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Abstract 

Gaia (or Global Astrometric Interferometer for Astrophysics) is a European Space Agency (ESA) space mission. 

It is part of the ESA Horizon 2000 Plus long-term scientific program and expected to launch in August 2013. 

Gaia will compile a catalogue of approximately 1 billion stars in our galaxy to magnitude 20. Part of the satellite, 

the instrument is a unique structure made of silicon carbide that has been calculated and designed to present a 

high mechanical and thermal stability even during the high level of dynamic stress due to the launch phases. 

During the conception and the assembly of such complex structure, a lot of tests are done to be fully sure that no 

critical damage can occur during the most severe phase of the launching. Among these, dynamic high level of 

vibration tests up to 15 g are carried out, where traditionally modal analysis is performed to verify afterwards 

that no significant damage took place afterwards. AE was used as a supplementary technique in order to both 

locate and detect damage (if any) in real time even in such a complex structure and, if needed, to give a warning 

to stop solicitation before catastrophic issue. The paper presents the methodology used to apply AE to the 

vibration test of GAIA and FORMOSAT2 instruments. 

 

Keywords: Acoustic emission, vibration tests, bonded junction characterisation, aerospace, silicon carbide 

ceramic. 

 

1.  Introduction 
 

According to the high tech manufacturing level and the cost of such structure combined to 

high level of vibration stress at launch, it is needed to insure that the structure will not failed 

even not undergoes some structural modification that will bring some performance reduction. 

Vibration tests are done in order to proof the mechanical qualification and workmanship of 

the design, manufacturing and integration activities of mainly spacecraft equipment by 

simulating the mechanical loads during transport and launch. 

 

Maintenance will be difficult even not possible after the launch of the satellite.  

 

The main structure of many instruments developed by Astrium for science and earth 

observation missions is made of silicon carbide (manufactured by BOOSTEC S.A. 65460 

BAZET France, a French company specialized in this kind of realization) and a lot of 

assembly parts are glued or bolted. It is very difficult to detect any disbonding underneath the 

assembly parts. 

 

Historically vibration measurements are made before, during and after shaking sequence with 

increasing level of loads, in order to detect any abnormal shift in the main modal of vibration 

of the structure. This modal analysis is reliable but is not able to indicate if any subcritical 

defect is appearing in the glued joint during the testing run. Acoustic Emission (AE) 

technique was selected as a supplementary monitoring technique with two goals, the first 

being to get a real time monitoring if any critical propagation occurs and second to analyse 

after test any indications that can indicate even low delamination of the bonded junctions. 
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This paper is focussed on the use of AE to determine a real time criterion for the detection 

subcritical cracks for FORMOSAT2 and disbonding or/and damage initiation for GAIA 

instrument structure during vibration qualification tests.  

 

 

2.  Principe of the measurement 
 

Acoustic Emission (AE) is the result of sudden energy release within a material, which 

appears as elastic wave. This technique is widely used as a non-destructive testing technique 

for fitness for service evaluation in industrial field. AE is also a powerful tool to characterise 

and understand damage initiation and propagation. Most of all microscopic mechanisms has 

been studied and correlated with AE signals.  

 

Many developments in AE technology, mainly developments in AE instrumentation, have 

occurred in the past ten years. Analytical calculations, in some cases, result in the 

combination of theoretical solutions with signal analysis. However, this technique is mainly 

experimental, the best tool for signal analysis is still source recognition and database files.  

That is why; tools based on signal pattern recognition have been use to allow complex 

problem analysis (multi source and different propagation patterns). Traditional analysis based 

on location can be performed by discarding AE signals or noise from outside the monitored 

area. A multi parametric analysis using pattern recognition and neural network via Noesis 

software was performed to isolate signals such as delamination and define a real-time 

criterion based on AE features [1, 2]. Nevertheless, in order to feed any pattern recognition 

analysis different experimental measurements has been made on samples and small structure 

to feed the data base used in real time. 

 

2.1 Analysis of the environmental problem 
 

The use of AE in severe environment needs to study carefully the influence of the measure on 

the test itself and the interaction with the structure. 

The main goal for AE technician is to achieve good sensor coupling and mounting and check 

the resulting channel performance. The owner of the structure wants to be sure that the 

measure installation will not damage or even reduce the performance of the instrument.  

Two main points are to be consider, the brittle behaviour of the ceramic of the body of 

telescope and the potential pollution that can be introduce in the optical devices. To avoid any 

notch catastrophic consequences and chemical pollution due to coupling media all the direct 

contacts with the structure are forbidden. All the products used in cleanroom environment 

have to be compatible with Astrium requirements. 

As we are performing vibration test, the weight of the implement instrumentation has to be 

minimize (specially with a smaller telescope than FORMOSAT2) in order to not modify 

significantly the vibration modes which have been digitally processed. The weight of all the 

AE equipment has to be keep as reduced as possible also because the main risk consists in 

disbonding of an on-board part that will hit the structure and produce even any subcritical 

defect. 

The use of acoustic in severe environment needs to study carefully the influence of the 

measure on the test itself and the interaction with the structure. 

 



The main goal for AE technician is to achieve good sensor coupling and mounting and check 

the resulting channel performance. The owner of the structure wants to be sure that the 

measure installation will not damage or even reduce the performance of the instrument.  

Two main points are to be consider, the brittle behavior of the ceramic of the body of 

telescope and the potential pollution that can be introduce in the optical devices. To avoid any 

notch catastrophic consequences and chemical pollution due to silicon coupling media all the 

direct contacts with the structure are forbidden. All the products used in cleanroom 

environment have to be compatible with Astrium requirements. 

As we are performing vibration test, the weight of the implement instrumentation has to be 

minimize (specially with a smaller telescope than FORMOSAT2) in order to not modify the 

vibration modes which have been digitally processed. The weight of all the AE equipment has 

to be keep as reduced as possible also because the main risk consists in disbonding of an 

onboard part that will hit the structure and produce even any subcritical defect. 

 

2.2  Specific solutions for high vibration level instrumentation 
 

The sensor must be held in place for the duration of the test. Dry contact between the sensor 

and the structure does not meet the goal for appropriate wave transmission. For the 

accelerometer fixation, Astrium was already using an adhesive tape developed for aerospace 

industry called “KAPTON” on which the sensor is glued with cyanoacrylate or cement glue 

(figure 1). This solution has been tested with success with cyanoacrylate glue. The reduction 

of measured amplitude compare to a traditional grease coupling is less than a one dB with 

Hsu Nielsen source on a SiC substrate. 

Some adhesive strips have been add on the top of the sensor to insure the fixation during the 

curing of the glue (cement) and, if we get some unexpected disbonding, to prevent the 

projection of the sensor on the SiC frame. 

 
Figure 1: detail of sensor coupled on the structure. 

 

On the FORMOSAT2 instrument (figure 8) few Hsu Nielsen simulations can be done because 

the definitive mirrors are not mounted; only dummy mirrors were used for the vibration tests. 

The simulations were made at 5 cm of sensors but on a layer of KAPTON adhesive strip. 

We have just to collect the graphite pieces of lead before the vibration test. On GAIA test 

(figure 14) almost all the flight mirrors are in place and the tests are done in a controlled 

cleanroom. In between we have tested several components in silicon carbide ceramic with 

different shape. During this preparation experiments, in parallel with the Hsu Nielsen source, 

we use the AST function (Auto Sensor test) to send calibrated pulse on each sensors (figure 

2). Neighbor’s sensors receive the transmitted elastic waves and allow verifying the good 

transmission on well coupled sensors. An extrapolation on the transmitted wave has been 

done to give some criteria of good coupling on the real frame test of Gaia. These results were 

used at the first installation on Gaia to check the coupling. Furthermore, AST function is used 

between each vibration test sequence to check that no loose of sensitivity takes place. 



 
Figure 2: example structure part used for structural attenuation. 

 

All the cables have to be fixed and secured on the structure to avoid any breakage or periodic 

choc noise. This is achieved also with adhesive tape. 

 

Non-integrated preamplifier sensor has been chosen because its weight is less than 35 grams, 

this sensor is built to resist to 500 g. In-line miniature preamplifiers (figure 3) have been 

preferred because of its robustness and its small size (8.26cm x 2.87cm x 2.22cm, 54 grams). 

These devices are mounted on the loading frame, not on the satellite instrument itself. As the 

loading should be move to load in different direction, the connection of the preamplifier 

should be easily removed. We have verify that under cyclic solicitation of preamplifier with 

cables and sensors, no parts can be ejected and no detectable is generated from the AE device 

up to 15g from 0 to 200 Hz of solicitation. 

 
Figure 3: in line miniature preamplifier (8.26cm x 2.87cm x 2.22cm, 54 grams). 

 

 

 

2.3  Laboratory preliminary tests. 

 

The ceramic materials are known to exhibit brittle behavior and many peoples are considering 

that there is no interest to use AE on ceramics because “the only noise is the final rupture”. 

Nevertheless, since it is possible to produce subcritical cracks AE can be a good technique to 

detect in real time damages initiation in the ceramic bulk [3]. 

 

We perform a simple 3 points bending test to try to produce subcritical cracking. A significant 

amount of hits are detected. The figure 4 present the results reduced to the events located in 

the sample center. At 300 N a high amplitude event and high energetic is detected and 

correlated with a kick down of the loading curve. Then at 3000 N an increase of located 

activity indicate the beginning of propagation damage. And finally the rupture is reached and 

detected at 5400 N. 



 

 
Figure 4: Three points bending test on SiC sample and AE emission results. 

Graph 1: load versus time;   Graph 2: events versus time 

Graph 3: amplitude versus time; Graph 4: Absolute energy versus time 

 

As bolted / glued assemblies are very often used in the spatial instruments, it was interesting 

to characterise the behaviour of a glued junction. With this dual assembly technology it is not 

possible to characterise any damage in the glued joint with traditional non-destructive 

technique [4, 5]. 

Specific sample has been developed in order to produce the shearing of the bonded joint. The 

load is applied on a ball bearing for loading transmission (figure 5). The figure 6 gives the 

results of the AE monitoring of the experiment. The loading of the joint gives very early 

medium amplitude events up to 3000 N. We observed a reduction of the amplitude of signal 

from 3000 to 6000 N, and then a significant increasing of amplitude from 7000 to 8000 N 

indicates indicating the final rupture (figure 6). 

 

On CCD supporting structure, the screwing has been monitored with AE (figure 7). The bold 

are screwed manually with a calibrated torque wrench. As we detect the first high energy hits 

on bolt N°3, the operator stop but could not confirm failure has occurred. He did two times 

further screwing steps before he can feel the local cracking. These two last steps are 

correlated with increasing high energy events. 

 

 

 
Figure 5: Test device for glued joint characterisation. 

Load application point 



 
Figure 6: Result of glued joint shearing test. 

Amplitude of events versus time (dot in red left scale) 

Load level versus time (green curve, right scale) 

 

 
Figure 7: small breadboard of CCD support. 

 

3.  Vibration qualification tests on FORMOSAT2  
 

FORMOSAT2 is the second component of the long-term space program of the Republic of 

China. The FORMOSAT2 mission mainly aims at monitoring the terrestrial and marine 

environment and resources throughout Taiwan. The RSI camera (Remote Sensing 

Instrument), developed and built by EADS Astrium, achieves the corresponding imagery 

mission which addresses applications such as disaster evaluation, agriculture, forestry and 

land use planning, coast guard and rescue but also academic research and education. Indeed, 

located in the western part of the Pacific Ocean, Taiwan is submitted to major meteorological 

phenomena such as typhoons, floods especially in the city areas, soil-rock-flow in the 

mountainous areas or earthquakes. 

 

The goal of this first full scale test is to detect as soon as possible any damage in order to stop 

the test in real time.  

Bolt N°3 



 

FORMOSAT2 is not a very big satellite nevertheless the geometry is quiet complex and that 

is why we use 12 sensors to cover the structure and be able to recognize the origin of the 

signal. During the vibration tests made in the spatial center of Liège, the telescope was not 

equipped with the final mirrors and we can therefore make some Hsu Nieslen simulations to 

verify the attenuation and furthermore optimized the real time location parameters (figure 8). 

 

A 12 channel DiSP system from MISTRAS was used for these series of tests. R15α 

(frequency range 50 -200 kHz) sensors are used on the flat area where the adhesive surface is 

greater that the sensor surface. On round surface, Nano 30 sensors (frequency range 150 - 400 

kHz) were chosen because of their reduced sizes and weight.  

 
Figure 8: FORMOSAT2 telescope on vibration shaker. 

 

 
Figure 9: position of AE sensors on the FORMOSAT2 structure. 

 

According each axis, at least three vibration tests are performed. 

The first sequence at low level of acceleration (0,1g) from 5 to 180 Hz is called “initial low 

level test”. This test is performed to measure the main modes of vibration and to compare 

them with the digital processing. Then the qualification test is monitored at 10g of maximum 



acceleration level. Finally the initial low level test is carried out again in order to measure any 

modal shift which can give an indication of potential damage. 

 

The acquisition conditions are very good; no specific noise is detected with a 45 dBEA 

threshold. During all the loading cases, no high energy event has been detected. The major 

active area is located on the sensor mounted on the mirror platform sensors 7 to 11. The figure 

10 gives the result of the location analysis for the qualification according X axis. It is assumed 

that the signals are due to the metallic fixation movements. Just after this test some screw has 

been tied up. 

 
Figure 10: Location analysis during the qualification test (10g) according X axis. 

 

 

The X axis loading appears to give more AE than the other directions. 

 

For all three axes, the monitoring of the final low level test exhibit a very good stabilization of 

AE of the whole structure. 

 

No indication has been found with the post-test modal analysis. 

 

 

4.  Vibration qualification tests on GAIA 

 
Figure 11: Artistic view – GAIA satellite -  

-ww.astrium.eads.net – 

 

 

Gaia spacecraft is designed to map one thousand million stars and hundreds of thousands of 

other celestial objects in our galaxy. The aim is to detect every celestial object down to about 



a million times fainter than the unaided human eye can see. To do that, it needs a large 

camera. With about 1000 million pixels, Gaia’s focal plane is the largest digital camera ever 

built for spaceflight. 

 

 

The Gaia PLM SM (Pay-load Module Structural model) consists of the flight structure fitted 

partially with flight mirrors and equipments and partially with dummies. The structure is the 

flight one mounted on flight bipods. Mirrors M1, M2 and M3 of the same Astro telescope, 

both M4, M5 and M6 are flight ones mounted either on the flight torus or on the flight 

Folding Optics Structure (FOS).  

The mechanical test campaign on the Gaia PLM SM comprises qualification sine vibration in 

each of three axis (X, Y and Z), and a specific qualification quasi-static run for the 

longitudinal axis (X axis). 

 
Figure 12: schematic representation of GAIA structure for qualification test. 

 

 

Measurement points have been selected to monitor the responses at critical location as 

follows: 

• The vibration test input 

• Responses at the structural interfaces and/or CoG of major equipments / subassemblies for 

comparison with their specification 

• Areas of high responses as defined in PLM structural analysis 

• Key measurement points already used for the FPA qualification test 

• Some strain gauges to witness the loading of the launch bipods (part of the BRM) 



In addition, a surveillance of the most critical bonded joints (Torus- struts- Folding Optic 

Structure) will be performed through acoustic monitoring. 

 
Figure 13: position of the sensor on the structure. 

 

 
Figure 14: GAIA on the shaker for the vibration test 

 

 

All tests in a particular test axis shall use identical instrumentation in each test run (low level, 

intermediate level, and qualification), unless the run sheet specifically requests modification 

of the instrumentation. Before progressing to the next input level, all test measurements from 

the previous run shall be assessed to identify erroneous or anomalous results. The shaker 

current is monitored and recorded as a secondary means of calculating instrument base forces. 

 

According to our experience with FORMOSAT2, the attenuation measurement and the 

frequency analysis made on sample experiment, we decided to increase the frequency of the 

AE sensors. The AE used sensors are R50α (frequency range 100-700 kHz), about 19mm 



diameter and 25 mm height, each with a mass of 38g. The associated amplifiers are tapped on 

the shaker table (54grams each) to limit the connecting harness within 3 meter length. 

 

The sensors have been mounted by Astrium technicians who are authorized person to 

approach the structure in the cleanroom. The sensor checking has been done with Auto Sensor 

Test function according previous attenuation measurement on analogue structures. After each 

run, the AST test is done to verify the good sensibility of sensors. 

 
PULSES OUTPUT     10 
PULSE WIDTH             5 µsec 
PULSE INTERVAL   100 msec 
PULSER 1 

REC  #REC   DeltaT  AMP   ENERGY      DURATION  COUNTS 
1         10           0        98      978               2642             565 
2         10        120       60      53                 2014             402 
3         10        168       58      66                 2134             528 
4         10        172       59      53                 1836             457 
5         10         395      42      2                    237              15 
7         10        418       45      2                    253              15 

 

Figure 15: example of AST test on the structure. 

 

The test program is similar to the FORMOSAT2 one.  

The initial low level test sequence is also done at low level of acceleration (0,1g) from 5 to 

200 Hz. For each axis, there are two or three intermediate levels called “quasi static” 1 and 2 

with increasing load and finally the qualification test at almost 8 g.  

In between each different sequence we perform and monitor low level tests again in order to 

measure any modal shift which can give an indication of potential damage. 

 

According the AE set up, the noise of the vibration test is reduced, a threshold of 40 dBEA can 

be applied. Overall analysis and location analysis was made in real time and pattern 

recognition was applied between two runs to qualify the AE hits we have recorded. Very few 

signals are detected during the solicitation on X axis. Some parasitic noise due to vibration in 

the sensor cable N°4 are recorded. The cable between sensor and preamplifier was changed. 

Some hits are detected on sensors 13 and 14, after post test pattern recognition analysis done 

before the next run, it has been assume that it is mechanical noise due to the attachment of the 

sensor and we decide at this time to do the coupling again. Nevertheless no loss of sensitivity 

was detected. After this maintenance no AE is detected. 

 

For solicitation according X, Y and Z axis no significant genuine AE was detected.  

 

No evolution of the bonded joint was detected during the 16 vibration runs. 

 

No specific indication was detected with strain gage and modal analysis. 

 



4.  Conclusions 
The aim of this study was to provide a tool to monitor in real time spatial ceramic SiC 

complex structure. Furthermore, Acoustic Emission can also detect a subcritical damage that 

maybe leads to catastrophic consequences during launch of satellite. 

 

To achieves this goal a step by step methodology was used, first by characterized the 

undesired phenomena on lab scale, then to work on AE set up to be able to recorded genuine 

EA during a very severe vibration test. 

 

 

AE monitoring of FORMOSAT2 telescope was done during vibration qualification. AE setup 

allows getting a good signal/ noise ratio during severe vibration test up to 15g and 180 Hz. No 

significant damage was detected, only some small normal movements in screw metallic parts 

are detected in real time.  

This satellite has been launched in 2004 and achieved its mission successfully. 

 

Acoustic emission was used in parallel with strain gages and modal analysis, to insure that no 

damage was induced in 14 bonded joint of GAIA frame. On this structure we were focused on 

14 structural bonded joints. No specific damage was detected in real time. Strain Gage and 

modal analysis confirm this diagnosis afterwards. 
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