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Summary. The role and place of acoustic emission in the system of technical diagnostics of metal products
is determined. The properties of information-measuring systems of acoustic-emission diagnostics are analyzed. It
is emphasized on the necessity of solving the main task of acoustic emission systems control — restoration of
information on the source of acoustic signals by the measured values of characteristics of acoustic signals at the
output. Detailing of information technologies of measurement automation, identification and control is described.
Structural diagrams of a priori information of the subject field and characteristics of the components of the
acoustic-emission diagnostics hardware are presented. The characteristic features and requirements for the
design and operation of individual blocks of the acoustic emission diagnostic system are considered. Algorithms
for finding operators in dynamic processes of diagnostics and determining the time of arrival of an acoustic-
emission signal are developed. The stages of automated acoustic emission diagnostics are specified, which are
connected with the creation of multichannel systems, the study of the phenomenon of acoustic emission in different
deformation conditions, the regularities of changing the acoustic emission signals in the process of damage
accumulation. The directions of automation of the processes of control of acoustic-emission systems of technical
diagnostics, which are aimed at the detection and indication of acoustic emission signals, their amplification,
frequency filtering, discrimination, by determining the threshold level of the registered signals and determining
the degree of conformity of the result of diagnostics by the criteria of similarity. The use of automation equipment
for the control of acoustic emission systems significantly reduces the time of diagnostic work and saves money
spent on their implementation by decommissioning the equipment.
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Statement of the problem. The processes of management of acoustic-emission systems
is urgent because of the development of measures aimed to create and improve the information
technologies for the collection, analysis, processing, and information identification of the
received signals in order to increase the reliability of technical diagnostics of metal structures
by acoustic emission (AE) methods. The acoustic emission method based on the registration of
stress waves occurring as a result of the materials’ structure failure, is currently one of the most
promising methods for monitoring the state of metal products during their usage. An important
advantage of AE diagnostics is the ability to detect defects that develop at the very early stage
in order to prevent emergencies. The AE method does not require an external excitation source
to obtain material status data and allows to get information about defects at considerable
distance from them. The advantage of the AE method is also the ability to predict the state of
the controlled object and prevent failures. The reason for the failures is the change of the
material’s strength due to the natural physical and physico-chemical processes, which is
determined by the structure of the material and the operating conditions.

The economic aspect of AE in technical diagnostics is to reduce maintenance costs. As
experience shows, some equipment items get out of order before they undergo routine
diagnostic work. At the same time, the rest of the equipment which is in favorable operation
conditions arrives for maintenance early. The use of AE method provides additional diagnostic
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information and increases the security and reliability of control while ensuring trouble-free
operation of products. Automation of diagnostic control systems with the use of AE
phenomenon is a complicated and poorly researched area which includes automation of circuit
solutions and methods of non-destructive control, automation of measurement results
processing: algorithms and calculation methods.

The difficulties of implementing AE methods in the system of technical diagnostics
consist in separation of useful information from the background noise, instrumental errors,
influence of various factors, establishment of cause and effect relationships between changes
of structure parameters and measured characteristics of AE signal. The search for informative
parameters, development of methods, techniques and means of detecting defects is not only a
scientific but a technical task of automation of control processes in systems of technical
diagnostics.

Analysis of the available investigations shows that AE diagnostics control systems is
connected with the specificity of the solved problems [1-5], methods of registration of useful
signals in the conditions of various external disturbances [6-8], search for relationships between
the parameters of AE signals and failure processes. The urgent need to develop new methods
for monitoring the strength of materials properties is caused by the need to determine the
residual life of products and their operational reliability [12-15]. The main problem of
diagnostics and monitoring of complex technical systems and objects is the lack of conceptual
bases for collecting, processing and analyzing the accumulated information about the state of
the object and the data exchange with interconnected automated systems that allow to create
approaches for drawing mathematical models in multiparameter state space.

Among the unresolved tasks of the acoustic-emission diagnostic system control
processes there are development of algorithms for automation of the assessment of the
structures’ technical condition and numerical presentation of its results.

Statement of the task. The objective of the work is automation of the AE diagnostic
system control by the output signal and to determining the dynamics of the input acoustic signal
process.

Due to the fact that the nature of the load in the acoustic emission diagnostics systems
is unknown a priori, when establishing the relationship of materials’ structure changes with the
parameters of the acoustic emission signals, it is necessary to solve the inverse problem of
restoring information obtained by the diagnostic system and its identification with the sources
of acoustic waves radiation. Solving the tasks of identification and forecasting are necessary to
make the right decisions and work out the optimal control.

The problem of restoring information is solved in three main aspects:

— identification — when on the basis of known input and output signals of the system
the conclusion about the state of the diagnostic system is made;

— measurement — when the characteristics of the input signal are determined by the
known values of the input signal and the characteristics of the diagnostic system;

— control — when the law of the output signal change or the input signal, which at the
output brings the system to a predetermined state are determined by the known characteristics
of the diagnostic system and the input signal.

Identification of the diagnosed objects’ characteristics by input and output signals
measurements is one of the main directions of the automated control theory and consists in
drawing mathematic model of the object with accuracy by the given criterion in concern to the
objectives of automated control processes of acoustic-emission diagnostic systems.

The algorithm for detecting and determining the time of arrival of the AE signal to the
registration system consists in comparing the current value of the AE pulse with the dynamic
value of the threshold. If the AE signal values exceed the threshold, the signal is considered to
be detected and is stored in the computer memory. After the end of a pulse is detected, its
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duration is calculated. Identification of the operator model of the dynamic process of acoustic
emission diagnostics involves solving the problem of analyzing the controlled object structure
which changes under the influence of operating conditions: alternating loads, high
temperatures, pressures, corrosive environments. It should be remembered that acoustic
emission is a random process, the automation of which is based on an adequate disturbance
response of acoustic emission sources and technical parameters of the diagnostic systems
hardware. The description of dynamic systems is related to the use of a specific mathematical
model.

A distinctive feature of the acoustic emission diagnostic system is the need to create the
model of a dynamic system that will determine the parameters of the AE signals precursor and
the material structure characteristics by the output signal. Simulation of the diagnostic system
operator allows to solve inverse problems of the set theoretic levels in the state space for linear
dynamic systems. During their solving, the prediction tasks require to establish the
correspondence of the material states to their changes rate. It should be taken into account that
the materials state changes arise before they appear.

Finding the input operator in the dynamic processes of acoustic emission is realized
through the inverse task of selecting a model that adequately describes the experimental signal.

Taking into account the stochastic approach to the output signals analysis, the
characteristic operator polynomial of recovering information about the material structure that
initiates the elastic waves by the signal at the output of the AE of the system y (t) is described
by the differential equation of propagation of elastic waves entering the input of the AE of the
system:

where | — order of differentiation;
m=0,1,2, ..., m-1static function of characteristic polynomial.
The solution of this equation is:

y(t)= ZCe - @

Characteristic polynomial of the equation (1) is:

m-1

a,r"+a,,r" +...+ar+a, =0, (3)
where ri — solutions of the equation (1).

To estimate the characteristic polynomial am, the residual differences method can be
used, where at equal time intervals the average output values of the dynamic range, which is
presented be the numerical values of the components of the received signal AE y;, are calculated
The output range variation is calculated by formula.
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After that, by the numerical values of the components of the first differences of the
output dynamic range of the received AE signal, the second voltage differences from the
diagnosed system output are calculated. Then, the process is repeated for the third, fourth and
other differences.

Dispersion of the final K-order range is calculated by formula.

n—k+1

> vy | )

szz i=L
n-k

While developing the criteria of the technical condition of objects has there happen the
problems of defects classification and their development prediction, and this has to be included
in the structure of the algorithm of finding the operator in the dynamic processes of diagnosis.

When solving various problems of analysis and synthesis of the control system, it is
necessary to know the characteristics of the control object, so that a properly constructed control
signal can translate the control object from its initial state to the necessary one.

A priori information that determines the subject field of the phenomenon under study is
always essential in solving the problems of identification. Priority information of the subject
field of acoustic emission is presented in Figure 1.

PRIORITY INFORMATION OF THE SUBJECT FIELD

Physical- Range of Probabilities of
mechanical Operation Measured possible possible
properties of conditions values properties failures

the object change

Figure 1. Priority information of the subject field of acoustic emission

The tasks of usage acoustic-emission equipment are:

— receiving of electric signals from AE piezoconverter,

— identification of useful signals from the background noise,

— amplification,

— analogue and digital processing of electric signals,

— evaluation of informative parameters,

—  registration,

— providing information,

documenting of the diagnosis results.

The peculiar feature of acoustic-emission hardware is dependence of energy coming to
the AE sensor input on the deformation of the material. Deformation value and its speed
increase determine the energy and frequency of elastic vibrations redistricted by with AE meter.
Thus, in the acoustic-emission diagnostic systems, studies of spectrum acharacteristics of AE
signals are taken as the basis. This causes the necessity of working in a broad dynamic range
(up to 100 dB and more)

The form of the registered pulse depends on the design of the sensors, their locations on
the product, as well as on the configuration of the surface and material of the product. Therefore,
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the equipment for receiving AE signal should have a wide range. The occurrence of AE signals
is caused by voltage fluctuations in the material structure, which determines the sensitivity
requirements of AE sensors. The higher the sensitivity of the AE sensors, the earlier the fault
may be detected. The development of defects occurs in the form of amplitude distribution of
AE signals. By setting certain levels of discrimination, it is possible to identify signals that are
either noise or development defect. In addition to the inherent noise of AE sensor, the receiving
and processing equipment has its own noises, which can be eliminated either by gaskets and
cups in the moving parts of loading devices, or by frequency filtration.

The theory of filtration originates from the A.N. Kolmogorov’s works on linear
estimation of discrete stationary random processes and N. Wiener’s researches on continuous
random processes. Modern filtering theory is based on the Fourier method, which leads the
analyzed signal to the description of the filter in terms of frequency characteristics and
decomposition of the spectral plane of the observed process. A new stage in the development
of methods for solving the problems of estimation and prediction in the state space in the case
of Gaussian processes was obtained with the opening and use of a Kalman filter.

The emergence and solution of filtering problems is due to the fact that not all its
characteristics in the control system are represented by accurate deterministic values and the
best way to extract information about the studied process is to take it from the measurements
of its parameters. This is necessary for making reasoned decisions and for optimal control.

Automated AE diagnostics technology includes:

— developing multichannel systems with
communication,

— study of AE phenomenon under different conditions of deformation,

— search for patterns of signal changes in the process of damage accumulation.

Acoustic emission diagnostics receiving equipment includes a piezoelectric AE sensor,
preamplifier, filter unit, main amplifier, discriminator and detector.

Microprocessor technology incorporated into the structure of the diagnostic system is
able to solve the problem of control and monitoring the state of strength properties and integrity
of the observed objects.

Structural diagram of components and characteristics of the acoustic emission
diagnostics equipment is presented in Figure 2.

integrated means of network

ACOUSTIC EMISSION DIAGNOSTICS EQUIPMENT

Number of Registered Frequency Frequency and
channels parameters range amplitude pulse
rationing
Inherent noise Presence of
level input filtering Software

Ability to integrate with other
systems

Peripherals

Figure 2. Structural diagram of the characteristics of the equipment of the acoustic emission diagnostics
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The algorithm of control operator simulation in acoustic emission diagnostics systems
Is presented in Figure 3.
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Figure 3. The algorithm of the diagnostic system operator simulation

information parameters
search

When using an automated system for monitoring the stress-strain state of structures, a
promising direction is the use of integral acoustic-emission parameters of AE signals energy
spectrum such as: probability density, signal observation time, amplitude-time distribution,
amplitude-frequency distribution, and frequency distribution.

Conclusions. The information-measuring system should provide indication, registration
and preprocessing of signals with their further storage in the personal computer memory for
further processing of the post of the received data on the temporary delay of the arrival of
signals to the sensors from the analysis of mutual correlation function and their visualization in
real time.
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The directions of the acoustic emission diagnostics control processes automation should
be focused on the detection and indication of AE signals, their amplification, frequency
filtering, discrimination by determining the threshold level of the registered signals and
establishing the degree of conformity of the diagnostic results with the criteria of similarity.

The analysis of the acoustic-emission signal parameters makes it possible to predict the
fracture load and residual equipment life. The method detects the motion of defects, rather than
the static inhomogeneities associated with the presence of defects, that is, it detects the
developing and therefore the most dangerous defects. The connection between the processes of
defect formation and the presence of acoustic signals allows to determine the degree of the
material efficiency. This determines the special role of the acoustic emission method in the
technical diagnostics of metal products. The use of automation equipment for the acoustic
emission systems control significantly reduces the time of diagnostic work and saves money
spent on their maintenance by decommissioning the equipment.
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Pestome. Busnaueno poav i wmicye axycmuuynoi emicii 6 cucmemi mexHIYHOI OiacHOCMuUKU
memanonpooykyii. Hasooumbcs ananiz enacmusocmeti iHpOPpMayitiHO-6UMIPIOGATLHUX CUCHEM AKYCIUKO-
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emiciiinoi diaenocmuxu. Haeonoueno na HeoOXiOHOCMI GUPIUIEHHS OCHOBHO20 3A80AHHS YAPAGIIHHIL CUCTEMAMU
aKycmuKo-emicitinoi diaeHoCmuKy — 8iOHO8NIeHHA IHopMayii npo 0xcepeno aKkyCmudHUX CUSHANIE NO UMIDSHUM
SHAYEHHAM XAPAKMePUCMUK aKyCMU4YHUX cueHanie Ha euxooi. Onucauna oemanizayis inghopmayilinux mexHonozi
asmomamu3ayii euMiproéans, idenmugpikayii ma ynpaeninus. Ilpedcmaeneni cmpykmypHi cxemu anpiopHoil
iHghopmayii npedmemnoeo noas i Xapakmepucmux KOMHNOHEHMI8 anapamypHoi YacmuHu aKyCmuKo-emiCitlHoi
Oiaznocmuku. Posensinymo xapaxkmephi ocobaugocmi ma 6uMo2u 00 KOHCMPYIOGAHHA Ma (QYHKYIOHYBAHHS
OKpemux 010Ki8 axycmuko-emicitinoi cucmemu Oiaznocmysanus. Pospobneno aneopummu  3Haxo0x4ceHH:
onepamopie y OUHAMIYHUX NPOYecax OiazHOCMUKY Ma USHAYEHHS MOMEHMIE 4acy NPuxo0y aKycmuko-eMiciilno2o
cuenany. Koukpemuszosano emanu aemomamu308anoi axKycmuxo-emicitinoi OiacHocmuxu AKI noe’s3aui 3i
CMBOPEHHAM 6A2amOKAHATLHUX CUCEM, BUBHEHHAM AGUWA aKYCIMUYHOL eMICii 8 PI3HUX YM08aX Oehopmysanis,
3AKOHOMIPHOCMEN 3MIHU CUSHAI6 AKYCMUYHOL eMICIl 8 npoyeci HaKONUYEeHHs NOWK0O0dceHb. Brasani nanpsmku
asmomamu3ayii npoyecieé YNpasniHHA aKyCMuKo-eMICIUHUMU CUCTHEMAMU MEXHIYHO020 OideHOCMYBAHHS, SKI
CNPAMOBAHI HA BUABNLEHHA MA THOUKAYIIO CUSHANIE aKYCMUYHOI emicii, ix nocunenHs, yacmomuy girempayiio,
OUCKPUMIHAYIIO, WIAXOM BUSHAYEHHS NOPO206020 DIGHA PEECmpO8ANUX CUSHANIE 1 GUSHAUEHHS CMYNeHs
8IONOGIOHOCMI  pe3yIbmamom OiaeHOCMUKU 3a  Kpumepiamu nodibnocmi. Buxopucmanns anapamuozo
3a0e3neuents AGMoMamu3ayii ynpaeiinHa aKyCcmuko-emiciliHuMy CUCMEeMAMU 3HAYHO CKOPOUYE 4aC NPOBEOeHH s
oiaznocmuynux pooim i eKOHOMUMb KOWMU, AKI GUMPAUAIOMbCa HA iX 6NPOBAONCEHHS 30 PAXYHOK 8USEOEHHS
OONAOHAHHSL 3 eKCRILYaAmayil.

Knwuosi cnosa: axycmuuna emicia, agmomamusayis, iHgopmayitini napamempu, ioenmudgbikayis,
VAPAGIHHS.
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