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Abstract: The most important peculiarities of the acoustidssion under fatigue loading are reviewed. Depeoegn
of the AE signals and parameters of the growinigdat crack on the basis of an existing literaturerse review are estab-
lished. An essential role of the correlation fotedmining the crack growth rate in the relationviEn the AE parameters
and crack parameters are shown. An energy appfoadetermination of cycle quantities till the maiion of a crack is pro-

posed.

1. SOURCESOF AE UNDER FATIGUE FRACTURE

In the presence of a fatigue crack during one logdi
cycle there is a possibility of appearance of a gemag-
gregate of the AE signals. To describe the pagrityl
of appearance of one or another signal component,
it is necessary to consider more in detail the @sees,
which lead to the AE signals in the presence oatadie
crack in a solid. To those processes one may ezfecrea-
tion and growth of a plastic deformation area a tip
of acrack; an increase in the crack length (sqQuare
the crack closure (Drobot and Lazarev, 1987; Penkin
and Terentev, 2006).

It is well known that a crack growth in construetiv
metal materials is accompanied by local plasticodeé-
tion. Its main components - sliding and twinningenerate
the AE waves. Usually, the principal contribution
to the emission of elastic waves is made by that pa
of the material, which within a certain range ofatiwe
deformation, transfers to the plastic condition. émoad-
ing and reloading of this volume to the precediraximum
loading level in consequence of Kaiser Effect ([rob
and Lazarev, 1987; Tensi, 2004) result in — a shie-
crease in wave emission. However, under the cyohd-
ing, even when the maximum cycle loading levelasnpa-
nent, there is a factor, which contributes to aoréase
in AE — that is the involving into the present dafiation’s
interval of a new volume of the material, previgusle-
formed outside the given interval. This is achigvetien
two conditions are satisfied. The first one is awulation
of the plastic deformation under constant crackgtlen
as a result of an unclosed hysteresis loop duhingetastic-
plastic deformation. The second one is the cracleldg-
ment, i.e. the crack length (square) increase.

The first condition is typical of cyclical off-stngthened
materials under the soft loading working conditi®uch
materials during asymmetric cycles have accumulatio
of the plastic deformation from a cycle to cyclendgr
those circumstances there is a development of ak"ne
inthe specimen and fracture is of the same charact
as under the static tension. This effect is absenyclical
strengthened materials. During the development afaak
a new volume of the material is involved into thasgic

deformation. Since an increase in the crack sqisate-
cated at the maximum of the cycle loading, the preg and
growth of the plastic deformation’s region and espon-
dingly the appearance of the AE signals from ptadi-
formation will be located at those maximums. Anrgase
in the crack length also causes AE signals, whiehla-
cated at the same places of cycle loading.

According to the research works (Mitchell and Egle,
1977; Mitchell at al., 1972) there was found oué anore
peculiarity of the AE signals. The two types of Aere
established: the first one appears at the pointaafimum
rate in the cycle, and the second — burst emissitrich
appears at the point of curvature’s maximum andmim.

The first type is connected with crack initiation,
and the second one — with crack growth. In worksy(fa-

jev and Kamyshov, 2002; Pavelko and Ozolinsh, 2@02)

AE signals were divided into discrete high-rangd aonti-
nuous low-range components. The latter was caused
by plastic yielding, and the discrete AE - by thewgth

of the existing crack.

A lot of experimental investigations (Drobot andzha
rev, 1987; Penkin and Terentev, 2006; Pollock, 1989
are devoted to the contact crack closure phenomenon
For a normal tear it starts when a loading falle/ddo zero
and evolves under compression. It is well known,
that a crack closure begins earlier — during a ehesw
in the cyclical loading. Emission waves under these
cumstances are caused by the two processes — dynami
blows and mutual friction of the crack banks. Ifeosup-
poses, that blowing and friction are just elastiocgsses,
then signals generated by them can not be referred
to the AE containing information on fracture, sintere
are not any reconstructions of the material stmgctn the
contact area. However, a typical kind of fatiguedbrtesti-
fies to the presence of the local plastic frictamformation
there. Thus, an aggregate acoustic signal of taekcclo-
sure phenomenon is a mixture of the useful AE dfggna
and acoustic noises resulting from the dynamidielasack
banks blowing. Frequency’'s spectrum of these noises
is limited and does not reach to the working fremyes
band, which is used while measuring AE. In thisrezmrtion
a number of the AE signals can be referred to médive
signals, and it is possible to define them as Afnficrack
friction.
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In works (Harris, 2007; Harris and Dunegan, 1974)
AE from a crack closure was interpreted as a doiter
of the presence of a crack growth during the cylolaing.

In the given work we will focus on the generation
of the AE waves resulting from the processes obtjua
yielding and crack growth. Considering this we dtdeep
in mind the fact that AE signals from the crackscie
phenomenon can be easily separated from other dialsi
with the help of time and frequency selection (Qobb
and Lazarev, 1987; Penkin and Terentev, 2006).

If one registers the components of plastic defoionat
and crack growth only, then it is possible to mamtiheir
two typical properties. First of all: the signale absent
in certain cycles (under the given apparatus seitgjt
Thus, all the loading cycles can be divided inttvac(with
the AE signals) and passive (without them). Seogndl
in the active cycle both the single impulses andugs
of impulses may arise. These particularities repres
a disproportional development of the fatigue crack
and possibilities of its several jumps in one cycle
in the region of the maximum loading.

2. DEPENDENCE BETWEEN PARAMETERS
OF THE AE AND CRACK PARAMETERS

The AE usage opportunities for the discovery aral-ev
uation of crack parameters are fined by the presenc
of relations between the crack parameters and thitteel
waves. The first of such relations are obtainediorton
etal. (1974). Investigating the aluminium alloy 220
the authors obtained a good dependence betweetottie
quantity of the AE signals and the rate of the krgi@wth,
as well as the stress intensity factor(k-factor). Using
Paris equation for determining rate of the craatwgh I’
as follows:

I'=CAK?Y, )1
whereAK — a changing interval défactor; C, g — material
parameters.

To obtain a better data correlation during expenisie
with different values of cycle asymmetR = Kpin/Kmax
and for maximum k-factors K., Wwhich approached
the critical valueK,, the empirical Forman equation for a
crack growth rate was used

__ GAKP
(1-R) (K~ Kpay)

whereC,, p — material parameters.

Haris and Dunegan (1974), investigating the growth
of a fatigue crack in the aluminium alloy 7075-T6
and in steel, considered that is directly proportional
to the energy releasing during the crack growth
(I=B/E(AK/(1-R))A"). Here J — energy; B — specimen
thickness;E — Young's modulus. To evaluate the velocity
of AE the formulaN = CJ was used, wher&/ — velocity
of AE counting;C — material constant.

In work (Lindley et al., 1978) it is assumed thd Ae-
pends on the two components: the above described)en
realising during the crack growth, and also onglaresses
of plastic deformation and fracture in the plastgion.
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Therefore, the velocity of the total measurementhef AE
was given in the form o' = N'3+ N, = (C; + Cy) -

J N’ 1oty Where Ni — velocity of AE counting under crack
extension; N', — velocity of AE counting under
the processes of plastic deformati@); — direct contribu-
tion of crack extensionC, — contribution of plastic defor-
mation activity. To describe the crack growth ratevell
known equation (Lindley et al., 1978) was applied:

r

. AK*

T 212 2 ' @)
0, (Kc - Kmax)

Hereg; — strength limity = 0,75 for steels. In the work
an essential difference between the total AE cognteloc-
ities for different steels and alloys is also pethbut, this
difference equals to almost 4 orders of magnit@bsides,
there was an investigation of the cycle asymmeffgce
on the AE velocity. It was established that the vdiocity
increases with the increase Bf Also there was shown
a decrease in crack growth rate near the maximauaiirig
when an overloading took place. In the given wor# also
in Hreshnikov and Drobot (1976) it was established,

that magnitude of the total AE countiry is proportional
to the plastic region volume. The authors of therkwo
Nagornyh and Sarafanov (1990), regarding the téfal
counting as that being proportional to the plastgion and
haven taken an increment of the crack as the maimit
of Irvin's correctionr = K,%/2zo+°, obtained the relation
between the AE counting velocity and crack grovetter

N:BKIZ%-

4)
In works (Gerberich and Hartbower, 1966, 1966)
is shown, that there is a possibility of quantitatrelation
between the AE amplitude and the crack size inereas
In work (Drobot and Lazarev, 1987) it is considered
that amplitudes of the dynamic displacemeffs caused
by an increase in the crack length (square), desséntial-
ly exceed the corresponding increments of the cstis-
placementd\u;, at the tip of the crack. In the mathematical
form it can be given as:

Ajn = qun (5)

An elementary act of the crack’s growing-up corssist
in the increase in its length by a small magnitutle
At a sufficiently high rate of the process (whil@jping)
the AE impulse is generated. It is also considered,
that under fatigue loading an increment of the krat
locates near the maximum loading. Th&htakes sense
of the crack length increment per cycle, i.e. crgckwth
rate I’ = dl/dn, wheren — the number of loading cycles.
Taking this into account, the dependence (5) cawritéen
as:

A, =My, (/])

2
pj max

Jap

1" (6)

Here Mj;,(1) — a certain function, which form depends
on the type and configuration of the crack, itseotation
relatively to coordinates axes, geometrical paramet



of the object, and peculiarity of the applied loadi[6];
A — crack length, relative to the width of flat sipeens;
Pimax — component of the outside specific maximum logdi
corresponding to the crack’s typé; — shear modulus;
op — limit of proportionality.

During the appearance in the cycle of several subse
quent crack jumps the dependence (6) remait'sinifplies
the total length of these jumps, aAg, stands for equiva-
lent amplitudesy,.

Thus, under other equal conditions the amplitudéhef
AE signal is proportional to the crack length. dincbe also
represented by the parameter

If a law of the development of the fatigue crack
is known, then the right side of (6) can be givhea form
of that having the only parameter — the crack lengt
To do so one should put into the equation (6) ohéhe
equations (1), (2) or (3). In that way we will oiota corre-
lation between the amplitude and the crack growth.

Generalizing relations between the AE parameters
and the crack parameters and resulting from thesipaly
nature of the phenomenon and a general
of the measurement of the AE parameters, in worolbt
and Lazarev, 1987) there was built a diagnostic ehod
with the help of the operator equation:
E=PE{ PA[PB(T):I"'MA}"'ME )

Here T —vector of the crack stat&,— AE signal vector;
Pe, Pa, Pg — operators of the electrical, acoustic and en-
trance conversion correspondentlf/, Iz — vectors
of the acoustic noise in the control object andsaoi
of the electronic equipment. As a result of theealos
of the general solution to the problem of the dyitaetas-
tic-plastic deformation theory, solid acoustics,chemnical-
electrical conversion of the vibration, etc, itnist possible
to define strictly operators in equation (7). Sonuamber
of hypotheses are assumed, simplifying mutual ddgen
cies between the properties of the object, the Arces
and its signals. Among them there are a simplificat
of the geometrical characteristics of the crack, ahsence
of noises — an ability to cut noises and selectugeful AE
signals with the help of active methods or equiphmeans
(Bezimjany and Halenko, 2007; Drobot and Lazar®87t
Penkin and Terentev, 2006; Pollock, 1989; Skalsky
and Koval, 2005). The form of operators in form{ix also
essentially depends on the choice of state parasnete
and informative parameters of AE. The simplificatican
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strength criterion the crack growth velocity is chised
by the function ofk-factors K, K;, Ky ). Besides the
strength approach, the deformation approachesapisied,
which is based oW — model. The deformation criterion
is used, when the plastic region at the crack eslgé size
as the solid and the defect.

The described criteria are sufficiently effectivénem
the loading cycle is stable (an overloading andeguency
change are absent). As well as the history of thageral
deformation and crack extension are not taken @uo
count. Therk-factors or magnitudes of the crack disclosure
are fatigue fracture invariants.

For a detailed description of the pre-critical dai
crack growth, when a change of the cycle loading an
its amplitudes possible, the history of deformatiorack
extension and the effect of the aggressive enviesim
are taken into account. For this purpose energyoagpes
are to be used.

For the first time such an approach was offere€Chg-
repanov. In its basis there is a hypothesis of teocy

scheme of the dissipative energy during the creation ohé of the

fatigue fracture surface and the first thermodyranmaw
of energy balance. Finally Cherepanov approach cds
be transformed to the representation of the crackvip
rate as a function df;, but in a more detailed form. A more
perfect approach is given in work (Shata and T&dec
1999). Here as the basis the first thermodynanmées |
is taken, according to which aftBrloading cycles the fol-
lowing energy balance condition is fulfilled:
A+Q=W+ K +I (8)
where4 — work of inner power® perN cycles;Q — heat
magnitude, brought to the solid p&F loading cycles;
Ke — kinetic energy of the solidy — deformation energy
afterN loading cycles]” — fracture energy of the solid with
a change of its square by magniti&le

Through the differentiation of the (8) by the cyqlean-
tity N, was pass to velocities, and introducing a number
of simplification, we obtain the equation for crasfuare
growth velocity

0S _ow, /o(r-Ws-W)

ON ON 0S

where W, — energy of a cyclic change of deformation;
W, — static component of the energy, which changethgu
crack growth;W, — energy of plastic deformation of the

©)

be obtained, if one uses parameters not connected material before the beginning of the cyclic loadikving

(or slightly connected) to the form of the acoustgnals.

3. DETERMINATION OF CYCLE QUANTITIES
TILL THEINITIATION OF A CRACK
BY THE ENERGY APPROACH

Following the previously discussed peculiarity lod tre-
lation between the AE parameters and crack paramete
it should be pointed out that the essential roleafespon-
dence between these parameters is played by thedatan
for determining the crack growth rate. It is weladwn
that one of the widespread approaches to the idsear
of the fatigue macro-cracks is the strength coteriin the

determined in the relation (9) energy magnitudematng
to the results of work (Shata and Terlecka, 198@)come
to the equation for definition of the crack growtdtes,
in the right side of which only material constaatsd k-
factors will be present.

An investigation of the energy approach and itdiepp
tion to the various problems of determining a fatigcrack
growth rate are carried out in works (Andrejkiv
and Lischyncka, 1999, 2000; Andrejkiv and Rudavsky,
2004; Andrejkiv and Kit, 2006; Terlecka and Kit, Q2.
Among the principal results there the following:

— Description of the fatigue crack growth equation

in the non-homogeneous plates (Andrejkiv and Li-

schyncka, 1999) (the kinetic crack growth equations
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plates which are non-homogeneous in relation tadhe
sistance to fracture were formulated; taking imtasid-
eration the preceding plastic deformation).

Calculation model of the initiation of the fatigeeack
near the notch filled with hydrogen (Andrejkiv aRdi-
davsky, 2004) (a calculation model of the fatiguack
initiation using the energy approach was built. Tie
fluence of hydrogen was modeled by decreasing:atiti
deformation according to the linear law).

Energy approach to determination of the pre-cilitica
growth of the fatigue crack under loading with tive-
quencies (Andrejkiv and Kit, 2006) (loading withaw
frequencies: one with high amplitude and low fregne
was taken into account, another with low amplitude
and high frequency).

Application of the energy approach to evaluation
of the residual durability of thin-walled elementsth
surface cracks (Terlecka and Kit, 2004) (a formula
for calculation of the number of cycles to through-
extension of the crack in a thin plate was obtgined
Residual durability of elements, which are non-
homogeneous by the mechanical characteristics
(Andrejkiv and Lischyncka, 2000).

CONLUSIONS

Under a fatigue loading the AE is characterized

by a number of properties an investigation of whadn
provide a clue to solution of different essentiablgems
of fracture mechanics.

Following to the reviewed literature sources, pagtars

of the AE particularly correlate with rate of thati§ue
crack growth. Among different theoretical
of the crack growth rate determination, energyecigin
is the most complete. It includes all factors theist under
fatigue fracture. Thus, there is a great interasfuirther
theoretical-experimental investigations of the Aignals
application for interpretation of fatigue fractureechan-
isms and their combination with energy approachtiahs
obtained in works (Andrejkiv and Lischyncka, 192900;
Andrejkiv and Rudavsky, 2004; Andrejkiv and Kit, 38
Terlecka and Kit, 2004).
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