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Abstract

Ultrasonic methods and tools are widely used in measurements, for quality inspection in industry, research, diagnostics
in medicine, etc. Thus, in industry, ultrasonic methods account for more than 60% of all quality control of materials and
products. Recently, the electromagnetic-acoustic (EMA) method of ultrasonic testing (UT) has been widely implemented,
since it offers significant advantages over traditional methods, which require a contact liquid. EMA provides high perfor-
mance, requires no clean-up of the surface of a test object (TO), does not require a contact liquid, etc. But there are also
disadvantages, one of which is the presence of an uncontrolled near-surface zone caused by free electrical high-frequency
oscillations (ringing) in the circuits of the device elements with EMA transducers (EMAT) after completion of the probing
pulse. Having analysed existing developments, it has been established that the main method of the ringing suppression is
the EMAT load on the resistance of semiconductor elements after completion of the probing pulse. This approach is only
partially effective due to the voltage drop on the semiconductor elements during the high-current pulse passage. According
to the study it is possible to significantly reduce the duration of the ringing and, accordingly, the size of the uncontrolled
near-surface zone by compensating for the accumulated energy in the EMA elements of the device, as well as suppressing
the EMAT ringing. A means for generating a group of pulses to ensure the operation of the ultrasonic device has been

developed. The effectiveness of the developed control method has been confirmed experimentally.
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Introduction

Traditional methods and means of ultrasonic mea-
surements, quality control and diagnostics of materials
and products offer both advantages [1] and disadvan-
tages [2—3]. Among the advantages are: high sensitiv-
ity; productivity; safety, etc. Among the disadvantages,
the most frequently cited is the need to use a contact
liquid, to clean the surface of the introduction and re-
ception of ultrasonic (US) pulses [1—4], etc. However,
information sources do not pay sufficient attention to
discussing the issue related to the quality control of
the surface layer of the material. The presence, for
example, of defects in the uncontrolled (“dead zone”)
leads to accelerated damage to products in operation
and to significant material losses [2, 4]. This is espe-
cially true for transport, nuclear, oil and gas industries
[5] and many others. The main reason for the presence
of a “dead zone” is the duration of the probing ultra-
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sonic pulse together with damped vibrations (ringing).
In this case, the uncontrolled near-surface layer can
reach 40 mm or more [2, 4—6].

The ringing is tackled by all the methods of ex-
citation and reception of ultrasonic pulses [1—2, 5—8].
For traditional methods, as a rule, damping [1, 5] of
piezoelectric elements of transducers is used, which
leads to a decrease in sensitivity. For non-contact
methods, for example, an electromagnetic-acoustic
one, the ringing suppression is used by loading the
EMA of a transducer onto a semiconductor element
[6—8]. But this method does not significantly reduce
the duration of the ringing, since there is a drop in the
supply voltage on semiconductor elements [9] when a
powerful current passes through. When using EMAT,
such a voltage drop can reach 10 V or more [4, 6].
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It is obvious that the main reason for the pre-
sence of a long-term “ringing” is the accumulation of
electrical energy: in the blocks of generating a burst
signal, in the elements of the probe pulse generator
(PPG), in the EMAT and the amplifier of ultrasonic
signals (AUS). The result is oscillatory electrical pro-
cesses that are not fully compensated by known me-
thods and means [6, 8] and, as a result, the uncon-
trolled surface layer of the metal product increases, and
the quality of the product may decrease. Therefore,
study and developments aimed at reducing the size of
the “dead zone” of metal products are relevant.

Purpose of the study

Reducing the size of the uncontrolled near-sur-
face layer of ferromagnetic metal products using burst
ultrasonic pulses excited and received by compatible
EMA transducers.

Development of a method for ultrasonic electromagne-
tic-acoustic testing of ferromagnetic products with a low
“dead zone” value

Based on the results of known [6—8, 10—16] and
conducted experimental studies, the authors have de-
veloped a combined method for reducing the “dead
zone” of ultrasonic control using the example of using
EMAT for ultrasonic control of ferromagnetic metal
products manufactured and used for various purposes:
pipes, rails, blanks, beams, channels, etc.

The new method simultaneously uses the physical
effect of compensation for the accumulated electrical
energy in the elements (PPG, EMAT, AUS) of the
ultrasonic control device and suppression of the ringing
using the results of [8]. The essence of the method is
explained by the data shown in Fig. 1.
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Fig. 1. Timing diagram of generating a burst pulse for
powering the PPG with combined ringing reduction and
suppression

Fig. 1 shows: U is voltage; ¢ is time; 7 is the
duration of the excitation burst pulse (scan a) of the

EMAT; f'is frequency; At is the change in the duration
of the last half-period of the burst signal, generated by
a pulse with a duration of 7; Tf is the duration of the
half-period in the burst signal; Tp is the duration of
the pulse of suppression of high-frequency oscillations
in the EMAT inductance coil after the probing pulse
(scan d).

Together, scans b and ¢ provide the generation of
a radio pulse of current in the EMAT and, accordingly,
the excitation of ultrasonic pulses in a test object (TO).

In Fig. 1, the change in the last half-period Tf on
scan b with a phase of 1800 by the value Ar makes it
possible to significantly compensate for the remaining
accumulated energy from the previous half-period (the
last half-period on scan b, Fig. 1). As a result, the
voltage on the EMAT after completion of the probing
pulse will be smaller and, accordingly, the voltage drop
on the ringing suppression device will also be smal-
ler, which ultimately leads to a reduction in the “dead
zone” of the TO surface.

The next stage of the ringing suppression directly
on the high-frequency EMAT coil is performed ac-
cording to the technical solution [8]. As a result, the
total ringing value is significantly reduced, which is
confirmed by experimental data in Fig. 2.

The scheme explaining the reduction of the near-
surface “dead zone” of ultrasonic control of EMAT
using the proposed combined method is explained by
the data shown in Fig. 3.

Fig. 3 indicates: 1 is a EMAT; 2 are ultrasonic
pulses; 3 is a defect; 4 is a TO; A, is the thickness of
the uncontrolled near-surface layer when using a tra-
ditional method of the “ringing” suppression; 4, is the
thickness of the uncontrolled near-surface layer when
using the developed complex method of the “ringing”
suppression.

The time sweeps on the screen of a recording de-
vice will have the following shape accordingly (Fig. 4).
Fig. 4 shows: A is an amplitude; A,,mb is the maximum
amplitude of the probing pulse; 7 is time; A, is the
amplitude of the ultrasonic pulse reflected from the
defect; - is the duration of the probing pulse; Lot is
the duration of the probing pulse and “ringing” when
using a traditional method of the “ringing” suppres-
sion; L is the duration of the probing pulse and
“ringing” when using the developed method of the
“ringing” suppression.

Analysis of the data shown in Fig. 4 allows us to
determine the following: for the traditional suppression
method [6—8], the thickness of the uncontrolled near-
surface layer will be h, = C Lo /2, and h,= C L /2,
where C is the propagation speed of ultrasonic waves
in the TO material. That is, h >> h,, see Fig. 3.

As a result, a method was formulated that ensures
an increase in the quality of ultrasonic inspection of
a TO by reducing the “dead zone” of control (the
thickness of the near-surface layer of the TO metal,
Fig. 3—4).

Ykpaiucokuii memponoeiunuii ucyprnan, 2025, Ne 3, 16-21 17



Study and development of a combined method for reducing the size of the uncontrolled near-surface...

Fig. 2. Experimental time sweeps of PPG probing pulses on the high-frequency EMAT coil: a — by traditional method of the
ringing suppression [8] (without changing the duration of the last half-period of the burst pulse); b — with additional changing
the duration of the last half-period of the burst pulse

Fig. 3. Schematic representation of the process of detecting a defect in the near-surface layer of the TO when using the
traditional method of suppressing the “ringing” a and the developed method b

. A
VUV f

4 prob

'4,!7/“:717 AMANANAAANAL

b | /
N
o |Ad L
/.
/mg;’ 1
I
\
A
orob |
c /411
g v Lbasamansnana
/

/fﬁ_QZ

Fig. 4. Conditional time sweeps on the flaw detector screen when using a traditional method of the “ringing” suppression b
(Fig. 3a) and the developed method ¢ (Fig. 3b). (a — idealized sweep of the shape of the probing ultrasonic pulse)
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Fig. 5. Device for generating pulses of the duration of a burst signal, a high-frequency burst, a ringing suppression pulse and
others necessary for the operation of an ultrasonic control device
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Fig. 6. Block with a waiting multivibrator with adjustment of the duration of the on and off pulse of generating a burst high-
frequency signal against the sync pulse

The method of reducing the “dead zone” of ul-
trasonic inspection by electromagnetic-acoustic means
establishes the following technological operations: ex-
citation and interaction in a local area of the surface
layer of a ferromagnetic metal product of a constant or
pulsed magnetic field and a pulsed burst high-frequen-
cy electromagnetic field with a given filling frequency.
As a result of the interaction of these fields, ultrasonic
pulses are excited in the TO and then are received. In
this case, the excitation of the burst high-frequency
electromagnetic field is performed with the adjustment
of the time duration of the last half-period of the fil-
ling frequency of the burst signal, the value of which is
determined experimentally when setting up the control
device on samples of the TO material, the quality of
which is subject to assessment. The setting criterion is
the minimum value of the uncontrolled surface layer of
the metal product. At the same time, electrical oscilla-

tions are suppressed in the high-frequency coil of the
electromagnetic-acoustic converter after completion of
the probing current pulse in the EMAT by damping
[8] by the straight-through resistance of semiconduc-
tor elements for the time required to receive ultrasonic
pulses from the TO. To ensure the implementation of
the developed method, a device for generating the ne-
cessary signals has been developed, the image of which
is shown in Fig. 5.

Fig. 5 shows: 1 is a block for generating a pulse
of a duration of a high-frequency burst signal (scan a
in Fig. 1); 2 is a block for generating antiphase pulses
(scans b and ¢ in Fig. 1); 3 is a block for generating
a ringing suppression pulse (scan d in Fig. 1).

Blocks 1 and 3 are made according to a typi-
cal circuit based on the 1533AI'3 microcircuit without
using microprocessor technology, which is due to the
need to exclude broadband noise from the operation
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of the clock generator. It is possible to generate pul-
ses with a time duration that is necessary for exciting
probing burst high-frequency pulses with adjustment of
the duration of the last half-pulse of filling the burst
with the given frequency, for example, according to
the scheme shown in Fig. 6.

The leading edge of the pulse is regulated by
a variable resistor R, and the trailing edge by a vari-
able resistor R ), respectively.

The block shown in Fig. 6 is turned on when
a synchronizing pulse with a duration of about 1 us
is applied to input 2 of the microcircuit. The resul-
ting pulse is generated at output 5 of the microcircuit.

Block 2 of antiphase pulse generation is made on
the KP1533JIA3 microcircuit. The frequency of filling
the burst pulse is regulated by a variable capacitor,
position 4, Fig. 5.

dicate that when the device is set up on samples of
ferromagnetic materials (carbon steels), the value of
the uncontrolled near-surface layer is reduced by al-
most 40%.

Conclusions

An electromagnetic-acoustic method of ultrasonic
quality inspection of ferromagnetic products has been
developed, which makes it possible to reduce the size
of the uncontrolled surface layer of metal, the essence
of which is to compensate for the accumulated elec-
trical energy in the elements of a testing object and
simultaneously suppress the ringing in the high-fre-
quency coil of the EMAT after completion of the
probing burst pulse.

A device for generating pulses necessary for the
implementation of the developed method in a device

for electromagnetic-acoustic control of ferromagnetic
metal products has been developed and manufactured.

Experimental studies of the method and the
“ringing” suppression block together with EMAT in-
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AHoTanis

VYnbTpa3ByKoBi MeTonaM i 3aco0M IMPOKO BUKOPUCTOBYIOTHCSI TIPU BUMIpPIOBAHHSIX, IJISI KOHTPOJIIO SIKOCTi B TPO-
MMCJIOBOCTI, MOCTIIKEHHSIX Ta AiarHOCTUII B MEAULMHI TOuo. Tak y MPOMHUCIOBOCTI YJIbTPa3ByKOBI METOAU Y BChOMY
00’eMi KOHTpPOJIIO SIKOCTi MaTepiajiiB i BUpoGiB 3aiiMaioTh moHan 60%. OCTaHHIM Y4acoM IOYaIOCs IIMPOKE BUKOPUCTAHHS
eJleKTpoMarHiTHo-akyctudyHoro (EMA) merony ynbrpasBykoBoro KoHTposito (Y3K), ockisibku BiH Mae CyTTeBi IepeBaru
BiTHOCHO TPaAuLIiMHUX METOMIB i3 BUKOPMCTaHHSIM KOHTAKTHOI piivHU. BiH 3a0e3medye BMCOKY MPOAYKTUBHICTH 0€3 Mo-
TpeOU 3auuIIaTh MOBEpXHIO 00’ekTa KoHTposto (OK) i He BUKOPHMCTOBYE KOHTAKTHY PiIMHY Ta iHIINI. Ajle € i HemONiKH,
OIVH 3 SKUX IOJISITA€ B HASBHOCTI HEKOHTPOJIbOBAHOI IMPUITOBEPXHEBOI 30HU, OOYMOBJIEHOI BiIJIbLHUMM €JIeKTPUYHUMU
BUCOKOYACTOTHUMU KOJMBAaHHSIMU (I3BOHOM) Yy JIaHIIoTaxX ejieMeHTiB Tipuianmy 3 EMA meperBoproBauamu (EMAII) micns
3aBepIUEeHHS Jii 30HAYI0YOTo iMITyJIbCY. AHAJi30M BiIOMUX PO3POOOK BCTAHOBJIEHO, 11O OCHOBHUM METOJOM IPUTHiYEHHS
n3BoHY € HaBaHTaxeHHs1 EMAII Ha omip HamiBIPOBITIHMKOBUX €JE€MEHTIB IiCJsl 3aBEepIIeHHS [ii 30HIYIOYOTO iMITYJIbCy
JKUBJIGHHS TiepeTBoproBaua. Takuii minxia gae juiie YyacTKOBUi eeKT uyepes MaliHHS Halpyrd Ha HaIliBIPOBiIHUKOBUX
eJIeMeHTaxX TPU MPOXOMXKEHHI IMIYJbCY MOTY>XKHOTro CTpymy. JlOCHIIKEHHSMU aBTOPIB MOKa3aHO, 110 3HAYHOIO MipoOlo
3MEHILUTU TPUBAIICTh A3BOHY i, BilMOBIIHO, BEJIUUYUHY HEKOHTPOJHOBAHOI MPUIOBEPXHEBOT 30HU MOXKJIMBO 3aBISIKU KOM-
rneHcalii Hakonu4eHoi eHeprii B eaxemeHTax EMA mpuiany, a Takox npurHideHHs n3BoHy EMAIIL. Po3po6ieHo 3aci6 mis
(dopMyBaHHSI TPYIU iMITyJIbCiB, HEOOXiMHUX IS 3a0e3neyeHHs] poOOTH yJIbTpa3ByKoOBOro npuiany. EdexkTuBHicTh po3po6-
JIECHOTO METOAY KOHTPOJIO MiATBEPIXKEHO €KCIEPUMEHTAIBHO.

KinrouoBi ciioBa: 1OCTiIKEHHS; METAJIOBUPIO; yJIbTpa3ByKOBUI; KOHTposib; EMAII; n3BiH; npumnoBepxHeBuii map; mna-
KETHUI IMITyJIbC; TPUBAJIICTh iMITyJIbCY; (PepOMArHiTHUIA.
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