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Abstract

Purpose: The technological parameters of composite materials machining and also cutting tool state determine
deforming and destruction of their surface layers conditions. Change of this conditions results to appearance of
miscellaneous defects, loss of quality and produced items reliability. Therefore, optimization, control, diagnosis and
monitoring of composite materials machining technological parameters are directed on obtaining the items given
quality. For the solution of these problems tasks carry out researches of technological processes with usage of different
methods. One of such methods is the acoustic emission method. Methods: The simulation and analysis of acoustic
radiation energy parameters is carried out at change of composite material machining depth for prevailing mechanical
destruction its surface layer. Results: We showed that to composite material machining the acoustic radiation energy
has continuous nature. The ascending of composite material machining depth results to increase of acoustic emission
statistical energy parameters. The regularity of acoustic emission energy parameters change are obtained and
described. Is showed, that acoustic radiation most sensing parameter is the acoustic emission signals energy average
level dispersion. Discussion: The outcomes researches demonstrate regularity influencing of composite material
machining depth on acoustic emission energy parameters. Thus the analysis of acoustic emission signals energy
average level dispersion can be used at mining methods of diagnostic, monitoring and control of composite materials
machining technological parameters.
Keywords: acoustic emission; composite material; control; energy; machining; model; resultant signal.

1. Introduction With given the points of view, the value has
simulation of acoustic radiation processes at CM
machining, with allowance for operating different
factors. Influencing of such factors on regularity of

Optimization and control of machining composite
materials (CM) technological parameters are
directed on obtaining of items given quality. For the

solution of these problems the different methods will
be used. One of such methods is the method of an
acoustic emission (AE).

Researches of AE during machining demonstrate
that the AE method is mirrored dynamics weep
processes destruction of CM surface layer. The
method has a sharp response, which is mirrored in
change of nature and parameters of AE registered
signals. However the acoustic radiation is influenced
by many factors. Such factors are the parameters of
machining technological processes, and as properties
of treated and treating CM. As demonstrate
researches, the availability of the influential factors
results in a problem of interpretation the registered
information. Thus the obtained of AE parameters
regularity changes have complicated nature. It limits
usage of AE method to the monitoring and control of
CM machining technological parameters.

AE parameters change is the basis for optimization
of CM machining technological parameters, and as
mining of methods for verification, monitoring and
control of CM machining technological processes.
The solution of these problems is directed on items
quality assurance from CM.

2. Analysis of the latest research and publications

The researches of AE at fulfillment of different
machining operations demonstrate, that the
continuity deforming and destruction of CM surface
layer process, as well as stuffs with crystalline
frame, is accompanied by formation of continuous
acoustic radiation [1 - 4]. At fulfillment of CM
machining operation is not watched transformations
of acoustic radiation nature. However at wearing
(destruction) of the treating tool there is a change of
registered AE signals parameters - decreasing of AE
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signal amplitude average level and value of its
spread [5-7]. At the same time, the outcomes
researches demonstrate that the acoustic radiation is
influenced by CM machining technological
parameters. According to the data in the article [6],
the ascending of machining speed results to
nonlinear ascending AE signal amplitude mean and
root mean square (RMS) value, and as standard
deviations of amplitude average value. Ascending of
a cutting depth and the stride cutting tool speeds
result in composite nature of AE signals amplitudes
mean and RMS value change, and as its standard
deviation. On the obtained relations is watched both
ascending, and dip of parsed AE signals parameters.
In the article [8], it is shown, that the ascending of
machining speed and cutting depth results in
increase of AE signal amplitude (amplitude average
level). Thus the relations of AE signal amplitude
change have practically linear nature of ascending.
In the article [9] is marked, that the ascending of
machining speed results to nonlinearity increasing of
AE signals RMS amplitudes value. Thus the
ascending of cutting depth and stride cutting tool
speed is accompanied by a linearity increasing of
AE signals amplitudes RMS value.

The outcomes of researches demonstrate, that the
machining technological parameters have ambiguity
influencing on parameters of registered acoustic
radiation. Such ambiguity results in restricted
application of AE method for the monitoring and
control of CM machining technological processes,
inclusion and CM.

From this point of view, value has analytical
investigations of acoustic radiation at CM
machining, with allowance of the different operating
factors. In the article [10] the simulation and
analysis of legitimacies AE signals amplitude
parameters change is conducted at CM machining
for termoactivative model of its surface layer
destruction, with allowance of the different
operating factors. Such factors were machining
speed, cutting depth and physical-mechanical
characteristics of CM. It is shown, that the ascending
of cutting depth (area of surface layer destruction)
results in a linear increasing of AE signal amplitude
average level and value of its deviation. Thus the
dispersion of AE signal amplitude average level has
nonlinear nature of ascending. The relations of AE
amplitude parameters percentage increment from a
percentage increment of CM machining speed,
cutting depth and physical-mechanical
characteristics of CM are obtained. Is determined,
that the increment or the dip of AE resultant signals

amplitude dispersion average level, depending on
the influential factor, advances the increment or the
dip of amplitude average level and its standard
deviation.

At the same time, the concern introduces research
of influencing of CM machining cutting depth for
the mechanical model of its surface layer
destruction. First of all, it falls into of acoustic
energy radiation, as most capacious AE parameter.

3. Research tasks

The purpose of activity is the research of influencing
of CM machining cutting depth for the mechanical
model of its surface layer destruction on AE energy
parameters. For achievement of this purpose were
put the following tasks: to conduct simulation of AE
energy in time at change of CM machining cutting
depth for the mechanical model of its surface layer
destruction; to conduct statistical processing of
simulation results with definition of numerical data
on statistical AE energy parameters; to determine
influencing of CM machining cutting depth on AE
energy parameter.

4. Researches results

Let us consider the process of CM machining. CM
has the given physical-mechanical characteristics.
Let's consider that the destruction of CM surface
layer descends at the prevailing mechanism of
mechanical destruction. With allowance for
conditions of formation acoustic radiation at CM
machining, which reviewed in the article [11],
amplitude pulse and AE resultant signal energy are
described by the following expressions

_&(el"at _ 1)
U, () =uytone” e 70 . (D)
E,()=3E,(t-1)), 2)

where u, - maximum possible elastic displacement,

which spread in the material during instant

destruction of the given CM area; o — load speed;
v,, r — constants, which are determined by CM
physical and mechanical characteristics;

t,=JjAt, +08 — moments of time when AE signals

appear with energy £;,, which appear during

sequential mechanical destruction of CM j-th areas; j —
number of CM destructed area or a number of

formed AE pulse signal (=0, 1,..., n); Atj — is time

interval between the beginning of the next AE
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impulse signal generation in regard to the previous
one;0 — random component in a moment of time
when each next AE pulse signal appear;

E i~ UJZ-M ; Uy —amplitudes of j-th AE signal.
In expression (1) parameter u is connected to
the area of CM destruction
u, = Nywdy, 3)
where N, — quantity of single CM elements in the
given destruction area; \y — aspect ratio between

mechanical stress and amplitude of disturbance
single-pulse, which one is reshaped at single CM
elements destruction (is a constant); d; — the value,
which one is proportional to disturbance pulse
duration at single CM elements destruction.

The ascending of quantity destruction elements
N, corresponds to increase of the CM elementary

destruction area.

For the account of CM destruction area
expression (1) we shall copy by the way
_&(el"at _ 1)
U, () =nu,to,e e 70 . @

where N=N;/N, — coefficient, that describing

increase of initial value of quantity CM elements (of
the destruction area); N, — initial value of quantity

CM elements; N, — current value of quantity CM

elements.

At a solving, agrees (2) and (4), we shall
consider, that there is an increase of CM destruction
area, i.e. there is an increase of quantity CM

elements N, in relation to initial quantity of CM
elements N, or the value 77 will be increase. At
simulation value 77 in relative units we shall change
from 77 =1 up to 77 =3 with a step of increment 0,5.

Simulation of acoustic radiation energy will be
conducted with the next conditions. The parameters,
which one are included in expressions (2) and (4),
we shall put to non-dimensional values. Amplitude

of signals we shall set norms on value u,. At
simulation the values of parameters v,, » and «
will be taken the same as well as in the article [11]:
v, = 100000, 7 =10000; & = 20. For value & =
20 value At j will be taken as Afj = (0,000011. The

value & we will change in the diapason from 0 to
0,000011 arbitrarily.

Results of the performed modeling in the form of
dependencies AE resultant signals energy change in
time in the relative units for different values of CM
destruction areas (parameter 77 ) are shown in the

fig. 1. In the graphs fig.1 time is normalized by the
time of the CM surface layer destruction process.
During the formation of graphs in the fig. 1 the
calculations 5000 amplitudes and, accordingly,
energies for each AE resultant signal are conducted.

Obtained results (fig. 1) show that with an
increase of cutting depth a change of acoustic
radiation character doesn't occur. AE signals in time
are represented as a continuous signal with the
strongly cut up form. At the same time, with an
increase of cutting depth ascending of AE resultant
signals average energy level and wvalue of its
deviation is observed. In tab. 1 the data of statistical
processing of simulation results are adduced, where

the following notations are adopted: E — AE signal
energy average level; S5~ AE signal standard

2
deviation of energy average level,; S~ AE signal

dispersion of energy average level.

According to the data of tab. 1, on fig. 2
regularity of AE signal energy average level change,
its standard deviations and dispersions are adduced
depending on CM machining cutting depth.

The approximating of the data has shown, that
the relations of AE signal energy average level
change and its standard deviation (fig. 2, a, b) are
well described by linear functions of kind

Z=a+bij, (5)

where Z - AE signal energy average level or its
standard deviation; a and b — coefficients of
approximating expression.

The values of coefficients a and b of approximating
expression (5) make: for the AE signal energy
average level - a= -0,001, b=0,00122; for the
standard deviation of AE signal energy average level

-4
- a= —8,25844'10 , b=1,07097; for the dispersion

-9

of AE signal energy average level - a= 7,7716° 10
b=0,00103. Thus correlation coefficients R at the
description of AE resultant signal energy average
level and its standard deviations, accordingly, make:
R=099509; R=0,99578. Selection criteria of
approximating functions for the description of
relations fig. 2, @, b, would be the minimum of
residual dispersion.
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Fig. 1. Graphs of AE resultant signals energy change in time, according to (2), in relative units during the
CM machining for the prevailing mechanical destruction of its surface layer and different cutting depth.

Modeling parameters: ,=100000, 7 =10000; & = 20. Starting value At ;=0,000011. Parameter & should

be changed in diapason from 0 to up 0,000011 arbitrarily. CM machining cutting depth in relative units:
a-17=10;b-7=15c-7=2,0;d-7=2,5e-17=3,0



33

S. Filonenko. Acoustic Radiation Energy at a Variation of the Composite Mechanical Destruction Area
E S
0,0030
0,0030
0,0025 -
0,0025
0,0020 -
0,0020
0.0015 0,0015 -
0.0010 4 0,0010 -
0,0005 0,0005 -
0,0000 0,0000
a
52
3
6,0x10°
5,0¢10"
4,0x10° -
3,010 A
2,0x10° 4
1,0x10° -
0,0 4
| . . I : i . .
10 15 2.0 25 3.0 n
c

Fig. 2. Graphs of change of AE resultant signals energy average level E (m),

2
its standard deviation S= (®) and dispersion % (A) depending on CM machining cutting depth (77 )

Table 1. Energy parameters of AE resultant signal at ascending of CM machining cutting depth

= 2
U
1 4 4 I
3,34977-10 2,8945-10 8,37812-10
1,5 4 4 -7
7,49193-10 6,46764-10 4,18304-10
2 0,00133 0,00115 —6
1,32205-10
2,5 0,00208 0,0018 —6
3,22765-10
3 0,00273 0,00229 —6
5,24416-10
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The relation of AE signal energy average level
dispersion change (fig. 2, ¢) is well described by
function of kind

si=cid ©)

where ¢ and d — coefficients of approximating
expression.

The values of coefficients ¢ and d of

-7
approximating expression (6) make: ¢=1,5399-10 ;
d=3,2277. Thus determination coefficients R? at the
description of AE resultant signal energy average
level dispersion (fig. 2, ¢) by expression (6) make:
R?=0,99352. Selection criteria of approximating
functions for the description of relations fig. 2, ¢
would be the minimum of residual dispersion.

For definition sensitivity of AE signals energy
parameters to ascending of CM machining cutting
depth we shall conduct data processing (tab. 1) with
definition of percentage increment of AE signal
energy parameters at ascending of cutting depth, in
relation to their initial values at 77 =1,0.

The results of data processing are shown in fig. 3,

where the following notations are adopted: AZ -
percentage increment of AE resultant signal energy
average level or its standard deviation or dispersion;
77 - CM machining cutting depth.

The results are shown that for the prevailing
mechanical destruction CM surface layer the
increase of cutting depth should result in to
ascending of AE signals energy parameters (tab. 1,
fig. 2, fig. 3). Thus with ascending of CM machine
depth the percentage increment of AE signal energy

AZ,.%
7000

6000 o

5000

4000 —

3000 o

2000 H

1000 |

Fig. 3

Graphs of the percentage increment of AE
resultant signals energy change depending on CM
machining cutting depth (77 ) for the prevailing
mechanical destruction surface layer: energy average
level E (M), its standard deviation S= (®) and

dispersion s% (A) average level dispersion

advances a percentage increment of energy average
level and its standard deviation (fig. 3). Truly, at
ascending CM cutting depth in 2,5 times (with
77=1,0 up to 77 =2,5) percentage increment of AE

signals energy parameters (energy average level E ,
2
its standard deviation Sz and dispersions Sz ),

accordingly, make: 521,26 %, 520,68 % and
3752,48 %. At ascending CM cutting depth in 3,0
times (up to value 77 =3,0) percentage increment of

AE signals energy parameters, accordingly, make:
714,98%, 691,16% 1 6159,35%.

6. Conclusions

The modeling of acoustic radiation energy in time is
carry out depending on CM machining cutting depth
for the mechanical model surface layer destruction.
Is determined, that the ascending of CM machining
cutting depth does not result on acoustic radiation
nature change. Energy of AE signals in time has a
continuous character of change. However increase of
AE signal energy average level and value of its
deviation is watched. The data processing is
conducted. The statistical AE signals energy
parameters at ascending of CM machining cutting
depth are determined. Are described the regularity of
AE signal energy average level, its standard
deviations and dispersions change at ascending of
CM machining cutting depth. It is shown, that
regularity of AE resultant signal average energy
level change and its standard deviations are well
described by linear functions, and dispersions of
energy average level - exponential function The
relations of AE energy parameters percentage
increment at ascending of CM machining cutting
depth are obtained. Thus shown, that most sensing
AE parameter is the dispersion of AE signal energy
average level, i.e. the percentage increment of AE
signal energy average level dispersion advances a
percentage increment of energy average level and its
standard deviation at ascending CM machining
cutting depth. The results of the conducted
researches demonstrate that the analysis of AE
resultant signal energy average level dispersion can
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be used at mining methods of verification and
monitoring by CM machining processes for the
control of cutting depth.

At the same time, it is interesting to research
influencing of CM physical-mechanical
characteristics on AE energy parameters at its
machining.
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HanionanbHuif aBianiiinmii yHiBepcuret, npoct. Kocmonasta Komaposa, 1, Kuis, Ykpaina, 03680

E-mail: fils0101@gmail.com

Meta: TexHoyoriuHI TapaMeTpy MeXaHIYHOi OOpOOKM KOMMO3HWIIMHUX MarepialiB, a TaKoX CTaH pi3ajbHOTO
IHCTPYMEHTY BH3HAYalOTh YMOBH Ae(OpMyBaHHS W pyHHYBaHHs iXHIX MOBEPXHEBHX MPOIMIAPKiB. 3MiHA IMX YMOB
NPU3BOJUTH IO TOSIBM PI3HOMaHITHUX Ae(EeKTiB, BTPAaTH SKOCTI 1 HAmIMHOCTI BUPOOIB, SIKI BUTOTOBISIOTHCS.
Onrtumizaiisi, KOHTPOJIb, JIArHOCTUKA i MOHITOPHHI TEXHOJOTIYHUX IPOIECIiB MEXaHIYHOI OOPOOKHM KOMITO3ULIHHUX
MarepiajgiB CIpsSMOBaHI Ha OTPUMAaHHS 3aJaHOi SKOCTI BHPOOIB. Jlist po3B’sI3aHHSA IMX 3aBAAHb IPOBOJSTH
JOCIIJKEHHSI TEXHOJOTIYHMX TPOLECiB 3 BHUKOPHUCTAHHAM PI3HUX MeToxiB. OJHMM i3 TakMX METOMIB € METOX
akyctuuHol emicii. Mertomm: IIpoBOAMTBCS MOJENMIOBAHHS 3 AHANI30M CHEPreTUYHHX IapaMeTpiB aKyCTUYHOTO
BHUIIPOMIHIOBaHHA TIPH 3MiHI TIHOMHH MeXaHIYHOI OOpOOKM KOMIIO3WIIIHHOTO Martepially [UIs IIepeBa)KHOTO
MEXaHIYHOTO pYyHHyBaHHS MOBEpXHEBOoro mpomapky. PesyastaTH: I[lokazaHo, mo mpu MeXaHIUHIA 00poOIi
KOMIO3HIIIHHOTO MaTepiary eHeprisi aKyCTHYHOT'O BHIIPOMIHIOBAaHHS Ma€ HENIEPEPBHUHN XapakTep. 3pOCTaHHS TIHOWHU
MexaHiYHOT 00pOOKM KOMIO3HUIIIWHOTO MaTepiady NPU3BOAWTH 1O 30UIBIICHHS CTATUCTUYHUX EHEPreTHYHHX
napameTpiB akycTuyHol emicii. OTprMaHO # OMKMCaHO 3aKOHOMIPHOCTI 3MIHM E€HEPreTHYHUX MapaMeTpiB aKyCTHYHOT
emicii. [Toka3aHo, 1110 HAWOLIBII YYTIUBUM MAPAMETPOM aKyCTHUHOTO BHITPOMIHIOBAHHS € JAUCIIEPCisl CEPEIHBOTO PiBHS



36 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2016. N 2(67): 29-36

eHeprii curHajiB akycTuyHoi emicii. O0roBopenHsi: Pe3ynbraTé JOCTIDKEHb MOKa3yOTh 3aKOHOMIPHOCTI BIUIHBY
TIMOMHN MeXaHIYHOT 0OpOOKHM KOMIO3HUIIHHOTO MaTrepially Ha eHepreTHdHi apaMeTpH akycTudHoi emicii. I[Tpn npomy
aHaJ3 MUCTepCii CepeaHbOTO DPIBHA CHEpril CHUTHANIB aKyCTHYHOI eMicii MOXe BHKOPHCTOBYBATHCS TpPU PO3pOOII
METOJiB JiarHOCTHUKH, MOHITOPHHTY ¥ YIPaBIiHHSI HapaMeTpaMH TEXHOJIOTIYHHX MPOIECiB MEXaHidHOi 00poOKH
KOMTO3HIIHHAX MaTepiaiB.

Kio4oBi ciioBa: akycTHYHA eMICisl; @Hepris; KOMIIO3UIIHHII MaTepiall; MexaHiuHa 00po0Ka; MOJIEIb; Pe3yJIbTYOUNI
CHUTHAJ;, yIIPABJIiHHSL.

C.®. PujioHeHKO. JHeprus AaKyCTHYeCKOro W3Jy4YeHUs] TMpPH BapHalud IUIOIMIAAUW MeXaHHYeCKOro

pa3pyuieHnsi KOMIO3UTa

HanuonansHelii aBUaliuoHHBIA yHUBEpcHUTeT, npocit. Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mail: fils0101@gmail.com
Heanb: TexHonornueckne napaMeTpbl MEXaHUUECKONH 00pabOTKHM KOMIO3UIIMOHHBIX MaTEPHUANIOB, & TAKXKE COCTOSHHE
PEXYILIEr0 HWHCTPYMEHTa OINpPENEISIIOT YCIOBUS Ae(DOPMUPOBAHUS M Ppa3pyLICHHUS WX IOBEPXHOCTHBIX CJIOEB.
V3MeHeHNe AaHHBIX YCIOBUI MPUBOJHUT K IOSIBJICHUIO Pa3sHOOOpa3HBIX NE(EKTOB, MOTEpPEe KauyecTBa M HaJeKHOCTH
W3rOTaBIMBAaeMbIX H3jenui. ONTUMM3aLus, KOHTPOJIb, AMArHOCTUKA M MOHHUTOPUHI TEXHOJOTHYECKUX IPOIECCOB
MEXaHUYEeCKOW 00pabOTKNM KOMIO3WIIMOHHBIX MaTEpHAIIOB HAIpaBIICHHI Ha IOJYyYEHUE 33aJaHHOTO KadecTBa M3JEIIHH.
JUis pemieHust JaHHBIX 3a4ad NMPOBOMAAT UCCIIEAOBAHUS TEXHOJIOIMUYECKHX MPOLECCOB C MCHOJIb30BAHUEM Pa3INYHBIX
MeToJ0B. OJHUM M3 TAKHX METOAOB SBISETCA METOJ aKycTHdecKoi smuccur. Meroabl: IIpoBoauTcs MoaenupoBaHue
C aHANM30M SHEPreTHYECKHX I1apaMeTPOB aKyCTUYECKOTO H3IYyYEHHs NPH H3MEHEHHHM TIIyOMHB MEXaHWYEeCKOM
00pabOTKH KOMITO3UIIMOHHOTO MaTepHalia I Ipeo0Iagaroero MeXaHnIeCKOTO Pa3pyIIeHHsI TOBEPXHOCTHOTO CITOA.
PesyabraThl: [lokazaHo, 4TO MEXaHHWYECKOH 0OpabOTKE KOMIIO3MLMOHHOTO Marepualia JHEeprus aKyCTHUECKOTO
U3JIyYeHUs] UMEEeT HEIpEephIBHON Xapakrtep. BospacTanue riiyOMHBI MEXaHHYECKOH 00pabOTKH KOMITIO3UIIMOHHOTO
Marepuana NPUBOAMT K YBEIMUYEHUIO CTAaTUCTUYECKUX DSHEPreTUYECKUX MapaMeTpOB AaAKYyCTUYECKOM 3SMHUCCHUMH.
[TomyueHs! ¥ onKMcaHbl 3aKOHOMEPHOCTH U3MEHEHHUS SHEPreTHYeCKHUX MapaMeTpoB aKycTHueckoi smuccuu. [lokasaHo,
YTO Hamboyiee YyBCTBUTEIBHBIM MapaMeTPOM aKyCTHUECKOTO W3JIYyUYeHHUsS SIBISIETCS JIUCIIEPCHUSl CPEIHEr0 YpPOBHS
SHEpPruU CUTHAJIOB aKyCTHUecKod smuccuu. O0cy:kaeHue: Pe3ynpTaTsl HccieJOBaHUM MOKa3bIBalOT 3aKOHOMEPHOCTH
BIMSHUE TIyOWHBI MEXaHWYEeCKOW 0O0paOOTKM KOMIIO3MIMOHHOTO Marepuajlia Ha JSHEPreTHYecKHe IapaMeTphl
aKycTudeckoil smuccuu. IIpu 3ToM aHanM3 AUCHEPCHM CPEIHETO YPOBHS SHEPIMU CUTHANOB aKyCTHYECKOM IMHCCUHU
MOJKET HCIIOJIb30BAaThCA TPH pa3paboTKe METOA0B JAWArHOCTHKH, MOHHWTOPHHIA W YIPaBJICHUS IapaMeTpamu
TEXHOJIOTHYECKUX MPOIIECCOB MEXaHNIECKOW 00pabOTKH KOMITO3UIIOHHBIX MaTePHAaJOB.
KaroueBble cji0Ba: aKycTHYecKas SMUCCHSA; KOMITO3WIIMOHHBIN MaTephal; MexXaHudeckas o0paboTKa; MOJEIsb;
PEe3yAbTUPYIOIINIA CUTHAJ; YIIPABJICHHUE; SHEPTUSL.
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