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Abstract. Recently, the transport industry has been substituting metal with composite parts due
to their properties, such as increased strength, stiffness and lightweightness. Inspection and
monitoring are very important tools that detect, identify and measure occurred damage or
deterioration state of transport means and infrastructure. Acousto-ultrasonics is an non-destructive
testing technique, which is essentially a combination of acoustic emission methodology with
ultrasonic simulation of stress waves to assess defect states in certain materials. In this paper, we
perform initial experiments with composite specimens, attempting to detect defects. In particular,
the attenuation of simulated acoustic emission events are measured in order to further investigate
the phenomenon of edge reflections from small composite specimens. Furthermore, the detection
of two different types of defects is shown using only two features extracted from the signal.

Keywords: acousto-ultrasonic, acoustic emissions, non-destructive testing, structural health
monitoring, transport, defect.

1. Introduction

Recently, the transport industry has been moving away from metal parts in vehicle-bodies,
giving way to the use of parts made of composite materials [1]. Composites are the new trend in
the aviation and transport industry because of their characteristics including strength, stiffness and
reduced weight [2]. These properties render composite materials a suitable candidate for other
transportation means such as the railway industry [3].

Even though railway transport is considered to be one of the cleanest transportation means,
further improvements can be made. The reduction of the environmental impact of new
technologies at the early stage of product design and development should be considered. Another
contemplation is the energy impact of the carbodies use phase due to their weight [4]. Pruning of
the rail carriage mass, usually consisting of metal parts, is the primary action taken for the next
generation of trains to introduce energy savings. Weight reduction could take place by changing
the steel parts with composite components [5].

Non-Destructive Testing (NDT) and Structual Health Monitoring (SHM) inspect and monitor
the state of critical means and infrastructures, whose failures can be quite expensive to repair and
even life threatening [6-9]. NDT is used to inspect engineering structures in order to detect and
identify flaws (cracks, inclusions, internal voids etc.), inhomogeneity in microstructures, loss in
thickness, deformation and so on [10]. A typical SHM system consists of an array of connected
sensors, which collect data during the service life of the means and infrastructure in a continuous
manner. The main objective of such system is to locate, detect and identify any occurred damage
or decay state that takes place over the service life [11].

Acousto-ultrasonics has a close relationship with Acoustic Emission (AE). Essentially,
acousto-ultrasonics can be characterised as AE simulation with ultrasonic sources. The main
difference between acousto-ultrasonic and AE methods is in the stress waves. Acousto-ultrasonics
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and AE waves are ultrasonic in nature. The AE method depends on loading to excite spontaneous
stress waves. Acousto-ultrasonics differs mainly in that the ultrasonic waves are benign and
generated by external pulses [12].

AE is a major methodology in the SHM research [13]. AE, along with the underlying
technology of piezoelectric transducer mechanism (lead zirconate titanate PZT and relevant
piezoelectric ceramics), has a long successful story in detecting failures in the transportation
domain. Applications of AE monitoring include aircraft state monitoring, high speed train
car-bodies, rail tracks as well as bridges [14-17].

AE can be used for composite material defect and identification. Composites also require
monitoring of their health, since they are susceptible to defects, such as delamination, matrix
crack, fiber-matrix debonding and fiber breakage [18]. The benefits from AE monitoring of
composites are plenty and have been demonstrated in many past papers in the research literature
[19-24]. AE can be used to constantly inspect or monitor assets while they remain in-service. This
enables the tracking of changes in the infrastructure’s condition, without the need of terminating
operations; thus, reducing downtime and enhancing productivity. Some advantages of the AE
solution includes, 24/7 real-time monitoring, cost-efficiency, early and rapid defect detection
(predictive maintenance), fault discrimination, high fault sensitivity and maintenance
budgeting [25].

In this paper, two sets of experiments using the Mistras Micro-SHM
(https://www.physicalacoustics.com/by-product/micro-shm-structural-health-monitoring-system/)
system were performed to composite material specimens. The first set of experiments comprised
the measurement of the attenuation of AE produced by Pencil Lead Breaks (PLB), indicating the
impact of the reflection from its edges. The second set of experiments included trials with no
defect and two configurations of defects, in order to show that the defects could be identified using
two features of the signal.

2. Experimental setup and procedure

For the two sets of experiments, a 2 Mega Samples Per Second (MSPS) sampling rate was
used with 2k samples buffer depth. An analog filter from 10 kHz to 1 MHz and a digital
butterworth bandpass filter from 80 kHz to 200 kHz were used in order to avoid any external
source of noise, like instability to the researcher hand, during the PLB, as well as background
noise. In the first set of experiments, a 200 mm length and 70 mm width specimen was used. In
the second set, a 200 mm length and 75 mm width specimen was employed. The importance of
the experiments lies in the fact that the signal may suffer from reflections due to their small sizes.

2.1. Attenuation experiment setup

The first set of experiments took place to demonstrate the device sensitivity using this small
specimen. Specifically, the experiments included the measurement of the attenuation of AE
produced by a PLB. It was proven [26] that a 0.5 mm pencil with 2H hardness can closely simulate
the AE event produced from the specimen under strain. The specimen was a PREPEG
(https://en.wikipedia.org/wiki/Pre-preg) and Polyethylene Terephthalate (PET
https://en.wikipedia.org/wiki/Polyethylene terephthalate) composite with the same dimensions
but of 10 mm thickness. The experimental layout and the wireless AE acquisition system can be
seen in Fig. 1.

The specimen (70 mm width and 200 mm length) was mounted on top of triangular wedges
through soft damping patches. Along the 200 mm side of the specimen, in the middle, a line was
drawn with test points every 20 mm starting with a 50 mm distance from the left side of the
specimen, where the sensor was placed (Fig. 2). Each test point recording included two sets of
4 PLBs.
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a) ' - b)
Fig. 1. a) Overview of the experimental layout with specimen and sensors,
b) mistras micro-SHM wireless AE acquisition system
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Fig. 2. Attenuation distance points of simulated AE events
2.2. Defect experiment setup

In order to introduce defects on the composite specimen (75 mm width and 200 mm length),
it was pierced with one and three holes respectively close to the 75 mm sides. Henceforth, the one
hole configuration is denoted as Defect 1 and the three holes configuration as Defect 2
respectively. The generation of the simulated AE event point using PLBs was located in the middle
of the composite planar specimen. Three experiments were performed, namely i) Free Defect, ii)
Defect 1 and iii) Defect 2. The model of the respective dimensions of Defect 1 and Defect 2 on
the composite specimen can be seen in Fig. 3. The aim of the experiments was to show that the
AE system can identify defects that reside prior to the simulated AE in the Line Of Sight (LOS)
with the sensor. Two sets of four PLBs were performed per experiment. The statistics were
obtained from the AEWin software, which accompanies the Micro-SHM system. The AEWin
supporting software produces statistics including the average values of several features for each
four simulated AE trials. The average value of the Amplitude and Energy Count were obtained
per trial and averaged to get the final values.

Fig. 3. Model of defect experiment
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3. Results

For the attenuation experiments, we extracted the following parameters: Duration, Amplitude,
Average Signal Level (ASL), Average Frequency, Reverberation Frequency, Initialisation
Frequency, Signal Strength and Absolute Energy [27]. The corresponding diagrams of the features
are presented as follows.
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Fig. 4. PREPEG+PEG with 10mm thickness AE features sampled
from 50mm distance up to 190mm for R15a sensor
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It is clear from the graphs in Fig. 4 that high sensitivity can be expected for a distance up to
300mm due to composite damping. For longer distances, hit energy readings must be used. This
is acceptable in the cases where we aim for hits produced from sharp breaks with strong energy
release. This will enable us to achieve detection distance for more than 1 meter; of course, detailed
experiments with real and final sized composite specimens must be conducted, since the specimen
is small and it introduces vast edge reflections. Due to the nature and sensitivity of AE events,
along with the fact that by selecting sensors with resonance frequency above 200 kHz, its usage
is highly recommended to be confined for critical car body joints and sections.

In the defect experiments, the data that was collected assisted in a comparison between the
recordings of the sensors when Free Defect, Defect 1 and 2 were performed. We extracted the
energy count and amplitude metrics, which can be seen in Table 1. Note that Table 1 shows the
average values of the experiments with the respective standard deviations.

Table 1. Energy count and amplitude values with free defect and presence of defects

Free defect | Defect 1 | Defect 2
Ener nt (voltage-time) Average 4.00 3.37 2.12
crey count (VORAge-Hme) 17514 Dev 0.35 0.18 0.18
. Average 49.5 47.63 45.63
Amplitude (dB) StdDev | 035 0.18 0.18
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The energy count is larger when there composite plane has no defect. This is something that
verifies the correct functionality of the sensor R15a and the system as a whole, since energy count
has to be lost from the defect experiments in front of the sensors. We see a clear reduction of
energy count in the Defect 2 experiment. More specifically, we see a 15.6 % reduction in energy
for the Defect 1 experiment compared to the Free Defect experiment. For the Defect 2 experiment
we notice a 47 % reduction of energy compared with the Free Defect composite.

Furthermore, we observe that the amplitude is reduced in the presence of the defects. This
finding is something that we anticipated, since the amplitude should be higher in the Free Defect
experiment. However, the difference in the amplitude is slight between the Free Defect and Defect
1 experiments. The difference is clearer with the Defect 2 experiment. In particular, the respective
reduction values are 1.875 dB and 3.875 dB.

4. Conclusions

In this paper, we presented our initial experimental investigation that was carried out in very
small size composite specimens, using an AE sensor. Firstly, we measured the attenuation in a
composite material specimen, showing the influence of the reflection from its edges. We showed
that there is damping with the increase of distance from 50 mm to 190 mm. Moreover, we
conducted experiments with no defect and two configurations of defects. The results showed that
the defects can be identified by the one AE sensor, since the energy count and the amplitude are
reduced in the presence of defects. For future work, a larger specimen is required, in which more
defects could be done to conclude on system behavior.
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