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Abstract—The results of acoustic emission signals experimental researches at composite material ma-
chining are reviewed. It is shown, that the registered acoustic emission signal is a continuous signal with
the hardly bluffly form. The statistical acoustic emission amplitude parameters at increase of composite
material machining speed are determined. It is shown, that the ascending of machining speed results in
ascending all acoustic emission amplitude parameters. However greatest ascending there is a dispersion
of registered acoustic emission signal amplitude average level. The results of acoustic emission analytical
investigations at composite material machining for a prevailing mechanical destruction its surface layer
are reviewed. It is shown, that the simulation results have a good coordination with the results of experi-

mental researches.

Index Terms—Acoustic emission; composite material; signal; amplitude; machining; control; statistical

characteristics.

I. INTRODUCTION

Composite materials (CM) have a broad applica-
tion in products of aircraft, space, automotive, ener-
gy and other kinds of production. CM application in
such products is stipulated by their high physical,
mechanical and operational characteristics, corrosive
media and temperature impact resistance. By manu-
facturing of CM products, practically all kinds of
their macro- and micro machining have been used -
turning, drilling, milling, grinding. To obtain the
designed product quality, investigations are carried
out, including development of control, diagnostics
and engineering procedure of CM mechanical treat-
ment monitoring methods. One of methods used for
materials machining with crystal structure and CM is
the acoustic emission (AE) method. The principal
direction for AE use is optimization of material ma-
chining technological parameters, control and moni-
toring of cutting tools, as well as obtaining of the
designed quality of machined surface. For technolo-
gical processes optimization and mining the control
methods of their parameters at CM machining is
interest the matching AE experimental and analyti-
cal investigations.

II. STATEMENT OF THE TASK

The purpose of this article is the experimental
and analytical investigations of AE amplitude para-
meters at alteration of CM machining speed.

To achieve these aims next tasks were set: to
conduct experimental researches of AE amplitude

parameters at ascending of CM machining speed; to
conduct statistical processing of experimental AE
signals with data retrieval on statistical AE ampli-
tude parameters; to determine influencing of CM
machining speed on experimental AE signals; to
conduct simulation of AE signals amplitudes change
depending on CM machining speed; to determine
influencing of CM machining speed on AE model
signals parameters.

III. REVIEW OF PUBLICATIONS

The acoustic emission investigations for machin-
ing materials with the crystal structure are based on
assumptions of AE number sources existence. Such
sources may be [1] — [4]: plastic deformation and
destruction of the machining material; chips friction
on the front facet; tool friction on the treated surface;
chips destruction; impingement of chips with the
treated surface; phase transformations; destruction of
the processing tool, etc. At the same time, experi-
mental research demonstrates that the process of
machining materials is attended by emission two
types of AE signals — continuous and pulse signals in
the form of lets its amplitude. Such signals are ob-
served by all kinds of machining materials at micro-
and macro levels — turning, drilling, milling, grinding
[5] — [8]. Considering for difference in energy of
ongoing processes (acoustic emission energy), the
first type of AE signals is related to the processes of
treated material surface layer deforming and destruc-
tion during operation of cutting tool in a normal or
wearing condition [4]. The second type of AE signals
is mostly related to the cutting tool destruction.
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Based on this, during development of control and
engineering process monitoring methods for machin-
ing material (optimization of machining material
parameters, evaluation of cutting tool condition and
treated material surface quality), one carries out
analysis of continuous AE signal parameters. In this
process, the influence of different factors on the ana-
lyzed parameters of the registered AE signals is in-
vestigated [2]. Such factors are: machining material
speed, feed speed; cutting tool wear and others. The
following AE parameters are analyzed: mean-square
amplitude value, area under signals or its accumu-
lated value, energy count, signal count by introduc-
tion of the limiting threshold, as well as of AE sig-
nals spectra on time intervals analysis and other.

As demonstrate investigations, by different types
of CM machining, registered AE signals are also
continuous signals [9] — [12]. In the process of
search interrelation such signal parameters’ with the
CM machining technological processes parameters,
the above considered approaches are used.

Results of conducted investigations demonstrate
that the registered AE signals possess a complicated
character changing in time during machining mate-
rials. Still, the obtained empiric AE signal parame-
ters regularities change at change of the influencing
factors are not stable, and certain investigation data
are contradictory. Most of the published results re-
late to experimental investigations. At the same
time, theoretical researches related to formation and
simulation of acoustic emission during machining
materials are quite little in number.

In the articles [13], [14], a model of AE resulting
signal is considered, which is formed during ma-
chining materials. The model is related to the treated
materials with the crystal structure. In the basis of
construction model are laid existing representations
about sequence of material surface layers deforma-
tion and destruction processes during its machining.
The mentioned development process is attended
with formation of sequence AE pulse signal from
plastic deformation and material destruction. Com-
pliant to the developed model, the resulting AE sig-
nal is represented as

Up(t)=ZUd(t—tj)+ZUT(l—li), (1)

where tis

ance from material surface layer plastic deformation

t; are the moments of AE signal appear-

U, and destruction Uy .

The simulation of AE resultant signals, which is
conducted in articles [13], [14], with allowance the
random component in time of materials surface layer
deforming and destruction processes appear and
development has shown, that the AE reshaped sig-

nals are continuous signals with the hardly bluffly
form. The similar AE signals are recorded in the
process of experimental researches [5], [14], [15].
The simulation of AE resultant signals as has shown,
that the ascending of materials machining speed
result to increasing of AE resultant signal amplitude
average level, its standard deviation and dispersion.

The principles of AE model construction that
considered in article [13] may be used to AE model
construction for the case of CM machining. Thus the
experimental researches of AE signals will allow not
only to update the AE model, but also to determine
the main approaches to optimization technological
processes and selection parameters for mining me-
thods of their monitoring and control of CM machin-
ing parameters

IV. RESULTS OF EXPERIMENTAL RESEARCHES

The experimental researches of AE signals con-
ducted at CM cutting on the basis of silumin. CM
machining conducted on a thread-cutting lathe with
usage of diamond-hard-alloy lamina and lamina
CD10 with by insert from PCD (polycrystallic simu-
lated diamond, which one has a mean grit size). The
scheme of realization experimental researches is
shown in Fig. 1. Diameter of bar has made
71.8 mms, and its long made 165 mms. At fulfill-
ment of researches the following CM machining
parameters were used. The cutting depth /2 made
h = 0.1 mms. The feed speed z was equal
z = 0,1 mm/return. A cutting speed /" made: 100
m/min; 200 m/min; 300 m/min; 400 m/min;
500 m/min.

Acoustic emission signal registration was carried
out with application of AE sensor placed at the cut-
ter holder (Fig. 1). The signal from the sensor output
was amplified and after analog data digitizer entered
computer for its processing and analysis. AE signal
processing was carried out with the use of software.
Acoustic emission signal processing results were
represented as table and graphic data. Conversion
frequency of the analog data digitizer constituted
170 KHz. For every re%istered AE signal was per-
formed processing of 10” measurement results.

Chuck Workpaice Software
| ;
i Analog-digital
Inzert COnvertor
Taool holder
AFE sensor

Fig. 1. Installation for experimental AE researches
at silumin-based CM machining
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By results of experimental researches the statis-
tical data processing with definition of AE registered
signals statistical amplitude parameters (amplitude
average level, its standard deviation and dispersion)
was conducted. Further was analyzed their changes
at ascending of CM machining speed. The results of
investigations represented as diagrams of AE signal
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amplitude alteration in time are provided in Fig. 2.
The investigation results (Fig. 2) demonstrate
that by CM machining the registered AE signals are
continuous signals with sharply cut shape. CM ma-
chining speed raise (with permanent cutting depth
and feed speed) results in the increase of AE signal
amplitude average level and its spread value.
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Fig. 2. Diagrams of experimental AE resulting signal amplitude alteration in time during silumin-based CM machining.
Speed of CM machining: (a) - 100 m/min; (b) - 200 m/min; (c) - 300 m/min; (d) - 400 m/min; (e) - 500 m/min

Results of registered AE signal amplitude para-
meters statistic processing are represented in Table 1.
The following designations of registered AE signal
amplitude parameters are used in Table I: the ampli-

tude average level (U ); the amplitude average level

standard deviation (s;;); the amplitude average level

dispersion (sé ).

The obtained data (Table I) demonstrate, that at
increase of CM machining speed from 100 m/min up
to 200 m/min, i.e. in 2 times, amplitude average
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level (5 ) of AE signal, its standard deviation (s;)

and dispersion (sg) increase, accordingly: in
1.733 times, in 1.912 times and in 3.664 times. If the
machining speed is increased in 3 times (up to 300
m/min), the AE parameters U , s, and sé increase,

accordingly: in 2.490 times, in 2.796 times and in
7.836 times. At ascending machining speed in 4
times (up to 400 mm/min) the AE amplitude statis-

. — 2 . .
tical parameters U , s, and s- increase, according-

ly: in 3.183 times, in 3.610 times and in 13.040
times. If the machining speed is increased in 5 times

(up to 500 m/min), the parameters U , S5 and sé

increase, accordingly: in 3.965 times, in 4.740 times
and in 22.500 times.

TABLE I

AMPLITUDE PARAMETERS OF EXPERIMENTAL AE SIGNALS

Machining U,V _ )
speed, gV gV
m/min

100 0.1544 0.04341 0.00188
200 0.26753 0.08299 0.00689
300 0.38446 0.12137 0.01473
400 0.49147 0.15658 0.02452
500 0.61227 0.19694 0.03879

The outcomes experimental researches demon-
strate, that increase of CM machining speed results
in ascending all registered AE signal statistical am-
plitude parameters. However greatest ascending is
watched in resultant AE signal amplitude average
level dispersion.

V. RESULTS OF THEORETICAL RESEARCHES

The simulation of AE signals we shall conduct
for a case of CM machining at prevailing mechani-
cal destruction its surface layer (Fig. 3). Let's con-
sider, that the CM machining implements with given
and constant technological parameters. The data
parameters are (Fig. 3): CM sample rotation speed,
which determines of machining speed or cutting
speed (o ); cutting depth (h); feed speed of stride
(®). The composite materials has the given physi-
cal-mechanical characteristics.

According to existing submissions during ma-
chining there is a sequential CM surface layer ele-

mentary area (S7) deforming and destruction. The
elementary area S, consists from N, CM destruc-

tion elements. We assume that deformation of each
surface element takes place in the elastic region until
destruction. Thus the area of each following destruc-
tion surface element is a constant value.

We assume that destruction of each surface ele-
ment is attended with AE single pulse generation.
We shall not take into account friction and wear of
the cutting tool, as well as of possible sources of
acoustic emission. Sequential destruction of CM
surface elements in time would result in the se-
quence of AE pulse signal generation in time. Ac-
counting for the assumed conditions, in the process
of sequential destruction of CM surface elements the
resulting AE signal may be represented as the
amount of pulse signals sequentially generated in
time

U,(0=2.U,(t=1)), 0))

where ¢; are time moments of AE impulse signal

appearance U ;, which appear during sequential
destruction of j CM surface area.

Swiface elements
being destructed

(5;)

S\

Surface under
freatment

w

Cutting tool

Fig. 3. Composite material specimen machining: o is the
cutting speed; % is the cutting depth;  is the feed speed

At the prevailing mechanism of CM mechanical
destruction area, agrees [16], the AE pulse signal is
reshaped, which is described by an expression of the
following type

o _Yo(rar_y)
U, () =ujtove™e ™ , (3)

where u, = Njyd; is the maximally possible elastic
displacement, which extends in the material by mo-
mentary destruction of the given CM surface; N, is
the number of CM single elements in the given de-
struction surface; y is the constant of proportionali-
ty between mechanical tension and the amplitude of
single excitation impulse, which is generated by
destruction of a single element (is a constant value);
O is the value proportional to the length of excita-
tion impulse by destruction of a single element; o is
the loading speed; v, , r are the constant values de-
termined by CM physical and mechanical characte-
ristics.

For an approaching to actual process, we shall
consider that the machining descends with existence
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random component in time of CM surface layer
elementary area destruction.

Its availability can be conditioned by existence of
CM properties dispersion, instability of sample rota-
tion speed, instability of feed speed, instability the
sizes of destruction area and other factors. These
factors, unconditionally, will influence on the ele-
mentary area duration destruction process and dura-

tion of reshaped AE signals pulse. Then the time ¢ j

appearance) of each subsequent AE signal in expres-
sion (2) may be presented as

t, = jAt, £, )

where Az is time interval between the beginning of

the next generation AE pulse signal in regard to the
previous one; j =0, ..., n; O is random component

U
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in time moment of appearance every next AE pulse
signal.

The simulation will be carried out, in compliance
with (2), considering for (3) and (4), as dependence
of AE resulting signals amplitude in time in relative
units. While simulation, we bring parameters, which
are included in expression (3), to dimensionless
quantities, and time will be represented in norma-
lized units. Signal amplitude will be normalized for
value u,. For calculation the value of parameters v,
and r we assume equal to: U, = 100000; 7 = 10000.
Value o we assume equal to: & = 10; a = 20;
a =30; a=40; 6 =50. Time interval At and the
range of random component & variation, which are
included in expression (4), we shall set on the basis

of duration AE signals generated pulse for the given
CM loading speed a. .
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Fig. 4. Diagrams of model AE resulting signal amplitude alteration in time during CM machining. Speed @, :
(a)-a =10;(b)-a =20;(c) -a=30;(d)- a=40;(e) -a =150
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= 10, we’ll assume value
0,000011. Value § will be va-
ried in the range of numbers from 0 to 0,000011 in a
random way. As calculations demonstrate, according
to (3), by constant values of ¥,, 7 and raising &,

the decrease of AE impulse signal duration takes
place. For that reason, while simulating AE resulting

For initial value &

At equal to: Ar; =

signals for other & numbers, values Atj and & will

be decreased pro rata to the decrease of duration AE
signals generated pulse.

The outcomes of simulation of AE resultant sig-
nals amplitude change in time by the way of sche-

dules U »(t)=Up(t)/u, introduced in normalized

units are shown in a Fig. 4. By plotting of Fig. 4,
there were calculated 5000 resulting signals’ ampli-
tudes for each value of & . The conducted investiga-
tions demonstrate (Fig. 4) that for the accepted con-
ditions of CM machining with prevailing mechanical
destruction its surface layer, AE resulting signals are
continuous signals. The signals have complicated
and sharply cut form. As such signals’ characteris-
tics may use the amplitude average level, its stan-
dard deviation and dispersion. Figure 4 demonstrates
that by increase of CM machining speed, while other
impact factors being constant increase of the result-
ing AE signals amplitude average level and its
spread value takes place. Table II represents the
results of AE resulting signals amplitude parameters

statistical processing: amplitude average level (5 );
amplitude average level standard deviation (s;);

amplitude average level dispersion (sf7 ).

TABLE I1

AMPLITUDE PARAMETERS OF MODEL AE SIGNALS

Value of & U Ss sé
10 4.67904 2.26921 5.14932
20 11.63615 5.66525 32.0951
30 18.03798 8.53515 | 72.84886
40 25.10965 | 11.89548 | 141.50234
50 32.67028 | 16.63238 | 276.63614

Calculation results demonstrate that by increase
of a from 6 =10to a =20, i.e. 2 times, the ampli-

tude average level (5 ), its standard deviation (s5)
and dispersion (sé) are increases, respectively: by
2.487 times, by 2.497 times and by 6.233 times. If
4 is increase at 3 times (to up & = 30), then U » S5
and sé are increases, respectively: by 3.855 times,
by 3.761 times and by 14.147 times. At ascending

a in 4 times (up to & = 40) the values of parame-

ters U, s, and sé increase, accordingly, in 5.421

times, in 5.242 times and in 27.534 times. At as-
cending G in 5 times (up to & = 50) the values of

2 . . .
parameters U, s- and s- increase, accordingly, in
U U

7.112 times, in 7.330 times and in 53.721 times.

The obtained simulation results demonstrate that
CM machining speed increase results in the increase
of all AE resulting signal amplitude parameters.
Still, the highest increase is observed at the AE re-
sulting signal amplitude average level dispersion.

VI. CONCLUSION

The outcomes experimental researches of AE
signals at silumin-based CM machining are re-
viewed. It is shown, that the AE registered signals
have composite nature of change and hardly bluffly
form. Increase of CM machining speed results in
ascending of AE signal amplitude average level and
value of its spread. The calculations of experimental
AE signals statistical amplitude parameters are con-
ducted. It is shown, that the ascending of machining
speed is accompanied by ascending of all AE statis-
tical amplitude parameters. However greatest as-
cending has AE registered signal amplitude average
level dispersions.

The simulation of AE signals at CM machining
for the prevailing mechanical destruction its surface
layer is conducted. It is shown, that the AE signals
have a composite nature of change. The AE model
signals statistical amplitude parameters are deter-
mined. It is shown, that ascending of CM machining
speed should result to increase of reshaped AE sig-
nals amplitude parameters (amplitude average level,
its standard deviation and dispersion). Thus the as-
cending of amplitude average level dispersion
should advance ascending of amplitude average
level and its standard deviation.

The obtained outcomes demonstrate the good
coordination experimental and analytical investiga-
tions. The obtained results can be used at mining me-
thods of CM machining technological processes con-
trol. In further investigations, makes an interest the
analysis of experimental AE signal amplitude para-
meters at change of CM machining cutting depth.
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C. ®. dinonenkxo, T. B. Himuenko, O. B. 3apinpknii. ExciepuMeHTaANbHI CHrHAMN aKycTHYHOI eMmicii mix 4ac
MeXaHiYHOoI 00po0KN KOMNO3ULiliHOro MaTepiaay

Po31yIsiHYTO pe3ysbTaTH eKCIIEPUMEHTAIBHUX JOCIIKEHb CUTHAIIB aKYCTHYHOI eMICIT i1 4aC MEXaHiuHOI 00pOOKH KOM-
no3uiiiHoro marepiany. ITokazaHo, 110 peecTpoBaHMI CUTHAI aKyCTUYHOI eMIcCii € HerepepBHUM CHTHAJIOM 13 CHIIBHO
nopizaHoro (opmoro. Bu3HaueHi CTaTUCTHYHI aMILTTYAHI IapaMerpyu aKyCTUYHOI eMicil y pa3i 3pocTaHHs IIBHIKOCTI
MeXaHIYHOI 00pOOKH KoMITo3ULiHOro Matepiaiy. [TokasaHo, o0 3pocTaHHs MIBUIKOCTI MEXaHIYHOT 0OpPOOKH ITPUBOANTH
IO 3pOCTaHHsI BCIX aMILTITYHUX MapaMeTpiB aKyCTUYIHOT emicii. OJJHak HaMOUIbIIE 3pOCTAHHS Ma€E JUCIIEPCisl CEPEIHBOTO
PIBHS aMILTITYIH PEECTPOBAHOTO CUTHATY aKyCTHYHOI eMicii. PO3TIIIHYTO pe3yabTaTH TEOpEeTUYHHX JI0CIIHKEHb aKyCTH-
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YHOI eMicii M yac MexXaHiqHOI 0OPOOKHM KOMITO3UIIIHHOTO MaTepialy /Uil HEPEBAKHOT0 MEXaHIYHOTO PyHHYBaHHS HOr0O
MIOBEPXHEBOTO MpoIapKy. IlokasaHo, o pe3yIbTaTH MOJENIOBAHHA MalOTh HOOPE Y3TOMXKEHHS 3 pe3y/bTaTaMH eKcIie-
PUMEHTAIBHUX JIOCIT/DKEHb.

Karo4oBi ciioBa: akycTiuHa eMicisi; KOMIIO3HIIIHUI MaTepia; pe3yabTYIOUUid CUTHAI; MOJIENb; aMIUIITyja; MeXaHiu-
Ha 00po0Ka; CTAaTUCTUYHI XapaKTEPUCTHKH.
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NPU MeXaHu4ecKkoii 00padoTKe KOMIIO3UIIUOHHOT0 MaTepHuaJia

PaccMoTpeHBl pe3yabpTaThl 3KCIIEPUMEHTAIBHBIX HCCIIENOBAaHMM CHUTHAJIOB aKyCTHYECKOW 3MHCCHU IPU MEXaHHMYEeCKOH
00paboTKe KOMIO3UIMOHHOTO MarepHana. I1oka3aHo, YTO PErHCTPUPYEMBIH CHTHANI aKyCTHYECKOH AMHUCCUH SIBIISIETCS
HEMPEephIBHBIM CHTHAJIOM C CHIIBHO U3pe3aHHOM (opMmoil. OnpeielieHbl CTAaTUCTUYECKUE aMIUTUTY/IHBIE MTapaMeTphl aKy-
CTHYECKOI AMUCCUH TIPH YBEITMYCHHH CKOPOCTH MEXaHHUECKOH 00pabOTKH KOMIIO3UIIMOHHOT0 Matepraina. [1okazaHo, 4To
BO3pacTaHUe CKOPOCTH MEXaHWIECKOH 0OpabOTKH MPHBOINUT K BO3PACTAHHIO BCEX aMILUIUTYAHBIX MapaMeTPOB aKyCTHYe-
ckoit amuccuy. OHAKO HauOOJblIee BO3PACTAHHE UMEET IUCIIEPCHUsI CPETHErO0 YPOBHSI aMILUTUTYAbI PErHCTPUPYEMOTO
CUTHaJIa aKyCTHUYECKOH 3MHuccuu. PaccMOTpeHbI pe3yabTaThl TEOPETHUECKHX HCCIEOBAaHUN aKyCTHUYECKOM IMHUCCHH NPH
MeXaHHUYeCKOW 00paboTke KOMIO3WUIIMOHHOIO MaTepuaja Ul Mpeo0iIaJatoliero MeXaHHn4eCKOro paspylieHusl ero Io-
BEPXHOCTHOTO cios. ITokazaHo, 4TO pe3yabTaThl MOJACTHPOBAHUS UMEIOT XOPOIIIEe COrJIACOBAHUE C Pe3yJIbTaTaMH JKCIle-
PUMEHTAIBHBIX UCCIIeIOBAaHHUM.
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