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Acoustic emission signal in the machining of coritpasaterial for the prevailing thermal activationechanism of destruc-
tion of the surface layer with the change of thepeter, which coincides in size with the perioglibfations of the lattice atoms of
the solid body, was simulated. It was shown thatrésulting signal of the acoustic emission is atiooous signal of a strongly
peaked shape. The regularities of changes in amgliparameters of the acoustic emission with taegh of the parameter, which
coincides in size with the period of vibrationshef lattice atoms of the solid body, were deterdhine
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IIposedeno mooentosanus cueHary akycmuyHoi emicii nio uac MexamiuHo2o 06pobaeHHA KOMROSUYLUHO20 Mamepiany ons
nepesadcHo20 MepMoaKmueayiitHo20 Mexanizmy pyUHY8aHHs NOBEPXHEE020 WApy 3 YPAXYBAHHAM 3MIHU napamempad, wo
30i2aemuvCsi 3a BeNUUUHOIO 3 NEPIOOOM KOIUBAHL AMOMIE 2pamKu meepoozo miaa. Iloxkasano, wo pe3ynomyrouuii cueHan axy-
cmuyuHol emicii € HenepepeHUM CUSHATIOM I3 CUTbHO NOPI3aHoto opmoro. Busnaueni 3akoHOMIpHOCE 3MIHU AMAIIMYOHUX
napamempie aKyCmuuHo20 GUNPOMIHIOBAHHS NPpU 3MINI napamempa, AKul 30ieacmvpcs 3a 6eIUUUHOIO 3 NePio0OM KOAUBAHb
amomie spamxu meepoo2o mind.

Knwuogi cnosa. axycmuuna emicis, KoMnosuyiiHuti mamepiai, pe3yibmyoyuti CueHal, mepmMoaKmusayiina mooens,
amnaimyoa, napamempu, 3aKOHOMIpHOCI, YYMAUBICIb, MeXaHiune 00poOIeHHs.

IIposedeno modenuposanue cusHaNa aKyCmuyeckou IMUCCUU npu MexaHuyeckol oopabomxe KOMROZUYUOHHO2O Mame-
puana ona npeobaadaiouweco mepmoaKmu8aAyUOHHO20 MEXAHUIMA PA3PYUEHUSI NOBEPXHOCIHO20 ClLOSI C YYemoM U3MeHeHUs!
napamempa, cosnaoaioweco no Geauture ¢ nepuoooM Koaebanuii amomos peuemxu meepooeo mena. Iloxasano, umo pe-
SYIMUPYIOWUTE CUSHAN AKYCIMUYECKOU IMUCCUU ABTACMCS HENPEPLIBHbIM CUSHALOM C CUTLHO Uspe3anHol popmoii. Onpede-
JleHbl 3aKOHOMEPHOCU U3MEHEeHUs aMNIUMYOHbIX NApamempos aKyCmuiecko2o U3IyyeHus npu usMeHeHuu napamempa,
cosnaoaiowe2o no genuduHe ¢ nepuoOOM Koaebdanull amomoeg pewemxu meepoo2o meida.

Kniouesnie cnosa: axycmuueckas SMUCCUsl, KOMROSUYUOHHBLL MAMEPUAI, PE3VIbIMUPYIOWUL] CUSHAT, MEPMOAKMUBAYU-
OHHASL MOOEb, AMRAUMYOA, NAPAMempbl, 3aKOHOMEPHOCHIU, YY8CMBUMETbHOCIb, MeXanuyeckas oopabomxa.

Problem statement. Products made of composite materials (CM) are widskd in vari-
ous industries due to their high durability andfpenance specifications. To achieve the de-
sired product quality, research is carried out i development of the methods of control,
diagnosis and monitoring of technological machirngcesses for CM. One of such methods
used in the machining of materials of crystallibeicture and CM is the acoustic emission
method (AE). The essence of the AE method is thetécorded acoustic emission is the re-
flection of internal processes that develop indbgace layers of the material in machining.
The method is characterized by low inertia. AE rodtls sensitive to changes in the process
which develop during machining, resulting in a dpann the parameters of the generated
acoustic emission.

Analysis and processing of the acoustic emissiosamaters, with further definition of the
acoustic emission regularities, is an importaniaess the application of the AE method dur-
ing CM machining. This is due both to the diffice# of experimental research in the process
of machining, and a significant number of paransetsifecting the AE signal. From this
viewpoint, theoretical studies that involve anadysi the acoustic emission under changing of
the machining parameters acquire in importance. rékalts obtained during the simulation
are fundamental in the development of methods femitaring and diagnosis of CM machin-
ing processes.

Analysis of recent research and publications. In developing the methods of control and
monitoring of technological machining processesnhaterials, continuous AE signal parame-
ters are analyzed. In this case, we investigaténtheence of various factors on the analyzed
parameters of the sensed AE signals. These faatir@as machining parameters (cutting
speed, depth of cut, cutter feed) and physicalna@chanical properties of the materials.

Empirical regularities in the change of the AE silgnunder change of the influencing fac-
tors, obtained by most of the authors, are notlestand some studies are contradictory. Most
of the published results relate to experimentalisti[1-4]. At the same time, there are rather
few theoretical studies related to the developnaemt simulation of the acoustic emission
during machining of materials [5-9]. Therefore,atiren of the acoustic emission models, de-
scribing the material machining process, with farteimulation, is one of the main tasks of
theoretical studies.

Studies [6; 9] consider the model of AE resultingnal generated during machining of
materials of traditional structure (turning opeva). The model is based on the principles of
generation of the acoustic emission at deformadiod fracture of the surface layers of the
material during machining. The results of the smtioh showed that the generated AE sig-
nals are continuous signals of strongly irreguteape. The obtained theoretical results agree
with the experimental data [3; 6; 9].
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Results of AE signals simulation under the chanigene of the material machining pa-
rameters (machining speed), discussed in studysf#jwed that change of the material ma-
chining speed leads to the change in the averagétade level of the resultant AE signal, its
standard deviation and dispersion.

Approaches used in the modeling of the acousticsgion discussed in [6], can be applied
to making the acoustic emission model in the cagavbmachining.

Resear ch tasks. The study will include simulation of the AE sigrialthe machining of
composite material for the prevailing thermal aation mechanism of destruction of the sur-
face layer, with the influence of the parametencming in size with the period of vibrations
of the lattice atoms of the solid body. Dependeruédle change of the amplitude parameters
of the resulting AE signal under the change ofghmmeter coinciding in size with the period
of vibrations of the lattice atoms of the solid Bodill be analyzed. Sensitivity of AE ampli-
tude parameters will be determined.

Theoretical results. In general, the model of the resulting AE signathe CM machin-
ing, excluding wear of cutting tools, is discusgefll0] as follows

Up(t)=ZUR(t—tj), (1)
J

where t; — is the occurrence times of AE pulse signdlg, arising under the prevailing

thermal activation destruction of certain CM arefithe set size.
The occurrence time of each subsequent AE sigmabedormulated as follows

t; = jAt;, (2)
where At; — is the time interval between the beginning afiegation of the subsequent AE

pulse signal in relation to the previous one.
As the model of the AE pulse signal, we used tly@adi model [7], which is generated
during thermal activation destruction of CM

1 - -x(ty-t) _e/Yto)

__(e

Ug(t) =uate ¥ (to~tg ToX , 3)
where 1, — is the parameters which coincides in size withgeriod of thermal vibrations of
the lattice atoms of the solid bodg, — the rate of the applied load variatiohs; current

: N . : : : .
time; u, =—2 BJ, — the maximum possible shift at instantaneousrdetsn of the set CM
To

area consisting ofN, elements (the initial number of elementg#);— coefficient of propor-

tionality between fracture stress and amplituda single pulse of perturbation at destruction
d
of a single CM element), = [a(r)dr; o — duration of a single perturbation puls¥r)-
)

2

function defining the form of a single perturbatipulse;)(=k£fl_; t, :ﬁ; U, — the initial
724

activation energy (the value of the initial energgrrier) of the destruction proceds;—
Boltzmann’s constan® — temperaturey — structural-sensitive factor.

CM machining speed determines the duration of #srdction process for a given CM
area and time parameters of AE pulse signalsthesr duration. Ideally, for the set CM ma-
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chining parameters, time intervalst; of occurrence of AE pulse signals, according tp (2

shall be the same. However, the duration of theessive CM destruction processes in time
will be influenced by various factors. For exampligspersion properties of the processed
CM, instability of the work piece rotation speemhel feed speed or others. In this case, the

time pointt; can be formulated as follows
t, = jAt; 9, (4)

whered —is a random component in the occurrence poieaof subsequent AE pulse signal.
According to (1), with due account of (2) and (&}, us simulate the resulting AE signals
in relative units as a function of parameter chang®inciding in size with the period of

thermal vibrations of the lattice atoms of the dddody 7,. Simulation is carried out under

the following conditions. Parameters in equationgi reduced to the dimensionless values,
and time is normalized tg. We assume that at initial conditions, the unithef material area

is destructed for a certain cutting depth. The #@nnié of the signals will be normalized to the

initial value u,. Value % is reduced to a single normalized value. Undeh standitions

X =a. Value for parameter, is taken equal td0™’. Value of ¥ or & is taken asy =30.
At simulation, value7, will be changed within the range from= 10" to 7,=3-10" with

growth increment 0;30™" .
Value of Afj Is taken based on the calculation of the duratbAE pulse signal, as per

(3). Basing on the calculation for the set spgednd 7,= 107" value of Afj is taken equal
to: ¥ =30 - Afj =0,08. Value of & for X =30 will be changed with the range from 0 to 0,12

arbitrarily. For otherz, values,Afj and d will be changed in proportion to the change of

the pulse signal duration.

Simulation of the resulting AE signals for the assd conditions, in the relative units, in
the form of their amplitude time dependencies espnted in Fig. 1. Charts in fig. 1 are based
on the calculation results for 4,000 amplitude ealfor each resulting AE signal. For charts
in Fig. 1, the current time was normalized to timeet of the destruction process of CM sur-
face during machining.

The simulation shows (Fig. 1), that the resulting gignals for the assumed conditions
with the prevailing thermal activation destructiorechanism of the CM surface layer, are
continuous signals. The signals have a complexhagily rugged form. The signals are of
complex and strongly peaked shape. To charactdrese signals, we may use their average

amplitude U ), standard deviatiosﬁ and dispersiorsU:Z.

Fig. 1 shows that increasing parameggr with the constant other influencing factors, re-
duces the average amplitude of the resulting ARadignd its dispersion value.
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Fig. 1. Time based history graph of amplitudeshef t
000012 1 resulting AE signal, according to (1), in relativaits,

at CM machining, for varioug,, values. Simulation
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parameters:)? =30; Af} =0.08; O changes within
0000041 the range from 0 to 0,12. Value &, in relative units:

A a-Ty=10"; b -T(=1,510"; ¢ -T5=2-10";
T e d-T,=2,5107 e -T,=3-10"
Fig. 2 shows the regularities in the change of @#oge parameters of the resulting AE
signals: average amplitude Ie\@; standard deviation of the average amplitude Iesueb;
dispersion of the average amplitude IevﬁgXunder change of the signal parameigr

Figure 2 shows that increasing leads to sharp decrease of the average ampliave¢ |

U:, standard deviation of the average amplitude I(as%e) and dispersion of the average am-

plitude level (sj:).
Analysis of the data obtained with the approximataf dependencies (Fig. 2 b, 9
showed that they can be well described by thevielig equation:
U =aX", (5)
wherea andb — are the coefficients of the approximating equatValues of the coefficients
of the approximating equations a and b are asvistidor the average amplitude level of the

resulting signalU — a= 168047,37802p=-1,400063; for its standard deviatic% —a=

236,01062p=-1,05777; for dispersion of the average amplitlede| of the resulting signal
562 —a=54056,46953p=-2,11371.
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Statistical analysis of the data shows tR{t determination coefficients at approximation
of dependencies in Fig. 2, which can be expressd8)aare as follows: for the average am-

age amplitude Ievel?é)

plitude level of the resulting signél — R?=0,98687; for standard deviation of the average
amplitude level of the resulting signsbL —R?=0,99996; for dispersion of the average ampli-

tude level of the resulting signa? —~R?=0,99998.

The obtained regularities (Fig. 2) also show thadar change of the parametgy, dis-

persion of the average amplitude level of the tesyisignal is the most sensitive parameter
as compared to the standard amplitude deviatidheofesulting AE signal.

Conclusion. A model of the resulting AE signal while turningeticM for the prevailing
thermal activation destruction of the surface layas considered. According to the presented
model, time dependences of changes in the amplitidine resulting AE signals under
changes off, parameter was simulated. It is shown that theltinguAE signals for the given
CM machining conditions, are continuous. AE signate characterized by the complex
changes and strongly irregular shape. Statisticaigssing of the data showed that increasing
of the 7, parameter reduces the amplitude parameters afaherated AE signals — the aver-
age amplitude, its standard deviation and dispersias shown that dispersion of the average
amplitude level is the most sensitive parametereuctianges of the parameter coinciding in
size with the period of thermal vibrations of ttatice atoms of the solid bodg,. At the

same time, study of regularities of energy pararsatader changes of thig parameter is of
interest.
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