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Abstract 
Non-destructive testing of parts, after flight, could substantially reduce the costs of space travel. The reusability of equipment 
had already been planned in 1992 when the EURECA satellite was first launched, which was retrieved 11 months later. A 
unique multi-scale analysis, using various X-ray systems at Empa, evaluates the influence of launching and the harsh 
environment during its space orbit. 
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1  Introduction 
The cost reduction for space travels raises the question of the reusability of equipment, a goal that can only be achieved if the 
impacts are fully understood. Non-destructive testing of parts can help to evaluate damages and decide on necessary 
replacements, helping to reduce costs. The reutilization of equipment that went to space is not a new idea, a famous example 
being the EURECA satellite launched in 1992 and retrieved 11 months later. The influence of its launching and the harsh 
environment during its space orbit are assessed at Empa, with an unique multi-scale analysis using various X-ray systems. 

2  Material and methods 
 
2.1  EURECA overview 
About 25 years ago, the European space agency (ESA) released the European Retrievable Carrier (EURECA)1 in space, a 
satellite initially planned to be deployed up to five times. The satellite was built as a research platform with an upper-deck 
payload of 15 experimental locations, each 70x70x90 cm3 large, as well as additional sensory add-ons. The total of 71 
experiments that were carried out during the mission ranged from material processing and crystal growth studies, to 
observations of the earth’s atmosphere as well as celestial bodies, including the sun. EURECA was launched into space in 
August 1992 by the Space Shuttle Atlantis and recaptured 11 months later by NASA’s Space Shuttle Endeavor. It was the first 
satellite to return to earth intact after its mission. Due to financial reasons, all of its four subsequent flights were cancelled. In 
2000, the satellite was given to the Swiss Transport Museum in Lucerne as a gift, where it has been on display since. In 
summer 2016, the Empa Center for X-ray Analytics is given the unique opportunity to study it in more detail. 

2.2  Methodology 
The Empa Center for X-ray Analytics has a range of systems operating in various energy regimes that allows studying 
specimens of all scales as depicted in Figure 1. 

 
Figure 1 Multi-scale analysis performed on the Multi-Furnace Assembly (MFA) experiment. 
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This investigation differs from conventional multi-scale methodologies2 in several ways. First of all, as depicted in Figure 1, 
the elements at each given scale vary considerably, in contrast to homogeneous materials like for example the concrete 
structure of a dam3. This prevents straightforward generalizations from the microscopic measurements to the macroscopic 
level. The second complexity arises from the type of analysis itself which requires a finding step prior to any possible 
characterization. The features to inspect are both unknown in their nature and their locations. Finally, the dimensions and 
material compositions of the components require innovative techniques to overcome the limitations of the available systems. 
Four known causes for potential defects were considered in the current analysis: 

• Vibrations during take-off, landing and transport 
• Micro-meteorite impacts4 
• Thermal stresses 
• Radiation damages 

 
The methodology adopted in this EURECA investigation tackles some of those difficulties and provides a general roadmap to 
approach such challenging task. In a nutshell, the basic steps are implemented as in Figure 2 with the underlying idea of a 
feedback loop between the information acquired at various scales. 
 

 
Figure 2 Workflow adopted for the multi-scale analysis of EURECA. 

2.2 Data acquisition 
The investigation of EURECA starts with the acquisition of radiographs of the entire satellite using the high-energy scanner. 
This system consists of a dual energy 4/6 MeV linear accelerator from U.S. Photon Service with a 2 mm focal spot size and an 
array of 29 detector modules placed along an arc of a 2.7 m radius. Each module from Detection Technology is composed of 
128 channels made of 10 mm thick CdWO4 scintillators with a 0.4 mm pitch. Both source and detector are horizontally 
collimated with 2 mm slits made of tungsten plates. Due to the large dimensions of the satellite (5x2.5x3 m), and in order to 
minimize distortions from the fan beam, detector and source towers are separated by 6.2 m. Its heavy weight (2700 kg) is 
beyond the manipulator tolerances, thus dedicated rails as shown in Figure 2 are designed to allow lateral translations. A series 
of 42 images is acquired for each 10 cm interval and stitched together with state-of-the-art software. 

 

    
Figure 3 Experimental setups for the data acquisition with various systems: EURECA satellite on rails for radiographies (left) and HECT 

system for scanning the MFA experiment (right). 
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The payload experiments then undergo separate investigations allowing a 3D reconstruction and higher resolution than for the 
satellite itself (see Figure 2, right). Two complete instruments available, the so-called Multi-Furnace Assembly (MFA) and 
Automatic Mirror Furnace (AMF), are subject to X-ray CT using the high-energy setup in its nominal geometry. For each, a 
total of 450 z-slices for every 2 mm are acquired in 10 hours. In addition, one of the TEM furnaces of the MFA experiment 
undergoes CT scans at both 280 kV and 450 kV with systems providing respectively high-resolution and high-penetration 
power. The former system named MICRODETECT is composed of a micro-focus source from Finetec (model FOMR 
300.03Y RT) and a flat-panel with 100 µm pixels from Perkin Elmer (model XRD 1611-CP3). Figure 3 shows also the 
inspection with this setup of a 2 m long CFRP strut dismantled from the satellite. Four CT scans separated by 10 cm in height 
have been executed with a resolution of 35µm.   

  
Figure 4 TEM2 furnace (left) and CFRP strut (right) undergoing high-resolution 3D-CT with the MICRODETECT system. 

2  Results 
The results presented below describe the potential of the adopted strategy as well as its inherent difficulties, rather than 
assessing the implications for the aerospace field.  

3.1 Region-of-interests from macroscopic measurements 
Since only a handful of equipments have flown to space and came back intact to earth, no documented guideline exists for such 
unprecedented survey of the effects of space travel. As a starting point, the acquisition of overview images as in Figure 4 of the 
entire satellite and the experiments (which are 70x70 cm in size) allows the identification of potential region-of-interests. 

       
Figure 5 Radiography of a section of the EURECA satellite showing a partly filled tank (left) and a slice of the HECT measurement of the 

MFA experiment in which the selected TEM2 furnace is circled in green (right). 
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No large-scale deformation of the structure is apparent in the radiographies, but they did reveal the presence of a cleaning 
product still remaining in the fuel tanks. Guided by educated guesses, more attention is put on the study of a CFRP strut that 
could be dismantled as well as one element of the MFA experiment. Figure 5 shows the result of the three CT scans performed 
on the so-called TEM2 furnace of MFA with their respective voxel sizes and in which a deformation could be identified 
already from the initial large-scale HECT measurement. The strengths and weaknesses of each system appear clearly from 
those comparative images. While MICRODETECT offers poor penetration power in the bulk part of the furnace, it allows 
resolving details unreachable by its higher energy conterparts. The intermediate ICT scan makes a useful bridge between the 
two others acquisition separated by about one order of magnitude both in terms of energy and resolution.  

 

 
Figure 6 Three TEM2 furnace measurements compared in a side view (top) and at the level of the ROI showing a deformation (bottom). 

3.2 Samples at the microscopic scales 
Once the region-of-interests have been chosen, the microscopic inspection is performed with a two-fold objective. In addition 
to the direct verirification of the defect hypothesis mentioned above in section 2.2, the observation of novel anomalies is 
deliberately considered. For instance, the measurements of the TEM2 furnace revealed several features in addition to the 
expected deformations due to vibrations or thermal stresses. The presence of broken parts (see Figure 7), flaws and impurities 
have also been identified. The information contained of the high-energy scans greatly facilitates the analysis when combined 
with the noisy high-resolution information. 
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Figure 7 Broken screws found in the TEM2 furnace with MICRODETECT (left) and lateral crack visible in the CFRP strut from (middle) 

and its full extent revealed by merging the information from several slices (right). 

Another illustrative example of a microscopic study concerns the CFRP strut in which meteorite impacts were expected as well 
as mechanical alterations. In this case, the cylindrical symmetry of the tube has been exploited via a superposition of several 
slices in order to increase the constrast, a method revealing as well the full extent of the flaw (Figure 7, right). The 
comprehensive asssessment of this damage with respect to the expected loads and stresses is still ongoing. 

3.3 Analysis of the findings at other scales  
The features spotted at the microscopic scale then undergo a further analysis at other scales. In the case of the TEM2 furnace, 
an impurity found in the pins of the outer shell has been isolated and subject to an XRD measurement (Figure 8) in order to 
determine its exact origin. The composition is found to be consistent with the materials that were used for the thermocouples, 
rejecting other explanations like the breaking of an encapsulated sample or the transport of an impurity via the venting process.  

 
Figure 8 Dense particle found in the high resolution scan and analyzed by XRD. 

Inversely, the discovered anomalies can also be characterized by revisiting larger scale measurements. In the case of the 
broken screws mentioned in the previous section, a dedicated global scan of all the furnaces at this specific level would quickly 
determine if others show a similar defect, providing more insights about its possible cause. 
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4  Conclusions 
In this unique multi-scale investigation of the satellite, constraints due to size, weight or limited transmission are overcome 
with combinations of measurements and innovative experimental techniques. The main message from this exercise with 
EURECA is that several findings would not have been possible without the combined use of an array of systems spanning all 
scales. Generally, the human still plays an important role in this initial step by defining region-of-interests based on intuition 
and by efficiently detecting anomalies. With the rapid development of machine learning, unsupervised pattern recognition 
algorithms could eventually assist him in this task. Each finding from this survey contributes at establishing a methodology 
that will pave the way to a new application of X-ray NDT, namely the reutilization of space equipment. 
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