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Acoustic emission signal in the machining of composite material for the prevailing thermal activation mechanism of destruc-
tion of the surface layer with the change of the parameter, which coincides in size with the period of vibrations of the lattice atoms of
the solid body, was simulated. It was shown that the resulting signal of the acoustic emission is a continuous signal of a strongly
peaked shape. The regularities of changes in amplitude parameters of the acoustic emission with the change of the parameter, which
coincides in size with the period of vibrations of the lattice atoms of the solid body, were determined.
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IIpogedero mooenioganms cueHamy aKycmudHoi emicii nio yac mexaniyno2o o6podaenHs KOMNO3UYliHo2o Mamepiany ons
nepesasicCHo20 MepMOaKMUBAYiliHO20 MeXaHi3My PYUHYBAHHA NOGEPXHEE020 Wapy 3 YPAXYEaHHAM 3MIHU napamempa, ujo
30i2aembCs 3a 6ENUUUHOIO 3 NEPIOOOM KOIUBAHb AMOMI6 epamKu meep0o2o mina. Ilokazano, wo pe3ynibmylouuli CUeHan aKy-
cmuyHOl eMicii € HenepepeHUM CUSHANOM I3 CUTbHO NOpI3aHoio gopmoro. Buznaueni 3axonomipnocmi 3minu amniaimyOoHux
napamempie aKycmuiHo20 UNPOMIHIOBAHHS NPU 3MIHI napamempa, AKul 36i2acmobcs 3a 8eTUHUHOIO 3 NEPIO0OM KOAUBAHb
amomis epamku meepoo2o mind.

Knrouogi cnosa: axycmuuna emicis, Komnosuyitinuil mamepian, pe3yibmylouutl CUSHAL, MEPMOAKMUBAYIUHA MOOeNb,
amnaimyoa, napamempu, 3aKOHOMIPHOCII, YWyMIUBICMb, MeXaHiuHe 0OpoOIeHHs.

IIposedero modenuposanie cueHana aKycmuieckol dSMUCCUU NPU MeXaHu4eckol 0opabomKe KOMROIUYUOHHO20 Mame-
puana ons npeobradaiowe2o mepmMoaKmueayUOHHO20 MEXAHUIMA PA3PYUEHUS NOBEPXHOCMHO20 CNOS C YYemOM U3MeHEeHUs
napamempa, coenaoaioujezo no eenutuHe ¢ NepuoooM Koaiebanuii amomog peuwemku meepoozo mena. Ilokasarno, umo pe-
3YAMUPYIOWUI CUSHAT AKYCTIUYECKOU IMUCCUU ABTACMCA HENPEPLIEHBIM CUSHAIOM C CUTHO uspe3anHou gopmotl. Onpede-
JIeHbl 3AKOHOMEPHOCIU USMEHEHUs AMIIUMYOHbIX NAPAMEMPOs aKyCHUYECKO20 U3NY4eHUs Npu UsMeHeHuu napamempa,
€o8nadarowe2o no GenuduHe ¢ NePUOOOM Konedanuti amomos peuemxi meepoo2o meid.

Knrouesvie cnosa: axycmuueckas smuccus, KOMNO3UYUOHHbII MAMeEPUA, pe3yTbmupyiowjull CUSHAT, MepMOaKmueayu-
OHHASL MOOEb, AMNAUMYOA, NAPAMEMPYbL, 3aKOHOMEPHOCU, YY8CEUMENbHOCTb, MeXaHU1ecKas 06pabomxa.

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

Analysis and processing of the acoustic emission parameters, with further definition of the
acoustic emission regularities, is an important issue in the application of the AE method dur-
ing CM machining. This is due both to the difficulties of experimental research in the process
of machining, and a significant number of parameters affecting the AE signal. From this
viewpoint, theoretical studies that involve analysis of the acoustic emission under changing of
the machining parameters acquire in importance. The results obtained during the simulation
are fundamental in the development of methods for monitoring and diagnosis of CM machin-
ing processes.

Analysis of recent research and publications. In developing the methods of control and
monitoring of technological machining processes for materials, continuous AE signal parame-
ters are analyzed. In this case, we investigate the influence of various factors on the analyzed
parameters of the sensed AE signals. These factors act as machining parameters (cutting
speed, depth of cut, cutter feed) and physical and mechanical properties of the materials.

Empirical regularities in the change of the AE signals under change of the influencing fac-
tors, obtained by most of the authors, are not stable, and some studies are contradictory. Most
of the published results relate to experimental studies [1-4]. At the same time, there are rather
few theoretical studies related to the development and simulation of the acoustic emission
during machining of materials [5—9]. Therefore, creation of the acoustic emission models, de-
scribing the material machining process, with further simulation, is one of the main tasks of
theoretical studies.

Studies [6; 9] consider the model of AE resulting signal generated during machining of
materials of traditional structure (turning operation). The model is based on the principles of
generation of the acoustic emission at deformation and fracture of the surface layers of the
material during machining. The results of the simulation showed that the generated AE sig-
nals are continuous signals of strongly irregular shape. The obtained theoretical results agree
with the experimental data [3; 6; 9].
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Results of AE signals simulation under the change of one of the material machining pa-
rameters (machining speed), discussed in study [9], showed that change of the material ma-
chining speed leads to the change in the average amplitude level of the resultant AE signal, its
standard deviation and dispersion.

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

Research tasks. The study will include simulation of the AE signal in the machining of
composite material for the prevailing thermal activation mechanism of destruction of the sur-
face layer, with the influence of the parameter coinciding in size with the period of vibrations
of the lattice atoms of the solid body. Dependences of the change of the amplitude parameters
of the resulting AE signal under the change of the parameter coinciding in size with the period
of vibrations of the lattice atoms of the solid body, will be analyzed. Sensitivity of AE ampli-
tude parameters will be determined.

Theoretical results. In general, the model of the resulting AE signal in the CM machin-
ing, excluding wear of cutting tools, is discussed in [10] as follows

Up(f)ZZUR(t—f_,-), (1)

where 7, — is the occurrence times of AE pulse signals Uy, arising under the prevailing

thermal activation destruction of certain CM areas of the set size.
The occurrence time of each subsequent AE signal can be formulated as follows

t, = jit,, )
where At ; — is the time interval between the beginning of generation of the subsequent AE

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

1 — —
(e x(to l‘)_ell‘o)
Ug () =ujate 2o =0, Tox , (3)
where 7, — 1s the parameters which coincides in size with the period of thermal vibrations of
the lattice atoms of the solid body; o — the rate of the applied load variations; ¢ — current

. N, . . . . .

time; u, =—2 35, — the maximum possible shift at instantaneous destruction of the set CM
To

area consisting of N, elements (the initial number of elements); S — coefficient of propor-

tionality between fracture stress and amplitude of a single pulse of perturbation at destruction

[
t+2

of a single CM element; 5, = [a(r)dr; 6 — duration of a single perturbation pulse; a(r)-

)

. . . . a U .
function defining the form of a single perturbation pulse; y = Z—T; ty=—2; U, — the initial
ya
activation energy (the value of the initial energy barrier) of the destruction process; k —
Boltzmann’s constant; 7 — temperature; y — structural-sensitive factor.
CM machining speed determines the duration of the destruction process for a given CM
area and time parameters of AE pulse signals, i.e. their duration. Ideally, for the set CM ma-
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chining parameters, time intervals Az ; of occurrence of AE pulse signals, according to (2),

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

time point 7, can be formulated as follows
t,=jAt; £38, 4)

where 6 —is a random component in the occurrence point of each subsequent AE pulse signal.
According to (1), with due account of (2) and (4), let us simulate the resulting AE signals
in relative units as a function of parameter changes, coinciding in size with the period of

thermal vibrations of the lattice atoms of the solid body 7. Simulation is carried out under

the following conditions. Parameters in equation (2) are reduced to the dimensionless values,
and time is normalized to #,. We assume that at initial conditions, the unit of the material area

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

initial value u,. Value kLT is reduced to a single normalized value. Under such conditions

x =a . Value for parameter 7, is taken equal to 107 Value of 7 or & is taken as ¥ =30.
At simulation, value 7, will be changed within the range from 7,= 107" to 7,=3-10"" with

growth increment 0,5-107" .
Value of Ath is taken based on the calculation of the duration of AE pulse signal, as per

(3). Basing on the calculation for the set speed ¥ and 7,= 1077 value of Ath is taken equal
to: ¥ =30 - Ath =0,08. Value of 5 for 7 =30 will be changed with the range from 0 to 0,12

arbitrarily. For other 7, values, Ath and & will be changed in proportion to the change of

the pulse signal duration.

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

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

amplitude (U ), standard deviation s~ and dispersion s 2.
U U

Fig. 1 shows that increasing parameter 7, with the constant other influencing factors, re-
duces the average amplitude of the resulting AE signal and its dispersion value.
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Fig. 2 shows the regularities in the change of amplitude parameters of the resulting AE

signals: average amplitude level U ; standard deviation of the average amplitude level (sﬁ);
dispersion of the average amplitude level (s (27) under change of the signal parameter 7,,.

Figure 2 shows that increasing 7, leads to sharp decrease of the average amplitude level
U , standard deviation of the average amplitude level (sﬁ) and dispersion of the average am-

plitude level (s (27 ).

Analysis of the data obtained with the approximation of dependencies (Fig. 2 a, b, ¢)
showed that they can be well described by the following equation:

U =aX’, (5)
where a and b — are the coefficients of the approximating equation. Values of the coefficients
of the approximating equations a and b are as follows: for the average amplitude level of the

resulting signal 17 — a= 168047,37802, b=-1,400063; for its standard deviation Sg — a=

236,01062, b=-1,05777; for dispersion of the average amplitude level of the resulting signal
sg — a=54056,46953, b=-2,11371.
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Statistical analysis of the data shows that R? determination coefficients at approximation
of dependencies in Fig. 2, which can be expressed as (5), are as follows: for the average am-
plitude level of the resulting signal U — R?=0,98687; for standard deviation of the average
amplitude level of the resulting signal Sz — R?=0,99996; for dispersion of the average ampli-

tude level of the resulting signal s 2 — R?=0,99998.

The obtained regularities (Fig. 2) also show that under change of the parameter 7, dis-

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

Conclusion. A model of the resulting AE signal while turning the CM for the prevailing
thermal activation destruction of the surface layer was considered. According to the presented
model, time dependences of changes in the amplitude of the resulting AE signals under

changes of 7, parameter was simulated. It is shown that the resulting AE signals for the given
CM machining conditions, are continuous. AE signals are characterized by the complex
changes and strongly irregular shape. Statistical processing of the data showed that increasing
of the 7, parameter reduces the amplitude parameters of the generated AE signals — the aver-
age amplitude, its standard deviation and dispersion. It is shown that dispersion of the average
amplitude level is the most sensitive parameter under changes of the parameter coinciding in
size with the period of thermal vibrations of the lattice atoms of the solid body 7. At the

same time, study of regularities of energy parameters under changes of the 7, parameter is of
interest.
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