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Abstract. This work proposes a method of large structure monitoring based on the measurement and analysis of 

acoustic emission (AE) signals. For fault localization, it is proposed to use a parameter of propagation velocity of 

AE signals recorded by an extensive network of highly-sensitive piezoelectric sensors. The results of theoretical 

calculations and experimental studies involving the use of modern AE measurement tools are presented. 
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Introduction  

Modern machines, mechanisms, vehicles and construction projects are distinguished by high 

reliability and durability. However, the appearance of various failure-causing (leading to destruction, 

operability loss) faults in their structure is one of the most important problems during the whole life 

cycle of a product. One of the solutions to this problem is continuous or periodic monitoring of the 

condition of structures at the stages of production, repair and operation by using various methods of 

non-destructive testing and technical diagnostics [1-3]. At the same time, it is particularly complex to 

monitor large structures of machines, engineering systems and constructions [3-5]. 

Monitoring of the condition of large structures with the help of traditional monitoring methods 

(visual optical, ultrasonic, vortex-current, etc.) [6] is either impossible or inefficient due to excessive 

effort. First and foremost, this is related to the necessity of scanning the whole surface (area) to be 

monitored. The application of the Acoustic Emission (AE) method for diagnostics makes it possible to 

monitor structural elements with the help of AE transducers (AET) fixed on the surface thus making 

scanning unnecessary [3;7-10]. A reduction in the amount of fault detection work is an advantage of 

this integrated monitoring method. 

However, there arises a problem of accurate fault localization (determining coordinates) in large 

complex structures [3;5;11;12].  

For fault localization, this article proposes to use a parameter of propagation velocity of AE 

signals recorded by an extensive network of highly-sensitive piezoelectric sensors. The attempt of a 

solution of the problem of the research offered in the present article is undertaken by many authors 

and is presented in patents [13-16]. However, the proposed solutions differ in high complexity and 

rather low accuracy. The scientific novelty of this research is confirmed also by the patent offered by 

one of the authors of the present article M. Urbaha [17]. In the present article further development of a 

solution of the problem of exact determination of coordinates of defects in designs of difficult 

configurations and the big sizes is offered. The results of theoretical calculations and experimental 

studies involving the use of modern AE measurement tools are presented. 

Methods and Equipment 

During the research the following equipment was used – a multi-channel AE control equipment 

“Vallen Systeme” [18].  

The following settings were used: range of the received AE signals – from 5 to 1000 kHz, 

threshold – 30 dB, internal preamplifiers – 26 dB, frequency of sampling – 2 MSPS.  

The experimental studies have been carried out using a flat sample made of sheet steel with a 

geometry of 0.8 x 0.5 x 0.002 m. The experiments involved the use of an acoustic array consisting of 

3 AET. The diagram of the acoustic array and AET position are presented in Fig. 1. AET position 

coordinates are presented in Table 1. The original AE signal (from the source) was simulated with the 

help of Nelson’s method using a pencil lead [11;12] at a point with coordinates (0.15;0.25). The error 

in determining the coordinates of AE source was evaluated based on the results of measurements. The 

experimental values of differences in acoustic pulse propagation paths to three AET forming the 

acoustic array were used to locate the source of discrete AE on the plane.  
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In order to increase the accuracy and reliability of statistical data of these experiments for each of 

the possible combinations of sensor interaction at least 12 measurements were performed. 

 

Fig. 1. Model of acoustic array in Cartesian coordinate system х-у: 1,4,6 – AET numbers 

Table 1 

AET coordinates 

No. s, m y, m 

AET1 0 0 

AET4 0 0.5 

AET6 0.6 0 

 

To evaluate the error of the indirect measurement of AE source coordinates Formula 1 was used: 
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where ∆L41, ∆L46 – error in the calculation of the difference of wave paths from the AE source to 

AET4 and AET1, to AET4 and AET6, m, respectively; 

 i = 1,2 – number of the coordinate vector component of the source on the plane; 

 r1, r4, r6 – AET vector radiuses, m; 

L41, L46 – difference of the distances from the source to AET4 and AET1, to AET4 and 

AET6, m, respectively. 

The difference of propagation paths to the two AET was determined based on the measured time 

of the AE pulse arrival (Formulas 2 and 3). 

 41 1 4( )L C t t= − , (2) 

 46 6 4( )L C t t= − , (3)
 

where C – group velocity of AE pulse propagation, m·s
-1

; 

 t1, t4, t6 – time of pulse arrival at 1, 4 and 6 AET, s. 

The error ∆L41 (∆L14) in the calculation of the difference of wave paths from the AE source to 

AET4 and AET1 (of pulse arrival time (time delay)) was calculated according to Formula 4: 

 14 1 4( t )L C t∆ = ∆ −∆ , (4)
 

where ∆t1, ∆t4 – error of determining the time of AE pulse start, s. 
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Results and Discussion 

To evaluate the errors of ∆t1 and ∆t4 values, let us analyze the regularities of acoustic pulse 

propagation in the object being monitored.  

Through the obtained experimental data it was possible to determine the numerical values of 

proportionality coefficients kf between the duration of the pulse leading edge and the time of its 

propagation (Formulas 5 and 6). In equations (5) and (6) the duration of the leading edge of arriving 

pulses tf is known; the duration was obtained through calculations using the AE system program 

“Vallen Systeme”.  
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where tf – duration of pulse leading edge, s; 

 t – time of pulse propagation, s. 

The numerical values of the proportionality coefficients are: k4f = 0.958; k1f = 1.003. The time of 

pulse propagation from the AE source to the AET was calculated by Formulas 7 and 8. 
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where S – distance from the AE source to the AET, m; 

 C – group velocity of AE pulse propagation, m·s
-1

. 

The values of the time of pulse propagation from the AE source to the AET are:  

t4 = 5.47249E-05 s; t1 = 5.47249E-05 s. 

Measuring the time of pulse arrival from the AE source to the AET is reduced to the task of 

separating the start of a pulse against the continuous noise background. The threshold method of 

determining the time of pulse start is based on detecting the moment when an electrical AE signal 

exceeds the critical value (threshold level). The error of the pulse start time can be determined by 

Formulas 9 and 10: 
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where Un – mean square deviation of noise, mV; 

 Umax – pulse amplitude, mV; 

 tf – duration of pulse leading edge, s; 

k – non-dimensional coefficient determined by the algorithm for calculating the pulse 

start time. 

The values of the errors of the pulse start time are: ∆t4 = ∆t1 = 5.47249E-05 s. As a result, we can 

obtain an error of the AE pulse arrival time, taking all factors into account: 
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where k – non-dimensional coefficient; 

 tf – duration of pulse leading edge, s; 

 Un – mean square deviation of noise, mV; 

 Umax – pulse amplitude, mV; 

 kf – proportionality coefficient. 

Taking all factors into account, the values of the errors of the AE pulse arrival time are:  

∆t4 = 4.7121E-10 s; ∆t1 = 7.2257E-10 s. Substituting Formulas 11 and 12 for 4, it is possible to get: 
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where t1, t4 – time of pulse propagation from the AE source to the AET1 and AET4, s; 

 k – non-dimensional coefficient; 

 tf – duration of pulse leading edge, s; 

 Un – mean square deviation of noise, mV; 

 Umax – pulse amplitude, mV. 

The obtained value of the error of the pulse arrival time (time delay) is ∆L41 = -1.3391E-6 m. 

This means that in this case, under the influence of all factors, the total error of propagation 

between AET4 and AET1 will be equal to approximately 1µm. 

Similar calculations were carried out for AET1 and AET6 pair. The total error of propagation 

between AET1 and AET6 ∆L61 is equal to 0.004 µm. 

Such an insignificant error is explained by the small dimensions of piezoelectric array (up to 5 m). 

The coefficient k also plays its part in the obtained results. In our calculations this coefficient was 

approximately taken as 1. 

The sensitivity ratio of channels 1 and 4, which is 88.125, was also experimentally determined: 

87.325, dB.  

If significant external sources are absent, the noise level is determined by the electrical noises of 

the equipment. The increase of the signal-to-noise ratio leads to error reduction; therefore, we will 

evaluate the minimum value of the coefficient Ksn , using the value of the AE system discrimination 

threshold (U0) and the inherent noise level of the equipment (Un):  

 0
sn

n

U
K

U
= , (14) 

where U0 – value of AE system discrimination level, mV; 

 Un – equipment noise level, mV. 

For the equipment being used, the noise level is equal to 29 dB and the value of the discrimination 

threshold is equal to 35 dB. The minimum value of the coefficient Ksn is 1.2. 

The ratio of acoustic pulse amplitudes at AET4 and AET1 is determined by the dependence of 

wave attenuation: 
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(15)

 

where l1, l4 – path of AE signal propagation from the source to AET1 and AET4, m; 

 ∆ – attenuation coefficient; 

 Umax – pulse amplitude, mV. 

The obtained ratio of acoustic pulse amplitudes at AET4 and AET1 is KА = 1.43. 

It has been experimentally proved that wave attenuation for acoustic arrays, the linear dimensions 

of which do not exceed 5 m, may not be taken into consideration [2]. 

The final form of the error in measuring the difference of acoustic wave propagation paths from 

the source to AET1 and AET4 can be calculated by formulas: 
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where l1, l4, l6 – paths of AE signal propagation from the source to AET1, AET4 and AET6, m; 

 tf – duration of pulse leading edge, s; 

 t – time of pulse propagation, s; 

 k – non-dimensional coefficient; 

 Ks – sensitivity ratio of channels 4 and 1; 

 Ksn – signal-to-noise ratio of channel 4 of AE system. 

The values of errors in measuring the difference of acoustic wave propagation paths from the 

source to AET1 and AET4 respectively are ∆L41 = 0.001 m; ∆L61 = -0.03 m. 

From the analysis of Formulas 16 and 17 it follows that the error in determining the differences of 

acoustic wave propagation paths is determined by the signal-to-noise ratio at the first receiving AET 

by the ratio of AE channel sensitivities, propagation time, ultrasonic beam attenuation and divergence, 

as well as by acoustic wave velocity dispersion in the object being monitored. 

Then let us evaluate the dependence of the error of acoustic wave propagation path difference on 

the location of the AE source in the piezoelectric array. Let us simulate AE signals in points located on 

a horizontal line, from right to left (Fig. 2). The coordinates of AET are presented in Table 2 and the 

coordinates of AE sources are shown in Table 3. 

 

Fig. 2. Diagram of piezoelectric array and AE source location 

Table 2 

AET coordinates 

AET x, m y, m 

1 0 0 

4 0 0.5 

6 0.6 0 

Table 3 

Coordinates of AE sources 

AE source  x, m y, m 

1 0.25 0.25 

2 0.15 0.25 

3 0.05 0.25 

4 0 0.25 
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The errors of the difference of acoustic wave propagation paths are determined separately for each 

point according to the above-mentioned algorithm. The results of the calculations are presented in 

Table 4. 

Table 4 

Values of the errors of acoustic wave propagation path difference 

AE source  ∆L41, m ∆L61, m 

1 0.00155 0.0168 

2 0.00128 0.031 

3 0.001 0.0407 

4 0.0011 0.0431 

From the calculations it follows that the error ∆L41 remains practically unchanged independently 

of the movement of the AE signal source along the horizontal line in the array. This is explained by 

the fact that at any point the AE source is equidistant from AET1 and AET4. 

Considering the error ∆L61, we can see that its smallest value will be closer to the right edge of 

the array ∆L61 = 0.0168m, when the distances from the AE source to AET6 and AET1 are almost 

equal. As the AE source moves to the left, along the horizontal line, the error of determining the 

coordinate х increases and reaches its maximum value ∆L61 = 0.0431m at the left limit of the array. 

Carrying out the AE monitoring of real objects, one dimension of the acoustic array is usually 

related to the width or height of the structure, while the other dimension is set based on the evaluation 

of the error in determining the coordinates of AE sources. 

Conclusions 

1. From the strategic point of view, the present paper is a basis for carrying out further scientific 

research in the field of diagnostics of big - sized difficult configuration constructions, such as 

bridges, building structures, aviation and space systems. In all these cases it is necessary to carry 

out a cluster, zonal, 3D or plane location. 

2. An experimental evaluation of the accuracy of fault localization in large structures based on the 

acoustic emission method has been carried out.  

3. The experimental studies have been carried out using a flat sample made of steel sheet. The 

original AE signal (from the source) was simulated with the help of the Nelson’s method. The 

experimental values of differences in acoustic pulse propagation paths to three AET forming the 

acoustic array were used to locate the source of discrete AE on the plane.  

4. It was found that an error in determining the coordinates of a fault depends on the signal-to-noise 

ratio of receiving sensors, time of ultrasonic signal propagation, ultrasonic beam attenuation and 

divergence, acoustic wave velocity dispersion in the object being monitored and the location of 

the AE source in the piezoelectric array. 
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