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Abstract — The work is devoted to the intermediate results of creating an integrated information system
for monitoring the technical condition and resource characteristics of drives of control and protection
systems for power units of the VVER-440 reactor plant. The hardware composition of the developed
system is described. The results of using the system in the framework of bench tests of the object are
demonstrated. A list of detected defects and an example of determining the state of the drive of the
control and protection system of the ARK type are given.
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WCCJEJTOBAHUE OCTATOYHBIX HATIPSIKEHUM B CBAPHBIX
COEJUHEHUAX JIEKTPUYECKUM METOJ10OM
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[IpoBeneHsl Mccae0BaHNUS OCTATOYHBIX MEXAaHHYECKHX HAIPSDKEHWH B CBAPHBIX COCJMHEHMSIX 00pasloB
n3 cramm 12X18H10T meromom ckanupyromeld koHTakTHOWH moteHunomerpuu (CKII). OOpasupl s
ucrelTanuil Obln cBapeHs! B JlazepHoMm nentpe HUSAY MU®U u cocrostmi U3 IBYX IOJIOBHH IUIACTHH
pasmepamu 100x100x6 mm. IToroueduHoe pydHOE CKAHHPOBAaHHE OBEPXHOCTU CBAPHOIO COEJUHEHUS
BBINTOJIHEHO TI0 BOCHMH HapaJUIebHBIM H3MEPHUTENbHBIM JOPOKKaM C IOMOINBIO Tpeodpa3oBarens U3
cramu Ct3 u aBTOMaTH3MpoBaHHBIM npubopom Spectroelph FFR. Illupruna moBepXHOCTH CKaHUPOBAHUSA
cBapHOTo coeauHeHus coctapisina 20 MM. VCKycCTBEHHBIM HempoBap KOPHS OBII IMOJYYEeH B CBapHOM
COEJMHEHUH, ITyTeM HapyIICHUs TEXHOJIOTHH CBapKu. Ha MOBEpXHOCTHBIX NOTEHIHOTPaMMax B 00JacTH
HempoBapa Ha ypoBHe ¢ukcaimu SLS=4 Habmiogamu mocCHenoBaTeNbHBIM psaa  pediekcos,
COOTBETCTBYIOIIMX BBICOKMM 3HAUEHHMSM OCTATOYHBIX HampspkeHWH. Jlns ycTpaHeHHs IMOOOYHBIX
pedrexcoB, 0Opa3yromuUXCs OT APYTUX YacTeil CBApHOTO MIBA, JOMOJHUTEIBHO NPUMEHSUIN IpapuyecKuit
MeToJ1 00pabOTKH pe3yabTaToB. Y JaJIeHHE HIYMOBBIX KOMIIOHEHT CHTHAJIA JIOCTHTAJIOCh TaKKe METOJAMH
CIEKTPAJILHOTO aHaJi3a. XapaKTep OCTaTOYHBIX HANPSHKEHWH B CBapHOM IIBE MCCIIEAOBAIM MO (opMe U
npotsbkeHHOCTH obnacteld Cen Benana.

Kniouesvie  cnosa:  SNEKTpUUECKH  Hepa3pyMIAIONIMA  KOHTPONb, CKAHHUPYIOIIas  KOHTAKTHAs
MOTEHIIMOMETPHSL, KOHTPOJb CBAapHBIX INBOB, MOBEPXHOCTHAs IOTEHIIHOTpaMMa, PY4HOE MHOTOYEYHOE
CKaHMPOBaHWE, BHYTPESHHHUE HANPSDKEHIS, JJa3epHAs CBapKa, KOHTPOJIb TEXHOIOTHIECKOTO 000pyI0BaHuS,
HETIpoBap KOPHS, HePIKaBEIOIIast CTalb.



OmneIT IpoBeIeHUs HCClieoBaHui cBapHbIX coeauHenuit merogoM CKII [1,2] mokassiBaeT, 4yTo
B 00JacTH CBapHOTO COCAMHCHHSI Ha TOTEHIIMOTPAMMax BBISBISETCS OOJBIIOE KOJIUYECTBO
CTPYKTYpPHBIX HEOJAHOPOAHOCTEH, KOTOpbIe MpPHU SKCIUTyaTallud I[OTEHIIMAIbHO MOTYT CTaTh
AKTUBHBIMHM KOHLIEHTpAaTOpaMu HampsbkeHud. Hamu ycTaHOBIIEHO, YTO MO MOIIHOCTU H3Ty4YEHUS
BOJIH MEXaHUYECKUX HANpsHKEHUI TaKkWe KOHILIEHTPATOPhlI HauOoJjee OMAaCHBI, €CIM OHU CBS3aHbI C
HenpoBapoM KopHsi cBapHoro coeaunenus (CC).

B sroit cBs3u, npoBenensl uccnenoBanus CC o6pasnoB u3 crtanu 12X18H10T. O6pa3ub s
ucnblTanuid ObTn cBapensl B Jlazepnom nentpe HUAY MU®DU u cocrosim U3 ABYX MOJOBHH
maactuH pazmepamu 100x100x6 mm. HempoBap KopHsS ObLT MCKYCCTBEHHO TOJYyY€H B CBApHOM
COCJIMHEHUH, ITyTeM HAPYIICHHS TEXHOJIOTUU cBapku. Ha pucyHke 2 moka3aH BHEIIHUN BUJ TAKOTO
obpasma. Ha TeutbHOM cTOpoHE (CIpaBa) B IIEHTpE 00pasiia BUJCH HEMPOBAp KOPHSI.

Pucynok 1 — JIunieBas (cineBa) u ThUTbHAS (cIipaBa) cTopoHBI 00pa3ima u3 cranu 12X18H10T ¢ npeprBUCTHIM
HEIPOBapOM KOPHS

CkaHupoBaHHE  TOBEPXHOCTH  CBAPHOTO  COCAWHEHUS]  BBIIIOJIHEHO C  ITOMOIIBIO
npeobpazoBarens u3 crand Ct3 U aBTOMaTU3UpoBaHHBIM mpubopom Spectroelph FFR mo Bochmu
MapajuiebHBIM ~ U3MEpPUTENbHBIM  JopokkaM. [llupuHa o6mactTu CKaHUpPOBAaHUS CBApHOTO
coenuHenus coctaBiasuia 20 mm. M3mepurenvHas nopoxkka Ned reomMeTpuyeckd pacroiokKeHa
HETIOCPEICTBEHHO MO0 OCH CBApHOTO coenuHEeHHs. OTHOCHUTEIHLHO BBICOKHM YpPOBEHb (UKCAITUU
HenpoBapa (SLS=4) cBumerenbcTBYeT O BHICOKOM 3HAUE€HWM OCTATOYHBIX HampspDkeHui. Ha Bcex
MPEACTaBICHHBIX MOTEHIIMOTrpamMmax (puc. 2), 0 OCH CBApHOTO coeauHeHus (aopoxkka No4) BUIHBI
pediekcsl He TOJNBKO B O0JAacTH HEMOCPEACTBEHHOTO HEMpoBapa, HO Takke U OT APYTrux
MPUCYTCTBYIOIIMX B CBAapHOM COCIMHEHHH HEOJHOPOJHOCTEH. DTO YCIOXKHSIET 3aJady
UICHTU(PUKAIIUN  CTPYKTYPHBIX HEOAHOpoAHOocTeil. IlosToMy JOMONHUTENBHO MPUMEHSIICA
rpaduyecKkuil METO/l ONpeeNIeHNusT KOOPAUHAT Ne(EeKTOB M0 HAOII0JaeMbIM LIBETOBBIM pediiekcam
Ha NOTEHLMOTpaMMax.

\HenpOBap/

Pucynox 2 — ®oto obOpasia ¢ HenpoBapoM KOpHs (BEPXHsIsl YaCTh PUCYHKA) M TOTEHLMOTPAMMBI, TIOCTPOEHHBIE IS
ypoBHs dukcauuu SLS=1;4 u 5



[IpuMmeHeHrne JOMONHUTENBHOIO MeTo/la OOpabOTKHM pe3yabTaTOB IO3BOJMIIO JIETAIbHO
MCCJIEI0BATh MPEPHIBUCTHIN HENMpOBap KOPHS, COCTOSIIIMN M3 HECKOJBKUX OTAEIbHBIX YYacTKOB
(pucyHok 2). YpaneHue KOMIIOHEHTbl CHTHajda OT MOOOYHBIX CTPYKTYPHBIX HEOAHOPOTHOCTEH
JIOCTUTAaeTCS TakXKe€ METOJlaMU CHEeKTpaibHOro ananmuza [3,4]. Xapakrtep ACHCTBUS OCTAaTOYHBIX
HanpsbkeHuit B CC uccnenoBainy mo ¢gopmMe U npoTsbkeHHocTH obnacreld Cen Benana.

*Paborta momaepxana PoccuiickuM (GoHZOM (YyHIAMEHTATIBHBIX HCCICAOBAHHNA M BBIICICHHBIM TPAHTOM IO
noroBopy Ne19-08-00266/19 ot 10.01.2019.
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Abstract — The investigations of residual mechanical stresses in welded joints of specimens made of steel
12Kh18N10T were carried out by the method of scanning contact potentiometry (SCP). The test specimens
were welded at the NRNU MEPhI Laser Center and consisted of two halves of plates 100 x 100 x 6 mm in
size. Point-by-point manual scanning of the surface of the welded joint was performed along eight parallel
measuring tracks using a St 3 steel transducer and an automated Spectroelph FFR instrument. The width of
the scanning surface of the welded joint was 20 mm. Artificial lack of root penetration was obtained in a
welded joint by violating the welding technology. On the surface potentiograms in the area of lack of
penetration at the fixation level SLS=4, a successive series of reflections was observed corresponding to
high values of residual stresses. To eliminate side reflections formed from other parts of the weld, a
graphical method for processing the results was additionally used. The removal of noise signal components
was also achieved by spectral analysis methods. The nature of residual stresses in the weld was investigated
in terms of the shape and extent of the Saint Venant regions.

Key words: electrical non-destructive testing, scanning contact potentiometry, weld seam testing, surface
potentiogram, manual point-by-point scanning, internal stresses, laser welding, process equipment testing,
root failure, stainless steel.



