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Abstract: The seek for lighter and higher strength materials has stimulated research on composite materials. Inside of this context, hybrid laminates such as fibre-metal laminates (FML) have been reaching excellent results joining polymers, ceramics and metals characteristics. Aerospace industries have been demonstrating attention in this kind of material, which has already being used in recent aircraft, such as the Airbus A380. The target of this work is to describe processing and characterization of FML produced with carbon-fiber/epoxy composite and titanium alloys. This kind of composite was obtained from a curing process in autoclave conducted in EMBRAER. Tests for V-notched beam shear resistance (also know as Iosipescu Test) were conducted in this composite. This work compare Iosipescu data of titanium/carbon fiber/epoxy laminate with the Iosipescu results obtained from other hybrid composites such as GLARE (aluminum/glass fiber) and CARALL (aluminum/carbon fiber) exhibiting shear stress in 125 MPa and 123 MPa, respectively. It is expected, from this study, to evaluate the application viability of carbon fiber/epoxy composites with titanium in aerospace applications. 
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1. INTRODUCTION

Fiber-metal laminates (FML) are composed of alternating layers of fiber-reinforced plastic (FRP) laminae and aluminum-alloy sheets. They offer some superior mechanical properties, compared with either conventional polymer composites or high-strength monolithic aluminum alloys [Vlot, A., D., Gunnink, J. W., 2001]. Aluminum/carbon fiber laminates (CARALL) were originally developed at Delft University of Technology at the beginning of 1990 [Vlot, A., D., Gunnink, J. W., 2001, Silva, R. A., 2006]. The FML is a material laid up by a thin sheet of high-strength aluminum alloy interleaved by a fiber/epoxy layer.

In the early nineties, a large investigation was carried out into carbon/titanium laminates. An advantage of these laminates is their combination of high stiffness, high yield strength, good fatigue and impact properties at both room and elevated temperatures. Titanium and carbon fiber can easily be exposed to up to 300°C, which makes this combination perfect for high temperature applications [Dymácek, P., 2001, Vermeeren, C., 2002, Cantwell W.J. et al., 1999, Castrodeza E.M., et al., 2002, Chiang, MYM, He J. 2002, Costa, ML et al, 2001].

The good mechanical and thermal properties, combined with low density, damage tolerance aspects and manufacturing possibilities means that these laminates can be considered for applications where metals or composites are used. Titanium laminates prove to be very attractive structural materials for several applications in space structures.

Interlaminar shear strength is governed by the adhesion between fibers and matrix and between aluminum and epoxy. Different devices for the study of the shearing properties of composites are proposed in the literature [Vlot, A., D., Gunnink, J. W., 2001]. One of the most used shear test, which allows a nearly pure-shear stress state at the shear plane, was proposed by N. Iosipescu [Vlot, A., D., Gunnink, J. W., 2001]. This test coupon, named Iosipescu shear, was originally designed for measuring shear strength and modulus of isotropic metals. Subsequently, it was extended for testing composite materials by Walrath and Adams. Due to a relatively simple geometry and loading configuration, the method has gradually evolved as the most popular test for shear characterization of materials [Vlot, A., D., Gunnink, J. W., 2001]. The test essentially consists of a double V-notched beam specimen, to which two counter reacting forces are applied, such that a state of pure shear is generated along the specimen midsection [Vlot, A., D., Gunnink, J. W., 2001].

This work compare Iosipescu data of titanium/carbon fiber/epoxy laminate with the Iosipescu results obtained from other hybrid composites such as GLARE (aluminum/glass fiber) and CARALL (aluminum/carbon fiber). 
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 titanium alloy sheets. The lay-up scheme of the hybrid composites was 3/2, having 3 aluminum layers and 2 CF-E layers. Treatment used on titanium surface is protected by patent. 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 Iosipescu test method measure the shear properties of composite materials. The sample coupon is shown in Figure 1. The square area covered by the gages is referred to as the test region in this study. The radius of the notch tips is 1.3 mm. The thickness of specimen was 4.1 mm. 
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Figure 1. Iosipescu test Scheme: a) Iosipescu dispositive; b) specimen configuration.


The specimen is fit into the fixture and the notch is located along the line-of-action of loading by means of an alignment tool that references the fixture. The notches influence the shear strain along the loading direction, leading to a more uniform distribution of stresses than would be without the notches. 



In order to obtained the shear modulus its necessary assuring that both, stress and strain are uniformly distributed in the test region of the specimen used. In this case, the apparent in-plane shear strain, ( at the cross-section along two notch tips can be obtained by:

( = (+45° - (-45                                          equation 1

In this work, the Iosipescu tests were done according to ASTM D 5379 and performed in an Instron mechanical testing machine using a test speed of 0.5 mm/min. Shear strain was measured by bonding strain gages at ( 45°, placed at the mid-section between the two notch tips. The uniformity of shear stress and corresponding strain in the test region need to be examined to assess the accuracy of the shear modulus determination. 

Micrographs of the cross section of the hybrid composites were observed by scanning electron microscopy (MEV) in order to evaluate how homogeneous was the lamination and the delamination after mechanical tests. The morphological evaluation was done in a Digital Scanning Microscopy from Zeiss Company, model 950. 
3. RESULTS

Shear loads in an aircraft fuselage will occur as a result of bending and torsion. Yield values under shear are necessary during the design phase since the material should not deform plastically below the limit load.
Table 1 presents the shear modulus (G12) and shear strength ((12) results, from Glare, Carall and titanium/carbon fiber/epoxy laminates used in this work. The Iosipescu shear strength measured experimentally for Glare laminate was 125 MPa. As can be observed in Table 1, titanium/carbon fiber/epoxy laminate presents a shear strength value around three times higher when compared with Glare and Carall, respectivelly. 
Table 1. Iosipescu behavior for metal/fibers laminates.

	Laminate
	(12 (MPa)
	G12 (GPa)

	Glare
	125 ( 3
	18.2 ( 1

	Carall
	123 ( 3
	17.1 ( 1

	Titanium/carbon fiber/epoxy
	313 ( 17
	37.3 ( 4


A similar behavior happens with shear modulus. In this work, it was obtained 37.3 ( 4 GPa as titanium/carbon fiber/epoxy laminates. This value was two times higher when compared with Carall and Glare, respectivelly. This behavior is due to the titanium contribution.
Figure 2 shows that delamination for titanium/carbon fiber/epoxy occurred between the carbon fiber/epoxy prepreg and titanium. As can be observed in this Figure, this specimen exhibited a damage characterized by multiple shear delaminations at the titanium-prepreg interface after Iosipescu test. These cracks are formed principaly due to fiber splitting in the lamina and interlaminar shear deformation between the prepreg and the titanium lamina. According to Figure 2 can also to be observed a typical delamination between carbon fiber/epoxy composites and titanium alloy. 
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Figure 2. Iosipescu failure behavior in Titanium/carbon fiber/epoxy material: a) failure mode and b) failure behavior in the notch. 

5. CONCLUSIONS

In this work, Iosipescu shear behavior was compared between Glare, Carall and titanium/carbon fiber/epoxy laminates. During this work, it can be observed that titanium/carbon fiber/epoxy laminate presents a higher shear strength and shear modulus values when compared with Glare and Carall, respectively. This behavior is due to titanium contribution associated with a good interface between carbon fiber/epoxy composite with the titanium. According to this results can be concluded that the use of titanium/carbon fiber/epoxy laminate in the aerospace application is viably principally in applications that shear resistance is necessary.
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