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Abstract—Results of theoretical researches of acoustic radiation energy interrelation with composition
material deformation speed at its destruction by shear force with use von Mises criterion are considered.
It is defined that to increase of deformation speed there is not a linear increase of acoustic radiation
energy. Thus, increase of the acoustic emission signals maximum energy advances to increase of their
total energy. It is shown that such increase of acoustic radiation energy is caused by increase of
composition material process destruction speed. It is defined that the regularity of acoustic emission
signals maximum and total energy change with increase deformation speed are well described by power

functions.

Index Terms—Acoustic emission; acoustic radiation energy; criterion of destruction; energy statistical

parameters; composite material.
I. INTRODUCTION

The Composition Materials (CM) possess high
physical-mechanical characteristics. They are wide
used at production of responsible parts, which work
in the conditions of high temperatures and pressure,
aggressive environments. To ensure the reliability of
CM products, theoretical and experimental studies of
the composites destruction processes using various
methods are carried out. Studies are aimed at
searching for criteria that allow predicting the
limiting state of CM (determine the stage of
approaching the complete composite destruction).

One of research methods of CM destruction
processes is the method of acoustic emission (AE).
Application the method is due to its high sensitivity
and small inertia to the processes of materials
deformation and fracture, including CM. AE method
is a dynamic reflection the processes that occur in
the structure of the material. Most studies of CM
destruction processes using AE are experimental.
The obtained empirical regularities of AE
parameters changes have a limited application. This
is due to the complexity of interpretation research
results associated with complexity of the AE
phenomenon — AE is reflection of processes in the
material structure on micro and macro levels.

In theoretical studies, various models of CM
destruction processes with attraction and AE method
are used. The analysis of the results is aimed at
predicting the CM destruction time. Thus not the
processes of acoustic radiation formation and its
parameters change, but the processes of

accumulation events or AE energy are considered.
These processes are considered closer to the CM
complete destruction. At the same time, with
existence the general concepts constructing models
of CM destruction processes development for
carrying out researches various criteria for
destruction are used. One of such criteria is von
Mises criterion. Determination of acoustic radiation
parameters regularities change when using this
destruction criterion and action of various factors is
interest to development the methods of monitoring
state and predicting CM destruction.

II. STATEMENT OF THE TASK

The purpose of article is research the influence of
CM deformation speed on AE energy at composite
destruction by shear force according to von Mises
criterion.

For achievement the purpose of article the
following problems were put:

— to simulate the acoustic radiation energy with
increasing CM deformation speed and its
destruction by von Mises criterion;

— to carry out data processing with
determination the regularity of AE signals
maximum and total energy change at increase
of CM deformation speed and its destruction
by von Mises criterion.

III. REVIEW OF PUBLICATIONS

Much attention in scientific literature is paid to
theoretical and experimental studies of CM
destruction processes. This is due to the need to
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develop methods for predicting the CM destruction.
Theoretical studies are carried out using various
concepts and models. One of models which is
widely used at research of CM destruction processes
is the fiber bundle model (FBM). The model has
been offered in article [1] at research of textile
materials destruction. Within many years the model
developed and has found application at research of
different materials [2] — [10].

According to the model, material is presented in
the form of fibers (elements) bunch which have
identical length. Elements destruction brittle and
have linear elastic behavior until destruction. All
elements have the same Young's modulus. The
destruction of the elements occurs in a sequential
manner upon reaching the value of their strength.
The load at which the elements are destroyed is a
random variable with a certain probability density
and distribution function. When analyzing the
material destruction process, certain rules are used to
redistribute the applied load on the material
remaining elements — local load sharing (when the
element is destroyed, the load is redistributed to the
nearest neighbors) and equal load sharing (when the
element is destroyed, the load is redistributed to all
remaining elements).

Most of the studies using the FBM are devoted to
the CM destruction under stretching conditions [2] —
[10]. Thus the analysis of acoustic radiation is
carried out [3], [4], [11]. However, when
considering acoustic radiation, it is not the process
of AE signal formation is analyzed. The analysis of
energy accumulation process or the rate of AE
events energy release is carried out. At the same
time, the obtained relations characterize the
destruction processes and acoustic radiation only in
approximation to the complete material destruction,
and at the time of destruction there is a gap in the
studied functions.

In articles [12], [13], the FBM heterogeneous
material destruction by shear force with a local and
equal load sharing was considered. The regularities
of equivalent stresses change for various fracture
criteria with a linear input of deformation are
considered. The analysis of patterns number
remaining elements changes, as well as distributions
of avalanche damage size caused by destruction of
one element is carried out. In articles [14], [15] the
FBM to the analysis of granulated material
destruction process by shear force is considered. The

3
c, ()= oct-O.SH2—2\/a+ o’ logi+

where a is the deformation speed.
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analytical formulation of energy release rate during
the material elements destruction is considered. The
relationship between voltage surges and AE events,
which is consistent with experimental data is shown.
The received results as authors have noted can be
used to predict the material destruction. It should be
noted that at granular material destruction, the
process of AE signal formation is also not
considered.

In article [16] the FBM of CM destruction at
action of shear force and AE signal is considered.
Taking into account the basic provisions of FBM,
rule (criterion) OR, and kinetics of CM destruction
process, expressions for remaining elements number
in time and AE signal are obtained. It is shown that
dependence of remained elements number change in
time has continuous nonlinear nature of decrease.
Thus the continuous AE signal is formed. The AE
signal is a pulse signal. It is characterized by the
accelerated increase of the forward front and
exponential reduction of the back front. It is shown
that to increase of CM deformation speed there is an
increase of AE signal amplitude and reduction of its
duration. Theoretical researches of influence
deformation speed on the AE energy parameters
(power and energy) at KM destruction by shear
force using criterion OR is considered in article [17].
It is defined that to increase of CM deformation
speed there is not a linear increase of AE energy
parameters. The obtained regularities are well
described by power-law functions. It was also
determined that a parameter which does not depend
on the CM deformation speed is the area under
envelope of AE signals amplitude. At the same time,
when analyzing CM destruction process for the
FBM, other criteria of destruction are also applied.
One of such using criteria is von Mises criterion
[12]. From the point of view CM diagnostic state,
determination of acoustic energy relationship with
the composite deformation speed during its
destruction by von Mises criterion represents
unconditional interest.

IV. RESULTS OF RESEARCHES

At CM destruction by shear force using von
Mises criterion for the case of two independent
uniform distributions fracture thresholds with
boundaries [0, 1] at linear load input, the equivalent
stresses change is described by expression of the
form [12]
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Expression (1) is obtained provided that the
Young's modulus and coefficient characterizing the
material element dimensions are equal to 1.

At such equivalent stresses change, the
expression for the formed AE signal at CM
destruction has the form [17]

U(t) = U()UO [Gm (t) - G(ZO)]
.[ " om(D-0(0)] 4, (2)
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where are respectively, equivalent

o, (1), ()
stresses on the CM elements change in time and the

threshold stresses corresponding to a time point ¢,
of the CM beginning destruction; U, is the
maximum possible displacement during the CM
instant destruction, consisting of N, elements;
v, are constants depending on CM physical-
mechanical characteristics.

According to the results of AE pulse signal
amplitudes calculating, according to (2), we will
calculate the signal energy by the expression

E(t)=At, Y Ul (i-At,), 3)

where i = 0, ..., k£ is the number of AE signal
amplitude value calculated for its duration; A, is
the time interval between the calculated values of
AE signal amplitudes ( A¢, = constant).

Let's carry out modeling of formed AE signal
energy dependences change in time, according to
(3), taking into account (1) and (2). We will carry
out modeling in relative units. When modeling the
value of speed of deformation o will be changed in
the range of values from o =10 to & =50 with a
step of increment 10. Thus the values of v, and r

are assumed to be equal: ©; =100000; 7=100000 .

When modeling dependences of formed signal
energy change we will consider that at a=10
destruction CM begins at the time point #,. To this
time there corresponds the destruction threshold
stress o,. The value of time ¢, is taken equal to
f, =0.001. According to calculations, expression
(1), for time ¢, the destruction threshold stress o, is
equal 6,=0.008897277688462064. When modeling
of acoustic radiation energy we will consider that at
other deformation speeds threshold stress &, does
not change.

Regularities of equivalent stresses change on the

CM elements, according to (1), for the accepted
deformation speeds are shown in Fig. 1.

According to the carried-out calculations (Fig. 1),
at destruction threshold stress G, =
=0.008897277688462064 the times of CM
beginning destruction for the accepted deformation
speeds are make: for & =20-7,=0.0005; for
6 =30-17,=0.00033; for & =40-17, =0.00025; for
a.=50-17,=0.0002.

The results of calculations AE signals energy
dependences change AE in relative units for the
accepted modeling conditions are shown in Fig. 2.
When plotting graphs on Fig. 2, the time is given by
the time of beginning CM elements destruction for
each deformation speed.

o

0,04

0,03 1

0,02 +

0,01’

1/
0,00 T T T T T T T T T i 0 ~
0,0000 0,0002 0,0004 0,0006 0,0008 0,0010 /

Fig. 1. Dependences of equivalent stresses change in time,
according to (1), for various CM deformation speeds:
1-a=10;2—a =20;3-a=30;4— &= 40;
5—-a=50
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Fig. 2 Graphs of AE signals energy changes in time in
relative units during the CM destruction by shear force.
Deformation speed: / — a=10;2— & =20; 3 — a=30;
4— a=40;5—- a=>50; v, =100000, #=10000,

U, =0.008897277688462064

From (Fig. 2) it is visible that with increase of
CM deformation speed leads to increase of acoustic
radiation energy. As demonstrate calculations, at
increasing deformation speed in 2 times (from
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a =10 to a=20) the maximum and total energy of
AE signal increase, accordingly, in 5.67 times and
3.74 times. At increasing deformation speed in 3
times (from & =10 to & =30) the maximum and
total energy of AE signal increase, accordingly, in
16.11 times and 7.93 times. At further increasing
deformation speed in 4 times (from & =10 to
a =40 ) the maximum and total energy of AE signal
increase, accordingly, in 33.83 times and 13.28
times. If the deformation speed increases in 5 time
(from a=10 to a=50), the maximum and total
energy of AE signal increase, accordingly, in 60.35
times and 19.79 times. Such increase of AE energy
is caused by increase in speed and reduction the time
of course CM destruction process. This is well
observed in the dependences of the accumulated AE
signals energy (Fig. 3).

From Figure 3 it is visible that with increase of
CM deformation speed increase the steepness of
accumulation AE signals energy curves is observed.
When plotting graphs on Fig. 3, the time is given by
the time of beginning CM elements destruction for
each deformation speed.

The results processing of the obtained data in the
form of dependences AE signals maximum and total
energies changes in relative units at CM deformation
speed increase are shown in Fig. 4.
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Fig. 3. Dependences of accumulation AE signals energy
change in time in relative units during the CM destruction
by shear force. Deformation speed: / — a.= 10;
2—-6=20;3-a=30,4— 6=40;,5- a=50;

U, =100000, 7 =10000, O, = 0.008897277688462064

From Figure 4 it is visible that dependences have
not linear nature of increase. Approximation the data
provided on Fig. 4a shows that dependence of AE
signals maximum energy change on deformation
speed during CM destruction is well described by a
power-law function of the form

E, =ad’, 4)

where a, b are coefficients of approximating
expression.

At description the dependence of Fig. 4a by
expression (4) values of approximating expression
coefficients a and b were equal: a=4.1902-10"",
b =12.58647. Thus determination coefficient R* make
R* = 0.99999 and residual dispersion SD* make

SD*=6.9787-10" . At approximating dependencies
shown in Fig. 4a, the criterion for choosing the
approximating expression (4) was the minimum of
residual dispersion.
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Fig. 4. Dependences of AE signals maximum energy
(a) and total energy (b) change from deformation speed
in relative units at CM destruction by shear force

Approximation the data provided on Fig. 4b
shows that dependence of AE signals total energy
change on deformation speed during CM destruction
is well described by a power-law function of the
form

E =ca’, 5)

sum

where ¢, d are coefficients
expression.
At description the dependence of Fig. 4b by

expression (5) values of approximating expression

of approximating
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coefficients ¢ and d were equal: ¢ = 2.7449. 10_6,
d = 1.80696. Thus determination coefficient R* make
R* = 0.99994 and residual dispersion SD* make
SD* =1.2311-107", At
dependencies shown in Fig. 4b, the criterion for
choosing the approximating expression (5) was the
minimum of residual dispersion.

Results of researches show that increase of CM
deformation speed at its destruction by shear force
with using von Mises criterion leads to increase of
acoustic radiation energy. Thus increase of AE
maximum energy advances increase of AE total
energy. Maximum and total energy of formed AE
signals do not increase linearly. They are well
described by power-law functions. Increase of
acoustic radiation energy is caused by increase of
CM destruction process speed. Regularities of AE
signals maximum and total energy change can be
used to develop methods of monitoring and
predicting destruction products from CM.

approximating

V. CONCLUSION

Results of modeling acoustic radiation energy at
CM elements destruction by shear force with using
von Mises criterion depending on deformation speed
are considered. It is defined that to increase of
deformation speed there is increase of acoustic
radiation energy with reduction of CM destruction
process time. Thus the maximum and total AE
energy have nonlinear nature of increase. However,
with increase the CM deformation speed increase of
AE maximum energy advances increase of AE total
energy. So at increase of deformation speed in
3 times the maximum and total energy of AE signal
increase, accordingly, in 16.11 times and 7.93 times.
At the same time, at increase of deformation speed
in 5 times the maximum and total energy of AE
signal increase, accordingly, in 60.35 times and
19.79 times. Such increase of acoustic radiation
energy is due to increase the speed of development
CM destruction process. It is shown that with
increase of deformation speed the increase of AE
signals accumulation energy speed is observed.
Statistical data processing with approximation
obtained regularities showed that dependences of
AE maximum and total energy change are well
described by power-law functions.

The results of the conducted researches can be
used to develop methods monitoring and predicting
destruction of various products from CM both at the
production stage and at the operational stage. In the
future, it will be interest to study the influence of
CM physical-mechanical characteristics on fracture
processes and AE signals amplitude-energy
parameters.
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C. . ®inonenko, A. I1. CtaxoBa. B3aeM03B’ 130k aKyCTHYHOI eHeprii i3 IBUAKICTIO 1e()OPMYBAHHS KOMIIO3UTY
npH iioro pyiiHyBaHHi 3a kputepiem Mizeca

Po3rnsinyTOo pe3yibpTaTH TEOPETUYHUX JIOCTIDKEHb B3a€MO3B’SI3KYy €HEprii aKyCTUYHOrO BHIPOMIHIOBaHHS 13
HIBHAKICTIO e()OpPMYBaHHS KOMITO3UIIIIHOIO MaTepiaily npu HOro pyiHyBaHHI HOIEPEYHOIO CHIIOK 3 BUKOPHCTaHHSIM
Kputepito Mizeca. BuzHaueHo, 110 i3 3pOCTaHHSAM IIBUIKOCTI JeOpMYBaHHs BiIOyBaeThcs HE JIiHIHHE 3pOCTaHHS
€Heprii aKyCTUYHOTrO BHIIPOMIiHIOBaHHS. [IpM LIbOMY 3pOCTaHHSI MaKCHMaJbHOI €Heprii CHrHaNiB aKyCTHYHOI emicii
BHUIIEpEPKae 3pocTaHHs iX cymapHoi eHeprii. [loka3aHo, 10 Take 3pOCTaHHS €HEpPrii aKyCTUYHOI'O BUIPOMiHIOBAHHS
00yMOBJIGHO 3POCTaHHSIM MIBHAKOCTI TIpOlLlECY pYHHYBaHHS KOMITO3MIIfHOro Marepiany. BusHaueHo, 110
3aKOHOMIPHOCTI 3MIHM MaKCUMaJlbHOI i CyMapHOi €Heprii CHrHaliB aKyCTH4HOI eMmicii ii 3pocTaHHSIM IIBHIKOCTI
nedopmyBaHHS 100pe ONHUCYIOTHCS CTEIEHEBUMH () yHKITISIMH.

Karwu4oBi ciioBa: akycTuuHa eMicisi; €Heprisi akyCTUYHOI'O BHUIIPOMIHIOBAaHHS; KpUTEpiil pyHHYBaHHS; CTaTUCTUYHI
€HepreTUYHI apaMeTpy; KOMIO3UIIIHHUN MaTepial.

®dinonenko Cepriii ®enoposuy. Jokrop TexHiunux Hayk. IIpodecop.

AepokocMivnuii hakynprer, HarioHanpHuiA aBialiiHuid yHiBepcuTeT, KuiB, Ykpaina.

Ocgita: KuiBchbkuii mosiTexHivynuii incturyt, Kuis, Ykpaina, (1977).

HamnpsiMm HayKoBOi JisUTBHOCTI: IIarHOCTUKA TEXHOJOTIYHUX TPOLIECiB, aBTOMATH30BaHI A1arHOCTUYHI CHCTEMHU.
Kinpkicts myomikamii: 316.

E-mail: fils0101@gmail.com

CraxoBa Amkenika IlerpiBna. Kanannar texHiunux Hayk. J{oueHT.

AepokocMmivnuii dakyiprer, HanioHansHui aBianiiinuii yHiBepcuret, Kuis, Ykpaina.

Ocgita: HanioHanpHu# aBiamiiHui yHisepcureT, Kuis, Ykpaina, (2005).

HampsiMok HaykoBOi JisUTBHOCTI: CHCTEMH TEXHIYHOTO AiarHOCTYBaHHs BY3JIB TEpPTs, KOHTPOJIb 1 NPOTHO3YBaHHS
TEXHIYHOT'O CTaHy.

Kinpkicts myomikarii: 56.

E-mail: Angelik2003@ukr.net



S.F. Filonenko, A.P. Stakhova Interrelation Acoustic Energy with the Composite Deformation Speed at its ... 45

C. ®. ®uinonenko, A. II. CraxoBa. B3auMocBsA3b aKyCTHYeCKOl HEPrHM €O CKOPOCTHIO Ae()OPpMHPOBAHUS
KOMIIO3HMTA MIPH €ro pa3pyllieHUuH Mo Kpurepuio Muzeca

PaccMoTpeHbl pe3ynbTaThl TEOPETHYECKUX MCCIIECAOBAHUI B3aUMOCBS3HM OJHEPTUM aKyCTHYECKOr'O0 H3Iy4YeHHsS CO
CKOPOCTBIO  J1epopMHUPOBaHMSA KOMIIO3MIIMOHHOTO MaTepualla IIPU €ro pas3pylleHHd MOIEepedyHoi Ccuiuoil ¢
UCIIONB30BaHUEM KpuTepus Museca. OnpezeneHo, 4To ¢ BO3pacTaHHEM CKOPOCTH Je)OpMUPOBAHUS MPOUCXOIUT HE
JIMHEHHOE BO3pacTaHue SHEPTUH aKyCTHYECKOro U3ydeHus. [Ipu 3ToM Bo3pacTaHne MaKCUMaJIbHOIM SHEPTHH CUI'HAIOB
AKyCTUUECKOW HMUCCHH OIlepeXkaeT BO3pacTaHUe UX CyMMapHOH 3Heprud. IlokasaHo, 4TO Takoe BO3PACTaHHUE SHEPTHU
AKyCTUYECKOTO H3JIy4eHHs OOYCIOBJIEHO BO3pACTaHHMEM CKOPOCTH IIpoLecca paspyIleHUs KOMIIO3UIMOHHOTO
Matepuana. OrmpeneneHo, YTO 3aKOHOMEPHOCTH HM3MEHEHHS MAaKCUMaJbHOW M CYMMapHOH OSHEpPrUH CHUTHAIIOB
aKyCTHYECKOH IMHUCCHUU C BO3PACTAHUEM CKOPOCTH JIepOPMHUPOBAHUSI XOPOIIO OIHUCHIBAIOTCS CTEIIEHHBIMH () yHKITHSIMHU.
KnaroueBble cioBa: akycTHdyeckass OMHCCHs, OJHEPrHs aKyCTHYECKOrO W3JIyYeHHs, KPHUTEpUH paspylleHus,
CTaTUCTUYECKHE SHEPTETHYECKUE MTapaMeTPbl, KOMIIO3UIIMOHHBINA MaTepHall.
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