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PU3NYECKOE MOOEJNIMPOBAHUE MNP UCCIIEAOBAHUN
CBAPUBAEMOCTU KOHCTPYKLMOHHBbIX CTAJIEU

A.b. Cbiukoe, A.H. EmenrowuH, C.N. lMnamoe,
C.B. MuxaunuuybiH, [].B. Tepenmbee, M.A. Lllekwees

MazHumoeopckul eocydapcmeeHHbIU mexHudYeckul yHusepcumem um. .U. Hocosa,

2. MaeHumoeopck

PaccMoTpeHa BO3MOKHOCTB UCCIIEIOBAHUS CBAPUBAEMOCTH CTaJlel METOIOM (PU3MYECKOTO MOJCTIMPOBAHUSL.

CBapuBaeMOCTh SIBJISICTCSI BOKHOM TEXHOJOTMYECKOM XapaKTePUCTUKON Marepuaia, ONpeaessiomend ero
MPUTOTHOCTD JUIS TIPOM3BOJICTBA TEX WJIM MHBIX TUIIOB KOHCTPYKUMH. Yale Bcero JaHHBIN MmapaMeTp OLleHUBA-
10T AHATUTHYECKUM METO/IOM, YTO JACT JIUIIb OPUCHTHUPOBOYHBIE IaHHBIE.

Ha ceromusimnuii neHs HanOoJiee MPOrpPEeCCUBHBIM M NMEPCIIEKTUBHBIM METOJIOM HCCIICIOBAHHUSI CBapHUBae-
MOCTH SIBIISIETCS METOJ (PU3NIECKOTO MOJIEITMPOBAHSI, KOTOPHIM 3aKIF0YACTCS B TIOJTHOM U YaCTHYHOM BOCIPO-

HU3BCACHUU UCCICAYEMOTO IIpOoIEcca.

BaxupivMu (hakTOpaMu TIpH OICHKE CBAPHBAEMOCTH SIBIIIOTCS: HCXOMHBIM XMMHUYECKHI COCTaB CTall,
CTPYKTypa U TepMOAS(HOPMAIIIOHHBIC ITUKIIBI CBAPKHL.
OneHka cBapUBa€MOCTH MPOU3BOJHUTCS HAa OCHOBE HCCIEAO0BAHHUS METalla y4acTKOB 30HBI TEPMHUIECKOTO

BIIMSIHUSL CBApHBIX COCIMHEHHMI. M3 ncciieyeMoro Merauia M3roTaBinBaloTcss 00pasipbl isl UCIIBITAHHUI B yC-
TaHoBKe ¢usmdyeckoro mozenuposanusi Gleeble 3500. /lanHas ycTaHOBKa IO3BOJISICT WUMHTHPOBATH TEPMO-
Je(OpMAaIMOHHBIC UKJIBI PA3IHYHBIX YYACTKOB 30HBI TEPMHYECKOTO BIHSHHUA. 3aTeM MOJYyYCHHBbIC 0Opa3Iibl
IOIBEPTAIOT PA3IMIHBIM BUIAM HCIIBITAHUIL: COMPOTHBIECHHE Pa3phIBY, YIAPHbIA H3rH0, MeTaIuIorpadHIecKie
HCCIIEI0BAHMS, H3MEPEHHUSI TBEPIOCTH, MUKPOTBEPAOCTH H .

KauecTBeHHBII U KOJINYECTBEHHBII COCTAB CTPYKTYPBI METAIIA 30HBI TEPMHYIECKOTO BIHMSHUS (haKTHUECKU
OIpe/IeNsieT HaIeKHOCTh 1 PAOOTOCIIOCOOHOCTH CBAPHOTO COCMHEHHS.

IMosy4yeHHbIe JaHHBIE CPABHUBAIOT C TPEOOBAHUSAMHU HOPMATHBHOMN JIOKYMEHTAI[MH, HA OCHOBAaHHH YEro
JIeJIaeTCsl BBIBOJ O IPUIOAHOCTH METajula Ul M3TOTOBJIEHHS KOHCTPYKIIMH, Pa3padaThIBAETCs PAIllMOHAIBHAS
TEXHOJIOTHS ero CBapkH, obecnevynBaronias popmupoBanie 3(Q(GEKTHBHON CTPYKTYpbl METala CBapHOTO CO-

CIANHCHMUSA.

MeTO)I (1)1/131/1‘160](01"0 MOJCIMPOBAHUA ABJIACTCA MOUIHBIM HHCTPYMEHTOM IIPpH pa3pa60T1<e HOBBIX CTaJIeH ¢
XOpoummmMun (1)I/I3I/I‘ICCKI/IMI/I U TCXHOJIOTMYCCKUMH CBOﬁCTBaMH, a TaKKE IpU pa3pa60T1<e OINTHMAaJIbHON TEXHOJIO-

THH UX CBApKH.

Kniouesvie crosa: ceapusaemocms, Cmaib, 30HA MEPMULECKO20 GIUAHUA, MUKDOCMPYKMYPA, MeXaHude-
ckue ceolicmea, gusuueckoe mooenupogarue, Tepmooedpopm-MI'TY, Gleeble 3500.

D¢ HEeKTUBHOCTD IPUMEHEHHUS CTallel Ul IPOH3-
BOJICTBA PA3IMYHBIX THIIOB KOHCTPYKIMH OMNpERess-
eTcsl palMoOHAIBHBIMUA TEXHOJOTUYECKHMH IIpOoliecca-
MH UX CBapKu, 00eCleuHBaIONIMMHU TpeOyeMBblil ypo-
BEHb MEXaHHMYCCKUX CBOMCTB U CONPOTUBICHUS XPYTI-
KOMY pa3pyLICHHIO CBApHBIX coeanHeHHH. Pazpabot-
Ka ONTUMAaJbHOW TEXHOJOTMM CBapKH JOJDKHA 0asu-
pOBaThCSI HAa COBPEMEHHBIX METOAAX M MOAXO0JaX K
OIICHKE CBApHUBAEMOCTH cTajei [1].

ITox cBaprHBaEeMOCTHIO IOHUMAETCS] KOMITJICKCHAS
TEXHOJIOTHUYECKasl XapaKTePUCTHKa MeTaila, KOTopas
3aBHUCHUT OT TEXHOJOTUH €r0 IPOU3BOJCTBA U TEXHO-
JIOTUHU CBAapKH, OTPAXKaeT PEakIHIO JAHHOTO MeTaula
Ha TpOLECC CBAPKH W OIPENENsieT NPUTOJHOCTH Me-
TaJula Uil M3TOTOBJICHHUS KOHCTPYKIMH, YIOBJIETBO-
PAIOLIMX YCIOBUSAM UX dKCIUTyaTauuu [2].

B mpakTuke cBapku Hambonee MIMPOKOE MpHMe-
HEHHME Hallesl aHAJTUTHYEeCKUH METOJ OICHKH CBapH-
BAaEGMOCTH CTaJIeil Ha OCHOBE peIIeHUs psija Imapamer-
PUUYECKUX ypaBHEHHMH, XapaKTEepPHU3YIOIIHMX CKIIOH-
HOCTh CTaJiell K 00pa30BaHMIO «TOPSUUX» U «XOJIOJ-
HBIX» TpeuuH [3]. OgHako AaHHBINA METOJ JAeT JMIIb
OPHEHTHPOBOYHBIE IaHHEIE.

Ha ceromusimamii eHp HamOosee NPOTpeccHB-
HBIM W TEPCIEKTHBHBIM METOZOM OILIEHKH CBapHBac-
MOCTH CTaJIel SBISCTCS METO/ (PU3MIECKOTO MOJIEIH-
poBanwus [4]. CymIHOCTE (PU3UIECKOTO MOJICITHPOBAHHUS
3aKJIFOYaeTCs] B BOCIPOM3BEICHUH HCCIIEIyeMOro Ipo-
ecca (pparMeHTapHO WM IETUKOM, KOMIUICKCHO [5].

BaxHbpIMU (hakTOpaMH NpH KOHTPOJIE CBapuBae-
MOCTH CTajeil SBJISIIOTCS UX XMMHUYECKHH COCTaB, MC-
XO/IHasl CTPYKTYpa, Mapamerpbl TepMoaehopMaIioH-
HOTO ITUKJIa CBApKH.

B ycnoBusax MI'TY um. I'"'1. HocoBa uccneno-
BaHWE BIMSHUS BBIIIETICPEUNCICHHBIX ()aKTOPOB Ha
MOKa3aTeJM CBapHBAacMOCTH II03BOJIIOT OCYILECTB-
JATH  KOMIUIEKCHl  (PU3MYECKOro  MOJETMPOBAHMS
«Tepmonedopm-MI'TY» u Gleeble 3500.

«Tepmoneopm-MI'TVY» mo3Bonser Moaenupo-
BaTh OCHOBHBIC TE€XHOJIOTHYECKHE OIEpaluy TOJICTO-
JIUCTOBOW MPOKATKH [5], B TOM YHCIIE BBIIUIABKY CTAIH
3aJaHHOTO XHMHYECKOTO COCTaBa C IOCIEAYIOIINM
MIOJTy9eHHEM 3aTOTOBKH Maccoii 10 30 KT; MpoKaTKy Ha
PEBEPCUBHOM CTaHE JIsl JOCTIDKEHHS KOHEYHOH TOIl-
IIMHBI; YCKOPEHHOE OXJIAK/ICHHE pacKara 1o 3a1aHHO-
MY PeXHMY U TOJTy4eHHe TpeOyeMOH CTPyKTYpBbI.
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W3 momydeHHBIX 3arOTOBOK H3TOTAaBJIMBAIOT 00-
pasmbl OWIMHAPUYECKOW (OPMBI UL  JATbHEHIITNX
ucnelTaHuit Ha ycraHoBke Gleeble 3500, xotopas
MpeCTaBIIeT COOON BRICOKOCKOPOCTHOW IIACTOMETP
C BO3MOXXHOCTBIO NPOTPAMMHPOBAHUS HEOTPAHHUYCH-
HOTO YHCTa CTaAuid 00pabOTKHA METAJIIOB C MOCTOSH-
HOHM WM TIEpEeMEHHOW MO XOAYy 0O0pabOTKH TeMmIiepa-
TYpO# WK CKOPOCTHIO edopmaruu [6].

JlaHHBII KOMILJIEKC TMO3BOJISET HMHMTHPOBATH
TepMoaeOpMaIIOHHbIE UK Y9aCTKOB 30HBI TEp-
mudeckoro BiuusHuA (3TB) cBapHBIX coenuHEHHI.
Cyuraercs, 4To UMeHHO B MeTtajie 3TB Habmromaercs
HanOoee HeONIArONPUATHBIN YPOBEHh MEXaHHUYCCKIX
CBOMCTB BCJIEICTBUE YXYIIICHUS CTPYKTYPHI [7].

[onmy4enHpie 00pa3mbl MOABEPrarOT Pa3TUIHBIM
BUJIaM HCITBITAHUI: COTPOTHUBIICHUE Pa3pBIBY, YIAPHBIH
n3rud, MeramwiorpaduuecKie WCCICAOBAHUS, HU3Mepe-
HHE TBEPIOCTH, MHUKPOTBEpPAOCTH U T.71. Ha ocHoBe
CPaBHUTENBHOIO aHaJlIN3a IIONyYCHHBIX MaHHBIX U
TpeOOBaHUH HOPMATUBHOUN JOKYMEHTAIIMH JETAr0TCS
BBIBOJIBI O CKJIOHHOCTH HCCIIEyeMOH CTalu K 0bpa3o-
BaHHUIO 3aKaJOYHBIX CTPYKTYp M TPEUIMH B MeTajuie
CBapHBIX COCIUHEHUI.
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PHYSICAL MODELING IN THE ANALYSIS
OF STRUCTURAL STEELS WELDABILITY
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The possibility to study weldability of steels by physical modeling is considered.

Weldability is an important technological characteristics of the material, which determines its suitability for
the production of various types of structures. Most often this option is evaluated by the analytical method that
gives only approximate data.

To date, the most progressive and promising method for studying the weldability is the method of physical
modeling, which is the complete and partial reproduction of the test process.

Important factors in evaluating weldability are the original chemical composition of steel, the structure and
thermal deformation of welding cycles.

Weldability assessment is based on studies of metal sites HAZ of welded joints. Specimens are made from
the investigated metal for testing in the installation of physical modeling Gleeble 3500. This installation allows
to simulate the thermal deformation cycles of different parts of the heat affected zone. After testing, the samples
are subjected to such tests as tensile strength, impact strength, metallographic examination, measurement of
hardness, microhardness and others.

Qualitative and quantitative composition of the metal structure HAZ actually determines the reliability and
efficiency of the welded joint.

The data obtained are compared with the requirements of regulatory documents, based on which the con-
clusion is made about metal suitability for the production of metal structures, efficient technology of its welding
is developed to produce an efficient structure of the weld joint metal.

Method of physical modeling is a powerful tool in the development of new steels with good physical and
technological properties, as well as the development of optimum technology of welding.

Keywords: weldability, steel, heat affected zone, microstructure, mechanical properties, physical modeling,
Thermodeform-MSTU, Gleeble 3500.
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