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Abstract. Aluminium is one of the most important materials in the aerospace 
industry. In the last years new structural designs like aluminium foams have been 
increasingly used, since these foams are light weighted, thermally insulating and 
have a high mechanical absorption. Therefore they are used for wing structures, as 
heat exchangers, or crash absorbers. Due to this, material characterization and non-
destructive testing is used to estimate the durability of the material and to guarantee 
the characteristic features, which could be safety relevant. Characteristic properties 
for aluminium foams for example are pore size distribution, density and strut 
thickness. These characteristics may change over the life time of the foam and 
potentially influenced by damages like impacts. 

In this paper, computed tomography (CT) is evaluated as a method to observe 
the changes of the characteristics of aluminium foams, caused by corrosion. 
Moreover, it will show in which cases thermography images are compared to these 
CT slices. 

Introduction  

Aluminium is one of the most important materials used in aeronautics. Although carbon 
composite materials are gaining more importance in the last years, aluminium usage is 
updated as well with new designs such as aluminium foam used in wing structures, 
compact heat exchangers or crash absorbers. Many advantages are inherent to these new 
aluminium designs in aircrafts such as high strength-to-weight ratio, lightness and electrical 
conductivity. An important issue when using these new aluminium designs in aircraft is 
material characterisation and non-destructive evaluation. Characteristic aluminium foams 
properties may change over the life time of the foam. In this paper the possibilities of 
computed tomography and active thermography as techniques for foam characterisation are 
evaluated. 
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1. Study procedure  

Corrosion 

In order to simulate the aging of the foams, they are put in a salt spray test chamber for 

different durations to evoke corrosion effects. The corrosion was done according to DIN 

EN ISO 9227 [1]. Figure 1 shows the corroded specimens and the corresponding corrosion 

time in days. Some of the specimens exhibit impact damages. The expectation is, that the 

process of corrosion, i.e. oxidation of the metal, will lead to an increase in weight and 

volume, and with that to a decrease of porosity. On the other hand, through the destruction 

of the thinner strut walls, the mean pore size may move to higher values. 

 

 
Figure 1: Specimen P1 to P5 after the corrosion process. Corrosion times according to the table on the right. 

 

Intention 

It is intended, to indirectly verify the expected corrosion effects by altered porosity and 

strut thickness values. These values will be determined by CT examination before and after 

the corrosion phase. Different statistic parameters of porosity and strut thickness 

distribution are computed: 

- Mean strut thickness (Mean). 

- Maximum of the distribution curve over the according surface (MaxSurface). 

- Maximum of the according volume (MaxVolume). 

- Material volume, the sum of all struts (Volume). 

- Porosity of the material in comparison to the specimen size (Porosity). 

2. Inspection Methods  

2.1 Computed Tomography  

Computed tomography is well known in non-destructive testing [4] for its possibility of 3D 

imaging and reconstruction of a specimen. Especially for difficult geometries CT has 

advantages compared to radioscopy, because of superposition free extraction of cross 

sections and object surface. 

During the measurement, the specimen is rotated between radiation source and 

detector, and at different angular positions, projection images are acquired. From these 
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projections, the whole 3D volume is reconstructed via filtered back projection. Figure 2 

shows the general setup for computed tomography. 

 

 
Figure 2: General sketch of computed tomography on the left, sample P1 on rotation stage for micro CT 

measurement on the right. 

2.2 Thermography 

Active thermography requires excitation of heat radiation in objects and its examination by 

infrared image processing techniques. Heat propagates as a wave, but it is exponentially 

dampened and its propagation speed is strictly frequency dependent. Lock-in thermography 

applies a periodic excitation, so that the signal can be analysed by Fourier methods to 

measure amplitude and phase of a thermal wave [3]. The lock-in method is very signal 

sensitive as it is phase-locked with the excitation, cancelling out effects on other 

frequencies. The phase contains information on the time shift from the excitation to the 

response.  

Optical lock-in thermography uses visible light for the thermal excitation of the 

object. The principle setup and the laboratory setup are shown in figure 3. 

 

 

 
Figure 3: General sketch of optical lock-in thermography on the left, picture of the experimental setup on the 

right. 

3. Image Processing 

3.1 Pore size analysis 

The characteristic properties, like the pore size, are obtained by an image processing chain, 

consisting of threshold based binarization and segmentation by watershed transform, done 
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with software MAVI [5]. Then the segmented pores are characterized by their geometric 
size. With this size, the overall porosity and foam density is computed. The following list 
gives an overview of the image processing steps of the pore size analysis with MAVI. 
 
 Threshold binarization 
 Euclidian distance transformation 
 8 bit conversion 
 Adaptive H-Extrema transformation 
 Greyvalue inversion 
 Watershed transformation 
 Masking with binarized image 
 Statistics of blob labelling 
 

 
 

Figure 4: Steps of the image processing chain for pore size analysis. From left to right: input image, binarized 
image, Euclidian distance transform, grey value inversion, watershed transform, masked and labeled image. 

 

3.2 Strut thickness computation  

The strut thickness is calculated by using the software VG Studio Max [6]. A binarized 
image is used as input, and the corresponding strut thickness distribution is computed, see 
figure 5. 

 

 
 

Figure 5: Visualisation of calculated strut thickness by software VG Studio. 
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4. Results  

4.1 Material Characterisation 

The foam specimens are imaged with X-Ray computed tomography CT with a voxel size of 
53 µm. Results of the characteristics determination are shown in figure 6 and 7. The five 
properties are computed before (Px) and after corrosion (Px-C). In the following plots the 
corroded specimen are plotted red, the uncorroded blue. 

 

 
Figure 6: Features of the strut thickness distribution for uncorroded and corroded specimen. 

 
If the mean values are compared (figure 6), there is no visible trend between corroded and 
uncorroded specimen and no trend over the corrosion time. Moreover, in the maximum of 
the strut distribution over surface areas, there is no trend visible. In the maximum of the 
volume in contrast, a decreasing trend from uncorroded to corroded specimen is visible. 

 

 
 

Figure 7: Computed porosity (left) and volume (right) of the foam specimen. 
 

For the pore analysis an overall porosity increase, with a volume decrease is expected. This 
can be seen in figure 7. All specimens, except specimen P5, meet these expectations.  

The plots in figure 8 show the strut thickness distribution over the related volume. 
The trend of the maximum is clearly visible. The maximum of the uncorroded foam (blue) 
is always lower and shifted to thicker struts compared to the corroded foam (red). 
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Figure 8: Strut thickness distribution over the related volume for the samples P1, P3 and P5. 

 

In the plots of the pore size distribution in per cent of geometric volume, there is a tendency 

that the pore size is increasing after the corrosion process (figure 9) which fits the 

expectation.  

 

 
 

Figure 9: Pore volume in per cent of the geometric volume for all specimen (P1 to P5). 

 

4.2 Comparison between CT and Thermography 

To compare the Thermography with the CT results, it is necessary to take images from both 

techniques which are comparable. So from thermography lock-in phase images at a 

frequency of 0.2 Hz are used, and a comparable slice from the 3D computed tomography 

voxel dataset.  

 

6



 
 

Figure 10: Comparison of optical excited lock-in thermography on the left with the according cross section of 
a CT dataset on the right for specimen P2. 

 
In figure 10 specimen P2 is shown, the CT slice is from a depth of 530 µm. In the 
thermography image brighter and darker areas are visible. Areas with bigger pores appear 
darker than the areas with smaller pores. This is in good accordance to the CT-slice on the 
right side. So in near-surface areas, thermography can provide information about the pore 
size in the phase image. 

Another example can be seen in figure 11. For sample P4 thermography has even 
advantages compared to CT, where thermography shows the pore structure near-surface 
independently of the surface shape, where in CT you have to analyse many different slices 
to get similar results. The used CT slices are from the depths 530 µm, 950 µm, 1.7 mm and 
3.1 mm from the left-hand top to the right-hand bottom in figure 9. But overall comparison 
results show good correlation. 
 

 
 

Figure 11: Comparison of optical excited lock-in thermography on the left with the according cross sections 
of a CT dataset on the right for specimen P4. 

4.3 Discussion 

The available results do not yet show clearly the influence of corrosion. As an example, for 
specimen P2 and P3, contrary to the other specimens, a notable increase of the overall 
porosity is visible. The main reason may be the limited extent of this specimen. Another 
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difficulty is the low level of standardisation, especially for parameterisation of the software 
tools. In this context, mainly the influence of larger (open) pores at the sides of the 
inspected region of interest is unclear with respect to the determined porosity values. In 
addition, the study was carried out at only one fixed voxel resolution, which was derived by 
the foam sample size. 

5. Conclusion  

In this paper we showed that computed tomography and active thermography are both 
techniques to characterise aluminium foams. CT is suitable for quantitative values like pore 
size and strut thickness, while thermography is able to give an estimation of them. The 
influence of corrosion could not been proved up to now, but work is still in progress. As 
further steps, it is necessary to check if the results can be repeated in further experiments, 
possibly on a larger and more precisely defined set of samples. 
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