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STATISTICAL PROPERTIES OF SIGNAL PULSE AMPLITUDE
OF MAGNETOELASTIC ACOUSTIC EMISSION
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The amplitude of the pulses of the magnetoelastaustic emission signal is shown to be

distributed according to the exponential law, whiohkes it possible to use its attenuation
parameter as an informative one for the diagnosti¢gsrromagnetic objects. The dependences
of the attenuation coefficients of the approximatponents of the obtained amplitude distribu-
tions estimates on the applied load are constryethith can be used as calibration curves for
the diagnostics of residual stresses in long-tguaration ferromagnetic objects.

Keywords: magnetoelastic acoustic emission signal, magnetic field, probability density of am-
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CTATUCTHUYHI BJACTUBOCTI AMILIITY AU IMITYJIbCIB CUTHAJTY
MATHETOIIPYKHOI AKYCTUUYHOI EMICIi

€. I1. Houyancekwuii, b. I1. Kaum, H. I1. Meapuuk, I1. I1. Beanknii

®Dizuko-mexaniunuii incTutyt im. I'. B. Kapnenka HAH Ykpainu, JIbBiB

Po3risgaroyn CUrHajl MarHeTOIPYKHOI aKyCTHYHOT eMicCil B MeXax BUIIQJKOBOTO iMITYJILCHOTO
[IOTOKY, 3alpONOHYBaI BUKOPHCTOBYBATH SIK iH(OPMATHBHI MapaMeTpd HOro aMIUITYIHOTO
posnoniny. Jlns MOCHIDKEHHS CTaTMCTUYHUX BJIACTMBOCTEH aMIUIITYJM CHUTHAY BHKOHAHO
eKCIIepUMEHTANIbHI JocTipKeHHsT Ha craneBomy (Cr.3) Ta HikeJIeBOMy 3pa3Kax Ta 3a OJHI€rO
peanizaliiero 3HaiileHO ricTOrpamu po3HOAiTIB aMIUTITY iMIynbciB. s nepeBipku rinoresn
I10JI0 KOHKPETHOT'O 3aKOHY PO3IOJiy BUKOPUCTAHO KPHTEPIH X, AKUH IPYHTY€EThCS Ha MOPIB-
HSIHHI eMITIpHYHOI IiCTOrpaMy po3Moiily BHUIIaJAKOBOI BEMYUHH 3 1i TEOPETHYHO T'YCTHHOIO.
IMokazano, 0 aMIUIITyJa IMITyJIbCIB CHTHAYy MarHeTONPY KHOI aKyCTHYHOI eMicii po3noiaeHa
3a CKCIIOHCHIIHHIM 3aKOHOM, SIKHH Jla€ 3MOT'Y BUKOPHCTATH IapaMeTp 3aracaHHs sk iHpopma-
TUBHUH M 9ac AlarHOCTYBaHHS (epoMarHeTHUX o0’ ekTiB. st anpobarii HoBoro iHpopma-
THUBHOTO MapaMeTpa J0 HIiKEIeBOro Ta CTAJIICBOTO 3pa3KiB OJHAKOBUX PO3Mipy Ta dopmu mpu-
KJIaJIalii 3yCHIUISL OJHOBICHOTO po3Tsary (IUisl HiKeo HampyxkeHHs 3miHtoBaiau Big O MIla mo
110MIla, must crani o 280MIla), nepemMarHeuyBaiy iX 30BHIIIHIM IOJIEM Ta PEECTPYBAIH
CHTHAJIM MarHeTONPY>KHOT aKyCTUYHOT eMicii. 3HaiJeHO OLIHKH PO3MOAITIB aMILTITY ] IMITYJIb-
CiB JUI pi3HMX 3HAYCHb NPHUKIIAJCHOTO HaBaHTaKeHHs. [100ynoBaHO 3aexHOCTI KoedilieHTiB
3aracaHHs alnpoKCHMYBAJIbHHUX EKCIIOHEHT OJICP)KAHHMX OLHOK aMILTITYIHHX PO3IOALIIB Bif
[PHKJIaICHOTO HAaBaHTAXKEHHS, SIKi MO)KHA BUKOPHCTOBYBATH SIK TPaJIyIOBalbHI KPUBI AJIs JAiar-
HOCTYBaHHS 3AJIMIIKOBUX HANPYXEHb ¥ (hepoMarHeTHUX 00’ €KTaX TPUBAIOI CKCILTyaTallii.

KurouoBi ciioBa: cuenan macnemonpysicnoi akycmuyuHoi emicii, Maznemue noe, 2yCmuna umo-
gipHoCMi pO3NOOINY AMNAIMYO, 3ANUWKOBT HANDYHCEHHSL.

For diagnostics of long-operating elements and yectsdmade of ferromagnetic
materials, the method of magnetoelastic acoustissom (MAE), combining two
physical principles: magnetization by an externagmetic field and registration of
elastic waves arising from the discontinuous movenoé 90° domain walls in ferro-
magnets, is a promising one [1-7]. The advantafjseanethod are: no need to apply
additional load as well as no need to stop theaijwer or change the operating mode
of the element that is subject to testing.

In previous studies a high sensitivity of the MABmal parameters to structural
changes in the material of a ferromagnetic objdastic deformation, residual stresses,
hydrogen, etc. was determined. This necessitateddhelopment and implementation
of the MAE method as a potentially effective meahson-destructive testing.
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From the literature review it follows that, as derusuch informative parameters
of the MAE signal as the sum of the amplitudeshefdignal pulses and the final count
are used [8-15]. When interpreting the MAE sigrabapulsed random process [16],
one can additionally use and estimate statistibalracteristics, namely, the shape,
parameters, moments, and entropy of the amplitadetiene distribution of a random
pulse stream.

The amplitude distribution of the MAE signal candstimated using a multichan-
nel amplitude analyzer witly adjacent amplitude “windows” of widhA each or pro-
gram-based results digitized data from the sigaaiing device. Then the histogram
of the amplitude distribution of the MAE signal oyeealization will look:

| 0, A< Ay
RAQ, An) = Nﬁ/ZONﬁ,AD(Ahw—l)AA, I0A]; 0
= 0, A> Ap +1p0A.

Here, the lower boundary of the dynamic range efgthise amplitudes is determi-
ned by the threshold valu&y, which depends on the noise level, and the upper
(An +1p0A) digit capacity of the analyzel, is the number of samples in the channel

with number. Histogram was averaged owrrealizations:

A 1 M.
(1 An) = > L AR) )
j=1
with estimation variance:
1
Diatan = PRAt A )

The estimation of the first and the second momehtie amplitude distribution
is, respectively:

~ I0 ~
A=AAY (1 ThA(, Ap)) (4)
=1
and
~ I0 ~
AZ = (DAY (12 ThA(, Ap)).- (5)
=1

To test the hypothesis regarding a specific digtidm law, one can use the so-
called statistical fitting criteria known from ligture, which are conditionally divided
into two classes — general and special. Genentglrierican be divided into three main
groups [17, 18]:

1 — based on the study of the difference betweerthoretical distribution den-
sity and the empirical histogram;

2 — built on the estimation of the distance betwéwsoretical and empirical
probability distribution functions;

3 — correlation-regression criteria, based on thdysof correlation and regression
relationships between empirical and theoreticainaidstatistics.

A comparison of the empirical histogram of the rilisttion of a random variable

with its theoretical density is the basis of tj(l% criteria, empty intervals [17]. How-

ever, it is known that estimation of the distriloutidensity over the histogram gives an
offset error [18]. The bias value can be reduced lmprresponding narrowing of the
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AA interval. This leads to an increase in the vaeaoicthe histogram estimate, which
can be reduced by increasing the number of aveyagalizations.

To study the statistical properties of the MAE sigamplitude, experimental
studies were performed on steetr (& and nickel samples and, according to algorithm
(1), histograms of the distribution of the MAE sam pulse amplitudes were found
using one implementation (Figa,lb). The general view of the histograms gives
grounds for choosing the exponential distributiam bs the null hypothesis.

If to test the hypothesis about the exponentiaityhe law of amplitude distribu-

tion use the)(2 criteria and the estimaté(l). Then it is necessary to calculate the
statistics [18]

2 G 2
X" =Nz (h()-p)*/p (6)
=1
IAA
where p = J' A [&xp(—AA)dA is the theoretical probability of the amplitudetiyey
(I-1)aA

into thel-th window. HereA is the distribution parameteNs is the sample volume.
Statistics (6) has the distributiqr? [18]

(@/2)'2 (KI2-1x/2

X) = ; 7
p(x) F(k/2) (7
where k is the number of degrees of freedom.
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Fig. 1. Histograms of the amplitude distributiorishe MAE signal for steeld) and nickel )
samples: magnetization frequency 9 Hz, magnetizdigdd induction amplitude
0.8and 0.4T, respectively.

If the distribution of a random variable is knowithwprecision to its parameters,
thenk =1y —1. If the parameters of a hypothetical distributiaw are estimated by the

sampling itself, the number of degrees of freedesmeduced by the number of parame-
ters m, that are estimated. The exponential distribui®mone-parameter, smm=1

and, accordinglyk =15 - 2.

The power of criterion)(2 is greatly influenced by the number of partitioner-
vals (window width) of the histogram. In practiiteis generally accepted that statistics
x%can be used iNsp =5 [17].

The rule for testing the hypothesis is simple [19],if:

I0 ~
N> (h(1)-p)?/ P >X35, (8)
=1
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then at the level of significanae the hypothesis of an exponential distribution law
rejected with confidencél—-a). Otherwise, the hypothesis is accepted at a deesi

of significance. Here((zx is thea-quantile of distribution (7).

To build a histogram of the distribution of ampdias for a steel sample, we take
the number of interval = 16. We set the confidence probability= 0.95, the sample
size beingNs = 3371. The intermediate calculation results aremiin Table 1 by
which we calculate the criterial valyé = 15.8. For the chosen confidence probability
a = 0.95 and the number of degrees of freedomil6 — 2, from the table presented in

[17] we find the critical value of the statistic tife criterion x8105: 23.7. Since the

critical value turned out to be greater (23.15.8) than that calculated according to
statistical data, the hypothesis of sampling bedlopgo an exponential distribution
must be accepted.

Table 1. Intermediate results of the calculation of the value of )(2 for the sampling
of the signal obtained in the steel sample experiment

break intervals rg‘;rl}ng‘iiro‘r’]g h(l) n (h() - p)2/v,
20 1106 0.328093 0.343365 0.000679
22 778 0.230792 0.225608 0.000119
24 533 0.158113 0.148235 0.000658
26 358 0.1062 0.097398 0.000795
28 226 0.067042 0.063995 0.000145
30 119 0.035301 0.042048 0.001083
32 80 0.023732 0.027628 0.000549
34 59 0.017502 0.018153 2.33E-05
36 40 0.011866 0.011927 3.15E-07
38 25 0.007416 0.007837 2.26E-05
40 15 0.00445 0.005149 9.5E-05
42 13 0.003856 0.003383 6.62E-05
44 8 0.002373 0.002223 1.02E-05
46 7 0.002077 0.001461 0.00026
48 3 0.00089 0.00096 5.07E-06
50 1 0.000297 0.000631 0.000177

s 3371 1 1 0.004688

For the histogram averaged ower= 10 realizations, the calculated criterion
value isx? = 6.1, that is, the condition of sampling belomgto the exponential distri-
bution is enhanced.

To construct a histogram of the amplitude distiirufor a nickel sample, we also

specify the number of intervalg = 16, the confidence probability = 0.95. The
sample volume isNs = 4576, and the intermediate calculation resuksshown in

Table. 2, by which we calculate the criterion vajfe= 20.3. Since the critical value
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turned out to be greater (23.7 > 20.3) than thizutzted from the statistics, the hypo-
thesis of sampling belonging to the exponentidrithigtion must be accepted.

Table 2. Intermediate results of the calculation of the value of x* for the sampling
of the signal obtained in the nickel sample experiment

intorvals | reaizatons | O P (ht) = p)* /v
20 1300 0.284091 0.2961 0.000487
22 963 0.210446 0.208751 1.38E-05
24 703 0.153628 0.14717 0.000283
26 512 0.111888 0.103755 0.000637
28 330 0.072115 0.073148 1.46E-05
30 202 0.044143 0.05157 0.001069
32 172 0.037587 0.036357 4.17E-05
34 106 0.023164 0.025632 0.000237
36 88 0.019231 0.01807 7.45E-05
38 55 0.012019 0.01274 4.07E-05
40 47 0.010271 0.008981 0.000185
42 32 0.006993 0.006332 6.9E-05
44 29 0.006337 0.004464 0.000786
46 16 0.003497 0.003147 3.88E-05
48 10 0.002185 0.002219 5.04E-07
50 11 0.002404 0.001564 0.000451
> 4576 1 1 0.00443

For the histogram averaged ower= 10 realizations, the calculated criterion
value isx? = 14.5 that is, the condition of sampling belomgin the exponential distri-
bution is enhanced.

The calculations make it possible to state thatphise amplitude of the MAE
signal is distributed according to the exponen#al, and its parametér can be used
as informative for the diagnostics of ferromagnetigects by the MAE method.

To test a new informative parameter, uniaxial tenirces were applied to the
samples of nickel and steel (for nickel, the tensiaried from 0 MPa to 110 MPa, for
steel to 280 MPa), they were magnetized by an eakdield, and MAE signals were
recorded (Fig. 2).

Based on the results of the above studies on thenextial law of the distribution
of the MAE signal pulse amplitudes, the dependenédlke attenuation coefficienis
on the applied load are constructed, which candesl s calibration curves for the
diagnostics of residual stresses in long-time atqtion ferromagnetic objects (Fig. 3).

These dependences are characterized by resisarac@umber of experimental
factors that affect the amplitude characteristicghe signal (gain of the MAE signal,
the quality of the contact of the acoustic emisdmamsducer with the surface of the
object, the transducer directivity diagram), congglawith a similar dependence of the
sum of the signal amplitudes on the applied loddevf3-16].
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Fig. 2. Estimates of the probability density of the diattibn of amplitudes (histograms)
for the MAE signal for various sample loads: steelp — nickel.
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Fig. 3. Dependence of the attenuation coefficiénhe approximating exponent of the estimate
of the amplitude distribution on the applied loadthe samplesa — steelb — nickel

CONCLUSIONS

Studies allow us to state that the amplitude ofghkses of the MAE signal is
distributed according to the exponential law, &hdrefore, its parametércan be used
as informative in the diagnostics of ferromagnetiects.

For plate steel and nickel samples, that are stdgjeto tensile load, estimates of
the distribution of pulse amplitudes for variousues of the applied load are found.
The dependences of the approximating exponentsuatien coefficients of the ob-
tained estimates of the amplitude distributionstlo& applied load are constructed,
which can be used as calibration curves for thgrdiais of residual stresses in ferro-
magnet objects of long-time exploitation.
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