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Abstract 

This work presents new type of acoustic emission transducer (AET) calibration methods based on signal 

synthesis techniques, applied on different type and shape mechanical waveguides. Based on the results presented 

in this work a new type of AET calibration system was developed. The system consists of piezoelectric 

excitation transducer, arbitrary signal generator, and different type of waveguides, capacitive transducer, and 

data acquisition system and measurement software. Proposed system was calibrated with Polytech 

interferometer. Mechanical displacements obtained in waveguides were measured and visualized.  

Suggested equipment allowed calibration of AET from tens of kilohertz to several hundred kilohertz range. 

Acquired AET pulse and frequency response measurement examples with suggested equipment in bar type 

waveguides are presented in work. 

Keywords: Acoustic emission transducer calibration 

1.  Introduction 

The majority of acoustic emission transducers (AET) are of piezoelectric type due to their 

simple construction and possibility to perform measurements under complex conditions (high 

temperature, environmental pollution, dust, etc.), and they are used in many areas as well     

[1-5]. Transducer time and frequency-based characteristics depend on the properties of piezo 

ceramics and the construction of the transducer and may vary considerably, depending on the 

operating conditions [6-7]. Knowlage of these characteristics is usally significant for their 

application therefore, the calibration of such transducers is necessary. 

The calibration of acoustic emission transducers is defined by the standard E1106-86 [8]. 

In this standard, a method is described, and recommendations for the equipment allowing 

measurement of the AET impulse and frequency responses are provided. 

The AET impulse response is measured during the excitation of the AET, using a mechanical 

stress of order of microseconds, i.e., impulse, or spike. To prevent the impact of acoustic wave 

reflections on the measurement of the impulse response, the standard E1106-86 recommends 

using a metal block. The mechanical effects (nanoscale displacements) are induced by breaking 

the capillary tube. After its propagation through the metal block, the mechanical stress allows to 

measure the AET impulse and frequency responses while avoiding the impact of acoustic 

reflections from the walls of the block on the results of the measurement.  

The block size is large in the low frequency range from 20 kHz to 100 kHz, and its mass 

can reach several tons. Capillary tubes are used to generate the mechanical impact, which 

leads to a problem associated with the manufacture of such tubes, ensuring repeatability 

of production parameters, as well as the limited performance of the calibration system. 

The calibration is performed using a wave of Rayleigh type, regardless of the AET operating 

conditions. Therefore, the characteristics obtained using existing calibration equipment are 
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correct when the transducer operating conditions are close to those which were present during 

calibration. If, during its real-world application the AET measures, the wave of other type that 

propagates in a material with substantially different acoustic impedance, then the transducer 

characteristics obtained during calibration are not comprehensive enough. For this reason, 

a different kind of calibration equipment is necessary, which could provide the possibility to 

measure the AET characteristics using different types of waves and to evaluate the 

characteristics of these transducers under different acoustic impedance.  

Considering the shortcomings of the existing calibration equipment, a task to create 

a portable AET calibration equipment of a new type, with a greater measurement performance 

and allowing the evaluation of AET characteristics using different wave types and 

waveguides with different acoustic impedances, was formulated. 

One of the main problems encountered was the reduction of the calibration equipment size. 

In the equipment described by the standard, a large metal block is used. Block dimensions are 

selected so as to reach at least several wavelengths of the propagating wave of minimal 

frequency. When reducing the size of the calibration equipment, the introduction of such 

block becomes impossible. For this reason, the bar and plate type constructions of acoustic 

waveguides with considerably smaller dimensions were offered. The application of these 

waveguides permits the reduction of the calibration equipment size; however, the acoustic 

wave dispersion is unavoidable in the waveguides of such type. The systemes impulse 

response obtained in the dispersive waveguides depends on the geometry of the waveguide 

(length, diameter, cross section shape, thickness – in plate case), and the properties of the 

transducer used for the excitation. Because of this reason, it is not possible to obtain 

displacements of the order of several microseconds when using the conventional methods of 

excitation in such waveguides. Therefore, deconvolution-based methods of mechanical 

displacement generation have been proposed and practically implemented (implemented 

in work method is described in other published work [22]). Based on the results presented in 

this work, a new type low-frequency AET calibration stands have been suggested.  

2  Waveguide geometry selection criteria 

Calibrations stands waveguides measures are determined by several criteria: wave reflection 

time and arbitrary displacement form in excitation area. During the calibration of AET, the 

acoustic waveguides allows avoiding of the wave reflection impact on the measurement result. 

It is considered that a minimal delay time for the low-frequency AET calibration (starting with the 

AET excitation, until the return of the reflected signal) must be not less than 100 µs. At least 

several signal wavelengths from the transducer with minimum frequency excitation must be 

accommodated along the direction of wave propagation. It was determined experimentally that 

the dimensions of the bar-type waveguides have to be chosen according to formula (1), while 

in case of the plate-type waveguide, the length of a single edge is found using expression (2). 

 

 ���� ≥ 3����; (1) 

 

where  l bar – length of the bar-type waveguide, λmax  – maximum wavelength used for 

calibration. 

 

 ������ ≥ 6����; (2) 

 

where  l plate – the length of a single plates edge , λmax  – maximum wavelength used for 

calibration. 

To ensure the synchronicity of the mechanical pulse used for calibration across all the 

transducer aperture area, the necessary diameter of the bar-type waveguide must be evaluated. 
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It was determined experimentally that this diameter has to be selected according to formula 

(3).  

 �� > ����2 ; (3) 

 

where  Db  – diameter of bar type waveguide, λmin  – minimum wavelength used for 

calibration. 

3  Visualisation of generated mechanical displacements in bar and plate type waveguides 

The excitation signal is calculated using impulse response measured at one point of 

the waveguide. Thereafter, the desired arbitrary impact function can be calculated at the 

measurement point of the impulse response, by using methods of decomposition or time 

reversal mirror [9-21]. The problem arising independently of the excitation method is related 

to the continuity of the impulse response on the surface of the waveguide used for AET 

calibration. This criteria influences AET calibration uncertanty and needs to be evaluated. 

When calculating the excitation signal, none of the examined methods estimates that the 

impulse response function, obtained at the adjacent points of the waveguide, may differ from 

the one obtained at the impulse response measurement point. 

In order to evaluate the influence of non-continuity of the impulse response on the 

predetermined impact function, the bar and plate type waveguide surface vibration scan was 

carried out. 

The ending of the steel bar-type waveguide with a diameter of 24 mm was scanned. 

The measurements were accomplished according to the block diagram presented in Figure 1. 

The excitation signal was calculated for the central point according to the modified 

deconvolution method presented in previous work [22].  

 
 

Figure 1. Equipment connection block diagram 

 

 

    The excitation signal frequency band must be selected according to formula (3) (frequency 

band is related to λmin ). Measurement results presented in Figures 2 and 3 demonstrate 

importance of the following selection. In Figure 3 frequency band was selected according to 

equation (3). Another case is demonstrated in Figure (2), where frequency bad is intencionally 

selected wider than it should be according to equation (3). Measurement results demonstrate 

frequency bands selection importance for the generation of similar amplitude displacemets in 

selected area of the bar type waveguide.  
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a) 

 
b) 

Figure 2. Scanned vibrations of the ending of the steel bar with diameter of 24 mm for the excitation signal 

frequency band of 270 kHz:  a) surface deformation under maximal vibration amplitude b) surface deformation 

x-z axis  

  

 
a) 

 
b) 

 

Figure 3. Scanned vibrations of the ending of the steel bar with diameter of 24 mm for the excitation signal 

frequency band of 150 kHz: a) surface deformation under maximal vibration amplitude; b) surface deformation 

x-z axis  

  

AET characteristics usally depends from measured wave type. Therefor generation of 

arbitrary mechanical pulse waveforms used for AET calibration is necessary not only in bars, 

but also in plate-type structures. In order to prove that predetermined displacements may be 

obtained, not only in a certain area of the bar but in plate as well, a surface scan of the 5 mm 

thick steel plate was carried out.  

The excitation signal was calculated using the modified decomposition method [22]. 

Results are presented in figure 4; here, the 2500 mm2 plate area has been scanned, and the 

generated displacemnt  is shown in different distances from the excitation source. 

 
a) 

 
b) 
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c) 

 
d) 

 
Figure 4. Scanned plate surface, where the sinusoid period type mechanical displacement is obtained: a) at 320 

mm distance from the excitation source; b) at 340 mm distance from the excitation source c) at 350 mm distance 

from the excitation source d) pulse in the AET aperture area 

 

      Measurement results in bar and plate type waveguides demonstrate possibilities to 

generate in dispersive waveguides predetermined displacements which can be used for AET 

calibration. 

4  Acoustic emission transducer calibration 

Block diagrams of acoustic emission calibration stand is presented in Figure 5. The AET 

is calibrated using arbitrary mechanical displacements generated according to modified 

decomposition method [22]. Example of the generated mechanical displacements waveform, 

measured with capacitive transducer is presented in Figure 6. Calibration stands waveguides 

geometry is selected according to formulas (1) - (3). Both calibration stands allow to measure 

AET impulse response, from which AET frequency response is calculated, manucatured 

transducer characteristics measuremnt example is provided in figure 7. 

 

 

 
Figure 5. AET calibration stands block diagram 

 

Acoustic emission transducer frequency response is determined according to formula (4), 

impulse response is measured with oscilloscope. 

 

 ����(��) = 20log ���(��)�(��)
�; (4) 

 

Where KAET(jω) – AET frequency response, S t (jω) – measured AET impulse response 

spectrum, Y(jω) – measured waveguides arbitrary type vibration. 
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a) 

 
b) 

Figure 6. Bar-type waveguides displacement: a) displacement waveform at bar-type waveguides end measured 

with capacitive transducer b) calculated frequency response  

 

 
a) 

 
b) 

 

Figure 7. AET characteristics measurement example: a) AET pulse response obtained in stand with bar type 

waveguide b) calculated frequency response  

5. Conclusions 

AET calibration stand constructions of a new type are proposed in this paper, offering 

calibration with different types of waves opportunities and reduced size, compared to existing 

solutions. These constructions use bar and plate type waveguides. Until now, these 

constructions haven't been used for AET calibration, because of limited possibilities to 

generate arbitrary waveform displacements. Offered construction application possibilities for 

AET calibration are presented by the measurement results.  
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