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Abstract—The outcomes experimental researches of acoustic emission energy parameters at ascending
composite material machining depth are reviewed. The regularity ascending of acoustic emission statis-
tical energy parameters are determined. The sensitivity of acoustic emission energy parameters to as-
cending of composite material machining depth is determined. It is shown, that the percentage increment
of acoustic emission signals energy average level dispersion advances a percentage increment of energy
average level and its standard deviation. It is shown that the experimental and theoretical results of the
acoustic emission signals energy parameters study have a good agreement.

Index Terms—Acoustic emission; composite material; signal; energy; machining; statistical characteris-

tics.
I. INTRODUCTION

Various methods of research are used to monitor
the technological processes of machining composite
materials (CM). One of such methods is the method
of acoustic emission (AE). The AE investigations
results at performing of CM machining various op-
erations show the similarity of acoustic radiation
nature. Thus a large number of factors influence on
the AE signals. Researches of registered acoustic
radiation parameters legitimacies change is directed
on mining verification, monitoring and control me-
thods of machining technological processes, includ-
ing and control of robotic production.

However, the complex nature of the acoustic rad-
iation, which is due to the high sensitivity of the AE
method to treated CM surface layers’ deformation
and the destruction processes, leads to the problem
of interpretation the recorded information. Thus for
increase reliability the methods for verification and
controlling machining technological processes dif-
ferent relative parameters of acoustic radiation is
conducted. Such processing is based on common
views of acoustic radiation legitimacies change
when the contact conditions of pair interacting mate-
rials change - processed and the processing material.
At the same time, large volumes of received AE
information, large number of the influential factors,
and composite nature of experimental legitimacies
AE parameters change influences on veracity the
methods verification, monitoring and control of CM
machining technological processes. To increase the
reliability of the developed methods, it is required to
determine the acoustic radiation parameters sensitiv-
ity and informative. Solution of this problem re-

quires determining the influence of all operating
factors on AE. One of such factors is the depth of
CM machining. Unconditionally, the analysis of its
influencing on experimental AE signals amplitude
and energy parameters sensitivity introduces doubt-
less concern.

II. STATEMENT OF THE TASK

The purpose of this article is the experimental re-
searches of AE statistical energy parameters at
change of CM machining depth. To achieve these
aims next tasks were set: to conduct experimental
researches of acoustic radiation energy at change of
CM machining depth; to conduct statistical data
processing with the mathematical description of AE
energy parameters legitimacies change; to determine
sensitivity of experimental AE signals energy para-
meters to change of CM machining depth; to con-
duct matching experimental and idealized outcomes.

III. REVIEW OF PUBLICATIONS

At mining the methods verification, monitoring
and control of CM machining technological
processes with usage of AE method is carried out the
analysis of influencing technological parameters,
and also treating tool wear on acoustic radiation
regularity change. Thus, basically, the processing
and analysis of registered AE signals amplitude pa-
rameters is carried out.

In article [1] the research of root mean square
(RMS) value AE registered signals amplitudes is
conducted at CM machining speed on the basis of
aluminum, tool feed speed and cutting depth. It is
determined, that at ascending all investigated ma-
chining technological parameters the AE registered

© National Aviation University, 2017
http://ecs.in.ua



S.F. Filonenko, O.V. Zaritskyi, A.P. Stakhova Monitoring of Composite Machining Depth with using Acoustic ... 103

signals RMS amplitude relation change have a linear
ascending nature. However, relation of RMS ampli-
tude changes at ascending cutting depth has a more
composite nature change (on definite cutting depths
decreasing AE signal RMS amplitude is watched).
At the same time, in article [2] at composite machin-
ing is determined, that the ascending of AE signals
RMS amplitude at ascending machining speed is not
linear. From outcomes of researches also follows,
that the machining speed influences on AE signals
RMS amplitude spread. The researches, which are
conducted in article [3] also have shown, that with
ascending of machining speed at shallow cutting
depths the linear ascending of registered AE signals
RMS amplitude is watched. However, at large cut-
ting depths there is a dip of AE signals RMS ampli-
tude. The outcomes of researches also demonstrate
that at ascending a cutting depth on preset machin-
ing speeds the ascending of AE signals RMS ampli-
tude is not linear.

The statistical AE signals amplitude parameters
are investigated in article [4]. Was determined, that
to ascending of machining speed there is not a linear
ascending of AE registered signals amplitude aver-
age level and AE RMS amplitude. Thus the ampli-
tude distribution skewness decreases with a discon-
tinuous mode, and the kurtosis has composite nature
of change. Relations of AE statistical amplitude
parameters change at ascending of longitudinal feed
rate (amplitude average level, AE registered signals
RMS amplitude, amplitude distribution skewness
and kurtosis) has composite nature of change. The
registered AE signals statistical amplitude parame-
ters at ascending of cutting depth have a composite
nature of change. The similar influencing on AE
renders a treating tool wear. In article [5] is deter-
mined, that ascending of CM machining speed re-
sults in decreasing of registered AE signals RMS
amplitude. In article [6] is shown, that to ascending
of machining time there is ascending of registered
AE signals energy average level spread. Thus the
skewness of AE signals energy distribution decreas-
es, and the kurtosis changes by a discontinuous
mode. Was determined, that the discontinuous AE
signals energy distribution kurtosis change to a defi-
nite level of treating tool wear. Researches which are
conducted in article [7], have shown, that the as-
cending of machining speed results in dip the AE
count, number AE events, AE energy. In article [8]
is determined, that to ascending of machining speed
there is not a linear ascending of registered AE sig-
nals energy average level. At the same time, at in-
creasing of tool longitudinal feed speed and cutting
depth the dependence of AE signals energy mean
level change have a composite nature of change.

Regularity of AE statistical amplitude parameters
change at ascending of CM machining speed is re-
viewed in articles [9], [10]. Analytical investigations
[9] have shown that at increasing of CM machining
speed there is a linear increasing of AE signal ampli-
tude average level and its standard deviation. Thus
the ascending of AE signal amplitude average level
dispersion is well described by the power function.
Experimental data, reduced in article [10], have
shown good agreement with the results of theoretical
studies. The experimental researches of AE ampli-
tude parameters legitimacies change at ascending a
CM cutting depth are conducted in article [11]. The
outcomes of researches have shown, that at ascend-
ing of CM machining depth the ascending of AE
statistical amplitude parameters (AE signals ampli-
tude average level, its standard deviation and disper-
sions) are well described by power functions. Theo-
retical investigations of the AE statistical energy
parameters, carried out in article [12], have shown
that at increasing of CM machining depth, a linear
increase of AE signals energy average level and its
standard deviation should be expected. Thus the AE
signals energy average level dispersion is well de-
scribed by the power function. At the same time, for
mining verification, monitoring and control methods
of machining technological processes, experimental
studies of AE energy parameters change at compo-
site machining depth increasing are of interest.

IV. RESULTS OF EXPERIMENTAL RESEARCHES

Investigation of the AE signals energy parame-
ters was carried out during machining silumin using
the turning operation. Machining operation was car-
ried out, in accordance with the technique that con-
sidered in article [11]. The technological parameters
of the machining were equal: speed — 200 m min;
longitudinal speed of the treating tool — 0.1 mm /rev.
The machining depth varied from 0.1 mm to 0.3 mm
in increments of 0.05 mm. A CDI10 insert with a
PCD insert was used for machining. The AE signals
were recorded using AE sensor, which was mounted
on the tool holder. To analyze the acoustic radiation
energy parameters a computer acoustic emission
system was used.

The results of the recording AE signals in the
form of the acoustic radiation energy dependences
change in time for different CM machining depths
are shown in Fig. 1. The data of statistical
processing the results of experimental studies AE
signals energy parameters are given in Table I. In
Table I the following designations are accepted: AE
signals energy average level ( E ); AE signals ener-
gy average level standard deviation (s;); AE sig-

nals energy average level dispersion (7).
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Fig. 1. Relations of AE signals energy changes in time with machining depth change by turning silumin. The values of
machining technological parameters: longitudinal speed of treating tool — 0.1 mm/rev, machining speed — 200 mm/min.
Machining depth: (a) — 0.1 mm; (b) — 0.15 mm; (¢) — 0.2 mm; (d) — 0.25 mm; (f) — 0.3 mm

The obtained results (Fig. 1, Table I) showed that
an increase of CM machining depth leads to an in-
crease of all recorded AE signals statistical energy
parameters — AE signals energy average level, its
standard deviation and dispersion.

According to the obtained data (Table I), on Fig. 2
shown the dependences of AE energy parameters
change with increasing of CM machining depth.

From Fig. 2 it can be seen that the dependences
of AE energy parameters change have a nonlinear
character increase with increasing of CM machining
depth. Statistical processing of the dependencies
shown in Fig. 2, showed that they are well described
by power functions of the form

A =cz%,

(1)

where 4. are AE signals energy average level or AE

signals energy average level standard deviation or
AE signals energy average level dispersion; ¢ and d
are coefficients of approximating expression; z is the
CM machining speed.

The values of approximating expression (1) coef-
ficients ¢ and d are: for the AE signals energy aver-
age level — ¢ = 0.01375, d = 1.67045; for the AE
signals energy average level standard deviation — ¢ =
= 0.00735, d = 1.55765; for the AE signals energy
average level dispersion — ¢ = 0.00028, d = 4.37251.
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TABLE I EXPERIMENTAL STATISTICAL AE SIGNALS
ENERGY PARAMETERS AT INCREASING OF COMPOSITE

MACHINING DEPTH
0.1 4.629-10* |2,926-10* | 8,564-10°°
0.15 5.999-10* | 4,221-10* | 1,7813-10”
0.2 8.817-10™* | 5,419-10™* | 2,937-107
0.25 0.00118 7,412-10" | 5,494.107
0.3 0.00196 0,00121 1,459.10°

Thus the determination coefficients R* in de-
scribing the dependencies that shown in Fig. 2, the
expression (1), is: for the AE signals energy average
level — R*= 0.94566; for the AE signals energy
average level standard deviation — R*= 0.93972; for
the AE signals energy average level dispersion —
R*=0.97595.

Let us determine the sensitivity of experimental
AE signals statistical energy parameters to the CM
machining depth. To do this, we calculate the per-
centage increasing of AE registered signals energy
parameters with increasing of CM machining depth,
with respect to their initial values at the initial value
of the machining depth, which is equal 0.1 mm.

The calculations results are shown in Fig. 3a,
where the following notation is adopted: AFE — the
percentage increasing of AE signals energy average
level or AE signals energy average level standard
deviation or AE signals energy average level disper-
sion; z — composite machining depth.

The obtained outcomes demonstrate, that ascend-
ing of CM machining depth results in increase of all
experimental signals statistical energy parameters
(Table I, Figs 2 and 3a). At the same time, at CM
machining depth ascending the percentage increment
of AE signal energy average level dispersion ad-
vances a percentage increment of AE signal energy
average level and its standard deviation. The statis-
tical data processing has shown, that at ascending of
CM machining depth from 0.1 mm till 0.25 mm a
percentage increment of AE signal energy average

level E , its standard deviation s and dispersions
2
S,

=, accordingly, are equal: 934.28 %, 1126.65 %

and 14946.72 %. At ascending of CM machining
depth from 0.1 mm up to 0.3 mm a percentage in-
crement of AE signal energy average level E, its

.. . . 2
standard deviation s; and dispersions sz, accor-

dingly, are equal: 1508.02 %, 1889.75 % and
39491.04 %.

From the obtained outcomes it is visible, that the
increment of experimental AE signals energy aver-

age level dispersion considerably advances an in-
crement of registered AE signals remaining energy
parameters at ascending of CM machining depth. In
other words, most sensing and informative experi-
mental AE signals energy parameter to ascending of
CM machining depth is a AE signal energy average
level dispersion.
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Fig. 3. Graphs of the percentage increasing of AE signal
energy average level E (W), its standard deviation s- (@)

and dispersion sg (A) as a function of composite ma-

chining depth: (a) are experimental dependencies; (b) are
theoretical dependencies

In Fig. 3b, are shown the theoretical regularity
increment of AE statistical energy parameters at
ascending of CM machining depth, which are re-
viewed in article [12]. The obtained relations (Figs
3a and 3b) demonstrate the good coordination of
outcomes experimental and analytical investigations.
At the same time, the nature experimental and
theoretical curves of AE energy average level
and its standard deviation change differs among
themselves. This, as marked in article [12], is con-
ditioned by that in analytical investigations ascend-
ing the area of destruction was esteemed at constant
unit thickness of layer being destroyed. In real con-
ditions, at ascending of CM machining depth the
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ascending of deformable and breakable material
volume, probably, does not occur linearly.

VI. CONCLUSION

The experimental researches of AE energy para-
meters at ascending of CM machining depth are
conducted. The experimental regularity of AE statis-
tical energy parameters change at ascending of CM
machining depth is obtained. It is determined, that
the regularity ascending of experimental AE signals
energy average level, energy average level standard
deviation and energy average level dispersions at
ascending of CM machining depth are well de-
scribed by the power functions. The sensitivity of
AE signals statistical energy parameters to CM ma-
chining depth is determined. It is shown, that the
percentage increment of AE signals energy average
level dispersion advances a percentage increment of
energy average level and its standard deviation. It is
shown, that the outcomes experimental and analyti-
cal investigations of AE signals energy parameters at
ascending of CM machining depth have the good
coordination one another.

The outcomes of researches can be used at min-
ing verification, monitoring and control methods of
CM machining technological processes, including
the control of robotic production. In further research,
it is of interest to search of criteria for managing
technological processes using neural networks.
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C. ®. dinonenko, O. B. 3apiubkmii, A. II. CtaxoBa. MOHITOPUHI IINOMHN MeXaHIYHOI 00pOOKH KOMNO3MTa 3
BUKOPHCTAHHSM aKyCTHYHOI eMicii

Po3risinyTO pe3yapTraTi eKCepuMeHTaIbHUX AOCIIKEHb EHEPTeTHYHNX apaMeTpiB aKyCTUYHOI eMicii IpH 3pocTaHHi
IIMOMHU MEXaHIuHOi 0OpOOKHM KOMIIO3MIIIHHOrO Martepiady. Bu3HadeHi 3aKOHOMIPHOCTI 3POCTAHHS CTATUCTHYHHX
SHEePreTHYHUX MapaMeTpiB aKyCTUYHOI eMicii. Bu3HaueHa YyTJIMBICTh CHEPrETHYHUX MAapaMETPiB aKYCTUYIHOI eMicCil 10
3pOCTaHHS MIMOWHHU MEXaHI4HOi 00poOKM KoMITto3uLiiiHOro Marepiany. [lokazaHo, 1110 MPOIEHTHUI TPHUpPICT auctepcii
CepeHbOro PiBHS €HEprii CHrHANIB aKyCTUUHOI eMicii BUIIepeKae MPOLUEHTHHI MPHUPICT CEpeHbOr0 PiBHS eHeprii u
HOro cTaHIapTHOTO BiaxwieHHs. [loka3aHo, MO eKCIepHUMEHTaIbHI 1 TEOPETUYHI pe3yNbTaTh JOCHIIPKEHb eHepreThy-
HUX IapaMeTpiB CUTHAIIB aKyCTHYHOI eMicii MaloTh J00pe Y3rOKEeHHSL.

KirouoBi cjioBa: akycTHUHA €Micis; KOMITO3UINIHUI MaTepiaj, CHUTHAJ, CHEPris;, MeXaHi4Ha oOpoOKa; CTaTHCTHUYHI
XapaKTEePUCTUKH.
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C. ®. ®uaonenko, O.B. 3apuukmuii, A.Il.CtaxoBa. MOHMTOPHUHT ITyOUHBI MeXaHUYEeCKON 00pad0TKH KOMIIO3HU-
Ta C HCTOJb30BaHNEM aKyCTHYECKOH IMUCCHH

PaccMoTpeHbI pe3ynbTaThl SKCIIEPUMEHTAIBHBIX UCCIIEAOBAHNI YHEPreTHYeCKUX MapaMeTpoB aKyCTHYECKOW IMUCCHU
IIPU BO3PACTAaHHUU TJIYOMHBI MEXaHUYECKOH 00pabOTKH KOMITO3MIIMOHHOrO MaTepuana. OnpeneieHbl 3aKOHOMEPHOCTH
BO3pPACTaHMsl CTATUCTUUECKUX JHEPTETHYECKUX MapaMeTpoB aKyCTHUecKoW smuccuu. OmnpeneneHa YyBCTBUTEIBHOCTh
SHEPreTUYECKUX MapaMeTPOB aKyCTHYECKOW SMHCCHU K BO3PACTaHHIO TIyOMHBI MEXaHU4YEeCKOW 00pabOTKH KOMITO3H-
LIMOHHOr0 MaTtepuaia. [loka3aHo, YTO MPOLEHTHBIA MPUPOCT AUCIIEPCUH CPETHETO YPOBHS SHEPTUH CUTHAIIOB aKyCTH-
YEeCKOW 3MUCCUU OIepekKaeT MPOLEHTHBIH IPUPOCT CPETHEr0 YPOBHSI SHEPTUH U €r'0 CTaHIapTHOTO OTKIOHeHus. [loka-
3aHO, YTO HKCIIEPUMEHTAIIbHbIE U TEOPETHUYECKUE PEe3YJIbTaThl HCCIIEIOBAHUS SHEPTETHIECKUX MTApaMETPOB CUTHAIIOB
aKyCTHYECKOH IMHUCCUU UMEIOT XOPOIIIee COrNIaCOBAHUE.



108 ISSN 1990-5548 Electronics and Control Systems 2017. N 4(54): 102-108

KroueBble ciioBa: AKyCTHYCCKast SMUCCH, KOMHO3PIHPIOHHBII>1 MaTtcpual; CUrHajl; SHEprusa; MEXaHNYCCKast o6pa60T1<a;
CTaTUCTUYCCKUEC XapaKTCPUCTUKU.

®Dunonenko Cepreii ®exopoud. JlokTop TexHUueckux Hayk. [Ipodeccop.

VY4eOHO-HayYHBI HHCTUTYT HH(OPMAIIMOHHO-TUATHOCTUYECKUX CUCTEeM, HaloHanbHBIN aBHAIIIOHHBIH YHHUBEPCUTET,
Kues, Ykpauna.

O0pasoBanue: Kuesckuii monurexuuueckuii HHCTUTYT, Kues, Ykpaunna, (1977).

Hanpagienue HaydHOH IeATEIHOCTH: UATHOCTHKA TEXHOJOIMYECKUX MPOIECCOB, ABTOMATU3UPOBaHHbIE JUATrHOCTHU-
YEeCKHUE CHCTEMBI.

KonmuectBo nmyoimkarmii: 302.

E-mail: fils0101@gmail.com

3apunkuii Oner BnagumupoBuy. Kanaunat texuuueckux Hayk. JJoKTopaHT.

VY4eOHO-HayYHBIH HHCTUTYT WH()OPMAIIMOHHO-TUATHOCTUYECKUX CUCTEM, HalMoHabHBIN aBHAIIOHHBIH YHHUBEPCUTET,
Kues, Ykpaunna.

Oo6pasoBanue: Kuesckuii mHCTHTYT Boenno-Bozaynmbix Cuit, Kues, Ykpanna, (1996).

HamnpaBnenue HayqdHOH NESITENBHOCTU: CUCTEMBI KOHTPOJIS, SKCIIEPTHBIE CHCTEMBbI, HH()OPMAIIMOHHBIE TEXHOJIOT Y.
Konngectro myonukanuii: 36.

E-mail: oleg.zaritskyi@gmail.com

CraxoBa Anxesanka I[letpoBHa. KanaunaT TeXHUYECKUX HayK.

VY4eOHO-Hay4YHBIH HHCTUTYT WH(OPMAIIMOHHO-TUATHOCTUYECKUX CUCTEM, HaloHa bHbIN aBHAIOHHBIH YHHUBEPCUTET,
Kues, Ykpaunna.

O0pa3oBanue: HarnmoHansHbIi aBUaMOHHBINA yHUBEpcuTeT, Kues, Ykpaunna, (2005).

Hanpagienue HaygyHOI A€ATENBHOCTH: CUCTEMbI TEXHUYECKOTO TUATHOCTUPOBAHUS y3JIOB TPEHUS, KOHTPOJIb U IIPOTHO-
3UpPOBAaHUE TEXHUUECKOTO COCTOSIHHUA.

Konngectro myOnukanuii: 36.

E-mail: Angelik2003@ukr.net



