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Aluminum foam represents the newest innovation in lightweight, load bearing safety applications. However, before it can be fully commercialized, the deformational behavior of aluminum foam must be completely analyzed and cataloged. As aluminum foam offers a low density, strong, energy absorbing, and recyclable alternative to polystyrene and other safety products, its promise in the field of human protection is undeniable. With current and future applications in airplane fuselage, car door reinforcement, safety helmet design, and structural shields, aluminum foam is the latest advancement in vehicle safety and structural integrity. According to many researchers, an immediate marketable application of low density aluminum foam could be in the defense against terrorist explosions (Roush 2006). Despite its potential, aluminum foam has yet to be extensively studied under the various loading conditions it may encounter. Preliminary studies have shown that when under a uniaxial tensile load, Alporas aluminum foam deforms most radically in a concentrated band of extension. A deformation band localization theory is employed to mathematically model the deformation band angles in porous aluminum foam. To study the behavior and orientation of localized bands, and test the band localization theory, we used an MTS 809 Torsional / Axial load frame to deliver the desired tensile load under displacement control. In order to maximize the probability of a centrally located area of dilation (localized band of extension) we cut the aluminum foam specimens into a “dog-bone” shape. During loading, the specimen deformation was captured by three Point Grey Research Scorpion cameras mounted about the load frame. Eight specimens were tested and over 6500 images were captured at a rate of one-half snap per second. Images were post-processed through VIC 2D (digital image correlation) and using virtual extensometers, was mapped the progression of deformation through the various stages of loading. This post-processing outputted stress vs. strain maps, as well as deformation grids via a MatLab script written by Bryl (2006). 
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  (b) 
Past results obtained by Black (2007) have shown a consistent underestimation by band localization theory, as the observed angle of deformation exceeds the predicted angle. As this research is an extension of Black (2007), we expect similar results pertaining to the accuracy of band localization theory. Under this assumption, the assemblage of data ought to verify band localization theory as a consistent mode of prediction for deformation band angles in aluminum foam. 

The ultimate verification of band localization theory will validate its ability to predict extension band angles prior to the failure of the structure. Such foresight could allow foam designers to create a more stable and safer product, as well as aid in the proper installation of aluminum foam samples. With the solidification of band localization theory, mathematical constructs for a predictor of the location of advanced dilation zones can be investigated.
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* Figure 1 (a):  Contour Plot of axial surface strain with scale; maximum strain labeled
                 (b):  Specimen image; extension band shown in white 

† Figure 2:  Final test images of select specimens; location of surface separation shown in white
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