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CONTROLLING THE THICKNESS OF THE PLASTIC LAYER APPLIED USING 3D PRINTING
BY ELECTROMAGNETIC ACOUSTIC METHOD

Background: Currently, the EMA method is not used to control the thickness of the layer of plastic applied to a metal
platform using 3D printing, which significantly limits the scope of its use. However, EMA flaw detectors are widely used
to control the quality of the metal platform itself. The solution of the problem of radiation research will allow carrying
out complex control of the thickness of the layer of plastic applied by 3D printing, which will increase the efficiency of
ultrasonic flaw detection in the reliability and speed of work.

Objective: This article considers the possibility of determining the thickness of the layer applied by 3D printing using
electromagnetic-acoustic (EMA) method.

Methods: The analysis of the relationship between the thicknesses of the layer of plastic applied by 3D printing on the
acoustic pressure created in it during the control using EMA transducers. The influence of the thickness of the plastic
layer applied to the metal platform by means of 3D printing on the acoustic parameters of the EMA transducer was
investigated with the help of mathematical modeling. Experimentally obtained dependences showing the influence of
the thickness of the layer applied by 3D printing on the generated acoustic pressure.

Results. The effect of the thickness of the plastic layer applied to a metal platform using 3D printing on the acoustic
parameters of the EMA transducer is studied using mathematical modelling.

Dependences showing the effect of the thickness of the plastic layer applied to the metal platform using 3D printing on
the created acoustic pressure are obtained experimentally. The maximum acoustic pressure is created when there is no
thickness of the plastic layer applied to the metal platform using 3D printing. The pressure drops sharply, as the layer
thickness increases.

Conclusions: Good convergence of the outcome of theoretical and experimental studies is demonstrated, with the ap-
proximation error of experimentally obtained data generally not exceeding 5%.

The study is based on a widely proven approach to analyzing the process of acoustic wave formation by an EMA
transducer. The reliability of the results obtained is confirmed by the correct use of the mathematical tools and good
convergence of the outcome of theoretical and experimental studies.
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Introduction

Among the studies related to the development
of non-destructive testing equipment, the search for
non-contact methods for excitation and recording
ultrasound in solids is the most important one [1].
Progress in this area has been achieved through the
use of the electromagnetic acoustic (EMA) method
of excitation and reception of ultrasonic vibrations.

Nowadays, the EMA method is not used to
control the thickness of the plastic layer applied to
a metal platform using 3D printing, which signifi-

cantly limits the scope of its application. Neverthe-
less, EMA flaw detectors are widely used to control
the metal platform’s quality. The problem of con-
trolling the thickness of the plastic layer applied by
3D printing using EMA transducer can be addressed
only in joint study of radiation, magnetic field [2, 3]
and probe pulses formation [4]. The solution of the
radiation study’s problem is to allow for compre-
hensive control of the thickness of the plastic layer
applied using 3D printing, which will increase the
efficiency of ultrasonic flaw detection in terms of
reliability and speed of work.
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Problem statement

dering the domain structure. Consequently, the total
magnetic field can be expressed as follows[6,11,12]:

The problem is to analyze the relationship
between the thickness of the plastic layer ap-
plied using 3D printing and the acoustic pressure
created therein during controlling with the use of
EMA transducers.

Analysis of the dependence of acoustic wave pa-
rameters on the thickness of the plastic layer
applied to a metal platform using 3D printing

Based on the studies of a number of authors
[5,6,11], in our case, a wire with simple harmonic
current is mounted on the surface of a layer of plastic
applied using 3D printing on a metal platform [5,11]:

I=1,-cos(w-1)=1,-cos2-n-f-1)

Where [, — is current amplitude value, ® —
is angular frequency, f — is frequency of current in
the wire.

As a rule, external magnetic fields are used to
improve the quality of EMA transduction. There is
an explanation in the ferromagnetism theory, accord-
ing to which eddy currents that occur due to domain
displacement have the greatest impact on the attenu-
ation of ultrasonic waves in the object. The external
magnetic field reduces ultrasound attenuation by or-

By =B +B

Thus, we can put down the equation of acous-
tic pressure’s distribution on the surface [6,11]:

4.1-(h* +y*)

_%.Cos(z - f 1)
n-(h-y%)

Where B_ — is induction of the external constant
magnetic field, # — is thickness of the plastic layer
applied using 3D printing, — is distance from the wire
projection along the surface of the object under test,
wy=4-n-107Gn / m — is magnetic constant, p —
is magnetic permeability of the controlled material.

Above equation demonstrates that there is an
inverse relationship between the thickness of the
plastic layer applied using 3D printing 4 and acous-
tic pressure. That is when increasing /4 the acoustic
pressure will decrease.

As a result of modelling, the relationship
between the thickness of the layer applied using 3D
printing and the acoustic pressure was established,
which is shown in the following diagram, Fig.1:
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Fig.1. Diagram of the acoustic pressure dependence on the thickness of the plastic layer applied to a metal platform using 3D
printing when generating a signal with a single emitter.
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Fig.1 shows a diagram demonstrating the de-
pendences of acoustic wave formation by a single
emitter. There is a sharp decrease in acoustic pres-
sure, with an increase in the value of the layer thick-
ness A.

Analysis of the acoustic vibrations’ formation by
a common-mode emitter system.

The process of forming acoustic vibrations in
the body of the object under test was studied in de-
tail by a number of authors [7, 8, 9, 10, 11, 12].
Based on which, to study the process of forming
common-mode wires/emitters of acoustic vibrations
by the grid, the effect of the thickness of the layer
applied to a metal platform using 3D printing is
modelled, with its uniform thickness over the entire

surface of the metal base it is applied on, on the
total acoustic pressure created (Fig.2).

Fig.2 shows a diagram demonstrating the for-
mation of an acoustic wave by the grid consisting
of emitter wires. Similarly with the diagram shown
in Fig.1, there is a sharp decrease in acoustic pres-
sure, with an increase in the value of the layer
thickness 4.

A study of the effect of the formation of com-
mon-mode wires/emitters of acoustic vibrations by
the grid was also carried out. The effect of an un-
even distribution of the thickness of a layer of plastic
applied to a metal platform using 3D printing on the
total acoustic pressure created was modelled

If the layer is applied unevenly using 3D print-
ing, the form of the pressure distribution changes
dramatically (fig. 3,4)
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Fig.2. Diagram of the dependence of the total acoustic pressure on the thickness of the plastic layer applied to a metal platform
using 3D printing when generating a signal by a family of emitters.
AtB_ =0.3TI,1, =2A, f; = 0.5 MHz
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Fig. 3. The EMA method is used to control the thickness of the layer of plastic applied to a metal platform using 3D printing.
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Fig. 4. Dependence of total acoustic pressure at different thickness of plastic layer applied to a metal platform using 3D printing.
AtB_ =0.3Tl,1, =2A, f, = 0.5 MHz



MPUNAOOBYOYBAHHA TA IHOOPMALIMHO-BUMIPKOBATNTbHA TEXHIKA

103

Experimental studies

To confirm the theoretical studies, a number of
experiments have been conducted. Universal flaw de-
tector UD4-T and an EMA transducer E411-5-K12
were used during the experiment. The dependence
of the acoustic pressure and thickness of the layer
applied to the metal platform was analyzed using 3D
printing, by applying layers and further measuring
the acoustic signal in the area of its application.

As an imitation layer, there were sheets of paper
used (with density 80 g/m?, thickness 104 microns,
or 0.0104 mm), which possesses approximate dielec-
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tric and magnetic characteristics with plastic used in
3D printing.

The layer’s thickness was regulated by the num-
ber of layers of paper, not exceeding 1.3 mm. With
further increase in thickness, the received signal is
disrupted. Two standard 59 and 29 mm thick bars
were used as a metal base.

The outcome of the experimental studies is
demonstrated in the diagrams of Fig.5 and Fig.6:

The discrepancy between theoretical and prac-
tical data does not exceed 5%, which shows good
convergence of the outcome of theoretical and ex-
perimental studies.

Chart of theoretical studies of the dependence of acoustic
pressure on the thickness of the layer of plastic

Chart of experimental studies of the dependence of acoustic
pressure on the thickness of the layer of plastic
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Fig. 5.Diagram of experimental studies of the acoustic pressure’s dependence on the thickness of the plastic layer applied
to a metal platform using 3D printing, with the 59 mm thick metal base it is applied on.
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Chart of theoretical studies of the dependence of acoustic
pressure on the thickness of the layer of plastic
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pressure on the thickness of the layer of plastic
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Fig. 6.Diagram of experimental studies of the acoustic pressure’s dependence on the thickness of the plastic layer applied
to a metal platform using 3D printing, with the 29 mm thick metal base it is applied on.

Summary

The effect of the thickness of the plastic layer
applied to a metal platform using 3D printing on
the acoustic parameters of the EMA transducer is
studied using mathematical modelling.

Dependences showing the effect of the thick-
ness of the plastic layer applied to the metal platform
using 3D printing on the created acoustic pressure
are obtained experimentally. The maximum acoustic
pressure is created when there is no thickness of the
plastic layer applied to the metal platform using 3D

printing. The pressure drops sharply, as the layer
thickness increases.

Good convergence of the outcome of theoret-
ical and experimental studies is demonstrated, with
the approximation error of experimentally obtained
data generally not exceeding 5%.

The study is based on a widely proven ap-
proach to analyzing the process of acoustic wave
formation by an EMA transducer. The reliability of
the results obtained is confirmed by the correct use
of the mathematical tools and good convergence of
the outcome of theoretical and experimental studies.
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Ipuropin C. Tumumk, Onekcangp O. MogonsaH, Makcum C. Opy3es

KOHTPOJI1b TOBLWMHW WAPY MNACTUKY HAHECEHOIO 3A OMOMOIOIO 34 APYKY ENEKTPOMAIHITHO-AKYCTUYHUM
METOOOM

Mpobnematuka: B naHuii yac B EMA mMeToa He 3acTOCOBYETLCS ANt KOHTPOSO TOBLLUMHU APy MracTUKy HAHECEHOro Ha MeTa-
nesy nnatcopmy 3a gonomoroto 3 ApyKy, Lo iCTOTHO 06Mexye obnacTi Koro BUKOPUCTaHHS. Pa3om 3 TVM, LIMPOKO BUKOPUCTOBYOTb-
ca EMA pedektockonu, AN KOHTPOMKO SIKOCTi caMoi MeTanesol nnatdopmu. PileHHs nocTaBneHoi 3agadi AOCHiIAXEHHS BUNPOMIHIO-
BaHHS [O3BOMUTL NMPOBOAUTU KOMMIMEKCHUA KOHTPOSb TOBLUMHM LIapy MNacTUKy HaHeceHoro 3a gornomoroto 3[ Apyky, WO nigsuwmTH
eeKTUBHICTb YNbTpa3ByKoBOi AedeKTOCKoNii Mo AOCTOBIPHOCTI i LUBUAKOCTI NPOBEAEHHS POBIT.

MeTa gocnimxeHHs: Y AaHin cTaTTi po3rnsgacTbCa MOXIUBICTb BU3HAYEHHST TOBLUMHM LLAPY HaHeCeHOoro 3a gonomoroto 30 Apyky
BUKOPUCTOBYIOUM eNleKTpoMarHiTHo-akycTuiHui (EMA) metoa.

MeTtoauka peanisauii : [MpoBegeHo aHania 3anexHOCTi MK TOBLUMHOIO Luapy MAacTUKy HaHeceHoro 3a gonomorow 30 Apyky
Ha aKyCTUYHMM TUCKOM CTBOPIOBaHMI B HBOMY Nif, 4ac KOHTPOIO 3 BUkopucTaHHAM EMA nepeTtBoptoBadiB. 3a 4ONOMOro MateMaTuyHOro
MOAEnNtoBaHHA AOCHIAXEHO BNNUB TOBLUMHM LLApy NAacTUKy HAHECEHOTo Ha MeTanesy nnatgopmy 3a gonomoroto 3[] ApyKy Ha akyCTUYHI
napametpn EMA nepetBopioBaya. EkcnepumeHTanbHO OTpMMaHi 3anexHOCTi, WO MoKasylTb BMMUB TOBLUMHWU LIAPYy HaHECEHOro
3a gonomoroto 3[] ApyKy Ha CTBOPIOBAHUIN aKyCTUYHUIA TUCK.

Pe3ynbtrat gocnigxeHHs. 3a 4ONOMOro MateMaTnyHOro MogerntoBaHHs AOCHIAXEHO BMMB TOBLLMHI LWapy NacTUKy HAHECEHOoro
Ha meTaneBy nnatdgopmy 3a gonomoroto 3 ApyKy Ha akycTuyHi napametpu EMA nepeTtBoptoBava.

EkcneprMeHTanbHO OTpUMaHi 3anexHOCTI, Lo NOoKa3yloTb BNAMB TOBLUMHI LWapy MAacTUKy HAHECEHOro Ha meTanesy nnatdopmy
3a gornomoroto 3[ OpyKy Ha CTBOPIOBAHUN aKyCTUYHMI TUCK. MaKCMarnbHUn akyCTUYHUI TUCK CTBOPIOETHCS MPWU BIACYTHOCTI TOBLUMHI
Luapy nrnacTuKy HaHECEHOTO Ha MeTarneBy nnatcopmy 3a gonomoroto 30 Apyky. 3i 36inbLUEHHSM TOBLUMHU LIAPY TUCK Pi3Ko Nagae.

BucHoBku: NokasaHa xopolla 306iKHICTb pesyrnbTaTiB TEOPETUYHMX | eKCNepUMEHTanNbHUX AOChiAXKeHb, noxubka anpokcumadii
eKcrnepuMeHTanbHO OTPUMaHNX AaHUX B OCHOBHOMY He nepesuLlye 5%.

B ocHoBy pocnimxeHb MOKnafeHuin Wnpoko anpoboBaHuin niaxia o aHanidy npouecy opMyBaHHS akycTuuHol xBuni EMA
nepeTBoptoBayeM. BiporigHicTb oTprMaHux pesynerartiB NigTBEPAXKYETLCH KOPEKTHUM BUKOPUCTAHHAM MaTeMaTU4HOro anapara i rapHot
36KHICTIO pe3ynbTaTiB TEOPETUYHYX | EKCNIEPUMEHTaNbHUX OOCHIIXKEHb.

Moganblui AoCAiAXEHHST NNaHyeTbCA MPOBOAUTU B HAMPSMKY AOCHIOXEHHS BMMMBY aKyCTUYHMX NapamMeTpiB enkTpoMarHiTHO-
aKyCTU4YHOro NepeTBopioBaYa Ha SIKiCTb LUapy NNacTUKy HaHeCEHOro Ha MeTanesy nnatdopMy 3a gonomoroto 31 aApyky.

KntouoBi cnosa: EMA, nepetsoptoBad, 34, Apyr, Wwap, NnacTuk, TOBLUUHA, aKkyCTUYHWUIA TUCK, HEPYWHIBHUI KOHTPOSb.
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