84

NPUNAOQOBYOYBAHHA TA IHOOPMALINHO-BUMIPIOBATNbHA
TEXHIKA

DOI: 10.20535/1810-0546.2018.3.127129
UDC 620.179.16

H.S. Tymchyk, O.0. Podolian®, K.S. Serhiienko
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine

THEORETICAL INVESTIGATIONS OF THE ULTRASONIC WAVE GENERATION
BY AN ELECTROMAGNETIC ACOUSTIC TRANSDUCER

Background. The article considers the analysis of the electromagnetic acoustic (EMA) converter with controlled an-
gular input of acoustic waves, using parameters influencing the formation of an acoustic wave.

Objective. The aim of the paper is to analyze the formation of an acoustic wave with angular input in the EMA con-
verters of non-destructive testing systems.

Methods. Mathematical modelling was used to investigate the influence of the distance from the yarn-emitters to the
control object surface. The influence of various factors (current magnitudes, external magnetic field values, distance
from the yarn-emitter and the grating to the control object surface) is investigated with the help of mathematical
modeling.

Results. The optimal value of the magnetic induction of an external magnetic field is shown. The calculation of the
pressure created by the yarn-emitters and the grating on the controlled object surface was carried out. A formula for
the ultrasonic wave input angle was obtained. The formula depends on the parameters of the control environment,
the distance between the emitters, the phase shift between the harmonic current signals applied to the adjacent emit-
ters and the harmonic signal frequency. It was found that a change in the angle between the EMA transducer and the
surface of the control object leads to a significant deterioration in the acoustic wave generation on the surface of the
controlled object.

Conclusions. We investigated the possibility of the angular input of an ultrasonic wave using system of parallel-
arranged yarn-emitters. A decrease in the acoustic pressure, with increasing distance from the yarn-emitters to the
controlled object surface was observed.

Keywords: EMA transducer; acoustic pressure; non-destructive testing; angular input; ultrasonic wave.
Introduction Problem statement

Among the studies related to the creation of The aim of the paper is to analyze the forma-

non-destructive testing equipment, the search for
non-contact methods of excitation and recording
of ultrasound in solid bodies are important [1]. The
progress in this direction has been achieved through
the use of electromagnetic-acoustic (EMA) method
of generation and reception of ultrasonic vibra-
tions.

Currently, the controlled angular input of an
acoustic wave is practically not used in EMA flaw
detectors, which substantially limits the areas of
their use. At the same time, EMA flaw detectors
that have a fixed or discretely switched angle of
acoustic wave input are widely used. The problem
of controlled angular input of an acoustic wave
based on EMA converters can be solved only as a
result of the radiation investigation, the formation
of a magnetic field [2, 3], and the formation of
monitoring pulses [4]. The solution of the task of
investigating radiation will increase the reliability
and speed of ultrasonic flaw detection.

: corresponding author: a.podolian@i.ua

tion of an acoustic wave with angular input in
EMA converters of non-destructive testing systems.

Analysis of the formation of acoustic vibration
with a yarn-emitter

The yarn-emitter with the harmonic current is
located at a distance A (Fig. 1) from the elastic,
homogeneous, isotropic and linear-conductive
half-space 2 [5]:

I = IO cos(wt) = IO cos(2n f1)

where [ 0 is an amplitude value of the yarn-emit-

ter current; o is a circular frequency; f is a fre-

quency of a current in a yarn-emitter.

The following measures were assumed [5]: the
rigidly fixed yarn-emitter doesn’t execute mechani-
cal vibrations, the phase and amplitude of the cur-
rent in the yarn-emitter is constant throughout its
length.
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The yarn-emitter is stretched along the axis
along the lines y =0, z = hA.

The half-space 1 (air) is characterized by
electrical conductivity 8, = 0, the magnetic per-

meability p, =p, and the dielectric permeability
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Fig. 1. Location of the yarn-emitter concerning the controlled
object

The half-space 2 (iron) has the electrical con-
ductivity 5,=3, the magnetic permeability of

MQZZHI'M-
The flowing current [ 0 along the yarn-emit-

ter generates eddy currents. The electromagnetic
coupling of the primary and induced currents
causes pressures on the surface of the half-space 2.

It is known that the efficiency of EMA con-
version increases with an external magnetic field [2].

This follows from the theory of ferromagnet-
ism and is explained by the fact that a large contri-
bution to the reduction of ultrasonic vibrations in

0.00E+00
0.00E+00 -

1.00E+00

ferromagnets is caused by losses in eddy currents.
They arise during moving domains. The external
magnetic field leads to ordering of the domain
structure and reduces the ultrasonic attenuation.

In this case, the magnetic field of the currents
(B_) adds to the external constant magnetic field

(B_), which can be written as [6]
B.=B_+B._.

A formula describing the law of the distribu-
tion of pressures on the surface of the half-space 2
can be written in the following form [6]:

12h2

0
.“W(l+cos4n.f.t)
1,hB_

Cn(h? +y?)

P::—HO
cos2n- f -t

where B_ is an induction of an external constant

magnetic field; # is a distance from center of
the yarn-emitter to the controlled object surface;
y is a distance from the projection of the thread

along the yarn-emitter of controlled object in
the direction perpendicular to the projection;

Hy=4n- 10”7 H/m is a magnetic constant; p is a

magnetic permeability material of the controlled
object.

The relation mentioned above establishes the
relationship between the acoustic pressure on the
surface with the current of the yarn-emitter and its
location. The highest acoustic pressure is created
directly under the yarn-emitter. With increasing
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Fig. 2. The family of dependences p(r) for different values on the distance #, (y=0), B =03 T, Iy=2 A, /;=0,5MHz
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Fig. 4. The family of dependences p(#) for different values on induction B_, (y=0), ;=2 A, h=1mm, f; =0,5MHz

the distance from this line and with increasing dis-
tance h, the pressure falls sharply. As the value of
the current increases, the pressure increases
quadratically. Changed in time, it does not change
its value and changes from zero to maximum twice
per period of supply current.

Numerous experimental investigations of gen-
eration processes and reception of normal waves by
EMA method were conducted in Dnipro pipe
plant [7]. They revealed the optimal value of the
external magnetic field B_ =0,3 T at the control

of various objects (pipes and leaf) made from fer-
romagnetic steel.

The influence of various factors (current val-
ues [,, the values of the external magnetic field
B =, the distance h from the yarn-emitter to the

controlled object) on the created acoustic pressure
are presented on diagrams below (Figs. 2—4).

Analysis of the formation of acoustic vibrations
based on a system of discrete units

When EMA is triggered [8] by a system
of synphased converters (Fig. 5), the width
Ay =1 =2x; during generating of systems of anti-

phase transducers

Ay=1=21/2
is a length of the normal wave at the corresponding
operating point; A = C7C is a phase velocity of the

ultrasonic wave; f is an operating frequency of ul-
trasonic radiation.
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Fig. 5. The location of yarn-emitters

affects the size of the resulting radiation beam.
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The pressure at each point of the surface of
the controlled space under the grating will be cre-
ated by each yarn-emitter, taking into account the
distance from the point to the cenetr of each
transducer [9]:

ps(x6,3)= > p (x,9)
m=1

707,

py(x,y) is a total pressure created by the grating

on the surface of the controlled space at the point
with coordinates (x, y); p,(x,y) is a pressure cre-

ated on the surface of the controlled space at the
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point with coordinates (x,y) by use of transducer
m, where m=1,2,...,n.

The average pressure on the controlled object
surface limited by the grating can be determined if
the magnetic flux passes equally throughout the
volume of the triggered surface.

The influence of various factors on the total
acoustic pressure Dy (Figs. 6—8) was modeled for

investigating the process of formation of yarn-
emitters’ synthesis of acoustic vibrations. The
simulation data is the effect of the angle between

the transducer and the controlled surface, on the
generated acoustic pressure (Fig. 9).

Figs. 6—8 show the diagrams of the formation
of the acoustic wave by the grating consisting of
yarn-emitters. There is a decrease in acoustic pres-
sure, as the value of the current amplitude /, and

the distance h increase from the center of the
yarn-emitter to the controlled object surface (see
Figs. 6, 7). The shape of the pressure distribution
changes sharply when the transducer is installed at
an angle to the surface (see Fig. 9).
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Analysis of the formation of the angular input
of an ultrasonic wave

Scholarly papers [10—12] show the principle
possibility of angular input of ultrasonic vibrations
by use of EMA converter, where the basic formulas
are obtained. At the same time, the question of the
practical application of a smooth control of the in-
put angle of an ultrasonic wave using EMA con-
verters with transducers in the form of a grating of
conductors remains open.

It is known [11] that when a plane ultrasonic
wave falls along the boundary a forced travelling
appears, speed and direction of which depends on
the angle of incidence.

In this case, the source of the refracted waves
is an oscillating interface, which can be efficiently
triggered by using EMA converter built on the ba-
sis of a grating of an elementary conductor — ra-
diators located in the same plane (Fig. 10).

The component % determines the divergence

of the radiation beam. In the case / >> A, the ra-
diation beam will be low-divergent.
The speed ¢, is determined by the vibration

frequency f and y, — a distance between the

nearest points of the wave front along the propaga-
tion of the travelling wave, phase of oscillations of
which differs by 2z [11, 12].

To generate a travelling wave with specified
properties, it is necessary that the pressure under
each conductor-radiator changes consistently, with
the phase displacement A¢ [12]:

A(p:4rc.Ay-cf1 -sinf
1

where Ay is a distance between neighbouring

yarn-emitters.

A predetermined phase displacement is pro-
vided by delaying the supply of a harmonic signal
to neighbouring yarn-emitters for a certain time
interval Af.

N~ . .
§ NolCIcEoRoRs The working formula for calculating the delay
— time for the supply of a harmonic signal to
Y neighbouring yarn-emitters to provide a given
B input angle of the ultrasonic wave b can be written
as [12]:
_z .
Af o 2-Ay-sinf
Fig. 10. Angular input of an ultrasonic wave in EMA con- - ¢
verter
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During examining the digital control system
of EMA transducer with an angular input of an ul-
trasonic wave, it is more convenient to operate not
with time intervals, but with a pulse frequency f.

and the number of pulses N, .

If we assume that the half-period of the cur-
rent change in the yarn-emitters of EMA converter
is the time interval including N, — a number of

setting pulse corresponding to the time interval
At , then the formula for b can be written as [11,

12]

c .
B= arcsin(&}

2-Ay- /7

To investigate the process of grating formation

of synphase yarn-emitters of acoustic vibrations
with angular input different factors (phase dis-
placement Ag; yarn-emitter current value /7, dis-
tance h from the yarn-emitter and the grating to
the controlled object surface; the angle of the sen-

sor o, comparative to the object surface) to the

total acoustic pressure p; (Figs. 11, 12).
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The investigation of the effect of inaccuracy
in positioning the radiator grating on the efficiency
of generation of the wave at angle to the controlled
object surface is of great practical interest. The
simulation data show the influence of the angle
o, between the transducer and the controlled sur-

face on the formation of an acoustic wave with an
angular input (Fig. 13).

Figs. 11—13 illustrate the distribution of pres-
sures under the yarn-emitters in the phased feeding
of probe pulses and their variation from the phase
displacement between the yarn-emitters, as well as
the current amplitude.

Installation of EMA sensor even at a small
angle can lead to the acoustic wave breakdown.

Conclusions

The problem of controlled angular input of an
acoustic wave by using EMA converters can be
solved only by a joint study of radiation problems,
the formation of a magnetic field, and the forma-
tion of transmitted pulse.

With the help of mathematical modelling, the
influence of various factors (current values, values
of the external magnetic field, distance from the
yarn-emitter and the grating to the controlled ob-
ject surface) was investigated. The optimal value of
the magnetic induction of an external constant
magnetic field is determined to control EMA by a
converter. The calculation of the pressures created
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I.C. Tumuuk, O.O. MNogonsH, K.C. CeprieHko

TEOPETUYHI JOCNIIKEHHA 3BYMKEHHA YNbTPA3BYKOBOI XBWNI ENIEKTPOMAIMHITHO-AKYCTUYHUM MEPETBO-
PIOBAYEM

Mpobnematuka. CtaTTs NpucBAYeHa aHani3y eneKkTpomarHiTHo-akyctuyHoro (EMA) nepeTBopioBaya 3 kepoBaHUM KyTOBUM BBeE-
OEHHSIM aKyCTUYHOT XBUINi, BUXOAAYM 3 NapameTpiB, LU0 BANUBaOTb HA (PopMyBaHHSA akyCTUYHOI XBUAT.

MeTa gocnigxeHHsA. MeTo poboTu € aHania hopMyBaHHS aKyCTUYHOI XBWUMi 3 KyTOBUM BBeAeHHsiM B EMA-nepeTtBoptoBayax
CUCTEM HEPYWHIBHOIO KOHTPOSHO.

MeToaumka peani3sauii. 3a JONOMOrol0 MaTeMaTU4YHOro MOAENOBaHHS AOCHIAXEeHO BNMMB BiACTaHi Big HUTOK-BUNPOMiHIOBaYiB 40
noBepxHi 06’ekTa KOHTpoMto. TakoX 3a AOMOMOro MaTeMaTU4YHOrOo MOAENIOBaHHSA AOCMIAKEHO BNMMB pi3HUX (hakTopiB (BENUYUHM
CTPyMy, 3HaY€HHS 30BHILUHbOrO MarHiTHOro Moss, BiACTaHi Bi HUTKA M PeLiTKN A0 MOBEpPXHi 00’eKTa KOHTPOS) Ha (DOpMyBaHHS
aKyCTUYHOT XBUII.

Pe3ynbTaTtu pocnigxeHb. [oka3aHo onTMManbHe 3Ha4Y€HHS MarHiTHOI iHOYKUiT 30BHILLUHBOrO MOCTIMHOIO MarHiTHoro nons. Mpo-
BEAi€HO pO3paxyHOK TUCKIB, CTBOPIOBAHUX HWUTKOIO 1 PELLITKOI0 Ha NOBEPXHi KOHTPONbOBaHOro ob’ekta. OTpuMaHo BMpas3 AN Kyta BBO-
Oy ynbTpa3sByKoOBOI XBUWIi, WO 3anexuTb Bif napaMeTpiB cepedoBuLla KOHTPOSO, BiACTaHI MK HUTKaMU-BMNPOMiHIOBaYamu, 3cyBy as
MK rapMOHIHUMU CTPYMOBMMU CUrHanamu, siki NoAaroTbCs Ha CyCigHi BUNPOMIHIOBaYi, Ta 4aCTOTW rapMOHINHOrO curHany. BusisneHo,
wo 3MmiHa KytTa Mk EMA-nepetBopioBavem i MoBepxHew 06’eKTa KOHTPOMIO NPU3BOAUTL A0 3HAYHOrO MOTIpLUEHHS 30y[KeHHS
aKyCTUYHOT XBWUMi Ha NoBepxHi 06’ekTa KOHTPOIO.

BucHoBku. [ocCnimpkeHO MOXIUBICTb KyTOBOrO BBEAEHHsSI YNbTPa3BYKOBOI XBWMi 3a [JOMOMOroK CUCTEMU MapanenbHo
PO3MILLIEHNX HUTOK-BMMPOMiHIOBaYiB. [oka3aHo pidke 3HMKEHHS aKyCTUYHOrO TUCKY NpW 36inblUeHHI BiACTaHI Bif HUTOK-BUMPOMIHIOBaYiB
[0 noBepxHi 06’ekTa KOHTPOSHO.

KnioyoBi cnoBa: enekrpomMarHiTHO-akyCTUYHUIA NepeTBOPIOBaY; akyCTUYHWUIA TUCK; HEPYMHIBHUIA KOHTPOMb; KYTOBE BBEAEHHS;
ynbTpa3ByKoBa XBUNS.

[.C. Teimumk, A.A. MogonsiH, E.C. CeprneHko

TEOPETUYECKUE UCCNEOOBAHWSA BO3BY>KAEHUA YNbTPA3BYKOBOW BOMHbI ANEKTPOMAIMHUTHO-AKYCTUYEC-
KM NPEOBPA3OBATEJIEM

MNpo6nemaTtuka. B ctaTtbe paccMOTpeH aHanua aneKkTpoMarHuTHo-akyctuyeckoro (SMA) npeobpasoBatens ¢ ynpaBnsieMbiM yr-
NOBbIM BBeAEHWEM aKyCTUYECKOIN BOJHbI, UCXOAS U3 NapamMeTpoB, BNUAIOLLMX HA (DOPMUPOBaHWE aKyCTUHECKOW BOSHBI.

Llenb nccnepoBanus. Lienbio paboTel aBnseTcs aHanns opMUPOBaHUS aKyCTUYECKOW BOMHbI C YriioBbIM BBeAeHneM B OMA-
npeobpasoBaTensx CUCTEM Hepa3pyLUAIOLLEro KOHTPONSI.

MeToamka peanusauuu. C NOMOLLUBIO MaTeEMaTUYECKOro MOAENUPOBAaHWS WCCNEAOBaHO BMUSIHUE PACCTOSIHUA OT HUTOK-
nanyyaTenen K NOBEpXHOCTU obbeKkTa KOHTpONs. Takke C MOMOLLBIO MaTeMaTU4eCcKoro MOAENMPOBaHNSA UCCreaoBaHO BMUSIHWE pas-
NNYHBIX PAKTOPOB (BEMMYMHBI TOKA, 3HAYEHWNE BHELLUHEro MarHWTHOTO MOMS, PacCTOSHUS OT HUTW U PEeLUeTKM K NOBEepXHOCTM obbekTa
KOHTPOrs1) Ha hOpMUPOBAHUE aKyCTUYECKOW BOSHBbI.

PesynbTatbl uccnegoBaHui. [NokazaHo onTUManbHOE 3HAYEHWE MarHUTHOW MHAYKLMN BHELUHEro NOCTOAHHOIO MarHUTHOrO Mo-
ns. MNpoBeaeH pacyeT faBrieHUA, CO3AaBaeMblX HUTHIO U PELLETKON Ha NOBEPXHOCTU KOHTPOnMpyemMoro obbekTa. MonyyeHo Bbipaxe-
HVWe ANns yrna BBOAa YNbTPa3BYKOBOW BOMHbI, KOTOPOE 3aBWUCUT OT NapameTpoB CpeAbl KOHTPOISs, PacCTOSHUS MeXAy HUTAMU-
nanyyatenamu, casura a3 Mexay rapMOHUYECKMMU TOKOBBIMW CUrHanamu, nogaBaemMblMn Ha COCEAHME M3nyvaTenu, 1 YacToTkl rap-
MOHWYHOro curHana. OBHapyxeHo, YTo nameHeHne yrna mexay OMA-npeobpasoBaTenem u NOBEPXHOCTLIO 06bEKTa KOHTPONS NpUBO-
OWT K 3HaUYMTENbHOMY YXYALLEHWIO BO30YXAEHNS aKyCTUHECKOW BOMHbI HA MOBEPXHOCTW 06beKTa KOHTPONS.

BbiBoabl. ViccnegoBaHa BO3MOXHOCTb YrIOBOro BBEAEHUS YIbTPa3BYKOBOW BOJHbI C MOMOLLbIO CUCTEMbI MapansenbHo pacno-
NOXEHHbIX HWUTeR-u3nyyatenei. okasaHO pe3koe CHUXEHWe aKyCTUYEeCKOro AaBrneHust Npu yBenmuyeHWW pacCTOSHWSA OT HUTOK-
n3nyyartenen kK NOBEPXHOCTN 0ObeKTa KOHTPOrS.

KniouyeBble cnoBa: anekTpoMarHUTHO-aKyCTUYeckunii npeobpasoBaTernb; akyCTU4eckoe AaBrieHue; HepaspyLualLwmin KOHTPOnb;
YrnoBoW BBOZ; yNbTpa3ByKoBasi BOMHA.
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