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Abstract 

In this work, vibroacoustic sensors were used to continuously monitor steel samples of truck trailer structures 
subjected to static tensile tests and dynamic fatigue tests. By detecting the occurrence of microfractures during the 
fatigue tests in particular, it is possible to estimate the likelihood of later catastrophic failures. Acoustic emissions 
caused by microfractures typically have low intensity, therefore requiring signal-processing strategies to properly 
detect relevant events. A new approach to analyse measurement data from tensile and fatigue tests is described. 
The signal is sampled and its short-time Fourier transform (STFT) is analysed regarding both its frequency 
components and its variation over time. An algorithm searches for sections of the signal with time and spectral 
characteristics similar to those typical of percussion in music. These can be associated with the emergence of 
cracks. The method presented was tested in post-processing of measurement data to successfully identify the 
occurrence of microfractures. 
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1.  Introduction 
The detection of structure-borne sound can be used to monitor the structural health of solid 
structures and machine parts. One way to implement structural health monitoring (SHM) 
techniques is to place vibroacoustic sensors in contact with the structure [1]. The sensors will 
typically generate an electric signal in response to vibrations on the contact surface. Some SHM 
methods measure variations in the natural frequencies of the structure, using changes in its 
geometry and material properties as indicators of damage. Of special interest to the present 
work, however, are specific events related to structural damage that cause acoustic emissions 
(AE) to propagate in the structure. 

Acoustic emission detection is used in a broad range of applications. In the field of 
transportation in particular, the demand for lighter structures increases the risk of fatigue cracks, 
i.e. cracks that occur due to repeated variations of load, even for relatively moderate loads [2]. 
The volume of transported goods within Germany alone added up to over 4.5 billion tonnes [3], 
the large majority of which (3.5 tonnes) by road. These data are an indication of the extreme 
operating conditions placed upon light frame transport vehicles, eventually causing damage that 
in turn can lead to road accidents. 
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1.1  Detection –– acoustic emission in controlled tests 
Recently, we have used vibroacoustic sensors to continuously monitor steel samples of truck 
trailer structures subjected to static tensile tests as well as dynamic fatigue tests. In the static 
tests, the samples were subjected to stress until complete failure. Piezoelectric elements were 
used to record structure-borne sound while force and deformation were measured by strain 
gauges and linear displacement sensors. By comparing the signals from the piezoelectric 
sensors against a simple voltage threshold above the background noise, fracture events could 
be detected [4]. A very strong correlation was verified between the automatically detected 
events and actual fractures (both the failure as the material breaks off and its posterior 
propagation of smaller cracks) measured afterwards by metallographic and microscopic 
analysis. 

However, static tensile tests are usually very quiet, in respect to background noise captured by 
vibroacoustic sensors, when compared to fatigue tests. Two main factors typically make the 
detection of AE in static tests comparatively more straightforward: first, fatigue failures will 
build up slowly, from a larger number of microfractures whose acoustic emissions have a lower 
intensity. Secondly, the continual movement of the test equipment will be detected by the 
vibroacoustic sensors as a strong ambient noise even in controlled laboratory conditions. 
Therefore, signal-processing strategies are required to properly detect the relevant events. If the 
occurrence of microfractures during fatigue tests can be measured properly, it is possible to 
estimate the likelihood of later fatigue failures. 

1.2  Physical characteristics of percussion  
Acoustic emission phenomena are related to a rapid release in energy in the form of elastic 
waves; stress builds up until a fracture occurs or an existing crack propagates. In any case, the 
AE generates transient elastic waves over a broad range of frequencies. Other existing 
vibrations in the structure, on the other hand, are likely over a more restricted bandwidth. These 
characteristics are also true of percussion in music (duration and bandwidth notwithstanding). 
The sound of drums in popular music, in particular, can be characterised by two aspects: 
a sudden, broadband rise in energy followed by a rapid decay [5]. In contrast, the sound created 
by non-percussive instruments tend to propagate energy for a longer time over a limited range 
of frequencies at integer multiples of the fundamentals being played. To put it another way, the 
spectrogram of a percussive instruments shows vertical ridges across frequencies while the 
spectrogram of a harmonic instrument shows horizontal ridges across time, as illustrated in 
Fig. 1 for drums and a guqin sampled at 22.050 kHz. Although there are exceptions to these 
generalizations (e.g. drums sounds decaying slowly, or the rapid rise and rapid decay of 
staccato), this contrast in time and spectra is widely used to differentiate and isolate the sound 
of percussion from that of other instruments, for example to allow for automatic chord 
recognition, rhythm mapping, or independent volume control. 

In [5], Barry et al described an algorithm for drum separation and resynthesis whereby 
a temporal profile of the percussive onsets in a signal is generated by analyzing how rapidly its 
spectrogram fluctuates. Tachibana et al [6] presented an instrument separation technique based 
on the relative anisotropic smoothness of a spectrogram, measuring the sum of the squared 
difference between nearby time and frequency bins independently. Fitzgerald et al [7] used 
a kernel modelling framework to identify the source of a given time-frequency bin in 
a spectrogram based on the values in their proximity. By taking into account vertical, 
horizontal, and periodic similarities, they have expanded on existing separation algorithms. 
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Figure 1. Spectrogram of a musical segment with percussive and harmonic instruments. 
The sharp vertical lines along the entire frequency spectrum correspond to percussive onsets, 

while sounds from the harmonic instrument appear as horizontal stripes, mostly limited to 
lower frequencies. 

In this paper, we describe an approach to analyse vibroacoustic data from tensile and fatigue 
tests inspired by percussive separation techniques used in music signal processing. The method 
itself is described in section 2 below, with examples given and analysed in section 3. 

2.  Method 
The algorithm aims to find sections of the signal that are simultaneously shorter than the 
overlaying acoustic sources in the time domain as well as broader in the frequency domain. 
A brief description of the method will be given, followed by commentary on particular 
elements. 

2.1  Description 
The vibroacoustic signal is sampled and a short-time Fourier transform (STFT) is repeatedly 
applied over a window of specified length to generate the signal’s spectrogram. The number of 
frequency bins will be denoted by f, and the number of time instants will be denoted by t. A “cut-
off frequency” fc can be defined, whereby only the frequency bins above fc are included in the 
calculations. A percussive profile (PP) is initialized as a zeros-vector corresponding to the 
duration of the signal minus one sample. 

For each time instant tj from the beginning up to the second-to-last instant t-1, the absolute 
difference will be calculated between the intensity of the spectrogram over each frequency bin and 
the intensity of the same frequency in the following instant, tj+1. The log of the absolute difference 
is then compared with an arbitrary threshold TPON (defined for the entire measurement) to create a 
percussive profile. If the log difference of a given frequency bin exceeds the threshold, the value of 
the percussive profile at the corresponding time instant is increased by 1. The percussive profile 
therefore is a vector of size t-1, with a maximum value of f-fc. 

2.2  Notes on the thresholds 

The threshold TPON can be understood as a measure of how rapid an increase in energy must be 
to be considered relevant in the detection. In other words, it says whether or not a percussive 
onset may have occurred at that instant. If TPON is set too low, the algorithm will yield false 
positives; if it is set too high, AE events might go undetected. The absolute values of measured 
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amplitude or even background noise (especially low-frequency noise) will not have a strong 
impact on the effect of TPON. Nevertheless, as in any AE detection or SHM application, the 
parameters of a specific system or measurement must be set taking into consideration the 
particular conditions of the measurement, such as the frequency response of the sensors, the 
environmental noise, etc. 

The threshold TPON does not in itself give any measure of how broadband the change in the 
signal is in each instant. That is measured by the value of the percussive profile, as the sum of 
all frequencies where TPON is crossed. Thus, another threshold, TDET, can be used to establish 
a minimum number of frequency bins where a sudden change is detected in order for the signal 
to be considered broadband enough at that instant to correspond to an acoustic emission event. 

The generated percussive profile therefore gives not only a temporal profile of the AE 
detections, but also a measure of the “percussiveness” of the signal. 

3.  Experimental Results 
The method presented was used in post-processing of measurement data from static and tensile 
tests performed on 4 mm-thick S700MC steel samples. These consisted of sections of truck 
trailer frames where the highest probability of fatigue failure was estimated by a combination 
of empirical usage data and finite element analysis (FEA). Fig. 2 shows an example of a sample 
before testing. 

The measurement data were acquired using different types of piezoceramic sensors and 
measurement equipment: the piezoceramic sensor O-WT-19 from QASS GmbH was used in 
combination with the Optimizer4D measurement system, which includes preamplification and 
A/D conversion. For the measurements studied in this work, a sampling rate of 3.125 MHz was 
chosen for data acquisition with the QASS system. The sensor VS150-RIC from Vallen 
Systeme GmbH, with integrated preamplifier, was used in combination with a PicoScope 
5444B from Pico Technology for data acquisition at 4 MHz. 

 
Figure 2. Section of longitudinal beam from truck trailer structure.  

Top section was uncoated in preparation for tensile testing. 
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Possible AE events were investigated also by means of other detection algorithms, the 
description of which is out of the scope of this work. The likelihood of the detected events 
corresponding to fractures or microfractures was evaluated by comparing the vicroacoustic data 
with other sensor data. 

The detection of signals from fatigue tests was of particular interest due to the difficulty in 
asserting when a microfracture takes place. In Fig. 3, the spectrogram of a sample of 
measurement data from a QASS sensor during a fatigue test is shown. A clear detection can be 
seen: a sharp and broadband signal that appears at between 50-60 ms in the sample data. 
Moreover, the signal can be clearly differentiated from the background noise. At lower 
frequencies, below approximately 250 kHz, is is possible to see the strong influence of the 
machine noise in the vibroacoustic data. The noise varies periodically with the movement of 
the sample. The intensity of the noise in this region is much larger than the intensity of the 
detected event. This is also illustrated by the time-domain plot of the same sample, in Fig. 4. 
The machine noise is clearly visible, but the fracture event is strong enough to stand out. 

The bottom plot on Figure 4 shows the outcome of the percussive detection algorithm applied 
to the sampled data, matching the expected result. 

 

Figure 3. Spectrogram of measured vibroacoustic data during fatigue test. The periodically 
varying strong components at lower frequencies correspond to noise machine noise. An AE 

event can be seen at around 55 ms, spanning a wide range of frequencies. 
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Figure 4. Top: Time plot of measured vibroacoustic data during fatigue test. Bottom: 
percussive profile of the sample data obtained from applying the method proposed in this 

work. 

Individual AE events are rarely as clear to see as the example shown in Fig. 3. For this reason, 
instead of simply going through every single percussive onset detected, it was interesting to 
compare the amount AE detections using the percussive approach with the number of detections 
expected by considering post-testing analysis of the samples and other detection algorithms. By 
repeatedly applying the algorithm to the same set of data, it was possible to estimate a likely 
reasonable value for TPON for that data. 

For a set of fatigue tests of around 3000 cycles in sections of longitudinal beams under similar 
conditions and using the same sensor, it could be seen that the detection count dropped nearly 
logarithmically with the threshold value, as shown in Fig. 5. Metallographic and microscopic 
analysis the samples after tests was crucial to validate the number of events obtained with the 
detection algorithms, even though a direct time correspondence between observed fractures and 
detected events is difficult to achieve, as observed in [4]. From the results shown in Fig. 5, it 
could be inferred that the percussive detection method with a threshold TPON = 31 provided a 
good estimation of the number of AE events during the tensile test. 
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Figure 5. Number of AE events detected using the method presented, for different samples 
under similar testing conditions 

4.  Conclusions 
A new approach for analysing measurement data from vibroacoustic sensors has been 
presented. The method described draws inspiration from percussive separation techniques used 
in music processing to detect acoustic emission events likely corresponding to damage in 
metallic structures. 
The method presented was used in post-processing of measurement data of static tensile and 
fatigue tests to successfully estimate the occurrence of microfractures, verified by other means, 
and can therefore be used in structural health monitoring for acoustic emission detection. 
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