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YIK 621.039.53

ONMTUMUSALINA NPOLIECCA CBAPKU
OBbOPYAOBAHUA U TPYBOIMNPOBOAOB
ASC INYTEM MOAEJIMPOBAHUA
CBAPHbLIX COEAUMHEHUUA

A.U. Tpodumos, C.A. Munus, M.A. Tpodumos, [I.A. Eropos
06HuHCKUU uHcCmumym amomHotu supzemuxu HUAY MUPH, 2. 06HUHCK

[IpepcTaBnexHo MojenupoBaHve TeEpMUIECKOTO JUKIA TTpoLecca CBAPKU C TI0-
mowmbbto mporpammsl SYSWELD, mo3Bonsatoee onTUMU3UPOBaThL IIpoluecc

CBAapKW C YYETOM BO3ZLEWCTBUA YIbTPA3BYKA, UTO AAET BO3MOMHOCTb ITOBLI-

CUTb TIPOYHOCTHLIE CBOWUCTBA CBAPHBIX COeAMHEHUN 06opyaoBanua A3C.

KnioueBble cnoBa: cBapka, MOLENMPOBaHUE, YNbTPa3ByK, AedopmaLus, 0CTaToUYHbIe
HanpsxeHus, Tpybonposoabl A3C, obopynosaHue A3C.
Key words: welding, simulation, ultrasound, deformation and residual stress, nuclear
power plants piping, nuclear power plants equipment.

MpuMmeHeHNEe KOMNbIOTEPHLIX TEXHONOTUIA 3HAYUTENBHO PACWIMPAET BO3MOXKHOCTH
BbIYUCUTENBHOFO 3KCNEPUMEHT], Y4TO, B YaCTHOCTM, AAeT BO3MOXHOCTb M3 MHOXECTBA
BapMAHTOB TEXHONOTUM (TEPMUYECKOTrO LMKIA) BbIOpaTh ONTUMAbHYK UAKU MPOTHO-
31pOBaTh pe3ynbTaT CBAPKMU.

OCHOBHbIM [OCTUXEHWEM COBPEMEHHOTO MPOrpaMMHOro obecneyeHws spnseTcs
BbICOKas TOYHOCTb pacyeToB U Gonblioit 06bemM MHdoOpmMauun. B nporpammax, npea-
Ha3HaYeHHbIX ANA MOLENUPOBAHUA CBAPHbLIX COEJUHEHUWN, peann3oBaHa BO3MOXHOCTb
ONTUMM3aLMM npouecca cBapku obopynosaHus u Tpybonposofos A3C. AkTyanbHoM
3afjauen ABNAETCA CHATUE OCTATOYHbIX HANPAXKEHWI, B TOM YuCie Noj BO3LENCTBUEM
yNbTPa3ByKa, B 30He TEPMUYECKOro BAUAHMA B NpoLecce CBapKu.

OpHoit 3 Takux nporpamm sasnserca SYSWELD — nporpaMMHbI NakeT, OPUEHTUPO-
BAHHbLIA HA BbICOKOKBANMMULMPOBAHHbLIX NOJb30BaTENEN-aHANMTUKOB, NO3BONAIOLLUN
pelaTb MeTOAOM KOHEYHbIX 3/1IeMEHTOB KOMM/EKCHble 3aAayun CBApKK:

® OLEHUTL 0CTaTOYHYIO Aedopmauuio;

® MUHWMWU3MPOBATb OCTATOYHbIE HAMPAXKEHUA;

® yyeCTb BNIUSAHWE TEOMETPUU MaTepuana;

® oLeHuTL (ha3oBble MpeBpalleHus.

Ha BennuuHy octatoyHoi pedopmauuu BAUAeT NOCNeA0BATENbHOCTb COOPKMU K
HaNOXeHnA cBapHbiX WBOB. MoaennpoBaHue No3BoNAeT NpeAckasaTb BO3IMOXHYIO fie-
dhopMaLmMio 1 MUHUMU3UPOBATL €€, YMEHbLWWUTb TPASMEHT TEMNEPATYP U NOBEPXHOCT-
HbIX HanpsXeHuil. B pe3ynbTate MOXHO YBEAUYUTb CPOK CNYXKObl M3aenuit npu faH-
HOM KONMMYeCTBE LMKIOB HarpyxeHus.

© A.H. Tpogumos, C.H. Munun, M.A. Tpoghumos, [].A. E2opos, 2012
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MporpaMma no3BonsieT NPOBEPUTL MPABUABHOCTE KOHCTPYKLUMUM M BbIOOpa MaTepu-
ana u3fenus Ha paHHWUX CTafMAX NPOEKTUPOBAHUA C LieNbl0 NONYYEHUA ONTUMANbHbIX
3KCNNYyaTaLMOHHbBIX XapaKTEPUCTUK.

Pesynbratamn npumeHeHuns SYSWELD ssnstoTtcs

® CoKpalyeHue CTOMMOCTM NPOU3BOACTBA;

® ONTMMM3ALMA NPOEKTA U3Jenus;

® BbifBNEHMe BCeX (DaKTOPOB, BEAyWMUX K U3MEHEHUI0 hOpMbl, pa3MEpPOB M CBOMCTB
n3genus.

MopenuposaHue csapHoro coepuHenus B SYSWELD HaunHaetcsa ¢ 3apgaHua 2D-ceT-
Ku. B npolecce co3AaHWA CETKM YKa3bliBalOTCA BCe HEOOXOAUMbIE FEOMETPUYECKMUE Ma-
pameTpbl MOAENU CBAPHOrO COELUHEHUSA, @ UMEHHO, WHWPKUHA U TOALWMHA NIMCTOB, NJO-
\Wazab wWea.

Ha pucyHke 1 npepcraBneHa 2D-ceTka MOAenMpyemMoro TaBpOBOro COEAUHEHUS.

Kak Tonbko 2D-ceTka co3paHa MHCTPYMEHTOM «BblfaBAuBaHuey, co3paerca 3D-ceT-
ka (puc. 2).

Mocne TOro Kak ceTka Mofenu, npepctaBastowasn cebo COBOKYNHOCTb KOHEYHbIX
3/IEMEHTOB, CO3AaHa, HEOOXOAMMO 3afaTb CBOWCTBA MaTepuana CBapuUBaeMbIX AeTaneil
W NpUCafoOYHOro MaTepuana. Matepman Kaxgoro U3 3N1eMeHTOB CBAPHOro COeAMHeHUs

BT

BUR 0P 7] 20 v - Segazeen

Puc. 1. 2D-ceTka MOAENNPYEMOro TaBPOBOrO CBAPHOTO COEAUHEHMUS
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Puc. 2. 3D-ceTka MOAENNPYEMOro TaBPOBOrO CBAPHOTO COEAUHEHMUS
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Gepetcs U3 6asbl AaHHbIX, coAepXKallei 60MbWNHCTBO MATEPUANOB, MPUMEHAEMbIX B
NPOMbILWIEHHOCTHU.

Cnepylowmm 3TanoM 3afalTCA UCTOYHUK TENNOTHI U €ro napameTpbl.

NcToyHMK TennoTbl MOfeNupyeTcs B 3aBUCUMOCTH OT 3HAYeHUs 0OBEMHOI MNOTHO-
cTn aHeprun Q, Bt/mMM3, NpunoxeHHON K 31eMeHTaM, PacroioKeHHbIM Ha TPAEKTOPMUM
nepemelieHns UCTOYHMKa.

Mocne 3aaaHua BCeX MAapaMeTpoB pexumMa CBApKWM MPOM3BOAWUTCSA HaNafKa MCTOY-
HUKA TENNOTbl COrNAacHO HEOOXOAMMON BENMYMHE NPOMNNABAEHUA CBAPMBAEMbIX MEXAy
coboit fetaneit. BusyanbHo BeNMYMHY NpoNaBAeHUS MOXHO OLEHWUTb MO puc. 3.

-

Puc. 3. 3oHa pacnnasneHHoro metanna u 3TB

[ins onpeneneHus TepMUYECKOrO LIMKNA, Npoxofsilero B ceapHom wee u 3TB, Ge-
peTca y3en, HaXoAAIWMACA HENOCPEACTBEHHO HAa TPAEKTOPUM NepeMelleHns UCTOYHU-
Ka TennoTbl. IMEHHO HAQ OCHOBAHMM AAHHbIX LA 3TOrO Y313 M CTPOUTCA rpaduK usme-
HEHWUs TemnepaTypbl BO BPEMEHU B CBapHOM WBe (puc. 4).
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Puc. 4. Tpaduk U3MeHeHUs TemMnepaTypbl BO BPEMEHU B CBApHOM LBe

Mpn mopenvupoBaHuu Gbina 3afaHa BbICOKONErMpoBaHHaA XaponpoyHas cTajib Map-
TEHCUTHO-(DEeppUTHOrO Knacca mapku 20X13.

Mo rpaduky (puc. 4) MOXHO ONpeaenuTb CKOPOCTb OXNAXAEHWUA MeTanna Wea u
30Hbl TEPMUYECKOTO BAUAHUA B MHTEPECYIOLEM HAC MHTepBane, a uMeHHo, 600-930°C
— ob6pa3oBaHue GeppuTHO-KapOUAHON CTPYKTYpbl U 120-420°C — MapTEHCUTHOM.

Copepxanue yrnepoga ot 0,10 go 0,25% (kak B ctanu 20X13) npuBORMUT K CABUTY B
obnactb 60siee HU3KUX TeMNEepaTypHbIX FpaHWL, NPeBpaLleHns, B pe3ynbTaTe NojiHoe
MapTEHCUTHOE NpeBpalleHne NPOUCXOAUT MPU OXNAXKAEHUM co ckopocTblo 1°C/c.
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B cBA3M C BLICOKOW CKIOHHOCTbIO K NOAKANKe B CBAPHbIX COEAMHEHUAX U3 CTalu
20X13 BO3MOXHO 00pa3oBaHMUe XONOAHBIX TPELLUH.

B pesynbTaTe MoAenMpoBaHus Obina Nojy4YeHa CPefiHAsf CKOPOCTb OXNaXAeHus Be-
nunymHoit 0,77°C/c, 4To NpUBENO K CylLeCTBEHHOMY 00Pa30BaHNI0 MAapTEHCUTHOMN (asbl,
3HayeHMe KOTOPOM MOCae OXNAXKAEHUA CBAPHOr0 COefMHeHUA cocTaBuno 94,2%. Kpo-
Me TOro, B 3TON 30He obpa3syeTcs Hebonblias foNs heppuTo-nNepanuTHON cmecu, beil-
HUTa W OCTAaTOYHOro aycteHuTta (puc. 5).

CONTOURS
Prase 2
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Puc. 5. Pacnpegenenne mapreHcuta no ceapHomy wey u 3TB
an NPOYNX paBHbIX YCNOBUAX HaYalbHYKO TeMnepatypy (THaq) npuHMumaem paBHOVI

300°C. M'padpuk M3MeHeHMA TeMnepaTypbl BO BPEMEHW B CBApPHOM LWBE MpU YCNOBUM
noforpeBa CBapHOro COeAMHEHUA NpeAcTaBneH Ha puc. 6.
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Puc. 6. l'paduk n3meHeHUs TemnepaTypbl BO BPEMEHM B CBAPHOM WBE NPU T,ay =300°C

CpepHsas ckopocTb oxnaxpaeHus coctasuna 0.325°C/c, 4TO CHU3UAO NPOLEHTHOE
cofepaHMe MapTEHCUTHOM COCTaBAAIOWEN B CBAPHOM COEAMHEHUW NOCAE OCTbIBAHUA.
Jlnws 20% aycTeHuTa B 3TOM C/lyyae nNpeBpallaeTca B MapTEHCUT B npoliecce OCTbiBa-
HuA Huxe 420°C. 3HaYeHUA HANPAXKEHUNA KaK B MOMEPEYHOM, TaK U B MPOAOSTLHOM Ha-
npaBneHnax cHU3uAncb. OfHAKO NpUMeHeHWe NpefBapUTENbHOrO NOKaAbHOrO NOAJo-
rpeBa HeOOXOAMMO AOMONHATL NOCNEAYKoLLeil TepMOOOPABOTKON C LieNbl0 CHATUA OC-
TaTOYHbIX HAMPAKEHMWIA, YTO He BCErAa MOXeT ObiTb Peasn30BaHO BHE NPOU3BOACTBEH-
HOro Lexa U BCerga NpUMBOAMT K YOOPOXKAHMIO TEXHONOMMU NPOU3BOLACTBA CBAPHbIX
n3genui.
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Bonee achheKTUBHLIM CNOCOGOM CHATUSA OCTATOYHbIX HANPSXEHWI B Npoliecce cBap-
KW ABNSieTCA NpUMEHeHWe ynbTpa3Byka. [leTanbHoe onucaHue MeToaa W pesynbTaTthl ero
npuMMeHeHWUs npeactasnedbl B [1]. B pe3ynbTaTe BO3[4eNCTBUA yNbTpa3ByKa NPOUCXO-
AAT cnepylolime U3MeHeHUs CTPYKTYpbl MeTania CBAapHOro COEAUHEHUs U 30Hbl TEpMU-
4eCcKoro BAUAHUA:

® NOBbLIWAETCA OAHOPOAHOCTb CTPYKTYpPbl MeTanna CBapHOro COeauHeHus;

® npoucxoauT 6onee paBHOMEPHOE pacnpefieneHne HeMETANIUYECKUX BKIIOYEHUI.

Kak cnencteue, co3faHne MeNKO3epHUCTON OJHOPOAHOW CTPYKTYpbl NPUBOAUT K
MOBLIWEHNIO MEXaHUYECKUX XapaKTePUCTUK MeTanna CBapHOro LWBa.

Mpu BO3AENCTBAM YNbTPa3ByKa HA KPUCTANNU3YIOWMIACA METANN NPOUCXOAUT UHTEH-
CMBHasA fierasauus metanna. BHayane ra3 BbICBOGOXKAAETCSA B BUAE MENKUX My3blPbKOB
B 06/]1aCTV HU3KOrO BO3[EICTBUSA YIbTPA3BYKOBOI BOMHbI, 3aT€M MPOUCXOAUT UX COEAM-
HeHWe B Ny3blpbKKM GONbWKX PAa3MepPOB, KOTOPbIE BCMbIBAIOT HA NOBEPXHOCTb MeTaf-
N3, 3axBaTbiBas C 000 HeMeTananyeckue BkYeHUs. [lerasaums meTanna ConpoBOX-
[aeTca KaBuTauuMeid. ITo GuU3nYecKoe ABAEHUE NPUBOLMUT K MOBbLIWEHUIO XKUAKOTEKYYE-
CTW MEeTaNNa, YTo UCK/IYAeT HenpoBapbl, 06pa3oBaHie ra3oBbIX MOP M CBAPHBIX Tpe-
WuH. Kpome Toro, moBblWEHWE XUAKOTEKYYECTH MeTanna no3BonseT NpoBOAUTL CBap-
Ky NPU MEHbLWMUX 3HAYEHUAX CBAPOYHOrO TOKA.

WccnepoBaHus, npoBefieHHble HA aNlOMUHKUEBbLIX 06pa3uax, NoABEpraemMbix pacTs-
)XEHWIO NPU Pa3HON MHTEHCMBHOCTW YNbTPA3BYKa M PasiMyHbIX TeMnepaTypax, noka-
3a1M, YTO BO3[ENCTBME YNbTPA3BYKA BbI3bIBAET CHUXEHWME HAMPSAXKEHW pacTaKEeHUS
aHaNoOrMYyHO BO3AENCTBMIO Harpesa. pu 3afiaHHO UHTEHCUBHOCTM YIbTPA3BYKOBbIX KO-
nebaHnit 50 Bt/cM? cTaTuyeckoe HanpseHue B obpasue GJM3KO K HyNo, YTO COOTBET-
CTBYET CTaTUYeCcKOMy npefeny TekyyecTu. Mpu 3TOM NAOTHOCTb aKyCTUYECKOI 3Hep-
run pasHa 10% 3B/cm3. [Ina pocTukeHus Toro e 3ddekta npu Harpese Tpebyetcs
NAOTHOCTb TennoBoi 3Heprun 1022 3B/cm3. 31T dusmnyeckuit adhhekT obbACHAETCA TEM,
YTO aKyCTMYECKas IHeprus ynbTPa3BYyKOBbIX KONeOGaHUN NOrnouaeTcs, rnaBHbIM 0bpa-
30M, AUCIOKALMAMU U TPAHULLAMU 3epeH, KOTOpble ABNAIOTCA HOCUTENSAMU MexaHM3Ma
nnacTMyeckon aedopmalum METaNNoB U CNNaBOB. TenaoBas e 3Heprua pacnpenens-
eTCs OTHOCWUTENbHO PaBHOMEPHO NO BCEMY 0ObEMy MeTanna.

OnucaHHble pe3ynbTaTbl BO3AENCTBUSA YNbTPa3ByKa Ha CBapHOe COeAMHeHUe Aena-
tOT NPMOPMTETHOW 3aAayy BKNIOYEHUA YIbTPa3BYKOBOro BO3AENCTBUS B airOPUTM MO-
LEeNUPOBAHMA CBApHbIX COEAMHEHNI B nporpaMMmHom nakeTe SYSWELD.

BbiBOAbI

MporpammHbiin naket SYSWELD nossonser

® BbIGpPaTh ONTUMANbHbIA NPOLECC CBAPKM AN KAXAOr0 CBAPHOTO COefUHEHUs;

® 33aTb HEOOXOMMYIO NOCNEA0BATENbHOCTb HANOXEHUA CBAPHbIX WBOB W ONTK-
MafibHble YCNOBUA 3aKpenieHua feTaneii C Leablo MUHUMU3ALMKM OCTaTOYHbIX HaMps-
XeHuh n pedopmaumn;

® nopobpatb ONTUManbHble NapameTpbl BO3AENCTBUA YIbTPa3ByKa.

Jiuteparypa

1. TpogumosA. M. dusuueckue 0CHOBBL YIbTPA3BYKOBOT'O METOZA CHATUA OCTATOYHBIX HAITPSXKEHN B
CBapHbIX COEAUHEHUAX METAJUJI0B U CITNaBOB. — M. dHeproaromuszar, 2009. —239c.

Moctynuna B pepakuuio 21.03.2012
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VIK 621.039.586

Innovative Ultrasonic Technology to Improve the Life of NPP Equipment at its Manufacturing\A.L Trofimov,
S.I. Minin , M.A. Trofimov, Y.A. Kirillov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. -
7 pages, 11 illustrations. — References, 2 titles.

Provides a theoretical and experimental justification for the effects of ultrasound on the welds during
welding equipment of nuclear power plants. As a result of exposure to ultrasound metal structure welding
seam is fine-grained and homogeneous, excludes internal voltage in metal, is removal of residual stresses in in
parajoint zone. This leads to a significant increase in strength characteristics and resource equipment of
nuclear power stations. Impact of ultrasound technology are in the process of welding and surfacing.

VIK 621.039.586: 531.78.781

To Definition of the Tension of Metal Elements of the Power Equipment of the Nuclear Power Plants Acoustic
Method\V.V. Hudasko, A.L Trofimov, S.A. Kurkin, V.G. Malynkin; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) —
Obninsk, 2012. - 10 pages, 3 tables, 2 illustrations. — References, 18 titles.

In work the new acoustic method of definition of a tension of metal of elements of the equipment of the
nuclear power plant is presented: based on effect akyctoynpyroctu; I consider-shchy deformation of
microplatforms and micropieces; using more exact, than sushchest-vuet a method of definition of modules of
the third order. This method allows to raise accuracy of measurement of a tension of metal of elements of the
equipment of the atomic power.

VIK 621.039.58: 519.23/25

A Method for Detecting Failure Data Flow Heterogeneity of Nuclear Power Plant Equipment in Failure Flow\
V.A. Chepurko, S.V. Chepurko; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 9 pages, 5 tables,
2 illustrations. — References, 14 titles.

Describes the methodology that allows to evaluate the non-homogeneity parameter flow of failures of NPP
equipment. Along with the point estimate of the reliability index, an algorithm of constructing its interval
estimate allows you to check the statistical significance of hypotheses about the parameter. Algorithm is
described in detail the decision criterion with a prescribed level of significance. Analyzed a number of test
cases. To detect heterogeneity, processed real data on failures of recharge and boron control NPP VVER-1000
5 unit Novovoronezh.

VIK 532.526.4: 621.039.534
Validation of the Volume Flow Rate Measurements of RBMK Technological Channels Obtained with the «Shadr-32M»
Flowmeter\E.F. Avdeev, V.I. Belozerov, A.Ya. Ustyuzhanin, V.V. Maximovsky, N.D. Rasenkov, N.E. Yushenko;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 6 pages, 1 table, 2 illustrations. — References,
6 titles.

The experimental data are processed for a set of «Shadr-32M» flowmeters used at Kursk NPP. The data are
obtained for different coolant temperatures. The work is done to obtain a correlation between the measured
flow rate and the actual one.

VAK 621.039.53
Optimization of the Welding Process Equipment and Piping Plant by Modeling of Welded Joints\A.L Trofimov,
S.I. Minin, M.A. Trofimov, D.A. Egorov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 5 pages,
6 illustrations. — References, 1 title.

Presented by the simulation of the thermal cycle of welding process on the example program SYSWELD.
Modelling to optimize the welding process, including taking into account the effects of ultrasound, which will
increase the strength properties of welded joints of NPP equipment.

VAK 621.039.534

Experimental Study of the Origin and Characteristics of Gas Flow in Cavitation Lead Coolant Innovative Nuclear Fast
Reactor\A.V. Beznosov, P.A. Bokov, A.V. Lvov, 0.0. Novozhilova, E.G. Novinsky, V.V. Lemekhov; Editorial board of
Jjournal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools.
Nuclear Power Engineering) — Obninsk, 2012. — 10 pages, 6 illustrations. — References, 1 title.
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