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2. Determination of residual stresses using high-density current impulses and laser interferometry

Pedepar:

1. Incepranjiiina po60oTa IpUCBIYeHa BUPIlIEHHIO HAYyKOBO-TEXHIYHO] 3a/1a4i BU3HAUEHHS 3/INIIKOBUX HAIIPYy>KEHb
i3 3acrocyBaHHsIM 14 iX peslakcalii iMIysbCcy CTpyMy BMCOKOI LIiJIBHOCTI i J1a3epHOi iHTepdepomeTpii. Briusy
€JIEKTPOIIJIACTUYHOTO €(PEKTY Ha JIOKAJIbHY PeJIaKcallilo Hallpy>XeHb. B po60Ti Oysin opraHi3oBaHi Ta NpoBeeHi
€KCIIePUMEHTAJIbHI Ta TEOPETUYHI NOCIIIKEHHS BIJIUBY iMITYJIbCY CTPYMY BUCOKOI LiJIbHOCTI Ha JIOKAJIbHY
peJlakcaliiio HarpyeHb. bysio IpoBeieHO NOCIiIKeHHS BIUIMBY [1apaMETPiB €JIEKTPOILHOI CUCTEMU Ha JIOKAJIbHY
peJlakcalilo HanpyxeHs. [IpoBeieHO BIOCKOHAJIEHHS! €JIEKTPOIHOI CUCTEMU IMITyJIbCHOTO TUILY Aii Ta pO3p06IE€HO
OCHAIIIeHHS IJIs [TO3ULIOHYBaHHS €JIEKTPOAY BilHOCHO NOCIiAHOIL AeTaii. B xozi eKCcriepruMeHTaIbHUX JOCIIiIKEHb
OyJi0 IpoBeieHe TEIJIOBi3iliHe BUMIPIOBAaHHS TEMIIEPATYPHOTO MOJIsl B MiCLli KOHTAKTY €JIEKTPO/Y 3 [IOBEPXHEI0
IOCJiIKYBaHOro 3paska. BjockoHaseHo IporpaMHe 3a6e3eueHHs 1711 00POOKHU CIEKI-KapTHH Ta IINPOrpaMm.
Po3po6sieHa MaTeMaTUYHA MOJEJb BILJIMBY LIMPO3CYBY HAa PO3IIOALJ NOXiAHOI y HAIIPy>)KEHOMY MaTepiasi micis

BBEJI€HHSI iMITyJIbCy CTPyMy. [IpOBeleHi eKCIIEPMMEHTH, 3 METOIO MOPIiBHSIHHA PE3YyJIbTaTiB BUBHAYEHHS HAIIPY>)KEHb



Ha peajibHOMY 3BapHOMY 3'€[IHaHHI, 110 OTpUMaHi MeTogamu OTBOpiIB i BBemeHHs ICBII. O6'eKT mOCTimKEeHHS ~
TEXHOJIOTis HEPYHHIBHOTO BU3HAUYEHHS 3aJIMIIKOBUX HAIPY>KEHb HA OCHOBI BUKOPUCTAHHS AJIs iX pesakcaiii
iMITyJIbCIB CTPYMY BMCOKOI LIiJIbHOCTI Ta MeTOZiB jlazepHoi inTepdepomeTpii. [IpeameT nocifikenb — npolec
peJlakcalii 3aJIMIKOBUX HAPY>KEHb, 1[0 BUHMKA€E BHACJIILOK €JIEKTPOIIACTUYHOTO €(EKTY, MPOLeC PeecTpallii
nepemileHs Ta Aedopmalliil B OKOJIi BBEIEHHS iMITYJIbCY CTPYMY BUCOKOI LIiIbHOCTI. MeTa po60TH — po3pobKa
IIpujaAy Ta TeXHOJIOTII 1151 HepyHHIBHOTO BU3HAY€HHS 3a/IMIIKOBYX HAINIPYXKeHb Y 3BAPHUX 3'€[IHAHHSX, HA OCHOBI
BMKOPHMCTaHHS iMIyJIbCiB CTPYMY BUCOKOI 1IiJIHOCTI Y IO€IHAHHI 3 METOJaMU Jla3epHOi iHTeppepomeTpii. Haykosa
HOBM3HA OTPMMAaHUX pe3ysbTariB: 1. PO3pobseHo HayKoBi 3acafii METOly BUSHAUE€HHS 3aJIMIIKOBUX 3BAPIOBAJIbHUX
HaIpYyKeHb i3 3aCTOCYBaHHIM €JIEKTPOIIJIACTUYHOTrO eeKTy y IoeqHaHHi 3 MeTogamu muporpadii Ta creks
inTepdepomerpii. 2. OTprMao NojanblInil PO3BUTOK 3aCTOCYBaHHS €JIEKTPOIIJIACTUYHOIO e(eKTy IJ1s1 JIOKaJIbHOI
peJlakcalii Hanpy>XeHb Ta BUKOPUCTAHHS MO0 1151 BUBHAYEHHS! 3aJIMIIKOBUX HAIIpyXeHb. 3. PO3p0671€eHO METOIUKY
PO3paxyHKY 3aJIMIIKOBUX HANPY>KeHb Ha OCHOBI JaHUX PO Nedopmaliiio Ta IepeMilieHHs B OKOJIi MiCIsl BB€€HHSI
IMITyJIbCIB CTPYMY BHCOKOI IIiJIBHOCTI [JIs1 JIOKAJIbHOI pesiakcalii Halpy>XeHb. 4. 3allpOIIOHOBAHO KOMILJIEKCHUHI
IiAXi[ BU3BHAUYEHHS ONITUMaJIbHUX N1apAMETPIB €J1IEKTPOHOI CUCTEMH, SIKA BUKOPUCTOBYETHCS [17151 BBE€JI€HHS
iMITyJIbCy CTPYMY BUCOKOI IIiJIBHOCTI, Ta HAJIAIITYBaHb BUMIPIOBAJIbHUX CUCTEM. 5. PO3p06IeHO MaTeMaTUudHy
MO[I€JIb BIUIMBY MIKXPO3CYBY Ha PO3MOLiJ MOXiAHOI Y HAIIpY>)KEHOMY MaTepiasti MicJs BBEIEHHS iMITyJIbCy CTPYMY
BHICOKOI LIiJILHOCTI y HaNpy>keHUi marepiai. [IpakTuuHe 3HaUeHHs1 OTPUMaHUX Pe3yJbTatiB. BussieHi B po6oTi
0COOJIMBOCTI Ta 3aKOHOMIPHOCTI pesiakcalii HanpykeHs mif giero [CBII go3Boanaiy po3mUpUTY YSIBIEHHS IIPO
npouec Bu3HaveHHs 3H i Ha OCHOBI 1IbOTO HaJIaTH peKOMEH allii 3 BUOOPY ONTUMAaJIbHUX IIapAMETPIB €J1IeKTPOAHUX
CHCTEM Ta HaJIAlITyBaHb NIPUJIAZIB 17151 BUMIpIOBaHHS NepeMmilieHs Ta jedopmarniil. [IpakTryHa LiHHICTL po60TH
II0JISITa€ B HACTYIHOMY: 1. BjockoHasieHo crnek-iHTeppepoMeTpUYHUN Ta IKporpadiyHuil Npuiany s
BMMipIOBaHHS IlepeMilens Ta nedopmaliil Ha TiAsSHI TiaMeTPpoM A0 SMM, IO TO3BOJIMJIO OTPUMYBATHU 6iJIbIll TOYHI
PEe3yJIbTaTU eKCIIepUMEHTAIbHUX AOCIIIKEeHb Ta 3MEHIINTH Yac iX BUKOHAHHS. 2. PO3p006JieHO OCHAllleHHS [IJ1s1
¢dikcauii enexTpoay Ta MOro No3uliOHyBaHHS BiTHOCHO OCiAHOI feTali 3 TouHicTio 1o 0.5MM. 3. Po3pobiieHo
MaTeMaTU4HYy MOJIeJIb BIUIMBY IIMPO3CYBY Ha PO3IO/iJ NOXiAHOI y HaNpy>XeHOMY Marepiai nicyisg BeegenHs ICBIII,
sIKa MO’K€ BUKOPHCTOBYBaTUCh IJIsl IIOJAJIBIINX JOCHTiIKeHb. 4. MonepHi30BaHO IIporpamHe 3a6e3rnedeHHs A1
OIIpalOBaHH4 CIIEKJI-KapPTHH Ta IIMPOTrpaMm, M0 JO3BOJIMJIO 3MEHIIUTH 4aC ONPALIOBAHHS €KCIIEPUMEHTAIbHUAX
pe3yJsbTaTiB. 5. OTpUMaHi pe3yIbTaTé TEOPETUYHUX Ta eKCIIEPUMEHTAIbHUX AOCiIKEeHb I03BOJIMJIA PO3POOUTH
TEXHOJIOTiI0 HepylHiBHOro Bu3HauyeHHs 3H Ha ocHOBi BukopuctanHg ICBII ta nasepHoi inTepdpepomeTpii. Y
MEePLIOMY PO3[1iJli IPOBENEHO KPUTUYHUI aHaJIi3 CY4aCHOTO CTaHy METOJIiB BU3HAYEHHS Ta PETYJII0OBAaHHS
3aJIMIIKOBUX HANpyXeHb. 3a pe3ysbTaTaMy Orjisiy cpopmMysibOBaHa MeTa i 3aBIJaHHS JucepTalifHoi poboTu. Y
IpYyroMy po3zili HaBeJleHO OIMC BUKOPUCTAHOTO B pOOOTI 06J1afHaHHS, 17151 BBEJIEHHS IMITyJIbCY CTPYMY BUCOKO]
IIJIBHOCTI Ta peecTpalii nepeMilieHb, 0 YTBOPIOIOTLCS IIPY LbOMY. BKazaHo marepiany, 1m0 3aCTOCOBYBAJIUCH ITif
yac gocifkeHs. HaBeieHO MEeTOI0JIOTiI0 BU3HAYEHHS HAIIPY>KEHb Ha TECTOBUX 3pa3Kax. Y TPETbOMY PO3[isi
HaBeJIEHO ONMC BUKOPUCTAHOTO B pOOOTi IPOrpaMHOro 3a0e3NeueHHs! 171 peecTpallii Ta 06pobKy 3HaUY€Hb
nepeMilieHs Ta Aedopmalliii, 1o BUHUKAIOTh BHACIiOK BBeAeHHs ICBII. HaBeneHo NMOpiBHSIHHS pe3yJbTaTiB
Br3HaUYeHHs 3H Ha 3BapHUX 3'€IHAHHSX 3 AJIIOMiHI€EBUX CIIJIaBiB, BUKOPUCTOBYIOUM 114 ix pesnakcauii ICBII Ta

METOJL OTBOPIB.

2. The dissertation is dedicated to solving a scientific and technical problem of residual stress determination using
high-density current pulse and laser interferometry for relaxation. It explores the influence of electroplastic effect
on local stress relaxation. The study involves both experimental and theoretical investigations on the impact of
high-density current pulse on local stress relaxation. It also investigates the influence of electrode system
parameters on local stress relaxation. Improvements were made to the pulse-type electrode system, and
equipment was developed for electrode positioning in relation to the test sample. During experimental research,
thermal imaging measurements of the temperature field at the contact point between the electrode and the
surface of the test specimen were conducted. Software for processing speckle patterns and shearograms was
enhanced. A mathematical model was developed to assess the impact of shear shift on the derivative distribution in
stressed material after the application of a current pulse. Experiments were carried out to compare stress



determination results on a real welded joint using the hole-drilling method and the high-density current pulse
introduction. Object of research - the non-destructive determination of residual stresses using high-density
current pulses and laser interferometry methods for their relaxation. Subject of research - the process of residual
stress relaxation resulting from the electroplastic effect, the registration of displacements and deformations in the
vicinity of the introduction of high-density current pulses. The purpose of the work - develop a device and
technology for the non-destructive determination of residual stresses in welded joints, based on the use of high-
density current pulses in combination with laser interferometry methods. Scientific novelty includes the following
provisions: 1. Scientific principles have been developed for the method of determining residual welding stresses
using the electroplastic effect in combination with shearography and speckle interferometry methods. 2. The
application of the electroplastic effect for local stress relaxation and its use in determining residual stresses have
further advanced. 3. A methodology for calculating residual stresses based on deformation and displacement data
around the site of high-density current pulse introduction for local stress relaxation has been developed. 4. A
comprehensive approach for determining the optimal parameters of the electrode system used for introducing
high-density current pulses and for adjusting measurement systems has been proposed. 5. A mathematical model
for the influence of shear shift on the distribution of derivatives in stressed material after the introduction of high-
density current pulses into the stressed material has been developed. Practical significance of the obtained results.
In summary, the practical value of this work lies in its ability to enhance our understanding of stress relaxation
processes and to offer practical guidance for choosing the right parameters and settings in non-destructive testing
procedures. These insights can lead to more accurate and effective measurements, ultimately benefiting industries
and research fields where residual stress determination is critical. The practical value of this work is as follows: 1.
Improved speckle interferometry and shearography instruments for measuring displacements and deformations in
aregion with a diameter of up to 5 mm, which allowed for more accurate experimental results and reduced the
time required for experiments. 2. Developed equipment for electrode fixation and precise positioning relative to
the test specimen with an accuracy of up to 0.5 mm. 3. Developed a mathematical model for the influence of shear
shift on the distribution of derivatives in stressed material after the introduction of high-density current pulses.
This model can be used for further research and applications. 4. Modernized software for processing speckle
patterns and shearograms, reducing the time needed for processing experimental results. 5. The results of both
theoretical and experimental research have led to the development of a non-destructive technology for
determining residual stresses based on the use of high-density current pulses and laser interferometry.
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