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AHOTANIA

lloznaxoea Mapeapuma €ecenigna. Y nbTpa3ByKOBUNA METOJ Ta 3aci® s
BUSIBJICHHS BHYTPINTHIX TeEKTIB 3aMi3HNYHUX ocell. Ha mpaBax pykonucy.

Hucepraiiist Ha 3700y TTsI HAYKOBOTO CTYIIEHS KaHAM/1aTa TEXHIYHUX HAyK 3a
cnetiasibHicTIO 05.11.13 «[Ipunagu 1 METOAM KOHTPOJIO Ta BU3HAYCHHS CKIIATy
pedoBuH» — HarlioHanbHUI TEXHIYHUMA YHIBEPCUTET «XapKIBCHKUN MOJIITEXHIYHUN
THCTUTYT».

Hucepramisi TnpuCBIYeHa po3poOIi HOBOTO METOAYy Ta 3aco0iB is
3a0€3MeYeHHs]  YIbTPA3BYKOBOTO IMEPCIHHOTO KOHTPOJIO 3  IiABHIIECHOIO
Yy TIUBICTIO 11070 BUSIBICHHS BHYTPIIIHIX A€PEKTIB MIHIMAJIBLHOTO PO3MIpY.

BukoHano aHamiTUYHUN OIVISIA Ta aHali3 Cy4acHUX 3aco0iB 1 METOJIB
HEPYWHIBHOTO KOHTPOJIIO Ta J1arHOCTUKU 3aT13HUYHUX OCEH Ta 3aroTOBOK JI0 HUX.
[Ipu 1bOMY pPO3IIISIHYTO BIUIMB 3aBaj PI3HOTO TUIY, TEXHIYHUWA PIBEHb MPHUIIAJIB 1
YCTaHOBOK JIJIs1 KOHTPOJIIO 3aTI3HUYHUX OCEH, CXeMOTEXHIUHHUX PIIIEHb 3aC001IB iX
JKUBJICHHS, MPUHAOMY 3 BUPOOIB YJIBTPa3BYKOBHX IMITYJIbCIB, BU3HAYECHI BIJIOMI1
nepeBary, HeI0JIKHU Ta MOKJIMBOCTI IX BUKOPUCTAHHS B JOCIIKEHHSX 1 pO3po0OKax.

B pesynbrari aHamizy iHQOpMaIliiHUX JDKEpel BCTAHOBJIEHO, IO
yJIbTPA3BYKOBI KOHTAaKTHUM Ta IMEpPCIHHUN METOIM MaloTh CBOi TepeBarv 1
HEJOJIKM TpHU BUSBIEHHI BHYTPIIIHIX J€(EKTIB 1 OLIHKKM CTPYKTYpH CTaii
3aJII3HUYHUX OCEH Ta 3arOTOBOK JUIS 1X BUTOTOBJICHHS. TEeXHIYHI IPOTUPIYYS JIJIS
KO>KHOT'0 3 HUX JUKTYIOTh HEOOX1IHICTh BUKOHAHHS JOCJII/I)KEHb BKa3aHUX METO/1B
3 HACTYITHUM iX BHpIMIEHHSAM. Y 3B’S3Ky 3 3pPOCTaHHSAM BHMOT JIO SKOCTI
3aI3HUYHUX ~ OCeM  MOKa3aHa  HEOOXIJHICTh  MIJBUINEHHA  YYTIUBOCTI
yJIBTPa3ByKOBOI J1e(heKTOCKOMIl 32 paXyHOK KamiOpyBaHHS MPHJIALy KOHTPOJIO 32
MOJCISAME JIe(DEeKTIB MEHIIIOTO PO3Mipy, HAIMPUKIIA] TJIOCKOAOHHOTO Bil0MBaya
naiameTpoM 1 MM 1 Oinbine 3amicTh 3 MM 1 Ounbmie. [l 3abe3meueHHs BHCOKOI
YYTJIUBOCTI WIOJI0 BHUSABJICHHS MIHIMAIBHUX J€(EKTIB HEOOXITHO PO3POOUTH
METOJH 1 3aco0u iX peamizarii.

Busnadeni Ta oOrpyHTOBaHI HAMPSIMKKU IUCEPTAIIHHOTO JOCIIIKEHHS.
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Busnaueno (i3uuHy Moaens KOHTPOJIO BUPOOY B iMepciifHOMY BapiaHTi, 3a
pe3ylbTaTaMi aHali3y sKO1 BU3HAUEHO MiHIMaJbHY TOBIIMHY IIapy IMEpCIiHOI
pinuan Mix cymimenum TTEIT 1 moBepxuero. Ll ToBimHa MoBUHHA OyTH OlIbIIE

IPOCTOPOBOI TPUBANOCTI yibTpasBykoBoro immynscy C ¢ (me C, — MBHAKICTH

PO3IOBCIOJKEHHSI TMO30BXKHIX XBWIb B PIJIUHI; T — TpUBAJIICTh IMIYJIbCY B Yaci).
BukoHaHO po3paxyHOK MiHIMANbHOI TOBUIMHH IIApy IMEPCIMHOI PIAMHUA MIXK
cymimenum [1EIT 1 moBepxHero 3aroTOBKH 3a1i3HUYHOT OC1, sIKa TOBUHHA CKJIaJJaTH
He MeHIe 46 MM TIpH JAiaMeTpi 3ami3HUYHOI oci 170 mm.

Po3pobneno (iznko-mMareMaTuyHy MOJACIH KOHTPOJIO 3alTi3HWYHOI OCl B
iMepciiiHOMy BapiaHTi. BHUKOHaHO TeOpeTHYHMI pPO3PaXyHOK YJIBTPa3ByKOBOTO
TPakTy MPU KOHTPOJI 3aJTI3HUYHOI OCl MPSMHUM IEPETBOPIOBAYEM IpPH BIIOUTTI
yIbTPAa3BYKOBUX IMIYJIbCIB BiJl Mojesield Ne(dEeKTIB y BUIIISIAL TUIOCKOJOHHHUX
BiJIOMBAYIB PI3HOTO JlIaMETPy 3 BpaxyBaHHSIM 3aracaHHsl CUTHAJIB B IMEpCIiHIN
piAMHI Ta y MaTepiai 3ajli3HUYHOI OCl, @ TAKOXK BTPAT €HEPrii IMITyJIbCIB HAa TPAHULIL
PO3MOALTY PIAMHA/META 32 PaxXyHOK 3aJIOMJICHHS Ha KPUBOIHINHINA MOBEPXHI Ta
TpaHchopmariii. BcTaHOBIEHO OAHO3HAUYHMM 3B A30K MIXK PO3MIpOM Ae(EeKTy 1
YaCTOTOI  YJbTPa3BYKOBUX KOJWBaHb, 10 TOBOPUTH TMPO HEOOXIAHICTH
BCTAHOBJICHHS PalllOHAJIBHOIO 3HAUEHHS YacCTOTH YJbTPAa3BYKOBUX KOJUBaHb MpPU
BUSIBJIICHH] MOJIeNTI 1e(PEKTY 3a/laHOr0 HOPMATUBHO-TEXHIYHOIO JTOKYMEHTALIE€I0 Ha
KOHTPOJIb.

Bupimieno muTaHHsS paiioHaIbHOTO BHOOPY TPUBAJIOCTI YJIBTPA3BYKOBHUX
imiysibeiB xuBneHHs [1EIL, HanpaBieHOro Ha MIABUILIEHHS YyTIMBOCTI KOHTPOJIIO.
JlokazaHo, 110 MOXKJIUBO CYTT€BO MIJBULIUTH YYyTJIMBICTh KOHTPOJIO 332 PaxyHOK
30UTBIIIEHHST TPUBAJIOCTI YJIBTPA3BYKOBUX IMIYJbCIB. Takuii miaxiag 00yMOBICHUN
KOHLIEHTPAIIEI0 €HEeprii CUTHAIIB Yy BY3bKOMY [1alla30HY CIEKTPY Ta HIUPOKUMHU
MOKJIMBOCTAMH (iIbTpaIii KOPUCHOTO CUTHAITY Bij 3aBaj. JlouiibHO BHOWpaTH
TPUBAJICTh IMITYJbCIB HE MeHIIEe 3...5 mepiojliB YacTOTH 3alOBHEHHS CHUTHATY.
[IpoTe, BUKOPHUCTOBYBATH IMITyJIbCH 3HAYHOI TPUBAJIOCTI HE JOIIIBHO, OCKUIBKU
Opu bOMY 30UIBIIYETHCS «MEPTBa» (HE KOHTPOJIbOBAaHA) MPHU MOBEPXHEBA 30HA

MeTaity.
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TeopetndHO 1  EKCIEPUMEHTAIBLHO  JOKa3aHO, 10  YyTJIHUBICTH
YIBTPA3BYKOBOTO iIMEPCIHHOTO KOHTPOJIIO 3aTI3HUYHUX OCEH MOXKITMBO TT1IBUIITATH
32 paxXyHOK JKHMBJICHHS I1’€30€JEKTPUYHUX IMEPETBOPIOBAYIB  MaKETHUMU
IMIIyJIbCaMU CTPYMY 3 33JJaHUMH YaCTOTOIO 3aIIOBHEHHS 1 YaCOBOIO TPUBATICTIO.

BcranoBneno, mo  gns 3a0e3MEYeHHs  JTOCTaTHBbOI — YyTJIMBOCTI
yIBTPA3BYKOBOTO IMEPCIHHOTO KOHTPOJIIO 3alI3HUYHMX OCed  (BUSBIICHHS
BHYTPIIHIX Je(PEKTIB 3 eHeKTUBHUM PO3MIPOM, IO BIAMNOBIIAE MIOCKOAOHHOMY
BinmOuBauy aiamerpoMm 1 Mm) wactoTy ¥Y3K HE0oOXiHO BCTaHOBIIIOBATH B IHTEpBAJl
4,2...4,5 MI'n, a yacoBy TpHUBAIICTh IMIYyJbCy — 6...8 TepioAiB 3allOBHEHHS
BKAa3aHOI 4aCTOTH.

Po3po6aeno MeTo 1 yabTpa3ByKOBOI'O IMEPCIMHOTO KOHTPOJIIO, SIKUM BKIIIOUAE
PO3MIIIIEHHS KOHTPOJIBHOTO 3pa3Ka 3 MOJAEIUII0 JeeKTy 3aJaHOoro po3Mipy B
IMEpCIiHIN piuHI, ONIPOMIHEHHS OJHUM I’ €30IEPETBOPIOBaYEM JIePEKTY B 3pa3Ky
YABTPa3BYKOBUM IMITYJIbCOM, 1110 CKJIAAAETHCA 3 KUTBKOX MEP10/1B BUCOKOI YaCTOTH,
OpUioOM JAPYTMM I €30IEPETBOPIOBAYEM  IMITYJIbCY  BIJOUTOrOo  J€PEKTOM,
KOPETryBaHHSI YaCTOTH 1 TPUBAJIOCTI YJIbTPa3BYKOBOI'O ONPOMIHIOIOYOIO IMITYJIbCY
0 OTPUMAHHS MAKCHUMAJbHOI aMIUNTYAW IMIIYJbCy, BIIOMTOro nedexkToMm, i
MPOBENCHHS JEPEKTOCKOMIi 3 BCTAHOBIEHWMHU IMapaMeTpaMu OMPOMIHIOIOUYOTO
IMITYJIBCY.

Po3pobsieH1 crienianbHU TeHEepaTop I SKUBJICHHS I €30€JIEKTPUYHUX
NEPETBOPIOBAYIB Ta CMYIOBHMI MOCWIIOBaY JUIsl HPUHHATUX YJIbTPa3BYKOBHX
IMITYJIbCIB.

Po3pobisieHo MOfeNnb aKyCTUYHOTO IMEPCIMHOTO OJI0Ka NPy, CYyTh SKOI
HoJisira€ B BUKOPHUCTAHHI JIBOX MPSMUX I1’€30I1E€PETBOPIOBAYIB, PO3TAILIOBAaHUX Ha
BIJICTaHI1 OJIUH B1J1 OJJTHOT0, SIKa BUBHAYAETHCS 1HAUKATPHUCOIO PO3CIIOBAHHS AEPEKTY,
pO3MIp SIKOTO 3aJaHUK HOPMATHBHO TEXHIYHOIO JOKYMEHTaIi€r. Bukopucranus
PO3pOOKH 1aJI0 MOXKIIUBICTh 30UIBIINTH aMILUTITYAY IMITYJIbCY BIIUTYHHSI, BIIOUTOTO
BiJI TUIOCKOJOHHOTO Biji0MBaya JaiaMeTpoM 1 MM, MO BIJHOIIEHHIO O aMILTITYIU
3aBaj 1o 15 nb.

Or1iHeHO e(PEeKTUBHICTh PE3YIHTATIB BUKOHAHUX JOCIIKEHb B MOPIBHSIHHI



3 BIIOMUMH PO3pPOOKaMHU.
PesynbpTatu po3po0OoK 3axuIlieHi 2 maTeHTaMu Ha KOPUCHY MOJIEIb.
Knrouoei  cnosa: ynabTpa3ByKOBUM  KOHTPOJb, IMEPCIHHUM  METOJ,
YIBTPA3BYKOBI IMITYJIbCH, NEe(PEKT, TUIOCKOJOHHUIN BIIOWBAY, IT°€30CIECKTPUIHUM,
NEePETBOPIOBAY, 3aJlI3HUYHA OCh, T€HEPATOp 30HAYIOUMX IMIIYJLCIB, MOCHIIOBAY

CHUTHAJIIB, 3aBau.
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ABSTRACT

Pozniakova Marharyta Yevhenivna. Ultrasonic method and means for
detecting internal defects of railway axles. On the rights of the manuscript.

The dissertation on obtaining a scientific degree of Ph.D. in specialty
05.11.13 "Devices and methods of control and definition of structure of substances"
- National technical university "Kharkiv polytechnic institute™.

The dissertation is devoted to the development of a new method and means
for providing ultrasonic immersion testing with increased sensitivity to the detection
of internal defects of minimal size.

An analytical review and analysis of modern tools and methods of non-
destructive testing and diagnostics of railway axles and their blanks. The influence
of various types of noise, technical level of devices and instruments for testing of
railway axles, circuit solutions of their power supplies, reception of ultrasonic pulses
from products are considered, known advantages, disadvantages and possibilities of
their use in research and development are defined.

As a result of the information source analysis it is established that ultrasonic
contact and immersion methods have their advantages and disadvantages in
detecting internal defects and assessing the structure of steel of railway axles and
blanks for their manufacture. Technical contradictions for each of them dictate the
need to perform research of these methods, followed by their solution. Due to the
increasing requirements for the quality of railway axles, the need to increase the
sensitivity of ultrasonic flaw detection by calibrating the control device on models
of smaller defects, such as flat-bottomed reflector with a diameter of 1 mm or more
instead of 3 mm or more [10]. To ensure high sensitivity to the detection of minimal
defects, it is necessary to develop methods and means of their implementation.

The directions of dissertation research are defined and substantiated.

The physical model of product testing in the immersion variant is determined
by the results of the analysis of which the minimum thickness of the immersion

liquid layer between the combined piezoelectric transducer (PET) and the surface is
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determined. This thickness must be greater than the spatial duration of the ultrasonic

pulse C,t (where C, - the speed of propagation of longitudinal waves in the liquid;

t - pulse duration in time). The calculation of the minimum thickness of the layer of
immersion fluid between the combined PET and the surface of the workpiece of the
railway axis, which must be at least 46 mm with a diameter of the railway axis of
170 mm.

A physical-mathematical model of railway axle testing in the immersion
variant has been developed. Theoretical calculation of the ultrasonic path for railway
axles testing by a longitudinal transducer in the reflection of ultrasonic pulses from
models of defects in the form of flat-bottom reflectors of different diameters, taking
into account the attenuation of signals in refraction on a curved surface and
transformation. An unambiguous relationship between the size of the defect and the
frequency of ultrasonic oscillations, which indicates the need to establish a rational
value of the frequency of ultrasonic oscillations in identifying the model of the defect
specified by regulatory and technical documentation for control.

The issue of rational choice of duration of ultrasonic pulses of PET power
supply, aimed at increasing the sensitivity of testing, is solved. It is proven that it is
possible to significantly raise the sensitivity of testing by increasing the duration of
ultrasonic pulses. Such an approach is due to the concentration of signal energy in a
narrow range of the spectrum and the wide possibilities of filtering the useful signal
from interference. It is advisable to choose the pulse duration of at least 3... 5 periods
of signal filling frequency. However, to use pulses of extra duration it is not
expedient as at the same time the "dead" (not controlled) zone at a surface of metal
increases.

It has been theoretically and experimentally proven that the sensitivity of
ultrasonic immersion control of railway axles can be increased by feeding
piezoelectric transducers with packet current pulses with a given filling frequency

and time duration.
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It is established that to ensure sufficient sensitivity of ultrasonic immersion
testing of railway axles (detection of internal defects of an effective size
corresponding to a 1 mm diameter flat-bottom reflector), the ultrasonic frequency
must be set in the range 4.2... 4.5 MHz with pulse temporal duration of 8 periods of
filling of the specified frequency.

A method of ultrasonic immersion testing has been developed, which
includes immersing a control sample with a model of a defect of a given size into
immersion liquid, irradiating a defect in the sample using a singular probe and a
singular ultrasonic pulse, which consists of several high-frequency periods,
receiving a pulse reflected by the defect with a second probe, adjusting the frequency
and duration of the irradiating ultrasonic pulse until obtaining the maximum
amplitude of the pulse reflected by the defect, and conducting defectoscopy with the
specified parameters of the irradiating pulse.

A special generator for powering piezoelectric transducers and a band
amplifier for received ultrasonic pulses have been developed.

A model of the acoustic immersion unit of the device has been developed,
the essence of which is to use two longitudinal PETs located at a certain distance
from each other, which is determined by the scattering indicatrix of the defect, the
size of which is specified by the normative technical documentation. The use of
development made it possible to increase the amplitude of the echo pulse reflected
from a 1 mm diameter flat-bottomed reflector, relative to the amplitude of the noise
to 15 dB.

The efficiency of the results of the performed researches in comparison with
the known developments is estimated.

The development results are protected by 2 utility model patents.

Key words: ultrasonic testing, immersion method, ultrasonic pulses, defect,
flat-bottomed reflector, piezoelectric, transducer, railway axles, probe pulse

generator, signal amplifier, interference.
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