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Motivation

In order to allow the aircraft industry to use newly developed manufacturing methods, which all promise high efficiency but lack a good damage tolerance capability under certain circumstances, the DaToN project aimed to develop new damage tolerance assessment tools for the given Manufacturing techniques: High Speed Cutting (HSC), Laser Beam Welding (LBW) and Friction Stir Welding (FSW), all three leading to a type of structure which is close to an integral structural design. This design offers benefits, e.g. from the cost point of view, but some concerns from the damage tolerance capacity point of view. Since the damage tolerance behaviour of structures is a crucial point in the application of the new techniques in highly loaded areas, which today limit it’s application, 

The DaToN project aimed to provide missing fundamental knowledge and assessment tools for the damage tolerance of integrally stiffened structures, which are produced by means of the three modern production methods: LBW, FSW and HSC. The project did not aim to develop the manufacturing techniques, it only used given techniques.

The project and its results

In order to reach the envisaged goals, the following project structure has been used. 
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Improved Damage Tolerance Designs

and Methodology


Figure 1: Project structure

From the experimental point of view, nearly 120 stiffened panels, manufactured from three different aluminum alloys, namely 6056-T6 (to be tested as welded), 6056-T4 welded and then aged to –T6, and 2024-T3, have been tested.

The overall design of the specimens is given in the figure 2. It consitsts of a skin and two stiffeners, attached by one of the three manufacturing methods, mentioned above.
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Figure 2: General design of the common specimen

The general results may be taken from figure 3.
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Figure 3: Crack propagation curves for the common specimen type; all three manufacturing methods; 2024 T351 at max 80 MPa

Figure 3 indicates the most essential influences, i.e. the influence of the manufacturing method and the resulting residual stresses. While HSC nearly results in no residual stresses, LBW and FSW have a high influence.

From the methodological point of view, fracturemechanical methods have to include primarily the ability to take this influence into account. It could be shown that different methods of calculation (finite element methods (2D/3D), boundary element methods, quasi-analytical methods etc.) all yield good results. Apart from the influence of the residual stresses, the question of anti bending guides and their representation in the models was found to be esential, too.

The Definition of Critical Parameters for the Optimum Design of Integrally Stiffened Metallic Structures which reflects the experiences made by the partners during the project have been collected in the final workpackage of the project and Guidelines for Performing a Damage-Tolerance Substantiation of Integrally Stiffened Panels has been summarized in addition.
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