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Abstract. Lately a tendency is observed for the steady traM requirements applied both to
construction materials as well as to the methodsstimation of their reliability and quality.
Particular attention is paid to the developmentnefn, physically reasonable criteria of
structural durability of materials, based on corhpresive study of the phenomena, which form
the basis of processes of deformation and fractmeh approach is supposed to enhance our
understanding of the nature of durability and medras of fracture of materials on different
scale levels. This is possible only when analysihese phenomena is accomplished by means
of modern physical research methods as well asymgplcoustic emission techniques for
diagnostics of the fractures.

Keywords: acoustic emission, non-destructive testing, strattuealth monitoring.
Introduction

As practice indicates the solution of a considerenhplex problem of bearing capacity of
materials and constructions is possibly on at titergsection of materials science, physics and
fracture mechanics, i.e. in new schools of micramaeics of synthesis and destruction as well
as physical mesomechani@3]. The methods of classic materials scieneenat excluded as
well. Wide prospects are foreseen for novel apgreacwhich combine the principles of
synergy and the theory of fractals, including thieatbility and fracture of materials assessed by
means of acoustic-emission methods of diagnostidsr€ormation reception [4-6].

It is known that a method of acoustic emission (AB$ed on registration and processing of
waves of strains which arise as a result of deftiona modification and destruction of
structures is presently the most effective for shaly of processes of development of defects
and creation of the systems of the continuous wftrat health monitoring of important
industrial objects.

The first works on the study of the AE phenomenppeared at the end of 40s of the 20th
century in the USA and at the beginning of 50s grr@any. The development of electronics
and creation of the special analog AE devices atethd of 60s allowed application of AE
method for the detection of growth of thicknessdeposits on heat-transmitting surfaces and
cracks in the process of different mechanical tédtwview of these works, including authors, is
provided in [7-9].

The analysis of current publications on the subijeatter indicates that the whole problem
related to the AE method can be presented by tleniog scientific directions [10]:

- Theory and methods of diagnostics and prognokisearing capacity of constructions
including issues related to theoretical and expenital studies of destruction.

- Information-measuring systems intended for thelyaris of AE information necessary for
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making decision about the state of constructions.

- Mathematical support of measuring apparatus dioty the executable programs of
organization of input information processing andbmograms related to the compression of
information, increase of authenticity of measuniegults based on the theory of recognition of
patterns, mathematical statistics and theory oficbs.

- Theory of prognostication and decision making.

A special place is occupied by the use of AE metliod the study of processes of
accumulation of damages in loaded materials for-chestructive control and evaluation of
bearing capacity of materials and wares.

The existing control methods are based on the aisabyf parameters of AE signals. The
methods of processing of signals and definitionheir informative parameters depend greatly
on the type of registered AE. It is accepted tdimtjsiish discrete and continuous AE. To
understand the choice of informative parameterinduregistration of one or another type of
AE we will examine the basic terms of formatioragbustic signals in solids.

Because of the discrete nature of matter, the palygirocesses are discrete as well.
Seemingly continuous process reflects the factvefaging the result of supervision of large
number of separate elementary events. Elementantén a solid results in its deformation,
but so insignificant, that it, as a rule, cannotrégistered by the known means. But plenty of
elementary events, formative the sequence (stredimyents, can result in the macroscopic
phenomena that produce the noticeable change efirgetic state of body. During the release
of energy part of it radiates as elastic waves.ge&#ion of such waves is referred to as acoustic
emission.

AE can be manifested in two ways. If the numberlgimentary events resulting in the
origin of elastic waves is large and energy reldateevery event is small then AE signals are
perceived as weak continuous noise nam@dtinuous AE. Because of smallness of energy
released at a single act the energy state of a lobdypges insignificantly. Probability of
occurrence of next such act practically does ngtedd on the previous one. As a result,
descriptions of continuous AE variations in timengaratively slowly that allows to consider
this type of emission as a quasi-stationary process

If the state of body is far from equilibrium thermopesses of avalanche type are possible,
when for the small time interval a large numbeelgimentary events are engaged in a process.
Energy of elastic wave here can by many orders afnitude exceed the energy of elastic
waves at continuous emission. Similar emission attarized by large amplitude of the
registered acoustic impulses was terrdiedr ete.

It should be noted that dividing of AE into contous and discrete is rather arbitrary since
the possibility of separate registration of the pilses depends only on the characteristics of
the equipment used.

In the real-life situation, as a rule, we have ¢aldwith emission of both types of acoustic
emissions. The creep of material on the first, s@tionary, and second, stationary, stages is
accompanied by continuous AE. On the third stagesides continuous, discrete AE
conditioned by formation and development of micaa&s is also observed. The same occurs
during corrosion under tension, the final stagevbich — corrosive cracking — is accompanied
by the intensive acoustic flashes of discrete Aft. rediction of destruction it is common to
make use of discrete AE component due to simpliitsegistration of signals characterized by
large amplitude.

Discrete AE is also applied for control of techrgit@l processes [6], when the formation of
cracks is possible (welding, tempering, diffusiausation, for example hydrogenation and
other) as well as for research and control of theosive cracking, durability, heat durability,
fatigue destruction, and also processes of fricind wear. Continuous AE is connected with
plastic deformation, corrosion of materials andeotbhysical processes.

It is necessary to distinguish the informative paeters of separate impulses of discrete AE,
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streams of impulses and parameters of continuous lAtpulses or signals of AE are
characterized by amplitude, duration, form and tiafeoccurrence. The stream of signals
additionally can be characterized by average fraquef events, spectral closeness, amplitude,
temporal and peak-temporal distributions, crossetation function, mean value and
dispersion. Each characteristic is related to ABegating physical process and contains
information about its development or about theestditthe research object.

For discrete AE the following informative paramstare introduced:

1. Thetotal number of impulses N is a number of the registered impulses of disci&e

for an interval of observation time. The very deigration of this parameter suggests its
suitability for description of streams of the novedapping impulses only.

2. Activity of AE is the total number of impulses per time unitomfatively this parameter
is the same as previous. This makes it possibl®hserve the dynamics of process of
destruction.

3. Total AE is a number of the registered emissions of AE sigrials of the defined level
during the set time interval. Thus response rafiat® reproduction in a counting device
depends on the level of discrimination, coefficiehattenuation of oscillations in an object and
transformer, and also on the descriptions of réegtamplifying section.

4. Counting speed N is a number of registered AE emissions — of sigodlthe defined
level per time unit. Some authors call this paraméhe intensity of AE".

5. The probability density of amplitude of impulses w(A) characterizes AE as a random
process. This function determines the probabilftyAB-impulse A, amplitude presence in an

interval from A to A+dA:
P{A< A < A+dA}=w(A)dA 1)

In practice, characterist'rt(A), amplitude impulse distribution is used more frefly. This

function specifies the amount of impulses, ampétud which is within a small interval from
Ato A+dA. If N is the total number of the registered impulsesnthmplitude distribution is
related to the probability density(A) as:

n(A)= Nxw(A) (2)
N = j n(A)dA )3

Functions W(A) and n(A) can be estimated from experimental data by formiing
histogram of distribution of AE impulses with respéo amplitude. It is generally known that
this histogram reflects the amount of impulses dependence (or parts of such impulses
n /N) amplitude of which is within a small interval fro Ato A + AA on the size of

amplitude A . It is easy to determine the correlation betwémsé functions:

Nw(A JAA=n(A )AA=n, (4)

Defining from experimental data with the use ofsiecorrelations the set of values of
functions W(A) and n(A ) in future, for example using the system of disttions of Pearson,
it is possible to pick up analytical formulas fasgription of functionsw(A) and n(A).

6. Time intervals distribution W(z) between separate AE-impulses contains important

information about the physics of the phenomenon @atdire of its development. At mutual
independence and identical probability of elemgnésents their sequence (stream of events) is
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described by the law of Poisson. If a stream iSastary, then distribution of the time intervals
between the impulses of AE is described by the eaptal law:

W(z)=vexp-vr) ®)

The mean value of temporal interval between imppuésgualsz, =1/v . And in contrast — if

intervals between separate events have exponeaiiaibution, then events are described by

Poisson law. Such conclusion gives evidence ofragp&vents interconnection absence that by
itself is important information about the nature thfe process, for example about the

delocalized destruction of construction material.

7. Amplitude-temporal distribution of impulses of AE n(A;t) is a function that indicates
the amount of impulses of AEN , registered within the interval of time from to t+dt,
amplitude of which is within an interval fromA to A+ dA:

dN = n(A t)dAdt (6)

If we will integrate this function over time frotnto T - time of the registration of AE, then
we will determine distribution of amplitude of tiE impulses and if we will integrate once
again over amplitude, then we will obtain the tataimber of impulses over the registration
time:

n(A)=]n(At)dt (7)

N = | [ n(At)dtdA (8)

Oy 8
O ey

In other words, amplitude-temporal distributionleets temporal variations of distribution
of amplitude of the AE impulses.
8. Spectral density S(w) of discrete AE matches corresponding characteristic of random

process and is equal to power of process in thgdesfrequency band.

Informative content of this characteristic is tleang as that of the spectral density because
they are connected by direct and inverse Fourdrsform. In addition, the unidimensional and
multidimensional distribution functions of the paraters indicated earlier are implemented.

M ethods of selection of AE signalsin noise

Research of the AE phenomena conducted under gadonditions on different materials
indicates that the signals of AE have a wide spettof amplitude-temporal parameters. The
signal of AE can be registered on any frequency, dmplitude of the registered signal
decreases in inverse proportion to the frequenoy.tiis reason, it seems obvious to seek for
AE signal reparations at low frequencies. Furtheendhe attenuation of elastic waves
increases significantly with increasing frequentiowever, decrease in frequency leads to
increase in acoustic noise of AE signals transforane of electronic equipment.

Passive methods of dealing with noise and intenfsgeare used in virtually all devices and
systems of AE signals recording and processing.

Amplitude discrimination, as noted above, is ong¢hefblocks in the analogy section of AE
systems and serves to cut off the noise on thes lmdsihe amplitude by comparing incoming
signals with some preset value.

In addition to a fixed threshold limit sometimedl@ating threshold is used, i.e. continuous
monitoring of the change in the level of interfazerin the channels of the AE signal section
gain.
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Frequency filtration is also realized by one ofd® in an analogy section and consists in
limitation of amplifying channel bandwidth. Limitat in low frequency area lies within the
limits of 20..200 kHz, and in high frequency are5..2 MHz. Limitation in the low frequency
area is due to the necessity of noise cut-off ofhmaaical and testing equipment, and limitation
of the frequency range from above - by the necessitthe electromagnetic noise cut-off.
Sometimes frequency filtration is used for a sébacof narrow bandwidth, determined by the
testing conditions for a specific material, londittal and transversal wave speeds of
distribution in it, and also for registration ofcks with certain sizes.

A temporal selection consists in AE signals registn channels locking during the
interference. As a disturbance indicator, typicallgctromagnetic, serves a special channel that
registers only the noise.

A parametric selection or parametric gating cossistpassing the AE signal for processing
to the electronic system only under certain loadiogditions, for example, when the load of a
certain reassigned level is achieved. This typsetdction is usually used during fatigue tests.

A spatial selection is used to identify whether egted signal is the AE signal or
interference by determining the spatial locatiorsighal source. Such systems require the use
of multichannel systems. The minimum number of cledé during operations with linear
objects is equal to two.

A two-parameter selection is usually used in thal@gy-digital AE systems and consists in
signals rejection with specific values of their graeters. So, for example, signals with large
amplitude and short duration correspond to thetmlsmgnetic interference and signals with a
relatively small amplitude but long duration arepital for the mechanical noise. Such
distinctions allow distinguishing the real AE sitgawhich have these parameters in
intermediate range from mechanical and electronmtaghackground interference.

In the analogy-digital AE systems it is possiblaus® a direcinterfering signals deduction
from the totality of registered AE signals. For sthpurpose the preliminary record of
interference signals is performed in loading equptrin specific working conditions and for
other types of interference.

Sour ces of acoustic emission in materials

At the present stage of AE research and developrientfollowing basic AE sources
operating on different structural levels in matisrizould be distinguished:

The mechanisms responsible for a plastic defor mation: processes related to motion of
dislocations (conservative sliding and dislocatiansihilation, dislocations reproduction by the
mechanism of Frank-Read; separation of dislocdtops from the pinning points, etc.); grain
boundary sliding; twinning.

M echanisms related to phase transfor mations and phase transitions of the first and
second order: polymorphic type transformations, including nesisite; second phase particles
formation during the decay of supersaturated smidtions; phase transitions in magnetics and
superconductors; magneto-mechanical effects duédamalers displacement and magnetic
domaingreorientation during the change of external magagtn field.

Mechanisms related to destruction: micro-damage formation and accumulation; crack
formation and development; corrosive destructinoluding corrosive cracking.

Table 1 presents data that provides an idea abeutharacteristics of some of these AE
sources.

Special literature contains data on the level a@fuatic noise caused by the thermal motion
of atoms.

In polycrystalline materials generation of contingoAE is usually associated with the
plastic deformation of polycrystal individugrains. In the polycrystalline structure due to
uneven stress distribution plastic deformation effagate crystals occurs at low total strain
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when the metal is in the area of elasticity frora gihenomenological point of view. Therefore
through AE signals it is possible to judge abouetfittrmation of irregularities and micro-defects
in the initial stage of deformation and fracturentdterials.

The practical use of the AE phenomenon is basedlastic energy registration released in
the controlled object material. Defect origin, moant and growth are accompanied by the
change of microstructure and stress-strain stattheofmaterial. Thus redistribution of elastic
energy happens that results in emission of AE #$$gnBiscrete AE occurs during the
development of defects [8]. Therefore, it can hipidentify the initiating defects that are
potentially dangerous in terms of catastrophiafail This AE method compares favorably with
the traditional methods of ultrasonic testing. Efiere, most of the experimental and theoretical
works in AE area are devoted to the study of thetimship between AE signal characteristics
and material stress state and fracture paramé#tansy authors have attempted to define the
functional or correlated connections between crpekameters and registered AE signals
without dwelling on the preconditions that allowchuelationship dependences (in some cases,
they are determined from the results of data psiogs

Table 1. The AE signal parameters for some sources

AE source type Amplitude or AE impulse Signal Signal
energy, PaorJ duration, ps spectrum
width, MHz

Frank-Read dislocation ((10%- 109 G; 5 510t 1

source G is the shift absolute valug

The annihilation of 18 18 A1 s

10°m long dislocation 4x(10%*- 10" 5x10 10

Micro cracks 10%2 101 10% 102 50

formation

;I’hse o_llsappe_arance of 10 10 102 10° i

m>-sized twin

Plastic deformation of

material with a 10* 10° 0,5

characteristic size of 1n

T_hermal noises energy in 1 4.2x10%9/Hz ) up to 10

single frequency band

From the dependences presented above, according$o researchers, the most reliably
established and sustained is an exponential caondogtween the total count of AE impulses
and stress intensity factors at the vertex of avgrg crack. The exponemt is associated with
the sizes of plastic deformation area in vertexa afeveloping crack. However, if you stick to
this point of view, then the value of paramateshould be equal to four. Experiments provide a
wider range of variation of this parameter. It &atmined that the exponemtis a function of
dimensionless complex?/E, , including fracture toughnesk, , Young's modulus: and

surface energp of the material. Depending on the complex magmitatithe parametem for
different materials can vary in the range from 4 10,5, which well agrees with the
experimentally observed values of this index.

We should also mention publication [12], which repdhe results of careful experimental
studies and demonstrates that the sum of the paaktades of AE pulses is associated with
the area of cracks in brittle fracture of materiala linear relationship.

In recent years research works were performeddratha related to AE in heterostructures,
the results of which were provided in the revietick [25]. However list of references [12-24]
was shortened by editorial staff of the journalhwiit the consent of the authors in the process
of translation into English, for that the editorswid like to apologize to authors of these works.
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Conclusions

Physical basis and scope of the acoustic emissid) ¢egistration method have been
examined in the presented review paper. The adyestaf this method are as follows:

- Efforts associated with preparatory procedures thie monitoring complexity is by tens
(hundreds) times smaller than in the case of atiethods of nondestructive testing (NDT): this
method does not require surface continuous scanniag allows to set sensors on the
investigated object locally (surface area for Alsse placing is from 1 mfmto 150 crf),
which considerably reduces production costs: igmlaiminimal removal, surface minimal
stripping).

- It is global in volume control. Control of the wle object with determination of the defect
origin and development locations (location modekmlized by installing several sensors. This
allows using this method for control of inaccessiblrfaces and also to carry out continuous
condition monitoring of the object during functiogi and go from periodic technical
examinations to exploitation of object on his attaeahnical condition.

- It allows diagnosing an object as a whole, withiaking it out from the existing mode of
exploitation or taking it out for a minimum timeathgives obvious economic advantages as
compared to the traditional NDT methods that resmugrmination of facility operation to
conduct monitoring.

- AE control method provides the detection and gtegiion of initiating, andtherefore,
highly harmful defects, and performs their classifion not by size, but by the degree of
negative impact. It means, in particular, that sofbeexample round defects the size of which
exceeds the acceptance level of traditional NDThods, using AE control may fall into a class
of non-hazardous, since they exist but do not agveluring the operation of an object. It
allows us to reasonably cancel the stop of theablgad repairs which in a number of cases
only reduce reliability of an object.

- Itis characterized by the versatility with resp® the choice of the diagnosed object, i.e. it
can be used without limitations for evaluation oy @bject where the change of pressure (load)
for initiation of possible defects can be provided.

- It has a high efficiency: the time spent on prapay works and technical diagnosis is
much lower compared to the traditional NDT methods.

The disadvantages affecting the measurement agcorag include features such as:

- necessity of acoustic contact of transformer with ¢ontrol object;

- increased requirements to the purity of the producface;

- eternal noise influence on the measurement results;

- influence of object temperature and vibration, etc.
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