
Abstract
An acoustic holography and its practical applications in engineering began to develop 

at the end of the 20th century. Currently, this technique is being commonly used to locate 
sound sources. This paper presents the use of an acoustic camera to locate sound sources 
during the Full Scale Fatigue Test of the MiG-29 stabilizer. During fatigue tests, the tested 
structure issues a series of sounds in the form of glitches, creaks or beats. These sounds 
are typical for a structure subjected to dynamic loading, but they can also be a source  
of diagnostic information about places of fatigue failures. The paper presents the results 
of measurements made during the fatigue test. Thanks to the analysis of the measurement 
results, it was possible to identify areas that are the basic source of sounds.

Keywords: acoustic holography, Full Scale Fatigue Test, damage detection, microphone 
arrays.

1. IntroductIon

1.1. Vertical stabilizer Full Scale Fatigue tests  
Full Scale Fatigue Tests (FSFT) are a common way to prove fatigue life 

of aeronautical structures and their main components [6,7]. The FSFT of  
a MiG-29’s vertical stabilizer is being currently carried out at the Institute of 
Aviation as an important part of a research project dedicated to a new composite 
patch repair technology. The repaired stabilizer is being tested to prove its 
fatigue resistance. The test stand consists of a quarter of the whole MiG-29 
structure as shown below.
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Fig.1 The test rig

A Mig-29 vertical stabilizer consists of a composite top part and a metal 
lower part. The lower part is integrated with the fuselage. The composite part 
can be detached. During the test, the area of interest was the top part of the 
stabilizer with composite patches. A big part of the MiG’s structure had to be 
used to provide proper stiffness at a mounting point. A disadvantage of this 
solution is the fact that the whole tested structure accumulates fatigue damage 
and is susceptible to fatigue cracks propagation.  In result, the whole structure 
must be periodically inspected to prevent the rapid crack propagation or 
unpredicted  disintegration.

It is common that a fatigue tested structure emits noise. The noise during 
FSFT can make an impression even on engineers who are familiar with such 
tests. The main source of the noise is the buckling of thin-walled parts and 
friction. Obviously, the presence of noise during fatigue testing can also be used 
as a diagnostic tool as the presence of cracks or increased wear can result in 
louder structural noises or just the noises with a changed spectrum. The human 
ear is invaluable but often unreliable sensor and should be supported with  
a more sophisticated technique. Such a technique is Acoustic Holography or 
Acoustic Beamforming
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1.2. Acoustic Holography versus Acoustic Beamforming
Started in 90’s different methods based on microphone arrays have been used 

to sound source localization [1,2,4]. Two of these, Acoustic Holography and 
Acoustic Beamforming, are currently most commonly used. Depending on the 
test object, the sound frequency and the actual environment, engineers have to 
select either the first method or the latter. What are the differences, advantages 
and limitations of these methods?

Acoustic Holography (exactly Near-field Acoustic Holography, also called 
NAH) is a technique where the microphone array is placed relatively close to 
the object – in the near field [5]. The distance between the microphone array and  
a sound source should be shorter than two wavelengths of the highest frequency. 
In practice this distance should not exceed 0.5 [m]

Near-field Acoustic Holography measures sound pressure by arranging 
several regularly spaced microphones in a planar array. The sound pressure in 
the plane is then back-propagated to the actual surface of the object. The spacing 
between the microphones determines the spatial resolution. If the interested 
maximum frequency is very high, the spacing becomes very small.  This is one 
of the major disadvantages of NAH.

Acoustic beamforming is a technique where the microphone array is placed 
in the far field. Numerous microphone configurations are possible in acoustic 
beamforming arrays. Usually, it is preferred to select a circular array with  
a pseudo-random microphone distribution. In the far field, sound waves hitting 
the array are planar waves. Under these conditions, it is possible to propagate 
the measured sound field directly to the test object. All microphone signals 
measured by the acoustic beamforming array are added together, taking into 
account the delay corresponding to the propagation distance. The pressure 
can be calculated at any point in front of the array, allowing propagation to 
any type of surface. Acoustic beamforming requires that all data are measured 
simultaneously. An advantage of acoustic beamforming is the fact that the test 
object can be larger than the array. Moreover, this technique is relatively fast. 
A disadvantage of this method is the fact that spacial resolution depends on the 
antenna diameter D and the distance between the antenna and the object d:

where λ is a wave length. 
In result, acoustic beamforming is only usable at frequencies above 1000Hz. 

Additionally, acoustic beamforming cannot be used to calculate sound power 
[3,8]. 
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2. MeaSureMentS

2.1. Instrumentation
The FSFT of the MiG-29 vertical stabilizer is conducted inside a laboratory 

building where there is a low level of continuous noise (54 dB excluding the 
FSFT noise). The acoustic camera measurements were taken from both sides of 
the stabilizer (Fig.2 and Fig.3). The microphones array was positioned against 
the stabilizer at a distance of 1.7 m.

The measurement system consists of:
  portable computer with the LMS Test.Lab software for the signals 

recording and postprocessing,
  multichannel digital signal recorder LMS SCADAS Mobile,
  circular TL-AHW.16.1 microphones array with 36 G.R.A.S. 40PH ICP 

microphones and a HD video wide-angle camera placed on a leveled tripod.
 

Fig. 2 Microphones array against the vertical stabilizer

A single measurement usually took 40 seconds. During this time all noises 
were recorded and analyzed. Because the load spectrum for the FSFT consists 
of a large number different load cases, each measurement was unique in terms 
of loads and noises. 

2.2. Measurements results
The maximum recorded frequency was close to 13 kHz. As mentioned 

above, not all spectra are useful for such analysis.  At the beginning, the proper 
frequency band was selected. Figure 3 shows the result of sound sources 
localization. This map was obtained for the full frequency range. The maps 
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presented in Figures 4-6 were obtained for the same time signal but different 
frequency bands were taken into account. Based on these results the band 
3-10 kHz was selected for all subsequent analysis. Lower (<3kHz) and higher 
(>10kHz) frequencies were filtered.

 

Fig. 3. Localization of sound sources for 0-13kHz band

Fig. 4. Localization of sound sources for 0-3kHz band

Fig. 5. Localization of sound sources for 3-10kHz band

Fig. 6. Localization of sound sources for 10-13 kHz band
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In the figures below, the analyses of a single time signal are presented. The 
60-second-long signal was recorded but several shorter periods were analyzed 
separately. The arrows (green) show the exact position of the analyzed time 
windows on the amplitude vs. time graphs.

 

Fig. 7. Localization of sound sources 

Fig. 8. Localization of sound sources 

Fig. 9. Localization of sound sources 

Fig. 10. Localization of sound sources 
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Fig. 11. Localization of sound sources 

Fig. 12. Localization of sound sources 

Fig. 13. Localization of sound sources 

Fig. 14. Localization of sound sources 
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Fig. 15. Localization of sound sources 

Fig. 16. Localization of sound sources 

Figures 7-14 present localization of sound sources on the left side of the 
stabilizer while Figures 14-17 present the right side view. Based on the 
presented images, four sound sources can be easily identified on the left side 
of the stabilizer.  Two of them were localized in the connection between the 
stabilizer and fuselage (see figures 7,9,10,11,13 and 14). The other two were 
discovered in the connection between the lower and upper parts of the stabilizer 
(see figures 8,9 and 12). These localizations are also visible from the right side 
of the stabilizer (see figure 16 and 17). 

2.3. Findings
The above examples proved that Acoustic Beamforming can be used for 

localizing sound sources during a full scale fatigue test. The characteristic 
for FSFT noises have their unique localization. How important can it be? It is  
a new NDT technique? Definitely not. Not all sound sources indicate damage 
during FSFT.  Nevertheless, such information can be useful. For example, 
sound indications from the main bolts (Fig .7) may suggest potential problems 
in the area of bolted joints. In this study, the NDT inspection found loose 
screws in the connections between the upper and lower stabilizer parts but no 
cracks.



Localization of Sound Sources during Full Scale Fatigue Test of the Vertical Stabilizer...

25

After finishing the FSFT the stabilizer will be examined during a teardown 
NDT inspection. This inspection is likely to define the sound sources, especially 
those in the connection between the stabilizer and the fuselage. 
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