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The observation technique of internal structure in structural components is necessary to elucidate 
the cause of the failure accident or incident. Aluminium alloys tend to initiate preferentially at 
special sites, such as heterogeneous inclusions which exist in the subsurface region. By 
conventional techniques, such as laboratory X-ray and ultrasonic imaging, the size and shape of 
subsurface non-metallic inclusions and cracks, those smaller then 100 μm, cannot be detected. The 
x-ray computed micro-tomography provides information on the internal structural features of a 
material by the measurements of the attenuation of an x-ray passing through the sample at different 
incidence angles. It has many applications in a variety of fields, such as for the identification of 
internal material inhomogeneities, assessment of internal defects and damage, and investigation of 
the microstructure-property relationships in various materials [1]. The x-ray micro-tomography is 
also expected to have a good perspective in fracture studies; however, a particularly high spatial 
resolution well suited for the investigation of crack and crack/microstructure interaction is always 
required. Fortunately, the current synchrotron radiation facility at DESY in Hamburg enables x-ray 
computed tomography with a high spatial resolution down to less then 1 μm. 

Engineering components and structures may be subjected to loading conditions, which can force the 
material to undergo cyclic plastic flow. Such plastic deformations and their respective accumulation 
with cycles are a major cause of damage that, eventually, will lead to material failure. Damage is 
related to the irreversible processes at the materials microstructure. From a physical point of view, 
damage, defined as the appearance of new surfaces in a material, can be decomposed into three 
stages: initiation, growth and then coalescence. Different initiation mechanisms have been 
observed: inclusion rupture [2], inclusion /matrix decohesion [3] or matrix cracking around the 
inclusions in the case of fatigue of metals. In the low cycle fatigue (LCF) regime, due to 
considerable plasticity, accumulative microstructural changes take places, in the form of persistent 
slip bands, rearrangement of dislocation systems and void nucleation and growth [4]. The latter 
mechanism corresponds to high strain amplitudes, for which very short lifetimes are usually 
expected. As a consequence, the early estimation of cracks is essential for the prevention of failure. 

Al2024-T351 is an aluminium alloy renowned for its good mechanical properties, therefore it has 
been used for decades in aircraft applications. The material under investigation was supplied in 
form of a 100 mm rolled sheet in a T351 temper. It can be seen that the monotonic and cyclic 
fracture of the specimen extracted from the thickness (S direction) consists of sharp bright planes, 
characteristics of a brittle fracture [5], whereas L-direction reveals a dimple structure associated to 
ductile deformation. The reason for such a fracture mechanism is the formation of particle clusters 
aligned in the rolling direction, forming internal networks separating the structure into flat disks of 
Al-matrix domains surrounded by particle free bands (PFB). The interesting fracture behaviour in 
the S (thickness) direction led to detailed study using SRμCT. 

Within our investigations focus is on monotonic loading and low cyclic fatigue (LCF) of the 
aluminium alloy Al2024. Round notched bars with different radii taken from 100 mm thick sheet 
are being examined. The specimens have been extracted from short-transverse direction. For the 
modelling of LCF it is essential to understand/describe the damage mechanisms correctly. Some of 
the tested specimens are later investigated by computer tomography at DESY Hamburg Synchrotron 
Radiation Laboratory HASYLAB in order to visualise crack initiation and evolution. Figure 1 
depicts the specimens geometry. The minimal cross-section of the specimens was reduced up to 2 
mm to achieve better resolution. The geometry was modified to localise damage and keeping a 
homogeneous stress state along the minimum cross section (hour-glass specimen). The variation of 
the stress state (tri-axiality) has been achieved by introducing notches. All tomographical scans 
were performed at beamline W2 (HARWI II) using the photon energy of 28 keV. 
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Figure 1: a) Particle clusters (white) in the investigated material in XTM analysis and matrix domain. 
b) The notched specimens geometry [6, 7]. 
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Figure 2: a) Cracks originating from the surface of the specimen and propagation towards the center 

(LCF). b) Micropores originating from the particle/matrix interface(uniaxial loading) [6, 7]. 
 

In the present study, the applicability of SRμCT to the 3D measurement of the subsurface inclusions 
and fatigue crack in the aforementioned is examined. The investigations have made it evident that 
micro-mechanics based models porous plasticity damage models are not suitable for this particular 
alloy due to a high number of dense particles, arranged in continuous layers. Damage initiating from 
monotonic loading originates from the centre of the specimen whereas in cyclic loading at the notch 
root. The production process of a particular alloy influences its mechanical properties to a large 
extent, in this case the process of rolling caused heavy particles to participate at the centre of the 
plate (Figure 2). Overall, the feasibility of this technique shows the potential of its application in the 
field of micromechanics based fracture, which enables not only to well understand the micro 
mechanisms of fatigue fracture phenomena and provide 3D micro-structural information as an 
important insight aiding the modelling activities. Please refer to [6, 7] for a detailed study. 
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