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Abstract

The directions of application of the acoustic emission (AE) method for the study of transient processes in
tribosystems are considered. woodworking equipment during running-in. The use of this method will allow
obtaining information about the condition of friction surfaces and the wear rate during transient processes
(running-in) in online mode. To justify choice informative AE parameters analyzed the type of AE - signal frames
captured during the transition process at characteristic points. It is shown that when evaluating speed wear in
transient modes is best use acoustic emission power radiation. After completion transitional process (steady state
of operation), the AE signal frame takes the form that much different from transitional regime. Experimental
research presented in the form of experimental dependencies thats reflect average value power of AE signals ,
where along the axis X placed experimental value power signals acoustic emissions from the zone friction , unit
measurement — mB?/s. Along the axis Y postponed relevant calculated value speed works dissipation in
tribosystems , unit measurement - J/s. Dependence allows for the measured in the process experiment calculate
AE power value speed wear in the tribosystem woodworking equipment in real time. To determine maximum
values speed wear during the transient process the AE method and the informative parameter - power are justified
AE signals. It has been experimentally established that AE power correlates from speed wear woodworking
equipment, coefficient correlation R =0.98 and adequately reflects process Earnings. Received dependencies allow
determine speed works dissipation in tribosystems woodworking equipment during the transition process by values
power signals acoustic emissions, which allowed us to develop a calculation methodology quantities speed wear
in woodworking equipment during training in any point transitional process.

Keywords: tribosystem; speeds wear and tear; acoustic emission; power acoustic radiation; transient
processes; woodworking equipment; working out.

Introduction

Modern understanding the nature of friction and wear indicate that this the process is not stationary.
Acoustic friction vibration initiated by impact interaction microprotrusions and elastic-plastic deformation
surfaces that rub, processes destruction friction connections and structural-phase rearrangement materials,
formation and development microcracks in the surface layers of interacting bodies, departments particles wear and
tear. Registration acoustic signals allows with high accuracy determine the time of events that are happening,
which include elastic interaction microprotrusions connected surfaces, formation and destruction adhesive
connections, the emergence microcracks and separation particles wear and tear.

Acoustic emission (AE), as a way diagnostic for mechanical tests, has been widely used since the early
1980s as effective method of obtaining information about the change in the state of the material in the process
load. The use of this method will allow to obtain information about the condition of surfaces friction during the
transition processes (training) in online mode.
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Literature review

Review literary sources, which performed in [1], allows make conclusion that research on acoustic emission
diagnosing mechanisms mostly based on the use of signs that come from related industries techniques. Above all
it signs discrete emissions: account (number pulses registered during the entire test period); activity (number of
pulses per unit time) [2]. What concerns continuous emissions (when individual impulses to distinguish
impossible), then it's characterized by parameters widely used in vibration diagnostics — mean square value, peak
factor, and oscillation spectrum [3]. In addition, they use hourly parameters (pulse rise and fall duration) [3],
parameters distribution pulses by amplitude and apply wavelet transform [4].

Based on analysis works western scientists [5-11], the author of the work [11] concludes that promising
direction research is the justification of acoustic emission signs defects bearings rolling, invariant to the scaling of
the signal in amplitude. Due to it because fluctuations attenuation emissions, differences amplitude-frequency
characteristics of sensors emissions and others factors that affect the measurement result energy parameters
emissions, such as energy, root mean square value, spectrum and wavelet transform result. Listed factors affect
the parameters acoustic emissions, when calculating whose is carried out comparing the signal with some threshold
level. According to the authors of [11, 14], the procedure for selecting such a level is often not enough formalized
or is based on factors that are themselves variable (e.g., the amplifier's own noise or background level emissions).
Therefore, when measuring hourly parameters acoustic emissions expedient threshold level choose in accordance
to the order of the quantile of the distribution amplitudes that is determined from the condition minimum
probabilities errors diagnosing.

Summarizing result analysis completed research by choice informative AE parameters for diagnosing
tribosystem woodworking equipment can make conclusion that for registration speed wear in transient modes
(during running -in), most informative and invariant parameter can speak AE signal power generated surfaces
friction, which are in contact and mutual moving. Power AE signals correlate with the magnitude of the registered
amplitudes for a certain time period (level quantization).

Purpose

One of tasks this research is the development of a method and methodology for determining speed wear
woodworking equipment in non-stationary modes during online running-in, which will give possibility study
transitional processes in different structures tribosystem.

Methods

To justify choice informative AE parameters during control processes wear woodworking equipment we
will consider change speed wear tribosystems in process running-in, Fig. 1 and the type of AE - signal frames
taken during the transition process (running-in) of the tribosystem at characteristic points, Fig. 2. From the
presented signal frames it is clear that The amplitude of AE, hereinafter A(?), can be given as a function valid
variable ¢.

3
I, m/s

Fig. 1. Nature of change speed wear tribosystems in process running-in: #- running-in time; 7, - speed wear
after completion running-in: 1-2-3-4 - typical running-in points

After completion transitional process (steady state of operation), the AE signal frame receives view
presented in Fig. 2, point 3 and point 4. Study structures of the AE signals presented in Fig. 2 gives foundation to
claim that on a permanent basis mode process friction and wear has oscillations.

For selection AE signals from noise most often used frequency filtering and amplitude discrimination
[12]. In this work was used amplitude discrimination AE signals, which was carried out by introducing a threshold
device into the equipment, which lets out only those signals, amplitude whose exceeds some given level - level
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discrimination.

Ul bl

ol H"l\""l

L "

Fig. 2. Frames AE signals at characteristic points on the curve working out according to Fig. 1

Justification equal discrimination was carried out experimentally and is important condition receiving
reliable results.

Non-stationary process characteristic because has certain trend development over time and
characteristics of such a process depend from the beginning of the countdown and from duration registration.
However, for each non-stationary process exist time intervals within which, with a known approximation, this
process maybe to be considered stationary and ergodic.

Thus, changing interval integration (assigning enough small interval) when changing frames AE signals,
possibly study processes superficial destruction (speeds wear and tear and damage limits) at the stage working out
tribosystem.

Random function A(#) maybe to be considered by definition stationary, at a certain time interval ¢, if all
its probabilistic characteristics do not change under any displacement arguments, from which they depend on the
axis . However, one of the main conditions that must be satisfied stationary random function is condition
sustainability dispersion.

Therefore, when analyzing transitional processes time interval ¢ of amplitude registration AE signals should
be chosen so that provided condition sustainability dispersion. This interval in the work is determined
experimentally.

Many conducted analyses experiments process working out tribosystems showed that when evaluating
speed wear in transient modes is best use acoustic emission power radiation, which was determined by the
expression:

2
Wi = ’:_2’ M
P
where A% is the total value of the square of the amplitudes all AE pulses, mV? during registration ¢p;

tpis the registration time, s.
Experimental research were carried out in two stages and aimed to determine correlational connection
between speed wear — 1,, m*/h and power signals:

Wi =
e

First stage experimental research aimed to definition functional communication between the listed
parameters during the transition process.

Second stage aimed to definition correlation communication between listed above parameters on a constant
mode works tribosystems, i.e. after completion transitional process (working in).

Completion working out can determine by stabilization the following parameters transitional process:
friction moment M,., Nem; temperatures elements tribosystems T, °C; minimum dispersion of AE radiation from
zones friction - D, mB2. In this work during the experimental research completion time transitional process was
determined by all listed above parameters.

Results
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Experimental research were carried out by car friction according to the kinematic scheme "ring-ring", with
such combinations materials.

First tribosystem: mobile triboelement steel 40X (45 ... 47 HRC), fixed triboelement Br.AZH 9-4 (90 ...
110 HB).

Second tribosystem: mobile triboelement steel 40X (45 ... 47 HRC), fixed SCM triboelement (293 HB).

Third tribosystem: mobile triboelement steel 40X (45 ... 47 HRC), fixed triboelement steel 40X (45 ... 47
HRCO).

For everyone three tribosystem lubricating environment was selected engine oil M-10Gx (E, = 3.6 * 1014
J/m?).

Experimental flow chart recording and processing equipment AE signals are presented in Fig. 3.

sensor amplifier
GT 300

N j :
/}1/ USB - oscilloscope

. |

compiuter

Fig.3. Experimental block diagram recording and processing equipment AE signals

Acoustic signal emissions that generates tribosystem, perceived from a stationary triboelement broadband
acoustic sensor emission GT300 (100.. 800 kHz) and enters the amplifier, and from the output amplifier - to the
USB oscilloscope PV6501 and then to the computer.

Amplifier consists of an input stage, a three-pole filter high frequencies and an amplifier with adjustable
coefficient transmission (1 - 100). General coefficient strengthening reaches 1000. The lower limit of the band
transmission amplifier selected equal to 50 kHz, which corresponds low-frequency acoustic sensors emissions that
are produced, for example, by the company GlobalTest. Upper band limit transmission selected equal to 1.5 MHz,
which surpasses the corresponding serial limit high-frequency sensors acoustic emissions. This restriction related
also from increase attenuation elastic waves in metal with increasing frequency.

Strip transmission of the used USB oscilloscope is 20 MHz, which repeatedly exceeds upper limit of the
bands sensor and amplifier throughput acoustic emissions. Filter high frequencies are intended for highlighting
signals acoustic emissions that have much smaller intensity than AE signals. By weakening the passage AE signals
to the USB oscilloscope input 300 times using filter high frequencies and proportionally increasing coefficient
reinforcement, it became possible to isolate the acoustic signal emissions with a predominant frequency of 70-600
kHz.

Oscillograph worked in mode wait, scan start threshold marked with the symbol "T" in Fig. 2. Duration
previous samples was installed equal to 100 ps, which allows watch the value of the signal that precede exceeding
the threshold level. Results acoustic signal measurements emissions with a USB oscilloscope stored in a computer,
data that contained in these files are processed programs statistical analysis with definition dispersion of the square
of the amplitudes — D, and the total value of the square of the amplitudes during the registration time - . Having
data value according to formula (1) was determined W,z. Registration time #, was determined experimentally by
reproducibility results with equivalent repetitions. When checking homogeneity dispersions aggregates AE signal
results at constant mode that equivalently confirmation their reproducibility, under conditions for small sample
sizes, ISO 5725 recommends using criterion Cochrane.

Criterion Cochrane allows compare homogeneity dispersions results analysis amplitude AE signals at
different points of the transition process.

Test statistic of the criterion Cochrane S, is determined expression:

DA max (2)

S, = dmax_
21D

r

where D maq 1s the largest value dispersion amplitude during the transition process;
7 is the number measurements;
Dy; is the current value variances on the i-th experiment.
According to ISO 5725, the hypothesis Homogeneity (reproducibility) is checked according to the
following expression:
c,<C,, 3)
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where C, is the calculated value criterion Cochran, formula (2); C,, is the tabular value criterion for a given
equal significance [13].

If condition (3) is fulfilled, then it is accepted hypothesis about statistical homogeneity results
measurements.

Experimental research were carried out under the following friction modes: load N = 300...1200 N; speed
sliding 0.5 m/s.

In progress experiments using recorders machinery friction recorded in time change in friction torque,
temperature, and with the help of computer calculated dispersion and power AE signals.

Results experimental research presented in the form of experimental dependencies in Fig. 4, which reflect
average value power AE signals for three with the same type of repetitions and three tribosystems with different
combination materials, where along the axis X placed experimental value power signals acoustic emissions from
the zone friction, W, formula (1), unit measurement — mB?/s. Value W, obtained for different combinations
materials in the tribosystem, different loads and speeds sliding. Along the axis Y postponed relevant calculated
value speed works dissipation in tribosystems W,., which equal algebraic sum speeds works dissipation in moving
and stationary triboelements, unit measurement - J/s. Formulas for calculation W, presented in [14]:

speed works dissipation in the moving triboelements;

W o = Cacs “Emov * Vimov *J 1 8- “)

mov acs
speed works dissipation in a stationary triboelements;

W, = Ogar * éstal ’ Vdstat J/s. (5)

mov
Speed works dissipation in the tribosystem:

VVZI” = Wmov + WY[H[ : J / S. (6)

In formulas (4) and (5) we assume next designation:

0Oucs 18 the stress on the actual contact spots, Pa;

Emovs Estar 18 the speed deformations in movable and stationary triboelements, 1/s;

Vimovs Vastar 18 the volume material movable and stationary triboelements, which participates in deformation
in the process friction, m>.

Received dependence, Fig. 4, establishes linear relationship between measured in the process experiment
power AE signals, formula (1) and speed works dissipation in the tribosystem, formula (6). Using the method of
least squares squares was received regressive equation:

W, =0.033-W,, )

301 /
; S

30

Wn-, J7s

+

10 /
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Fig. 4. Dependence changes speed works dissipation in different tribosystems W from power signals acoustic
emissions from the zone friction Wik

Dependence (7) allows for the measured in the process experiment power AE - W4, calculate value speed
works dissipation in the tribosystem W,,. Using received value W, and the formula obtained in [13] can be calculate
speed wear in the tribosystem in real time:

[ =610 exp| 079510 —— |— ™y | w?/n, ®)
v E 8 tr

y mov "~ Ystat
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where Iy is the volumetric speed wear, m*/h in real time;

Omov and dyq; are coefficients that take into account rheological properties structures material from moving
and stationary triboelements.

The second stage experimental research began to determine functional relationship between speed wear Iy
and parameters AE - W, for the specified above tribosystem when changing load on the node friction from 300 N
to 1200 N on a stationary mode works tribosystems, i.e. after completion transitional process (running in). Change
load leads to change speed works dissipation in tribosystems - Wj.

The purpose of the research is to show that by the value of W,z mB?s, it is possible determine the speed
wear Iy, m*/h.

Research were carried out in stationary friction modes, i.e. depreciation for running-in was not taken into
account. For this after completion working in (after stabilization parameters) on the surface friction wells were
applied for measurement wear and tear and after carrying out tests for two hours by the method of artificial bases
was determined linear wear and tear, which converted into volumetric.

Speed wear was determined by the formula:

I :Ab'AH,nf/h, Q)

v

e
where 4b is the value of the linear wear, m;
Ay is the area friction triboelement, m?;
t. is the time of execution experiment, hours.

Results experimental research are presented in Fig. 5.

We will do it assessment reproducibility results measurements signals acoustic emissions using criterion
Cochren, formula (2). Parameters signals acoustic emissions at different values speed works dissipation for
dispersion amplitudes and dispersions AE power specified above tribosystem are presented in Table 1.

Jim’®

Fig. 5. Estimated Iy, and experimental Iy. surface feedback volumetric speed wear and tear when changing
tribological properties lubricating environment E, and speed works dissipation W} in tribosystem steel 40X + Br.AJ 9-
4

Parameters signals acoustic emissions at different values speed works dissipation in tribosyst(};:rll‘t;le 1
W, J/s D tax 2D Sy Dimax 2D, S M

10 471 60.41 0.764 309.35 461.22 0.695 0.853

20 57.3 70.75 0.764 315.30 460.08 0.715 0.853

30 70.5 91.30 0.785 430.25 572.67 0.720 0.853

40 113.6 144.76 0.795 613.33 822,14 0,755 0,853

Analysis calculated values criterion Cochrane - C, and tabular values — C; at a given levels significance

level 0.95 (number of evaluated parameters - 2, number repetitions - 10), allows make conclusion that condition
(3) is fulfilled, i.e. results measurements homogeneous and reproducible.

For the subjects tribosystem coefficient correlations between dependencies I and D, has R value = 0.96,
and for dependencies /y and W has R value = 0.98.
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From the analysis presented values in Table 1 it follows that dispersion amplitude and power AE signals
adequately reflect process wear and tear and are in functional condition interconnection from speed wear and tear.
This allows to put forward assumption that the magnitude of the AE power can be to judge the magnitude of the
speed wear at any time during work tribosystems, i.e. in transient regimes.

Practical recommendations: determination method values speed wear during the transition process boils
down to the following operations.

1. Conducted trial specific tribosystems and in the process transitional process are registering AE
parameters and according to formulas (1) are calculated value power acoustic emissions - Wyg.

2. According to the known values W,g, according to expression (7), is calculated value speed works
dissipation in the tribosystem at a given time — W,,..

3. Numerical value volumetric speed wear at a given time - [y is determined by formula (8).

Conclusions

To determine maximum values speed wear during the transition process the AE method and the informative
parameter - power are justified AE signals. It has been experimentally established that AE power correlates from
speed wear and tear, coefficient correlation R = 0.98 and adequately reflects process working out.

Received dependencies that allow determine speed works dissipation in tribosystems of woodworking
equipment during the transition process by values power signals acoustic emissions, which allowed the
development of calculation method quantities speed wear during training in any point transitional process.
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BoiiTtos A.B., I’akonos B.1., I'paguceknii F0.0. Bu6ip inpopmatuBHEX napaMeTpiB akyCTHUHOI eMicii
JUIsl BU3HAYEHHSI IHTEHCHBHOCTI 3HOCY J€peBOOOPOOHOTr0 001 JHAHHS B TIEPEXITHUX PEKIMaX

Po3risiHyTO HampsiMM 3acTOCyBaHHS MeToay akycThuHol ewmicii (AE) mns nmocnimkeHHS NepexigHuX
MPOIIECiB Y TPHOOCHUCTEMaX. NepeBOOOPOOHOr0 oONMamHAHHA IMiJ Yac OOKaTKW. BUKOpHCTaHHA NaHOTO METOIY
JIO3BOJIMTH OTPUMYBATH iHPOPMAIIiFO TIPO CTaH MOBEPXOHB TEPTS Ta MIBUAKICTH 3HOITYBAHHS ITi[l YaC IMEePEXiTHNX
nporeciB (0OkaTku) B pexumi ommaiiH. s oOrpyHTyBamHA BuOOpy iHpopMaTuBHHX mapamerpie AE
npoanainizoBaHo Tull AE — curHanpHi KagpH, 3aXOIIeHi B POILeCi mepexoIy B XapakTepHuX Todkax. [TokazaHo,
IO TMpH OMIHII IIBHIKICHOTO 3HOCY B IMEPEXifHUX peXHMax HaWKpalle BHKOPHCTOBYBAaTH IOTYXHICTh
BUIIPOMIHIOBaHHS aKyCTH4YHOI eMicii. [Ticis 3aBepiieHHs nepexigHoro mporecy (CTarioHapHHAN peXuM poOoTH)
kaap curHaity AE HaOyBae Qopmu, sika CHIBHO BIIPI3HSETHCS BiJ MepeximHOro pexumy. ExcriepumeHTtanbHi
JIOCTIIPKSHHS TIPEACTABJICHI Y BUTTIAAI €KCIICPUMEHTAIBHUX 3aJISKHOCTEH, 0 BIOOPaKAIOTh CepeIHE 3HAYCHHS
notyxHocti curHaimiB AE, me mo oci X po3MillleHO eKclepUMEHTaIbHE 3HAYeHHS ITOTY)KHOCTI CHTHANIB
aKyCTMYHOI eMicii i3 30HM TepTs, oMHuUL BuMiproBanHs —mB?/c. Tlo oci Y BiknaieHe BifNOBiqHe pO3paxyHKOBE
3HA4YEHHs IIBUJIKOCTI poOOTH pO3CiIoBaHHSA B TpHOOCHCTEMaX, OJUHUII BUMiproBaHHS - JDk/c. 3anexHicTh
JO3BOJISIE 32 BUMIPSIHUM Y TEXHOJIOTITYHOMY €KCIIEPHMEHTI pO3paxyBaTH 3HadeHHs MoTyxHocTi AE mBuakocTi
3HOCY B TpHOOCHCTEMi JepeBOOOPOOHOTO OONMaJHAHHS B pPEXUMI peanbHOro dacy. /[l BH3HAYCHHS
MaKCHMAaIBHHX 3HaYeHb IIBUAKOCTI 3HOIIYBAHHS ITiJ] 4ac IIEPEeXiTHOTO MpoLecy o0IpyHTOBaHUMH cHrHanaMu AE
e meron AE Ta iHpopMaTHBHHI TapaMeTp — HOTYKHICTh. EKcriepruMeHTaTbHO BCTAHOBIIEHO, 110 MOTYXHICTh AE
KOpEJIo€e 31 MBHUAKICTIO 3HOCY JepeBooOpobHoro obnanHanHsA, kKoedimienToM Kopersmii R = 0,98 1 amexkBaTHO
BimoOpaxae mpuOyTok mporecy. OTpuMaHi 3aJIeKHOCTI JO3BOJIAIOTh BU3HAYUTH MIBUAKICTH pOOOTH OUICHTIAI] B
TpubOCHUCTEMaX JePEBOOOPOOHOro OOJaJHAHHS A Yac MEePEeXiJHOTO MPOIeCYy 3a 3HAYCHHSAMH ITOTY)KHOCTI
CUTHAIIB aKyCTUYHOI eMICii, 110 TO3BOJHIO PO3POOMTH METOMUKY PO3PaxXyHKY BEJIHYMH IMIBHAKOCTI 3HOCY
JIepeBOOOPOOHOT0 00JIaIHAHHS T1iJ] YaC TPEHYBaHHS B Oy Ib-sKill TOUI MEPEXiAHOTO IPOLECy.

KarouoBi cioBa: Tpubocucrema; 3HOC; aKyCTHYHA €MiCisl; IOTYXKHICTh aKyCTUYHOTO BUIIPOMIHIOBAaHHS;
MepexiIHi MPOIeCcH; JepeBO0OPOOHE 00IaTHAHHS; PO3pOOKa.



