal alloy layers (0.2–0.5 mm) and single polymer composite laminae. The composite lamina can be laid-up in different orientation patterns. Nowadays, several types of FML’s laminates are being studied such as: Glare (glass fiber/epoxy/aluminum), Arall (aramid/epoxy/aluminum) and Carall (carbon fiber/epoxy/aluminum) [Vlot, A., D., Gunnink, J. W., 2001].
An aircraft structure should be able to tolerance a certain amount of impact energy and damage, dependent on the location and probability of impact. The structural design and material choise must guarantee the structural integrity after a realistic impact event. For Fiber-Metal Laminates (FMLs) the impact damage resistance is related to the aluminum and continuous fiber/epoxy properties. FML is stronger than aluminum at higher impact velocities due to the strain rate dependent behaviour of the fibers. The dent depth after impact is comparable to aluminum with the same thickness [Dymácek, P., 2001]. 

Low velocity impact (< 11m/s) occurs through damage from for example service trucks, cargo containers and dropped tools during maintenance operations. High velocity impact (> 11 m/s) can occur when debris from the runway hit the fuselage during take-off or landing or when ice from the propellers strikes the fuselage. Different behaviour is observed during ballistic impacts (> 500m/s), which are a concern for military application and for hypervelocity impact (> 2000 m/s) of spacecraft by space debris. For FMLs a strain rate effect can be observed, i.e [Silva, R. A., 2006]. 

For FMLs there are several material properties related to the impact damage resistance. The damage modes of aluminum are combined with those of the continuous fibers and matrix. Damage in FMLs is therefore complex. It is a combination of cracks in the aluminum layers, crack growth and composite fibers breaking, matrix cracking and debonding of fiber/epoxy and epoxy/metal. After aluminum critical failure the crack runs in the rolling direction of the aluminum layers and in general this is the fiber direction of the first fiber layer [Vermeeren, C., 2002].

The aim of this work is to compare the impact behavior between a conventional carbon fiber/epoxy composite and fiber-metal laminate.

2. MATERIALS

The FML were manufactured from a 0.35 mm thick textile carbon-fiber/epoxy prepreg (CF-E) having a fiber volume fraction of 60%, and a 0.3 mm thick aluminum alloy (type 2024-T3) sheets. The lay-up scheme of the hybrid composites was 3/2, having 3 aluminum layers and 2 CF-E layers (Figure 1). After the lay-up process, the laminates were fit inside in a vacuum bag and placed in the autoclave for curing. The curing cycle was performed at a heating rate of 2.5°C/min up to 120°C, and held at this final temperature for 1 hour. The pressure and the vacuum used were kept at 0.69MPa and 0.083MPa, respectively. The aluminum surfaces were prepared for the adhesive bonding using the Chromic Acid Anodizing (CAA).

Impact tests were done according to normative ASTM D 5628-96 IN AN Instron Machine, model Dynatup 930 (falling dart). During this experiment, were used a weigth with exact 12.336 kg, being 12.0 kg from the load cell and 336 g from the dart.

After this test, all specimens were analysed by ultrasound experiments, by using a Staveley Instruments model Sonic Bondmaste. 

3. RESULTS AND DISCUSSION

Tables 1 and 2 presents the results obtained after impact tests for carbon fiber/epoxy/aluminum laminate, aluminum and carbon fiber/epoxy composites. As can be observed, the impact energy was almost the same for all specimens analysed, but the absorbed energy was higher for carbon fiber/epoxy/aluminum laminates. When analysed by using low impact velocity (Table 1 and Figure 1) can be observed a partial damage in the hybrid laminate and delamination in the carbon fiber/epoxy composites. This is the minimum cracking energy to create a first crack. The minimum cracking energy is a measure of the ability to withstand impact damage. 

This behaviour changed when both materials are analysed after high impact velocity (Table 2 and Figure 2), where can be observed a total damage.  

Table 1 – Results obtained by using a falling dart in 15 cm.

	Material
	Impact energy (J)
	Absorbed energy (J)
	Type of damage

	Aluminum
	17.6(0.2
	14.7(0.2
	Deformation of lamina

	Carbon fiber/epoxy
	18.1(0.2
	14.7(0.2
	delamination

	hybrid
	17.9(0.2
	15.5(0.2
	Partial damage


Table 2 – Results obtained by using a falling dart in 25 cm.

	Material
	Impact energy (J)
	Absorbed energy (J)
	Type of damage

	Aluminum
	29.8(0.2
	27.7(0.2
	damage

	Carbon fiber/epoxy
	29.7(0.2
	14.7(0.2
	damage

	hybrid
	29.9(0.2
	30.0(0.2
	damage


By using Figure 1 and 2, can be observed a significative difference between low and high impact velocity, mainly in hybrid laminate. By these Figures can be concluded that its necessary use falling dart higher than 15 cm in order to promote a total damage. These results were confirmed by ultrasound evaluation, according to Figure 3. As can be observed in all specimens studied the damage is limited in the damage area.
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Figure 1 – Damage generate in all specimens studied by falling dart in 15 cm.
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Figure 2 – Damage generate in all specimens studied by falling dart in 25 cm
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Figure 3 – Ultrasound evaluation of laminates studied.

5. CONCLUSIONS

The impact energy and the damage grade energy level were studied for carbon fiber/epoxy/aluminum laminate and carbon fiber/epoxy composites. In this studied, the minimum cracking energy were determined. The absorbed energy determined by the hybrid laminate was around 10% higher when compared with carbon fiber/epoxy composites and aluminum 2024-T3. An important part of the damage tolerance evaluation is the establishment of impact damage criteria. The type, probability of ocurrence and damage level should therefore be defined and damage sources known.
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