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Abstract: This paper deals with issue of method of acoustic emission and performed measurements
of acoustic emission signals and simulation of this phenomenon. Main interest is given into mea-
surement of acoustic emission transducer displacement to verify homogeneity on its surface in time
and simulations by finite element method. Performed simulations deal with displacement calculation
of calibration block after a capillary break, calculation of impedance characteristics of piezoelectric
sensing element and their comparison with analytic solution or measurement.
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1 INTRODUCTION

The systematic development of non-destructive testing methods has been apparent since the beginning
of the last century and is related to the development of a technique where the purpose is to test
the product without affecting its applicability.[1][2] This discipline involves many methods, such as
chemical, infrared, mechanical or electromagnetic, each with its advantages and disadvantages, and
often complement each other.

One method of non-destructive testing is acoustic emission (AE), which dates back to the middle
of the last century. Acoustic emission is related to elastic stress waves, which arise after release
of mechanical stress in the material. The frequency of propagating waves reaches high values (of
the order of tens of kHz to units of MHz). The occurrence of the AE signal is usually the first
signal to prevent irreversible deformation of the loaded object. Frequent use of AE is monitoring and
localization of plastic deformation, leak testing (hissing), corrosion, welds and other tests of products.

AE sensors are based on various principles, such as piezoelectric, piezoresistive, capacitive or mag-
netostrictive. The most common type is piezoelectric, whose basic characteristic is the ripple of the
frequency response at resonant frequencies. For discontinuous AE events, where event detection time
is important, this phenomenon is irrelevant. In continuous AE measurements, where signal amplitude
over a wide range of frequencies is essential, this is a parasitic phenomenon that needs to be sup-
pressed. At present, the design of the AE broadband sensor is a frequently discussed topic. One of
the wideband transducer solutions is the use of a thin disk that is supplemented with a damping com-
pound to reduce resonance overshoot. Other solution is to design another shape of the piezoelectric
element, which has more resonant frequencies with lower amplitude.

2 MEASUREMENT OF TRANSDUCER DISPLACEMENT

In one of the first experiments I focused on measuring displacement of the AE transducer by means
of an interferometer, similarly as presented by Monnier. [3] Unlike this paper, I did not measure the
displacement across the entire sensor surface, but only on the trajectory of its diameter. Due to circular
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symmetry, the displacement should be the same at all points on the individual circles. Another goal
for this simple measurement was to gain practical experience with available laboratory equipment.

Since the sensor is matt and its surface is slightly rough, it was necessary to ensure better reflection
of the laser beam. The use of self-adhesive reflective pads used in conventional vibro-diagnostic
applications is not appropriate. This reflective surface could affect the deflection of the sensor by its
inertial mass, the adhesive tape on the underside of the reflector may affect the surface stiffness. All
these influences are difficult to quantify, so I used a method that raises less doubt. In the measuring
line, a silver marker was applied to the surface of the sensor (Fig. 1a). The influence of the surface is
minimal and the reflected signal has reached a sufficient intensity.
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Figure 1: (a) Measured sensor, (b) Comparison of sensor displacement for different distances
from center

Radius of the sensor is 14 mm and a motorized linear stage was used for positioning of the sensor,
I proceeded from the center to the edge with a step of 1 mm. The transducer was excited by a
pulse of 400 V amplitude and a duration of approximately 0.1 μs. The start of the measurement was
synchronized with this excitation pulse. Results of three selected points are shown in Fig.1b. From
the start of the measurement up to 0.2 μs, the displacement of the sensor was zero, then it began to
increase. The peak was reached at time 0.45 μs and then decreased. In general, the displacement
of the sensor during pulse excitation can be evaluated as uniform with a short and low oscillations,
highest oscillation was measured in the center.

3 SIMULATION OF CAPILLARY FRACTURE

The next step in the performed simulations is to calculate the deformation of the material after the
capillary fracture, i.e. after the release of the applied force. This is the method defined by the standard
for the primary calibration of AE sensors. [4] The results can be verified because there exist an
analytical calculation of this phenomenon. [5][6]

As a test object I chose a calibration cylinder in our laboratories. In the simulation, a step release
of force was achieved by a two-step solution - static and time dependent, and used Solid Mechanics
physics to define boundary conditions. The static part dealt with loading of the center of the upper
side of the cylinder with a force of 10 N, time dependent assumed to applied force. Bottom part of
the object was fixed and remaining were in free settings. The deflection was detected at a distance of
14 cm, in which the calibration takes place. These values are based on experiments performed in the
dissertation of Ing. Jiří Keprt, PhD. [7]

The computation in the time domain was made in range 0 to 100 μs with step 0.1 μs and it brought
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(a) (b)

Figure 2: Progression of cylinder surface deflection calculated by COMSOL software: (a) One of
the first versions, (b) Current state of simulation

several complications, because many factors affect the results and time of the calculation. One of
them is the time step. At first the results did not differ or only slightly differed for many mesh
settings. The investigation revealed that the setting of the solver needs to be changed. By default, the
option that the time step size is set automatically. Therefore, in some simulations, changing the time
step did not affect the results. After changing the settings the results are more stable, the simulation
reacts to the configuration changes, which is evident from the comparison in Fig. 2. The calculation
time can be influenced by other elements, such as tolerance or solver. Currently, the simulation lasts
approximately 8 hours on a regular desktop PC and cannot be significantly improved due to hardware
limitations. In last weeks I requested a computing time on supercomputer at IT4Innovations [8] and
this request was approved as a project DD-19-46-Simulation of wideband acoustic emission sensor.
Thanks to this step the results of the simulation can be improved.
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Figure 3: Comparison of analytical solution and simulation of displacement on the surface of
calibration cylinder for capillary fracture
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Furthermore, I compared the deflection with the analytical solution, which was considered in Ing. Jiri
Keprt, PhD. dissertation and whose source code I followed. However, it is apparent from Fig. 3, the
time of main peak and its amplitude are different for same material constants. Biggest difference is
evident from stabilized displacement after capillary fracture event, which oscillates around zero value
in simulation, but for analytic solution is at certain value. This difference will be more investigated
with higher computing resources for different solver settings to obtain suitable setup.

4 SIMULATION OF IMPEDANCE CHARACTERISTIC

Achieving an impedance characteristics of sensing elements in sensors is one of the key part in acous-
tic emission simulations. One of them was performed for the same element dimensions as are used
in manufactured sensors, namely a thin disk with height 0.426 mm and diameter 4.50 mm (Fig. 4).
The disc is made from material PZT-5H, which is also used in simulation. Simulation was carried
out in frequency domain in range from 20 to 2 000 kHz with step 20 kHz, when a periodic voltage
was applied to the upper and lower sides (electrodes) of the element (AC/DC Module). Piezoelectic
element was not fixed by any condition, it was in a free state (Solid Mechanics Module). Results were
compared with measurement performed by impedance analyzer HP 4294, which applies voltage 500
mV to the tested object, therefore the same voltage was set-up in the simulation. The only difference
between the experiment is that during the measurement the sample is placed between the measuring
tongs, however the simulation assumes a free state.

Figure 4: Examined piezoelectric element
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Figure 5: Impedance characteristic of thin piezoelectric disc
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As can be seen in Fig 5, the results generally correspond, but their difference is increasing for higher
frequencies. This can be caused by material differences (material in COMSOL library has different
properties than produced one), in geometrical difference or some undefined features in simulation. At
this stage these result are sufficient for our purposes and more complex simulation of whole sensors
will be performed.

5 CONCLUSION

Presented paper dealt with the issue of acoustic emission sensors, performed experiments and simula-
tions. Measurement aimed at transducer displacement after pulse excitation showed the displacement
is uniform on the surface, but sufficient signal reflection must be ensured. One of simulations ex-
amined surface displacement after capillary fracture with similar peak arrival time and amplitude as
analytic solution, but different damping. Result achieved by simulation had a tendency to oscillate,
this difference will be more researched thanks to obtained computing time on supercomputer.

Another simulation was focused on impedance characteristic of piezoelectric element, which was
compared to measurement with impedance analyzer. The results differed only to a lesser extent and
they will be used as a step for further progress. That will contain more complex model of a sensor
and it should cover whole calibration process. Thanks to these steps it will be possible to optimize
sensor parameters by simulations.
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