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Parameters of the envelope of the magnetoelastic acoustic emission signal are proposed to be
used as informative ones. To study the properties of the envelope of the signal, the steel St.3
and nickel specimens are investigated. The signal envelopes for a number of values of the
amplitude of the remagnetizing field induction are estimated by several implementations. It is
shown that the shape and duration of the envelope of the magnetoelastic acoustic emission signal
depends on the amplitude of the remagnetization field induction, which requires ensuring their
stability when using the parameters of the envelope as informative by diagnosing ferromagnetic
objects. To test the new informative parameter, uniaxial tensile stresses were applied to the nickel
and steel specimens of the same size and shape (for nickel the stresses were changed from 0 to
110 MPa, for steel — to 280 MPa), the specimens were remagnetized with the outside field and
the magnetoelastic acoustic emission signals were recorded. Estimates of the signals envelope
for different values of the applied load are found. The dependences of duration of the
magnetoelastic acoustic emission signals on the magnitude of the applied stresses, which can be
used as calibration curves for diagnosing residual stresses in ferromagnetic objects of long-term
operation, are constructed.

Keywords: magnetoelastic acoustic emission, magnetic field, envelope of the signal, residual
stress.

IHOOPMATUBHI BJACTUBOCTI OT'HHAJBHOI CUTHAJTY
MATHETOIIPYKHOi AKYCTUYHOI EMICIi

€. I1. Houancekwuii, b. I1. KnuMm, H. I1. Meabnuk, I1. I1. Beauknii
®dizuxo-mexaHiynui iHcTuTyT iM. I'. B. Kapnenka HAH Ykpaiun, JIbBiB

3anporoHOBaHO sIK iH(GOpPMAaTHBHI BUKOPHCTOBYBAaTH MapaMeTpH OTHHAJIBHOI CHTHAJIy MarHe-
TOMPYXHOI aKyCcTH4HOI emicii. OI[IHKY OTMHAJBbHOI 3HAWIEHO 32 ANTOPUTMAaMH KOB3HOTO ce-
PEIHIOBAH 3a KiJBKICTIO 3apEECTPOBAHUX Y PE3YIbTATI €KCIIEPUMEHTY BUOIpOK. J{i11 BUBUEHHS
iH(pOPMATUBHHX BIACTUBOCTEH OTWHAJBHOI CHTHAIY BUKOHAHO SKCIIEPUMEHTANBHI JOCIIIKEH-
Hs Ha crasieBoMy (Ct.3) Ta HiKOJIOBOMY 3pa3kax. 30y/DKyBaJl MarHETONPY)XXHY aKyCTHYHY eMi-
CiI0 CHHYCOiZaTbHUM CHUTHAJIOM 3 4acToTolo 9 I'll, BUKOPHUCTOBYIOUH HAKIaJHUN eJIeKTpoMar-
HeT. 3a JeKiTbKOMa peai3alliiMi OI[iHCHO OTMHAIIBHI CHUTHANY Il HU3KU 3HAUYCHb aMILTITyTH
IHAYKINT epeMarueuyBajabHOTO MoJisi. BusieiieHo, 1mo ¢Gopma (0AWH MiK UIS HIKOJOBOTO, IBA —
JUIS CTAJICBOTO 3pa3KiB) Ta TPUBAIICTh OTMHAIBHOI CUTHAIY MarHeTONpPYXHOi aKyCTHYHOI eMi-
cii 3aiexath Bil aMIUTITYIW 1HIYKIIi MOJs MepeMarHeyeHHs, TOMY CIiJ 3a0e3MeYnuTH iX cTa-
OUTBHICTB TiJl YaC BUKOPUCTAHHS MapaMeTPiB OTHHAIBHOI K iH()OPMATHBHHX JUIS A1arHOCTY-
BaHHS (epomarHeTHHX 00’ ekTiB. {1 ampobarii HOBOro iH(GOPMATHBHOTO ITapaMeTpa A0 HiKo-
JIOBOTO Ta CTAIEBOTO 3pa3KiB OJJHAKOBUX PO3Mipy Ta (popMH NPHUKIATANT 3yCHIIISL OJJHOBICHOTO
po3Tsry (Uit Hikoy HampyskeHHst 3MiHroBanu Big 0 1o 110 MIla, mns crani — mo 280 MIla),
riepeMarHeydyBany 1X 30BHILIHIM MOJIeM Ta PEECTPYBaIM CHIHAIM MarHeTONPY)KHOT aKyCTHYHOT
emicii. 3HaiiIeHO OLIHKK OTMHAIBHUX CHUTHANIB JUIA Pi3HUX 3HAYEHb MPHKIAJCHOIO HaBaHTa-
xeHHs1. [To0y0BaHO 3a/IeKHOCTI TPUBAJIOCTI CUTHAIIB MarHETONPYXKHOI eMicii Bix mpukiane-
HUX HalpyXeHb, SKi MOXKHAa BUKOPHCTOBYBATH SK I'PaJylOBANIbHI KPHBI JUIS T1arHOCTYBAaHHS
3aJIMIIKOBUX HAIPYKEHb y (PepOMArHETHUX 00 €KTax TpUBANOi eKcIuTyaTamnii. BoHu criliki 10
HU3KH eKCTIepIMEHTAIbHNX YHHHUKIB (SKOCTI KOHTAaKTy MEepeTBOPIOBAada aKyCTHUIHOI emicii 3
MMOBEPXHEI0 00’€KTa, HOTO JiarpaMu HAIpSIMIIEHOCTI, KOe(illieHTa MiJCHICHHS CHTHAIY), SKi
BIUIMBAIOTh Ha aMIUTITY/IHI XapaKTEPUCTHUKK CUTHAITY.

KirouoBi cinoBa: cucnan masnemonpyscnoi akycmuunoi emicii, mazHemue none, 02UHANbHA
CUSHATLY, 3AUULIKOB] HANPYIHCEHHSL.
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The high sensitivity of the magnetoelastic acoustic emission (MAE) signal para-
meters to structural changes in the material of a ferromagnetic object (plastic deforma-
tion, residual stresses, hydrogen, etc.) has been established [1-8]. This necessitated the
development and implementation of the MAE method as a potentially effective means
of non-destructive testing.

From the literature review it follows that, as a rule, such informative parameters of
the MAE signal as the sum of the amplitudes of the signal pulses and the final count
are used [8]. When interpreting the MAE signal as a pulsed random process [9, 10],
one can additionally use and estimate statistical characteristics, namely, the shape,
parameters, moments, and entropy of the amplitude and time distribution of a random
pulse stream.

In addition to the traditional parameters of the MAE signal, an important charac-
teristic is the envelope of the MAE signal, in particular of its shape and duration.

The estimate of the envelope by the simple moving average is found by formula
[11]:

§;(k) = R l\s (k+|)‘ 1)

Here, |s(i)| is the module of the i-th sample signal, N is the number of the samples
signal that are averaged (width of the averaging window), $(k) is the k-th value of the

envelope estimate.
In order to reduce the variance of the envelope estimate, it is also averaged by the
number of samples M, registered as a result of the experiment:
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Estimation of the envelope by the algorithm of the moving root mean square is

carried out by the formula:
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Here, sz(i) is the square of the i-th sample signal. The variance of the estimates
(2) and (4) averaged by the number of the samples M decreases and is equal to:

1
Ds, (k) __Ds () )

for M samples:

Dependence of the shape and duration of the MAE signal on the amplitude of
the remagnetization field induction. The regularities of the process of magnetization
of ferromagnetic materials are graphically represented in the form of a magnetization
curve that shows the dependence of the induction B amplitude on the magnetic field
strength H. Under the conditions of cyclic changes in the external magnetic field, we
get a symmetric hysteresis loop. The loop for which the state of technical saturation is
attained is called boundary and all other loops located inside it are called partial loops [2].

The platelike specimens of nickel and St.3 steel were made for research.
Remagnetization was with the help of a sinusoidal signal with a frequency of 9 Hz by
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using an attached electromagnet [8] for several values of the magnetic field induction
amplitude corresponding to several partial hysteresis loops.

The influence of the amplitude of the remagnetization field induction B on the shape
and duration of the MAE signals was established. In Fig. 1 the enveloping curves of the
MAE signals for nickel (a—c) and St.3 steel (d—€) specimens recorded for the ascending
branch of the remagnetization loop are shown. The enveloping curves of the MAE for
the nickel specimen have a single peak, the shape of which becomes narrower and
increases in amplitude as the parameter B increases. The enveloping curves of the
MAE for the steel specimen have two peaks, the amplitude of which increases with
increasing B and they are located closer to each other due to the decrease in the duration

of the MAE signals.
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Fig 1. Enveloping curves of the MAE signals: a—c — nickel plate (B =0.29 T; 0.48 T; 0.60 T);
d—f — steel plate (B=0.72 T; 1.22 T; 1.84 T).
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Fig 2. Dependences of the MAE signals duration t on the amplitude of induction
of the remagnetization field B: a — nickel plate; b — steel plate.
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For nickel and steel specimens it was experimentally confirmed that the duration
of magnetoelastic acoustic emission signals decreases with increasing magnitude of the
remagnetization field induction (Figs. 2a, b).

It also follows from the obtained experimental results that the sum of the MAE
signals amplitudes increases almost linearly with increasing amplitude of the remagne-
tization field induction (Figs. 3a, b).
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Fig 3. Dependences of the sum of amplitudes of the MAE signals on the amplitude of induction
of the remagnetization field B: a — nickel plate; b — steel plate.

The observed behavior of the MAE signal parameters is explained by the fact that,
as the amplitude of induction of the field increases, the rate of its changes in the course
of the remagnetization of ferromagnetic material becomes higher and, hence, the
intensity of jumps of the domain walls increases.

Based on the research results it was concluded that to ensure comparability of the
results of diagnosing objects made of ferromagnetic materials by the MAE method, it
is necessary to create the same conditions for each individual diagnostic experiment. In
particular, it is important to ensure the constancy (stability) of the amplitude of the
remagnetizing field induction.

Estimation of the stress state of ferromagnetic materials. The formation of a
domain structure is energetically beneficial for ferromagnetic materials in the case of
the absence of external magnetic fields. The boundaries between the magnetic domains
are at rest, and the magnetization of the whole specimen is zero. Under the action of the
applied external magnetic field, the equilibrium is disturbed, as a consequence, there is
an abrupt movement of the 90°-th domain walls, which causes the appearance of the
MAE signals [1-3]. The applied force load to the investigated specimen causes defor-
mation of the crystal lattice and rearrangement of the domain structure.

The experimental platelike specimens of the same size of nickel and steel 19G were
made for research. Uniaxial tensile loads were applied to the specimens (for nickel the
tension o being changed from O till 110 MPa, for steel — till 280 MPa), and the specimens
were remagnetized with the outside field, the MAE signals being registered. According
to the obtained results, the dependences of the MAE signals sum on the induction
amplitude of the remagnetized field B are constructed (Fig. 4). When the amplitude of
the magnetic field induction B is a constant and the applied voltages increase, one
observes a decrease in the sum of the amplitudes for both samples.

The features of the envelope shape and the dependence of the MAE signal duration
on the applied external load and the amplitude of the remagnetization field induction
are studied (Figs. 5-7). When o and B are increased, the change of the envelope shape
is noticed (one sharp clear peak is formed in the nickel and two peaks in the steel spe-
cimens) as well as a sufficient decrease of the amplitude and the MAE signals duration.

The outside mechanic stresses, applied to the investigated ferromagnetic samples,
cause the change in the magnetic structure. The magnetic-elastic energy under stresses
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is proportional to Acsin’a, where A is the magnetostriction constant, o is the angle
between the directions of the magnetization vector M and the applied stresses to the

control object . The influence of these stresses causes the turning M parallel towards
the direction o for minimizing the magnetic-elastic energy.
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Fig 4. Dependence of amplitudes sum of the MAE signals on stresses caused by an external load: a —
nickel plate (B =0.35 T); b — 19G steel plate (B =1.28 T).
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Fig 5. Features of the MAE envelope shape vs. changes of the amplitude of the magnetizing field induction
B and o = 0: a— nickel specimen (1 -0.2 T, 2—-0.35T); b — steel specimen (1-1.08 T,2-1.8T).
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Fig 6. Features of the MAE envelope shape vs. changes of the amplitude of the magnetizing field
induction B: a — nickel specimen (c =110 MPa, 1-0.2T,2-0.35T);
b — steel specimen (c =175 MPa; 1 -1.08 T,2-1.8T).

It causes the increase of the general area of the 180°-th domain walls in the mate-
rial volume due to the decrease of areas of non-180°-th ones, and the decrease of the
MAE signals amplitude [1]. Increase of the amplitude of the MAE signal, when the
induction amplitude of the remagnetization field increases, can be explained by the
improvement of intensity of the domain walls jumps.

It is obvious that the dependences of the MAE signals duration on the magnitude
of the applied stresses (Fig. 7) can be used as calibration curves to diagnose residual
stresses in ferromagnetic objects.
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Fig 7. Dependence of the MAE signals duration on the applied stresses:
a — nickel specimen (B =0.35 T); b — steel specimen (B=1.8T).

CONCLUSIONS
The investigations shown that the MAE envelope is an important characteristic, in

particular, its duration can be used as an informative parameter when diagnosing the
ferromagnetic objects. Estimates of the envelope of the MAE signals for different
values of the applied load were found for the platelike steel and nickel specimens
subjected to tensile loading. The dependences of the MAE signal duration on the
magnitude of the applied stresses, which can be used as calibration curves for diagnosing
residual stresses in ferromagnetic objects of long-term operation, are constructed.
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