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PO3CisSIHOrO CUTHAJy

2. Development of the Ultrasonic Method of Metal Damage Diagnosing Based on the Recorded Back-scattered
Signal

Pedepar:

1. Incepranjifina po60Ta CIIpsSIMOBaHa Ha PO3B'SI3aHHS BAXJIMBOI HAyKOBO-TEXHIYHOI 33/1a4i, a came po3pO0JIeHHS
yJIbTPA3BYKOBUX TOMOTPaQiuHMX TEXHOJIOTIH OLiHIOBAaHHS PO3CisIHOI OMKOAKEHOCTI KOHCTPYKLIMHMX MaTepiasiB B
00'eMi BUpOOY Ha OCHOBI peecTpallii i CTaTUCTUYHOI 06POOKYU 3BOPOTHbO-PO3CISIHUX yJIbTPA3BYKOBUX CUIHAJIIB
("cTpykTypHOTro mymy"). Po3po6seHo MeToJ, BUBHaYeHHSI [IPO(iio Iepepizy 3BOPOTHLOTO PO3CiIOBAHHS
yJIbTPa3ByKy B HalPsIMi IOMMPEHHS 30HyBaJIbHOTO iMITyJIbCY HA OCHOBI peecTpalii i cTaTuCTUYHOI 06pOOKU
yJIBTPA3BYKOBOTO CUTHAJLy y BUIJISiAi A-cKaHy. PO3po6JieHa yIbTpa3ByKOBa TEXHOJIOTISI KapTorpadyBaHHs aaresii
IIOKPUTTSI 3 [IOBEPXHEIO BUPOOY Ta BU3HAYEHHS MiCLlb BiilllapyBaHb ra30TepMidYHMX IIOKPUTTiB. Po3pobiiena
yJIbTPa3BYKOBA TEXHOJIOTiS OLIiHIOBAHHS BOJHEBOI NOMKOKEHOCTI MaTepiay, siKa Jae 3MOTY OLiHIOBaTU
HEepiBHOMIPHICTb HABOJHIOBAHHS SIK 10 TIOBEPXHi BUPOOY, TaK i 110 110ro TOBIIMHI. PO3p0o6eHo HOBUIT 6€3CITKOBUI

niaxin no TomorpadidHoi peKOHCTPYKLii fedeKTiB 3a KpUBOJIIHIHHUMY [TPOEKLiIMU Ta IJ1s1 00'€KTIB 3



KPUBOJIIHITHMMU MeXXaMi, 10 103BOJIUJIO PO3POOUTU YJIbTPA3BYKOBI TEXHOJIOTII JiarHOCTYBaHHS PO3CiSIHOI
IIOIIKOKEHOCTi KOHCTPYKLIMHNX CKJIAIHO CTPYKTYPOBaHUX MarepiasiB. Po3pobseHa Ta ekcriepruMeHTaIbHO
arpo60BaHa yJIbTPa3ByKOBA TEXHOJIOTIS OLiHIOBAaHHSI PO3CisIHOI MOIIKOPKEHOCTI cTajiel i cIiaBiB 110 TOBIIUHI
CTiHKU TPyOOIIPOBOJy HA OCHOBI OLIiHIOBAHHS HEBIIOPSIIKOBAHOCTI TOMOrpapiuHMX 300paKeHb Nepepisy
PO3CilOBaHHS y/IbTPa3ByKy MaTepiasiom. Po3po6iieHi TeXHOJIOTI] peai3oBaHo B YIbTPAa3ByKOBOMY KOMIT'IOTEPHOMY
tomorpadi USTSM Ta ekcriepuMeHTaNbHO alipob0BaHo B JIabOpaTOPHUX YMOBAX, & TAKOXX allpOOOBAHO B

IIPOMUCJIOBUX YMOBax Ha 06'extax BIl "PiBHeHcbka AEC" B pamKax BUKOHAHHS IIPOEKTIB 110 Iporpami "Pecypc’.

2. The thesis goal is to solve the important scientific and technical issue of the development of ultrasonic
tomographical diagnostic technologies for pre-defect state of construction materials evaluation. These
technologies are based on statistical processing of back-scattered ultrasonic signals ("structural noise") and
tomographical reconstruction of the damage state of material. The object of the research is the dependence of the
parameters of ultrasonic signal on the parameters of the material damage state. The limitation of the existing
methods and devices as to the retrieval of information about spatial distribution of material scattered damage
before macro-flows are formed is found. The expediency of using the back-scattered signal (as it is the most
sensitive as for scattered damage dynamics) is proved. The acoustic receiving channel of A-Scans registration was
analyzed, the model of the recorded signal was suggested and the processing technologies were developed in
order to consider the acoustic contact factor, amplification, device noise, signal attenuation while propagation.
The method of ultrasonic back-scattering profile definition along the direction of ultrasound propagation is
developed. The method is based on A-Scan signals registration and statistical processing. The back-scattering
profile is the base of tomographical reconstruction of material scattered damage. A new approach to
tomographical reconstruction of the curved projections and for objects with curved boundaries is developed in
order to optimize tomographical reconstruction procedures, to perform statistical processing of the recorded
signals and to obtain back-scattering profile of the material experimentally. This information is the base of new
ultrasonic techniques as to complex structured materials diagnostics before the flaws are formed but there are
already places with scattered damage. The new ultrasonic technology for the evaluation of the damage state of
steel and alloys of the feed-water pipelines is developed and tested experimentally in "Rovno NPP". The technology
is based on the disorder level of the tomographical pictures calculation. The disorder of the tomographical
pictures usually is increased with the material damage state increase. The new ultrasonic technique of weld joint
quality evaluation is developed in order to perform diagnostics of material in cases where standard techniques (e.
g. B-Scan) are not informative because of the flaws are not formed. The developed technique can be used for the
evaluation of the weld joints uniformity along the joint and symmetry across the joint and for welding process
adjustment. The technique is automated and can be used for the weld joints monitoring in order to detect the high
scattered damage and further flaw appearance allocations. The new ultrasonic technique of scattered damage of
metal while different types of loading is developed. The technique is based on multiple recording and compatible
processing of back scattered signal. The compatible processing is based on the obtaining of back-scattered signal
deviations histograms on comparable products and their comparison in order to evaluate the scattered damage of
each product and resolution of the approach. The technique of adhesive strength of the gas-thermal coating
mapping is suggested. It is based on the identification of delaminated places in the product using backscattered
signal approach. The new ultrasonic technique of the evaluation of the state of hydrogen attacked material is
developed. It allows the hydrogen damage unhomogeneity in the product evaluation. The developed techniques
are implemented in the ultrasound computerized tomograph UST5M and are tested experimentally in the
laboratory and in industrial conditions in "Rovno NPP" while the implementation of the projects under the program
"Resource”.
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