
181 

Технічні науки 
 

 

KINETICS OF ACOUSTIC MODES IN TWO-COMPONENT COMPOSITES 
 

Alexander Pysarenko 

associate professor, Phd, Odessa State Academy  

of Civil Engineering and Architecture 

ORCID: 0000-0001-5938-4107 
 

Internet address of the article on web-site: 

https://www.economy-confer.com.ua/full-article/5529/ 

 

The fairly widespread use of polymer composites has led to the need to  

develop suitable methods and means of structural diagnostics applicable to two-

component composite materials. Recently, the requirements for the technical condition 

of structural elements made of composite materials in a wide variety of industries  

have been increasing; diagnostic methods [1] must meet a number of conditions:  

they must be sensitive to various types of damage that occur in fiber composites  

and must provide damage detection [2], possibly at an early stage of their  

distribution and, finally, allow testing under environmental conditions [3, 4] and  

be inexpensivehe.  

In this work, to analyze acoustic impulses in two-component composites, a 

continuous wavelet transform is used, which is based on square-integrable functions 

L2(R) in Hilbert space. Let us consider the propagation of wave group velocity pulses. 

The transit times of samples made of composite materials, determined by the wavelet 

transform method, are related to group velocities. In general, the deformations at 

different points in response to a broadband load consist of a range of frequencies, so it 

can be assumed that the wave propagates in an arbitrary direction with an exponential 

decay in time. 

The basic acoustic wave is characterized by frequency ωС, phase velocity 

ωС/kС and modulation cos (∆kx − ∆ωt) with frequency ∆ω and propagation  

speed ∆ω/∆k. This wave can be described as a sequence of moving pulses (or  

groups, or wave packets). The phase and group velocities are denoted cP and cg, 

respectively. 

The relationships between these velocities correspond to the following 

situations: A) cg > cP: wavelets appear in front of the group and disappear at the end 

of the group; B) cg < cP: wavelets accumulate at the end of the group, move through 

the group and disappear at the beginning. The results obtained for samples made of 

two-component composite material are shown in Tables 1 - 3.  
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Table 1. Spatial distribution of applied load for composite plates 
 

Composite 
Wide Band Load, 103 Hz 

Narrow  

Band 

Load,  

103 Hz 

9.6 15.8 23.6 31.6 39.6 100.4 

Sample 1 
x 0.4877 0.4847 0.5025 0.4881 0.4877 0.5025 

y 0.6864 0.7059 0.7002 0.7040 0.6864 0.7002 

Sample 2 
x 0.4847 0.5025 0.5025 0.4881 0.5025 0.5025 

y 0.7059 0.7002 0.7002 0.7030 0.7002 0.7002 
 

Table 2. Spectral distribution of arrival time of noisy signals (composite type 1) 
 

Frequency 23.8 31.8 39.8 23.8 31.8 39.8 

Point 
Arrival times, 10-4 s 

Level 2% Level 5% 

S1 2.74 2.59 2.49 2.65 2.455 2.73 

S2 3.025 2.97 2.83 3.015 2.805 2.995 

S3 2.435 2.435 2.2 2.31 2.275 2.455 
 

Table 3. Spectral distribution of arrival time of noisy signals (composite type 2) 
 

Frequency, 103 

Hz 

23.8 31.8 39.8 23.8 31.8 39.8 

Point 
Arrival times, 10-4 s 

Level 2% Level 5% 

S1 2.725 2.485 2.81 2.725 2.575 2.82 

S2 3.05 2.85 3.165 3.045 2.84 3.21 

S3 2.45 2.33 2.57 2.405 2.395 2.545 
 

Numerical values indicate a decrease in arrival time with increasing frequency 

due to an increase in group velocities. Moreover, the results are in good agreement with 

the actual location of the applied load in the case of an anisotropic plate. Note that the 

error in estimating the coordinates of the load location is less than 1.2% for all different 

types of loading of both isotropic and anisotropic samples. 

It should be noted that the processed sensor signals can differ significantly from 

the numerical simulation signals, and this is due to the fact that the data is often 

distorted by measurement noise. Let us consider the influence of noise on the results 

of wavelet analysis of the localization of the deformation field in the composite.  

An analytical consideration of the influence of noise on the results of the passage of  

an acoustic wave inside the volume of a composite can be represented as the sum of 

the original and noisy signals. 

By adding a certain percentage of white noise to the system and denoising the 

signal using the usual moving average method, the described method can be used to 

determine the location of the effect. The results were tested for different noise levels 

(2% and 5%). 
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Introduction. Contemporary contactless research methods of heterogeneous 

plasma provide the analysis of the laser radiation intensity scattered by a dispersed 

component different angles. Data processing of optoelectronic devices response of the 

measuring complex to a scattered light signal makes it possible to determine the 

scattering indicatrix (angular distribution of scattered radiation) and to determine such 

important parameters of the smoky plasma as the grains size distribution function of 

the condensed phase, as well as their concentration and spatial distribution [1]. It is 

assumed that the time interval for measuring the parameters of the plasma medium is 

sufficient for the system to be considered quasi-stationary. 
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