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AHHOT auuns. Mpobnema 06pa3oBaHNsA NOKaNbHBIX 3aKaeHHbIX YH4aCTKOB B MeTa/l/le CBapPHOIo CTbIKa B MPOLLecce CBapKu PesibCoB Npu U3roToB/ieHnn bec-
CTbIKOBOIO MyTY peLLaeTca NyTeM 1CMNOMb30BaHMA NOKanbHOV TepMUYECKO 06paboTKM CBapHOTO CTbiKa. B pesynbTaTe ncktovaeTcs 06pa3oBaHue
3aKa/I04HbIX CTPYKTYP, O4HaKO BO3MOXHO NOSAB/IEHNE HOBbIX 30H TEPMUYECKOTO BAMAHWA C MOHWKEHHON TBEPAOCTbLIO. Mpu aKcnayaTauum Takve
penbCbl XapakTepu3yroTCs MOBbILLIEHHbIM N3HOCOM MOBEPXHOCTM KaTaHWA Ha flaHHbIX YYacTKax 1 CMATUEM OMI0BKM Ha MECTE CBApPHOrO CTblKa, UTO
1 ABNSETCH OCHOBHON MPUYMHOW M3BATUSA PenbCoB M3 MYTW paHee rapaHTMPOBAaHHOrO cpoka. MpeanoXeHo MCNonb30BaHWe HOBOW TEXHOMOUH,
OCHOBaHHOW Ha 3HaHUW 3aBUCMMOCTEW CTeneHn AMCNEPCHOCTY CTPYKTYPHBIX COCTaBMAOLMX (B MEPBYIO 0Yepeab NepnuTa n KapouaHbIX YacTul,
06pa3sytoLLMXCca B NpoLecce NoMyYeHUs CBapPHbIX CTbIKOBbIX COEAMHEHWIA PenbCoB) OT COCTaBa CTanu 1 YCNoBWA oxnaxaeHns. CKOpOCTb OXnaxae-
HUS OKa3blBaeT OnpeaensiolLee BAUSHNE Ha CTeMNeHb AUCNePCHOCTY heppuTO-LIEMEHTUTHON CTPYKTYpbI, 06pasytoLLeiica npu pacnage aycTeHuTa.
Mpu cBapKe penbcoB B CTbIKOBOM LUBE 06pa3oBaHuMe 3epHUCTOrO MepanTa BOSMOXHO B y4aCTKax C TeMNepaTypoii, nexalleil B HTepBane Mexay
ToukaMnAclnAcm. ina onpefieneHuns aTUX KPUTUUECKUX TeMMepaTyp NpoBefeHbl TEpPMOAMHAMUYECKIME PacyeThl C UCMO0/b30BaHNEM NPOrpaMmmMHo-
ro obecneyeHuns Thermo-Calc® (6a3a gaHHbIX TCFE) ¢ y4eTOM Nosly4eHHOro CNeKTPOMETPUEI XMMUYECKOr0O cocTaBa 06pasLioB. CMoAeNMpoBaHbI
[marpaMmmbl COCTOSHNA XKeNeso - yrnepog Ana penbcoBoii ctanm 76 XC® ¢ MUHUMaNbHBIM U MakCMManbHbIM COAepXaHNeM NernpyroLmx anemeH-
ToB no FOCT P 51685 - 2013. [ns nony4eHMst MUHUMaNbHOT0 06beMa y4aCTKOB C MOHWKEHHOW TBEPAOCTHIO0 BO3MOXHO MPOBeieHNE CBapKU Peflb-
COB Ha YXECTKMX peXxKrMax 3/1eKTPOKOHTaKTHbIM CNOCO60M MyNbCUPYIOLLMM METOAOM OMNaBfeHus, a AN UCKoYeHus 06pa3oBaHna AetheKTHbIX
YYaCcTKOB C 3aKa/l04HOI CTPYKTYPOi BO3MOXHO YNpaBieHUe OXNaX/JeHWeM CBapHOTO COeAUHEHUS C MOMOLLbI0 KOHTaKTHOrO Harpesa. V13mepeHue
pacnpefeneHuns Temneparyp npu ceapke no 3afiaHHbIM peXxumam 1 YnpasnseMoro OXnaxaeHusa nogTBepXKAaeT TEOPETUYECKNE BbIBOAbI.

Kntouesble cnosa: penbcbl, KOHTaKTHasA cBapka, TepMuyeckas o6pa60TKa, TOK, MMNYNbC, PeXUM CBapKW, TBEPAOCTb, 30HA TEPMUYECKOIr0 BNUAHNA.
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BeepeHnne

YKene3Hog0poXKHas oTpac/b PO 1MeeT cTpaTernyeckoe
3HayeHve. ITO CBA3YHOLLEE 3BEHO €4MHOIN 3KOHOMMWYECKON
cucTembl, obecrneynBaroLlee CTabUNbHYIO [LesTeNbHOCTb
MPOMbILL/IEHHbIX MPEANPUATHI N CBOEBPEMEHHYHO A0CTaB-
Ky YKM3HEHHO Ba)XKHbIX FPY30B B Camble OTAaseHHble paiio-
Hbl CTPaHbl, CaMblii JOCTYMHbIA TPAHCNOPT 418 MU/TMOHOB

*

KemepoBcKoii 061acT B pamkax Hay4yHoro npoekra Ne 20-48-420003 p_a
«Pa3BuTne (UNKO-XMMUYECKUX U TEXHONOTMYECKUX OCHOB CO3faHus
NPUHLMMNNANLHO HOBOroO crnocoba cBapku AuthepeHLMpoBaHHO TePMO-
YNPOYHEHHbBIX XeNe3HOLOPOXHbIX PenbCoB».

rpaxgaH. Mo gaHHbIM OAO «PXX[» Ha 2019 rog passep-
HyTas [/VHa FNaBHbIX NYTel ABASETCS OAHOW U3 CaMbIX
NPOTAXEHHbIX B MUPE WU COCTaBAAET CBblle 124 ThIC. KM.
OfHVM U3 OCHOBHbIX 3/1EMEHTOB CTPOEHUS Xene3HbIX f0-
por ABAAOTCA penbcbl. B HacTosLee BpeMs Ha Xefe3HblX
foporax Poccuiickoilt degepauun 1 3a py6exxom npomcxo-
OWT OTKa3 OT 3BEHbEBOW KOHCTPYKUMM nyTu (601TOBOrO
coefiMHeHns penbcoB). OAHVM U3 OCHOBHbIX HEAOCTaTKOB
3BEHbEBOr0 NyTW ABASETCA Ha/MuMe CTbiKa, CMOCO6CTBY-

WccnenoBaHne BbIMOHEHO Npy (DMHAHCOBOM Nofaepxke POOU MFOLLI.EFO 06paSOBaHI/I+0 ,El,ethKTOB N NPexAeBpeMeHHOMY

BbIX04Y Pe/1bCOB U3 3KCnyaTalnun. B0o3mOXHOCTb nonyde-
HWNA 6eCCTbIKOBOIO JXKENEe3HOAOPOXHOIo NyTn ABNAETCA aK-
Tya/lbHbIM HarpaB/lIEHVNEM B pa3pa60TKe HOBbIX TEXHOJ0-
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ruii. CneayeT NpMHMMATL BO BHMMaHMWe, 4TO aKcnayaTawumus
XKeNne3sHOLOPOXHOro MyTW B CTpaHe MPOWCXOAUT B CNOX-
HbIX KAMMaTUYeCKMX U 3KCMayaTauuoHHbIX YCN0BUAX (B
CTpaHe 1CNoMb3yrTCA NyTV COBMELLEHHOMO TNA, a He Kak
B EBponelickux cTpaHax pa3fefibHO Ans NPOMbILLIEHHOTO
N NacCaXMpcKoro rnoToKoB).

CBapHble COeMHEHMNA ABAAIOTCA CabbiMK yyacTKamu
6ecCTbIKOBOrO MyTW 1S BCEX Clly4aeB ABMXXEHUS (CKO-
POCTHOIO W BbICOKOCKOPOCTHOIO ABMXKEHNS, TSXKENOBECHO-
ro aswxeHuns). 3a 2018 rog 56 % 1310MOB pesib.COB NPOK-
30LUJ10 NO MPUYMHE U310Ma NO CBAPHOMY CThIKY, BbISIB/IEHO
15 % ocTpofetheKTHbIX PeNbCOB B 30He CBapHbIX CTbIKOB.
MpUYnHBI 3TOrO 3aK/YaKTCA B M3MEHEHUW O4HOPOAHOC-
T MWKPOCTPYKTYpPbI B 30HaX CBapHOro LUBa U TepMuyec-
KOro BfIMAIHWA; CO3J4aHUKN He6naronpuaTHON aNtopbl BHYT-
PEHHMX OCTATOYHbIX HaMPSHKEHWIA; CO34aHMU MpPU CBapKe
YCNOBWiA Ans 06pa30BaHNs BHYTPEHHUX AeeKToB, ABASAIO-
LNXCA KOHLEHTpaTopaMu HanpshkKeHWin 1 ocnabnsoLmx
Yy4YacTOK penbca CO CBapHbIM LUBOM; KOpPOGAeHUW penbca
B 30He CBapHOro LWBa C MNOCNefyowWwmum 06pa3oBaHueM
«CefI0BMH» NpKW 3KCnayaTauum. PelueHue 3agayuum no co-
30aHUI0 penbcoB c pecypcoMm 6onee 1500 - 2000 MAH.T
BO3MOXXHO TO/IbKO MPY KOMMAEKCHOM ONTUMK3aLUN MeTa-
NYPryeckoro kavectsa (CTPYKTYpbl METaN/IM4ecKoi MaT-
PULbl, 3MOPbl OCTATOYHbIX HaMpsHXKeHWA U NPSAMOAUHEN-
HOCTM) 1 pa3paboTKe HOBbIX TEXHOOIMIA CBApKM.

B HacTosillee Bpemsi CBapHble COELMHEHUS PefibcoB
ABNAOTCA CnabblM MecToM 6ecCcTbiKOBOFO MNyTW, UX ra-
paHTWIiHbIA pecypc B TPM pa3a MeHbLUe pecypca pesbCos,
npuyeM HabnlOfaeTcs CTOMKas TeHAEHUMUA YBenMYeHus
N3bATUA PENbCOB U3 NYTU MO MpUYUHE [eeKTOB CBap-
KN 1 NOCMecBapoYHON TepMUYeckoil 06paboTKM penbCcos.
[N NoBbllWEHNA 3KCNyaTaUMOHHbIX NokasaTteneid B PP
CBapHble CTbIKM Pe/bCoBbIX NAeTeli nocne cBapku 06s3a-
TeNbHO NMOABEPralTCca TepMUYecKoil 06paboTKe Ha MHAYK-
LIMOHHbIX YCTAHOBKAX C LieNbio UCK/THOYeHNs 06pa3oBaHms
CTPYKTYP 3aKanku (MapTeHcuTa 1 6efiHNTa), BbI3blBaIOLLNX
[ONOMHUTENbHbIE HAMPSXKEHNS U TPELLMHbI, KOTOPbIE NPU-
BOAAT K paspyLUeHunto penbcoB. OfHaKo foKanbHas TepMu-
yeckasd 06paboTKa CBapHOro CTblKa MPUBOAWUT K pacLuu-
PEHVIO W MOSIBAIEHWNIO HOBbIX 30H TEPMUYECKOrO BAUAHUA
(3TB) no cpaBHeHMIO C 30HaMU, CHOPMUPOBAHHBLIMU NPU
CBapKe pefibCoB KOHTaKTHbIM CNoco6om 6e3 TepMuueckoil
06paboTKu.

[ns n3rotoBneHms 6eccTbIKOBOIO >Kee3HOLOPOXHOro
NyTW B HacTOsLLEe BPEMSA B MUPE MUCMO/b3YETCS 3MEKTPO-
[yroBasi, TepMUTHas, ra3onpeccosas 1 3N1eKTPOKOHTaKTHas
cBapKa. JMeKTpoAyrosasa CBapka PefibCOB UCMO/b3yeTcs
B OCHOBHOM Ha MPOMBILUMEHHbIX U Mas00TBETCTBEHHbIX
nyTAX, TaK Kak OHa Masonpou3BoAuTeNlbHa, KauyecTBoO No-
NyYaeMbIX COEAVMHEHWI He COOTBETCTBYET COBPEMEHHbLIM
TpeboBaHusaM [1, 2]. LLIMpoko pacnpocTpaHeHHas 3a py-
6eXXOM TepMUTHas CBapka MMeeT OTHOCMTENbHO Manyto
HaJeXXHOCTb CBapHbIX CTbIKOB PeNbCOB U, COOTBETCTBEHHO,
HU3KME TEXHUKO-3KOHOMMUYECKME MOKa3aTeNn XXU3HEHHOM0
UMK, B CBA3M C YeM MOJy4Ymna Masioe pacnpocTpaHeHne
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B Hawei ctpaHe [3]. a3onpeccoBas cBapka M03BONsET
MONMYUYNTb BbICOKME MEXaHWYeCKue CBOWCTBa CBApHOro
COefJMHEHUs, OfHAKO 3TOT BWJ CBapKM XapaKTepuayetcs
HW3KOW NPOM3BOANTENBHOCTLIO U BbICOKMMU 3KOHOMUYEC-
Kumu 3atpatamu [4]. Camoe WIMPOKOe pacrnpocTpaHeHue
B Poccum nonyumna aneKTPpOKOHTaKTHAsA CBapKa PesibCoB
bnarogaps HafieXXHOCTM MOMy4YaeMblX COEAVHEHWI, Mpo-
N3BOAWNTENbHOCTWN M 3KOHOMMUYECKON 3(htheKTUBHOCTM [5].
Mpu 3Tom pa3paboTaHHble B HACTOsLLEE BpeMs CMOCOObI
CBapKM penibcos, 0CO6EHHO 3KCMNyaTUPYEMbIX Ha BbICOKO-
CKOPOCTHbIX MarucTpansx, He B MNOHON Mepe YA0BMETBO-
psAOT Tpe6oBaHNAM, NPeSbABNSAEMbIM K KAUECTBY CBAPHbLIX
COEIMHEHMNIA.

Mepexoq OT 06bLEMHO TEPMOYMPOYHEHHbIX PenbCcoB
K AMddepeHLpPOBaHHO TepMOYMNPOYHEHHbIM C MpOKaT-
HOro Harpesa npueen (419 MNOBbILLEHNSA 3aKaNMBAEMOCTH)
K YBE/IMUYEHMIO COZepXKaHNsa Xpoma B pefibCoBO cTanm [6].
Mpu 3neKTPOKOHTAKTHON CBapke WHTEHCWBHbIV Harpes,
peannsyemblii NynbCMPYIOLLMM METOLOM ONAaBAeHMUS C NO-
cnefyoWwmmM 6bICTPbIM OXNaXAEHNEM, CNOCOOCTBYET 06pa-
30BaHUMIO 3aKas04YHbIX CTPYKTYp Ha MecTe MUKpPOO6bLeMOB
C NOBbILUEHHbIM COLEPXXaHNEM XPOMA. Y YaCTKMN MapTeHCK-
Ta ABNAKOTCA KOHLEHTPaTopamu Hanpsi)XeHU N NpUBOAAT K
pasBUTUIO YCTANOCTHbIX TPELLMH U XPYTKOMY W3/IOMY.

Mpobnema o06pa3oBaHUA fIOKaNbHbIX  3aKaneHHbIX
Yy4acTKOB B MpOLECCe W3roTOB/EHUS 6eCCTbIKOBOrO NyTu
Mpu CBapKe penbCoB PeLLaeTcs NyTeM UCMNONb30BaHWS 069-
3aTenbHOW NOKanbHON TepMuyeckoii 06paboTKy CBapHOro
CTbIKa, B pe3y/bTaTe KOTOPOW MCKo4aeTcs 0bpa3oBaHue
3aKanouHbIX CTPYKTYp. OfHAKO Npu 3TOM BO3MOXHO MOSB-
NeHne HOBbIX 30H TEPMUYECKOr0 BANAHUA C MOHUXEHHO
TBEPAOCTbIO MO CPABHEHWUIO C 30HAMW MpPU CBApKe pefib-
COB 3/1IEKTPOKOHTAKTHbIM Cnocobom 6e3 TepMuUyeckoii
06paboTku. Mpu akcnnyaTtaluy cBapeHHble TakuMm obpa-
30M penbCbl XapakTepU3ylTCA MOBbILEHHbIM W3HOCOM
MOBEPXHOCTM KaTaHWs Ha AaHHbIX Y4YacTKax U CMATUEM
FONOBKM Ha MECTe CBapHOro CTblKa, YTO W ABNSETCA OC-
HOBHOI MPUYMHOI U3BATUA PENbCOB U3 MYTW paHee ra-
PaHTMPOBaHHOIO CpPOKa.

3BeCTHO, UTO B penbcax M3 NepaAMTHON CTanu CHM-
XKeHWe TBepAOCTY B 30He TEPMWUYECKOr0 BAUAHUSA CBA3AHO
c obpa3oBaHMeM 3epHUCTOro nepnuta [7, 8], HO MexaHu3M
06pa3oBaHns 3TOM CTPYKTYpbl 06bIYHO He 06CyXKaaeTcs.
3TO 4acTO paccmaTpuvBaeTCs Kak O4eBMAHOE CheacTsue
MoABOAMMOro Tenna npu cBapke. VccnegoBaHme 3TOro
npouecca Mo3BOAWUT AaTb 060CHOBaHHblE PEKOMeHAaLMK
M0 MUHUMM3ALMMN HEFaTUBHbIX NOCNEACTBMNIA TEPMUYECKO-
ro LuKa CBapKu.

Mpouecc 06pa3oBaHNs YH4aCTKOB C MOHWKEHHOI TBep-
LOCTbH CXOX C MPOLECCOM CHepongu3npYIOLLEro OTXNIra,
MPYMEHSEMOr0 Ha MPOM3BOACTBE A/ MOHWKEHWS TBep-
[OCTU 1 ynyulleHns obpabaTbiBaeMOCTH CTanei pesaHu-
em [9]. Ans monyyeHWs 3epHUCTOr0 nepnunTta (LEMeHTUTa
B BMAE OKPYI/bIX 3epeH) MPOBOAAT CPepongn3npyroLLmii
OTXKUWr, KOTOPbI/i COCTOUT U3 Harpesa CTanun 4o TeMneparty-
pbl HECKONLKO Bbiwe nuHUKM PSK (Touka Acj), BblAEP>KKU
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1 nocneayrowero oxnaxgeHus. Mpu Harpeee CTann He-
CKO/IbKO BbllLE KPUTUYECKON TOUKM ACX NepBOHAYasbHble
3apofblLlLN ayCTEHNTA B ee CTPYKType 06pasytoTcs CABMTO-
BbIM MyTeM NPW COXPaHEHUN KOTePeHTHbIX rpaHul,. 3apo-
OblLL ayCTEHUTA BO3HMKAET Ha Mex(ha3HOl rpaHuLe pasge-
na thepputa n uemeHTuTa (pUc. 1, a). B pesynbTate 3Toro
npeBpaLyeHns 06pasyeTcs HU3KOYTNepOAUCTbI ayCTEHUT
(puc. 1, 6). B obpasoBaBLleMcs MO CABUIOBOMY MeXaHW3-
MYy HU3KOYTNepoaucTOM ayCTeHWTe pacTBOPAETCA LeMeH-
TUT, COAEepXXaHWe yrnepoja B ayCTeHUTe npubnxaercs
K paBHOBECHOMY. POCT y4aCcTKOB ayCTeHUTa B pe3ysnbraTe
NoNMMOpP(HOro a * y-npespalleHns NpoTekaeT bbiCTpee,
4yem pacTBOpeHMe LeMeHTUTa. M36bITOUHbIE CTPYKTYpHbIE
COCTaB/IAIOLLME HE MEePexoaT NOMHOCTLIO B PacTBOP U Npu
nocreayroLleM oXnaxaeHuu ABNA0TCA LeHTpaMu cepou-
An3aumu uemeHTuTa (pUc. 1, B).

BBeneHue B cTanb Xpoma, BaHagus, MonmbaeHa, BOMb-
thpamMa n Jpyrux kKapbugoobpasyrowmnx 3nemMeHTOB 3a-
[epXuBaeT Mpouecc aycTeHUTU3aUuMM BCNeacTBue 06-
pa3oBaHWA NIErMpPOBAHHOrO LEMeHTMTa WAM  Kapbuaos
Nervpyrowmnx anemeHToB, 60nee TPyAHO PacTBOPUMBIX
B aycTteHuTe [10 - 16].

Mpwn nocnefyoLLEM OXTAXAEHUN MPOUCXOLUT Koaryns-
UMA LEeMEHTUTa Ha yyacTKax OCTaBLUerocsi HepacTBOPEH-
HOro Kapbuja n yKpyrnHeHue 3epeH LeMeHTuTa - cdepou-
Ausauma. Ha puc. 2 cxemaTuMyecKu MNOKasaHbl ABa Tuna
3BTEKTOMAHbIX NpeBpaLleHnii: 06pa3oBaHye NaacTUHYaTo-
ro 1 3epHUCTOrO MepnuTa.

JucnepcHocTb nepnuTa 3aBUMCUT OT COCTaBa CTanu U
YCNOBUIA OXNAXKAEHMA, a 3aMefj/IeHHOe OXNaXAeHWe crno-
COOCTBYeT YKpPYNHeHU0 Kapbugos n HaobopoT. CKOpoCTb
OXNAX[EeHWs, BO3AENCTBYS Ha AMGGY3MOHHbIE nNpeBpa-
LeHWs, OKa3blBAET 3HAUMTE/IbHOE B/IUSHUE HA CTPYKTYpY
1 CBOWCTBA (heppuUTO-LEMEHTUTHOI CMecK, KoTopas obpa-
3yeTcs Npu pacnage aycteHuta. [pu cBapke penbcoB 06-
pasoBaHVe 3epHUCTOrO MePANTa NPOUCXOANT Ha yyacTKax,
TemnepaTypa KOTOPbIX [OCTUraeT 3HAYeHWR, BXOAALMX
B UHTepBaN Mexay KpUTUYecKnmn Toukamm Aclm Acm.

a

Puc. 1. Mpouecc o6pa3oBaHns LEHTPOB Cheponan3aLmmn LeMeHTUTa
B 3TB npu Harpese OT TenJa CBapKu:

a- UCXofHas CTPYKTypa MeTanna penbcos; 6 - poOCT y4yacTKOB aycTe-

HWTa; B - HEPACTBOPEHHbIN LEMEHTUT, B fanbHelilueM ABAsoLMiics
LIeHTpOM cheponamnsauum LieMeHTuTa

Fig. 1. Process of formation of centers of cementite spheroidization in
heat-affected zone (HAZ) during heating from welding:
a - initial structure of rails metal; 6 - growth of austenite sites;
B - undissolved cementite, which later becomes the center of cementite
spheroidization

Pe3yanaTb| mccnenposaHmMsAa

[na onpefeneHnsa Kkputuyecknx temnepatyp AclumAcm
nccneayemMoin penscoBoit ctany 6bl1M NpoBefeHbl TepMo-
OMHaMUyecKue pacyeTbl C WCMOMb30BAHUEM MNPOrpamMm-
Horo o6ecneveHns Thermo-Calc® (6a3a faHHbIX TCFE)
C YY4eTOM NOYHYEHHOr0 CMEKTPOMETPME XMMUYECKOTO CO-
cTaBa o6pasuos (Tabn. 1).

Mcnonb3ys MoflyvyeHHble pe3ynbTaTbl  OMpefesieHuns
XMMWUYECKOro COCTaBa B KayecTBE BXOAHbIX AAaHHbLIX AN
TEPMOAMHAMUYECKUX PacyeToB, OblIM CMOLENMPOBAHbI
MOJIOXKEHUA KPUTUYECKUX TOYeK M 06nacTu (ha3oBoro pas-
HoBecusa A4Ns penbcoBoid cTanum (puc. 3). Ansa cTanm ¢ co-
fepxxaHvem yrnepoga 0,77 % pacuyeTbl MoKasblBatoT, UTO
MosIHOe NnpeBpalleHne B eppuT 1 LEMEHTUT ByaeT npo-
ncxoauTb npu Temnepatype okono 720 °C n mexpy Tem-
nepatypamun 720 n 730 °C 6yaeT cyLLecTBOBaTb TpU (hasbl.
Bbiwe 730 °C (npumepHo o 770 °C) HaXOAUTCH MEXKPU-
Tnyeckas 06nacTb (ayCTeHUT U LLEMEHTUT).

B xofe paboTbl CMOZENMPOBaHbI U3MEHEHUE MOJIOXKeE-
HUA KPUTUYECKUX TOYEK M 06/1acTy (Pa3oBoro paBHoOBeCUA
415 penbcoBoii ctann 76 XC®P ¢ MUHUMabHBLIM (puUc. 4, a)
N MakcuMmanbHbIM (puc. 4, 6) cogep>XaHnem NernpyroLmnx
anemeHToB no NOCT P 51685 - 2013.

[nsa ctanei ¢ cogepxaHuem yrnepoga 0,71 v 0,82 %
B pesy/ibTaTe pacyeta OMpefeneHo, 4to MONAHOE npe-
BpalieHne B (DeppuT U LEMEHTUT ByLeT MpPouCXoauTb
npu Temneparype okono 725 °C pna AByx CnnaBoB WU
o Temnepatyp 740 n 745 °C 6yneT cywecTsoBaTb Tpu
thasbl. Bbiwe 745 °C cnnaB MMeeT MEeXKPUTUYECKYIO
obnactb (ayCTeHWUT M LeMeHTUT) o 775 n 840 °C ansa
ctanu 76XC®P ¢ MUHUMANBHLIM U MaKCUMa/lbHbIM CO-
[ep>xxaHueM NervpyroLlmnx 371eMeHTOB COOTBETCTBEHHO
(puc. 4, a, 6).

B pesynbTtaTe TepMOAMHAMWYECKOro aHanusa orpe-
feneHo (puc. 3, 4), uto ctanb 76XC®P ABnseTcA 3a3BTeK-
TOMAHON. O6pa3oBaHMe 30H C MOHMXXEHHOW TBEPAOCTbIO
B CBapHOM COeIMHEHUN HEU3BEXHO B pesynbTarte rpajueH-
Ta Temneparypbl, CO34aBaeMOoro npoLeccoM ceapku. lNpu
yBeNIMYEHUN CofepXaHus Nerupyrowmnx 3/eMeHTOB B CTa-
NV TemnepaTypHas 061acTb MeXay KpUTUUYeCKUMU TOUKa-
Mn Aclun AcmyBenuumBaeTcs, YTO MPUBOANT K yBenuye-

\ .
y ° Al‘lpEBpaLU,EHVIe
o° LI
o )
0O o (o} l C *
a+ FeX y a+ FexC y + FexC
a 6

Puc. 2. CxemaTnyHOe n306pakeHne o6pa3oBaHUA NNacTUHYATOro (a)
1 3epHUcTOro (6) nepauta (aycteHuT (y), obpasytoLmii heppuT (a),
uemeHTUT Fe3C)

Fig. 2. Schematic representation of generation of lamellar (a) and
granular (6) perlite (austenite (y), forming ferrite (a), cementite Fe3C)
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Tab6bnwunuya 1
XMUMUYeCcKUNit cocTaB nccnefyemblx o6pasLos

Table 1. Chemical composition of the samples

CogepxaHne XMMNYECKMUX 3NeMeHToB, %

Obpasel, . H,
C Mn Si Cr \Y P S Ni Al Cu Ti Mo Nb Sn o]
ppm
1 076 077 053 0,37 004 0,010 0010 0,08 0,003 0,12 0,002 0,006 0,002 0,005 0,0010 0,90
2 0,77 0,77 053 0,37 0,04 0,012 0,009 0,08 0,003 0,10 0,003 0,007 0,002 0,005 0,0009 0,08
3 076 0,77 053 0,37 0,04 0,010 0,010 0,08 0,003 0,12 0,002 0,006 0,002 0,005 0,0010 0,90
4 077 0,77 053 0,37 0,04 0,012 0,009 0,08 0,003 0,10 0,003 0,007 0,002 0,005 0,0009 0,08
5 0,77 0,80 056 0,38 0,04 0,008 0,006 0,06 0,002 010 0,002 0,006 0,002 0005 0,0013 1,10
6 076 0,78 055 0,38 0,04 0,010 0,006 0,07 0,003 0,10 0,002 0,005 0,002 0,004 0,0012 0,90
7 0,76 0,77 053 0,37 0,04 0,009 0,005 0,07 0,003 011 0,002 0,005 0,001 0,005 0,0009 1,00
8 076 0,78 055 0,38 0,04 0,010 0,006 0,07 0,003 0,10 0,002 0,005 0,002 0,004 0,0012 0,90
9 0,77 0,80 056 0,38 0,04 0,008 0,006 0,06 0,002 010 0,002 0,006 0,002 0,005 0,0013 1,10
HUI0 MPOTSXKEHHOCTU 30Hbl C MOHMXXEHHON TBEPAOCTbIO 850 }
a
B CBAPHOM COEAVHEHUMN.
CyluecTByeT BO3MOXHOCTb MWHUMMU3ALMM  [AaHHbIX 800
YUYacTKOB - CBapKa Ha XXeCTKMX pexumax. OUYeBUAHO, YTO o Y
3/1eKTPOKOHTaKTHasA CBapka HenpepbiBHbIM OM/1aBieHNEM 0 759 y + Fel
OygeT nMeTb BOMbLUYIO NPOTSHKEHHOCTL 30HbI C MOHWKEH- Y+ a+FeC
HO TBEPAOCTbLIO MO CPaBHEHUIO C MYNbCUPYHOLLUM METO- a.
[0M onnaeneHuns. OfHako npu 6bICTPOM Harpese CBapHOro
CTbIKa, KOTOpbIi 06ecneymBaeTcs METOLOM MyNbCUPYHOLLE- a+ FexC
ro OnjaBNeHUs U NOCNefYHLWMUM WHTEHCUBHBIM OX/1aX- 650
feHvem 3TB, Ha MecTe MUKPOOGBEMOB C MOBbILLIEHHbIM 071
COepXaHnem XpoMa, HWKeNs W yrnepoga gopmupyercs 600 ! ! e ’
BbICOKOMPOUYHBIIA C/10/ CO CTPYKTYPOii MapTeHcuTa. JdaHHas 850 6
y !
800
850 y aty / y + FesC
g 750
800 y | a+y+FeC
n
Y+ FelC K
& 750 - a+vY / a+y+ MeC3
f a+ FeC
& 650
g_ 700 - y+a+FeX
i i i i 082
a+ Fe 600 ! ! i i
650 04 05 06 07 08 09 10
Copep>kaHue C, % (no macce)
i i i a,77

600 Puc. 4. MonyyeHHble C MOMOLLLI0 TEPMOAMHAMUYECKUX PAcUeTOB

o4 05 06 07 08 09 10
fnarpammMbl COCTOAHWA XKeNes3o - yrnepos, nokasbisatoliue npeackasaH-

Copep>kaHue C, % (no macce) Hoe paBHOBecKHe Mexay dasamu theppuTa (a), aycteHuTa (y)
n uemeHTuTa (Fe3X):

Puc. 3. MonyyeHHas ¢ NOMOLLbIO TEPMOAUHAMUYECKUX PacHeTOB a- C=0,71 %; Mn =0,75 %; Si = 0,25 %; Cr = 0,50 %; V = 0,08 %;

[marpamma COCTOSHWS XKeneso - Yrnepos, NokasbiBatoLas npesckasaH- 6- C=0,82%; Mn = 1,25 %; Si = 0,60 %; Cr= 1,25 %; V = 0,15 %
HOe paBHOBeCMe Mexay hasamu epputa (a), aycteHuTa (y)

n uemeHTuTa (Fe3C) Fig. 4. Fe - C state diagrams obtained using thermodynamic calculations
showing predicted equilibrium between the phases of ferrite (a),
Fig. 3. Fe-C state diagram obtained by thermodynamic calculations austenite (y), and cementite (Fe3C):
showing predicted equilibrium between phases of ferrite (a), a- C=0.71 % Mn =0.75 %; Si = 0.25 %; Cr =0.50 %; V = 0.08 %;

austenite (y), and cementite (Fe3C) 6- C=0.82 %; Mn = 1.25 %,; Si =0.60 %; Cr=1.25%; V=0.15 %
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npo6nema B MpoLECCe M3roTOBEHUS GeCCTBIKOBOrO MyTH
npv cBapke PefibCcoB peluaeTcs 0653aTeflbHOW NI0KanbHO
TepMuyeckoil 06paboTKOW CBapHOro CTbika. JIOKaibHYH
TepMoo6paboTKy NPOBOAAT C MOMOLLbI0 MHAYKLMOHHbIX
YCTaHOBOK, B pe3y/bTaTe 06pa3ytoTCA HOBblE 30HbI Tep-
MWYECKOr0 BAUAHMUA, MMEOLWME YHACTKN C MOHUKEHHO
TBEPLOCTLIO eLlle 60NbLIER MPOTAXEHHOCTU MO CPABHEHNUIO
C 3/1eKTPOKOHTaKTHOW CBapKOiA.

[na nonyyeHns MUHUMaNbHOM NPOTSXKEHHOCTM y4yacT-
Ka C MOHWKEHHOW TBEPAOCTbIO BO3MOXHO MNpOBefeHUe
CBapKy PefibCoB Ha XECTKMX PeXumax 3/1eKTPOKOHTaKT-
HbIM CMOCOOOM MyNbCUMPYIOWMM METOLOM OMNaBAEHNS,
a fina UCKNoYeHns obpa3oBaHNs fedeKToB B BUAe 3aKa-
NOYHbIX CTPYKTYP BO3MOXHO YMNpaBfeHWe OXnaxeHuem
CBapHOro COeAMHEHMUS C MOMOLLbI0 KOHTAKTHOTO Harpesa.
B KauecTBe MCTOYHMKA MUTAHUSA A4/ KOHTAKTHOrO Harpesa
npeanaraeTcs MCNonb3oBaTb TpaHCHOPMATOP PefibCoCBa-
POYHOI MalUMHbI, HA KOTOPOI/ HemocpeACTBEHHO MPOBO-
ANTCA cBapKa.

B 0CHOBY 3KCMepuMeHTanbHbIX MCCAef0BaHWi Nono-
YKEH MeTOj NiaHUpyemMoro skcnepumeHTa [17]. B kauecTse
mMogenu BblibpaH NOIMHOM NepBoli CTENeHW BUAA:

oAV

5

rae y - napametp ontumwmsauuu; bo, bt, b~ - koaddmuym-
EHTbI; X. - MEpPeMeHHble (hakTopbl; X.X\ - ABONHbIE B3aNMO-
[encTens hakTopos.

B npouecce oxnaxaeHWs CTanu npespalleHvie aycTeHn-
Ta MPOUCXOAMT TO/IbKO MOC/E ero NepeoxnaxaeHUs Hke
TemnepaTypbl AT, 4To 06BACHAETCS U3MEHEHMEM CBO6GOA-
HOI 3Heprum a3 1 CTPYKTYp CMIaBOB NPW Harpeee U OX-
naxgeHun. Mpu nepeoxnaxAeHUN cTann aycTeHUT MpeB-
pallaetcs B NaacTUHYaTbln nepnuT. Mpy Manoli cTeneHu
nepeoxnaxaeHns aycTeHWTa B WHTepBase Temmepatyp
o6pasyetca nepaut. [pwn 6onbLUei cTeneHy Nepeoxnaxae-
HWA B MHTEpBasie TEMMepaTyp NoOC/e NpeBpaLLeHus aycre-

Puc. 5. inarpamMma M30TepMUYECKOro pacnaza aycTeHUTa C peXxxumom
YNPaBAseMOro OXNaXAeHUs 3aroTOBKM NOC/e CBapKM

Fig. 5. Diagram of isothermal decomposition of austenite with
controlled cooling of the billet after welding

HWUTa obpasyeTcs copouT. Mpu ele 60MbLLNX CTENEHAX Ne-
peoxnaxaeHus nonydatoT TpoocTumT [18].

YnpaBneHne OXMaXJeHWeM MeTanna Mnocne CBapKu
npegnaraeTca OCYLLECTBAATb MyTeM NPOMYyCKaHus nepe-
MEHHOr0 3/1eKTPUYECKOro TOKa N0 3afaHHbIM pPeXUMam.
VccnegyembiMy napameTpaMm ynpasasemMoro oxXnaxaeHus
AnatoTcs: X1 - Bpemsi oxnaxAaeHus nocne ocagku (xa-
paKTepU3yeTCAa CKOPOCTbIO OXNaXAeHWUs (CTeneHb nepe-
OXNTKAeHUa ayCcTeHuTa) 1 TemnepaTypoil T1, o KoTopoi
MPOUCXOANT oxnaxaeHue); X2- Bpemsa noforpesa (xapak-
TepusyeTca TemnepaTypoii T2, 4O KOTOPOW NpPOMCXOAMT
HarpeB); X3 - BpeMsa OXNaxfeHus nocne nogorpesa (xa-
pakTepusyeTcsa Temnepatypoli T1, 40 KOTOpPOiA Nponcxoaut
oxnaxpaeHue); X4- KonM4yecTBO UMMY/bCOB NOJOrpeBsa (xa-
pakTepusyeTca MHKy6aLMOHHbIM NeprosoM NpeBpaLleHus
aycTeHuTa B nepnmT). Ha puc. 5 cxemaTnyeckn npeacras-
NeH rpagvk ynpaBasieMoro oxXnaxaeHus.

OnuTencHocTb  BbigepkM (Xj) nogéupany Takum
06pa3om, 4YTOGbl CBAapHOM CTbIK OCTbIBa/l [0 3HAYEHWI
Temnepatypbl, NpW KOTOPOW 06pa3yeTca Heobxogumas
CTPYKTypa MeTanna wwea. VIMnynbcbl NPONyCKaHWs Toka
3afjaBanu C ONpejeneHHbIM WHTepBanoM. J[nTenbHOCTb
nmnynbca (X2) onpegensieTca TemmepaTypoil CBapHOro
CTbIKa, KOTOpas He 4O/DKHA NOAHMMATLCA BbILLE 3HAYEHWUI
Temnepartyp, Tpebyembix Ans 06pa3oBaHUS HEOOXOAMMOIN
CTPYKTYpbIl. AnuTensHocTb MHTepBana (X3) nogbupaetcs
Takum 06pa3om, 4To6bl TemnepaTypa CBapHOro CTbiKa He
OMyCKanacb HWXE 3Ha4YeHWid TemnepaTyp, Npu KOTOpbIX
obpasyeTca Heobxoaumas CTPyKTypa MeTanna wsa. Ko-
NNYECTBOM MMNY/bCOB (X4) 3agaetcs Bpems, B TeuyeHue
KOTOPOro MOALEPXUBAeTCS CPeaHas TemnepaTypa cBap-
HOrO CTblKa, Heobxogumas ans popMupoBaHns Tpebyemoii
CTPYKTYpbI NpM CBapKe.

B KayecTBe Lien1eBOM (hyHKLMM BbIGpaHbl NPOTAXEHHOCTb
30Hbl TEPMUYECKOTO BAVNSHUS U CHUXKEHWE TBEPLOCTH B 30He
TEPMWUYECKOTO BIUSHUSA, MOYYEHHbIe MNOCE CBAPKM.

[na Bbibopa HyneBOro ypoBHA (HaKTOPOB W WHTEp-
Bajla BapbMpOBaHMS MNPOBEAEH pacyeT pacnpegeneHus
TemnepaTypbl Npu CBapke W YMpaBAsSeMOM OXNaXAeHWUU
no MeTofuKe, onucaHHoi B paboTte [19]. B Tabn. 2 npeg-

Tabnuuya 2

3HauyeHUa NapaMeTpOB YNPaB/sieMOro OXNaxaeHus
AN pacyeTa pacnpegeneHns TeMmnepaTtyp

Table 2. Values of controlled cooling parameters for
calculating temperature distribution

3HaueHusa hakTopoB

Pexum X4,
X1, c X2, ¢ X3, ¢ KONINYecTBO
MMNYNbCOB
1 20,0 0,6 10 4
2 22,5 0,4 15 3
3 25,0 0,2 20 2
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CTaB/fieHbl UCXOAHbIe AaHHbIEe AN pacyeTa pacnpefeneHuns
Temnepatyp B MeTa/lJle CBapHOro LUBa U 30Hax TepMuyec-
KOro BAusHUA. [na pacyeTa UCMOMb30Banu cnegyrowiune
MCXOfHble faHHble: vV = 1MM/C - CKOpPOCTb OMJaBlEHNS;
t= 10 c - Bpemsa cBapku; X= 0,2 Bt/(Mm°C) - Tennonpo-
BoAHOCTb cTaim; | = 11 700 A - TOK, NpoXoAswmin yepes
3arotoBky; R =8,6107 OM - conpoTuBneHue 06pasLoB;
AT - BpeMs NPOXOXAEHUA 3/IEKTPUYECKoro toka (X2), C;
A =0,0172 M2 - nnowanb NOBEPXHOCTU Tena, Yepes KoTo-
pyto nepegaetcsa Tenno; TO=20 °C - TemnepaTypa OKpy-
Xatwowe cpegbl; m =0,315 Kr - Macca HarpeBaeMoro
ob6bema metanna; ¢ = 0,25 kx/(kr°C) - ygenbHaa Tenno-
eMKOCTb MeTassa.

Ha puc. 6 npefcrasneHbl pe3ynbTaTbl pacyYeToB pacrnpe-
[leneHns TeMnepaTyp OT LeHTpa CBapHOro LiBa Ha MOMEHT
OKOHYaHUA NOAOrpesa CBApHOro CoefMHeHUs NepeMeHHbIM
3MIEKTPUYECKMM TOKOM. Y POBHW BapbMpoBaHUA (hakTOpPOB
npuseseHsbl B T1abn. 3.

B kauecTBe Hy/feBOro ypoBHS (DakTOpOB BbibpaH pe-
XUM 2.

[na noucka onTUMasnbHbIX PEXVMOB M30TEPMUYECKOIA
BbIAEPXKKN MpOBefeH MOMHbIA (DaKTOPHbIA 3KCMEPUMEHT
N =2 3k (tabn. 4). Ans WCKIOYEHUS CUCTEMAaTUYeCKON
OWNOKN B OMpejeneHnn napaMeTpos onTummusauuu bbina
npoBefeHa paHA0MM3aLmA ¢ UCMNOMb30BaHNEM TabnuL, ciy-
yaiHbIX uncen. opafoK NpPOBeAEHMA OMbITOB ClEAyHo-
wwin: 8,9,2,6,5,3,7, 4, L

VMcnonb3ys mMeToguky, onucaHHyto B pabote [20], npo-
BefleHO U3MepeHune pacnpegenieHns TeMnepaTyp npu ceap-
Ke. Pexxum cBapku nabopaTopHbIX 06pasLoB: CTYrMeHb
TpaHcgopmaTopa 10; Kmp = 65; U2= 5,76 B; 12 = 11 700 A,
A, =10mv;, A =4mm; v = 1MM/C. SKCNEpUMEHTbI

1400

) 4 8 12 16 20 24 28

PaccTosiHMe OT UeHTpa WwBea, Mm

Puc. 6. PacueTHOe pacnpegeneHune TemnepaTypbl Npu pasnnyHbIX
peXxxuMax CBapKu 1 yrnpasnsieMoro oxnaxgeHus:
1- 3- pexuMbl YNpaBaseMoro oxnaxaeHus (tabn. 2)

Fig. 6. Calculated temperature distribution for various modes
of welding and controlled cooling:

1- 3- controlled cooling modes (table 2)
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NpoBeeHbI M0 NPUBEAEHHOMY PEXXMUMY CBapPKMW U yrpasse-
MOro oxnaxgeHus (tabn. 4).

Ha puc. 7 nokasaH TepMUYECKUIA LMKA MpuU CBapke
OnnaBneHWemM C MoCnefyowmm YrpasisemMbiM oxnaxae-
HWEM U MIFHOBEHHOE pacrpegefieHne TemnepaTypHbIX No-
Neii B 30He TEPMUYECKOr0 BAUAHMSA NOC/e OKOHYaHMA Lu-
K/na ynpaBisieMoro oxnaxaeHus ana obpasya 1 (Takue xe
[aHHble onpefAeneHbl U 4ia 0CTanbHbIX 06pasLoB).

B cOOTBETCTBMM C peXxMmamy CBapKu 1 yrnpas/iseMoro
OXNaXAEHNSA NPOLecC Harpesa 1 NocneayroLWero UMMy be-
Horo nogorpesa coctasnset 30,4 - 90,8 ¢ B 3aBUCUMOCTH
OT MCMOMb3yeMOro pexuma. Ha rpagukax TepMUYecKmx
LMKNOB cBapmBaeMbIX 06pasyoB 1, 5- 9 MOXxHO Habnto-
fate Harpes no 1020 - 1320 °C v nocnefytollee peskoe
OXNTKJEeHNEe MeTanna CBapHOro coeduHeHus. Takoi xa-
pakTep U3MEHeHUs TeMnepaTypbl CBAPHOro LWBa NPUBOAUT
K 06pa30BaHMIO B HEM 3aKa/lOUHbIX CTPYKTYP.

AHanNM3 MrHOBEHHOIO pacnpefeneHns TemnepaTypHbIX
noneil B 30He TEPMUYECKOrO BAMSHWUA 06pa3L0B NOKasbl-

Tabnwunuya 3
YpoBHUN BapbUpoBaHuA hakTopoB

Table 3. Factors variation levels

3HaueHUs1 (haKTopoB

MokasaTenb
*1,¢c *2,C *3,C KO/INYECTBO
MUMNYyNbCoB
HyneBolii ypoBeHb x0 225 04 15 3
VIHTepBan BapbuMpoBaHus h 25 0.2 5 1
BepxHuii ypoBeHb (+1) 25 0,6 20 4
HwXHWiA ypoBeHb (-1) 20 0,2 10 2

Tabnwuuya 4

MaTtpuuya nnaHnpoBaHmsa skcnepumMmeHToB N = 273k

Table 4. Experiment planning matrix N = 273k

3HaueHusa (hakTopoB

O6pasey, *4,
*1,c *2,¢ *3,c KONM4YecTBo
MMMNY/bCOB
1 25 (+) 0,4 (0) 20 (+) 2 (-)
2 25 (+) 0,2 (-) 15 (0) 3 (0)
3 20 (-) 0,2 (-) 10 (-) 2(-)
4 20 (-) 0.2 (-) 20 (+) 4 (+)
5 20() 040  15(0) 4 (+)
6 20(-)  04(0)  10() 3 (0)
7 20 () 0,6 (+) 20 (+) 3 (0)
8 25 (+) 0,6 (+) 10 (-) 4 (+)
9 20 (-) 0,6 (+) 15 (0) 2 (-)
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Bpewms, ¢

PaccToaHWe OT ULeHTpa Wwea, MM

Puc. 7. PacnpeseneHune TemnepaTypbl Npu cBapke obpasua 1

Fig. 7. Temperature distribution during welding ofthe sample 1

BaeT, UToO B obpasuax 1, 5- 9 pacnpocTpaHeHune Tensa oT
MCTOYHMKA KPaTKOBPEMEHHOrO HarpeBa MNPOWCXOAWUT Ha
6ofibllee paccTofiHWEe OTHOCUTENbHO PacnpocTpaHeHus
Tensa cBapkw.

B obpasuax 1, 5, 6, 9 Temnepatypam mMexay Kputudec-
KuMun Toukamm Acm (770 °C) n Ac1(720 °C) cooTBeTCTBY-
0T MaKCUMasibHble NNHENHbIE pa3Mepbl AaHHON 06/1acTu
(ot 5 po 85 mm). B o6pasuax 2 - 4, 7, 8 Temnepartypam
MeXAy KpUTUYecKuMm Toukamm Acmm AC1coOTBETCTBYIOT
MUHUMabHble (0T 2,5 40 3,2 MM) NIMHeliHble pa3Mepbl.

BbiBOAbI

Mcnonb3oBaHne NOKanbHOM TepMUYECKONn 06paboTkm
CBapHOro CTbIKa Pe/ibCoB, CBAPEHHbIX 3/IEKTPOKOHTAKTHbLIM
Cnoco6oM, UCKYaeT 06pa3oBaHMe YYacTKOB, COAepKa-
LUX 3aKan0uHble CTPYKTYpbI. J10KanbHas TepMmnyeckas 06-
paboTka NpMBOAMT K yBenmyeHuto 3TB.

YCTaHOB/IEHO, YTO NPU CBApKe PesibCoB MCCefyeMoro
cocTaBa 00pa30BaHWe 3epHUCTOro MepiuTa MpoucxoauT
B y4yacTkax C TeMnepaTypoii, COOTBETCTBYHOLLEN UHTEPBa-
ny mexkgy Toukamm AclnAcm. C noMoLbio TepMoAnNHaMu-
YeCKMX pacyeToB Ha OCHOBE MPOrpaMMHOro obecneyveHus
Thermo-Calc® onpegenieHbl TeMnepaTtypbl KPUTUYECKUX
Touek Aclu Acmu obnactu ¢hasoBoro paBHOBeCUS ANs
pasfiMyHbIX COCTaBOB WUCCNeLyeMOi penbcoBOi CTanu
76XCo.

MokasaHo, 4YTO ANA MOMYyYEHUS MUHUMaNbHOW NpoTs-
XXEHHOCTM Y4acTKa C MOHWXEHHON TBepAOCTbH BO3MOX-
HO NpOBefeHNEe CBapKWM PenbCOB Ha XXECTKUX pexmnmax
3IEKTPOKOHTAKTHBIM CMOCO60M MYy/bCUPYIOW MM METOLOM
OnnaBfieHus, a [ANA WCKIYeHns obpa3oBaHuA Aedek-
TOB B BM[E 3aKa/lOYHbIX CTPYKTYP BO3MOXHO YrMpas/ieHune
OXNXKAEHNEM CBapHOrO COEAUHEHMS C MOMOLLbI0 KOH-
TaKTHOro Harpeea. B kauecTBe MCTOYHUMKA NUTaHUSA ANS
KOHTaKTHOr0 Harpesa npej/fiaraeTcs UCNonb3oBaTbh TPaHC-
(hopmaTtop penbCOCBapPOYHOI MallMHbI, Ha KOTOPOIA Hemno-
CPeACTBEHHO NPOBOAUTCA CBapKa.
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WELDING OF DIFFERENTIALLY HEAT-STRENGTHENED RAILS.
MODELING OF PROCESSES DURING WELDING AND LOCAL THERMAL PROCESSING

NA. Kozyrev, RA. Shevchenko, A.A. Usoltsev, A.N. Prud-
nikov, L.P. Bashchenko

Siberian State Industrial University, Novokuznetsk, Kemerovo Re-
gion, Russia

Abstract. Problem of generation of local hardened areas in weld metal dur-

ing rails welding in production of continuous welded rails is solved
by using local heat treatment of weld joint. As a result, appearance
of quenching structures is excluded. However, new zones of thermal
influence with reduced hardness may appear. During operation, such
rails are characterized by increased wear of the rolling surface in these
areas and collapse ofthe head at welded joint. It is the main reason for
removing rails from the track earlier than time guaranteed. Applica-
tion of new technology based on dependences of dispersion degree
of the structural components (primarily perlite and carbide particles
formed during obtaining welded buttjoints of rails) on steel composi-
tion and rails cooling conditions is proposed. Cooling rate has a deci-
sive influence on the degree of dispersion of ferritic-cementite struc-
ture formed during decomposition of austenite. When welding rails
in a butt weld, generation of granular perlite is possible in the areas
with temperature betweenAclandAcmpoints. To determine these criti-
cal temperatures, thermodynamic calculations were performed using
Thermo-Calc® software (TCFE database) taking into account chemi-
cal composition of the samples obtained by spectrometry. Fe- C state
diagrams for 76 KhSF rail steel were modeled with the minimum and
maximum content of alloying elements according to the state standard
GOST R 51685 - 2013. To obtain minimal volume of sections with
reduced hardness, it is possible to conduct rails welding in hard condi-
tions by electrocontact method using pulsating reflowing. To prevent
formation of defective sections with quenching structure, it is possible
to control cooling of welded joint using contact heating. Measurement
of the temperature distribution during welding according to the given
modes and controlled cooling confirms theoretical conclusions.

Keywords: rails, contact welding, heat treatment, current, impulse, welding

mode, hardness, heat affected zone.
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