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2. Technology of flash-butt welding of railway rails of converter production

Pedepar:

1. lucepTarifina po6oTa rpucBsyeHa po3podseHHi eheKTUBHOI TeXHOJIOTii KOHTaKTHOT'O CTUKOBOTO 3BapIOBaHHS
OIJIABJIEHHSIM TEPMIYHO3MIIJHEHUX 3aJ[i3HUYHUX PENOK KOHBEPTOPHOrOo BUPpOOHMLITBA. EXCIIyaTaliliHi TIOKa3HUKU
3BAPHUX CTHUKIB 3Q/II3HUYHUX PENOK € BAKJIMBOKO CKJIAI0OBOIO NOBrOBIYHOCTI 3aJ1i3HULb i PETJIaAMEHTYIOThCS
YUHHUMU BiTYMBHSIHUMU | MDKHApOIHUMU CTaHAapTaMu. Hepos'’eMHe 3'efHaHHS PENOK MTpYU BUTOTOBJIEHHI Ta
VKJIa/IaHHi B KOJIi10 JOBrOMipHUX PEMKOBUX IJIiTE€H [1€PEBAXHO BUKOHYETbCSI KOHTAKTHUM CTUKOBUM 3BapIOBaHHSIM
onznasneHHAM (KC3O). [IpoBigHi CBiTOBi BUPOOHNKY 3a/1i3HUYHUX PENOK MOCTIMHO Y OCKOHAIOIOTh PEVUKOBI CTali 3
METOI0 361/IbII€HHS TOKa3HUKIB TBEPJOCTi, ONIOPY KPUXKOMY PYHHYBAHHIO, 3HOCOCTIMIKOCTI, 30Kpema y TOJIOBLj
peiiku. [lepexin Ha KUCHEBO-KOHBEPTOPHUM CIIOCIO BUIJIAaBKM PEMKOBUX CTajlell CYTTEBO BIIMHYB HA 3BapPIOBAHICTb
3asIi3HMYHUX peroK. Ha 3ami3zHuigx YKpainu nnepeBakHO BUKOPUCTOBYIOTLCS TEPMIYHO3MILIHEH] pENKN
KOHBEPTOPHOTO BUPOOHUITBA Kiacy TBepaocTi 350HV30 mapok craneit K76, R350HT. [Toka3Huku MiHOCTI Ta

3HOCOCTIMIKOCTi PEHOK 3a6e311e4yl0ThCsI 33 PaXyHOK PerjaaMeHTOBaHOIO PO3NOily TBEPAOCTI IO Mepepisy perkKy.



3abesneyeHHs BilIIOBIAHOCTI 3BaDHUX CTUKIB 3aJli3HUYHUX PEMOK BUMOraM HalioHanbHoro craHgapty JCTY EN
14587-2:2015 (EN 14587-2:2009, IDT), rapMOHi30BaHOrO 3 BiANOBITHNM €BPOINENCHKUM HOPMATUBHUM JOKYMEHTOM,
00YMOBJIIO€ HEOOXiIHICTh BpaxXyBaHHS €HEpPreTUYHMX napamerpis npotecy KC30, sKi BU3HAYal0Th TEPMIUHI LIUKIIN
IIPM OILJIABJIEHH] Ta PO3NOJiJ TEMIIEPATYP y 30Hi TepMiuHOro BIIUBY (3TB) 3BapHUX CTUKIB peiok. [lo
TENepilHbOro Yacy He BU3HAUEHNI Ha/lilHUI alrOPUTM 3a6e3le4eHHs BiiTIOBiIHOCTI 3BapHUX 3'€JHaHb PENHOK
HOPMaTUBHUM BHMOTaM Npu 3MiHi TexHosoriyHux napametpis KC30 i 30BHiNIHIX PakTOpiB (BUPOOHUK PEHOK,
MapkKa CTaJli, CTaH PeNKO3Bap0BabHOI MAIIMHY, [IapaMeTPH AU3€JIb-TeHEPATOPa, SIKICTh MiJrOTOBKY TOPLB PEHOK
Ta inme). Tomy, Ha mpaktuii TexHosorigs KC30 onTuMisyeTbCs OCHIIHUM MIJIIXOM [1J151 HAABHOI MapTii 3a/1i3HUYHUX
peiioK i yMOB BUKOHaHHS PO0IT, 30KpeMa KOHKPETHUX PeMKO3BapIOBaJbHOI MALIMHY i Ju3esb-reHepaTopa.
AKTyanbHICTh TEMU JYCepTallii oJidraaa B HEOOXiTHOCTi HAyKOBOI'O OOI'PYHTYBaHHS PO3p06JieHHS e(peKTUBHO]
texHostorii KC30 3a1i3HMYHNX PeliOK KOHBEPTOPHOTO BUPOOHUIITBA Kiacy TBeppocTi 350HV30, sika 3a6e3neduntsb
Bi/I[IOBiIHICTb 3BAPHUX CTUKIB PEOK BUMOraM YMHHUX HOPMAaTHUBHUX JOKYMEHTIB. MeTa po60oTu — po3pooutu
e(eKTUBHY TEXHOJIOTiI0 KOHTAKTHOTO CTUKOBOTO 3BAPIOBAHHSI OIJIABJIEHHSM 3a/li3HUYHUX PEIOK KOHBEPTOPHOTO
BMPOOHUIITBA, sIKA 3a0e3Ieuye BifI0BiIHICTb 3BapHUX 3'€JHAHb PEMOK BUMOraM YMHHUX CTaHAAPTIB. [l
IOCSITHEHHS METU POOOTH NIPOBOAMIIM PO3PAXYHKOBO-EKCIIEPUMEHTAJIbHE NOCTIIKEHHS TepMidyHuX nukiiB KC30 i
PO3IIofiNy TeMIIEpaTyp B 30HI 3'€JHAHBb, OL[iHKY X BIJINBY HA CTPYKTYPY Ta IOKa3HWKU MEXaHI{YHUX BJIaCTUBOCTEN
3BApHUX CTUKIB 3QJII3HUYHUX PEVOK, HA L1ill OCHOBI BU3HAYaJIX [1ialla30HM 3MiHU OCHOBHUX TEXHOJIOTIYHUX
napametpiB KC30 3asnizHnYHUX peroK Kiacy MiHocTi 350HV30, npu sxux 3a6e3rne4yeTbCsl BiiOBiAHICTb 3BapHUX
3'e[JHaHb BUMOTaM YMHHMAX HOPMATHBHUX JJOKYMEHTIB. B po6oTi focimkeHo npouec (pOpMYyBaHHS 3BapPHUX
3'egHaHb periok npu KC30, peasnizoBaHuil Ha CTalliOHAPHUX Ta MOOUIbHUX peiiko3BapioBasibHUX MamuHax K1000 i
K922-1 po3pobku IHcTUTyTYy enexkTpo3BapioBaHHs iM. €.0. [TaroHa HAH Vkpainu. Po3po6seHo maTeMaTuyHi Moferi
Ta BiATIOBifHI 32CO6M KOMITIOTEPHOI CUMYJIALi KiHeTUKM TemInepaTypHux nosis npu KC30 3an1i3HUYHUX PEHOK.
BukopucTaHo yncesbHe PO3B'SI3aHHS HECTAI[IOHAPHOTO PiBHSIHHS TETJIONPOBIIHOCTI MOPSI, i3 KOMILJIEKCOM
HeOOXiIHUX J1Jab0PaTOPHUX BUMIPIOBaHb BIUIMBY TEXHOJIOTIYHUX IIapaMeTpiB 3BapIOBAHHS Ha TEMIIEPATyPHI LUKIIN B
peiikax, 0 3BapIo0Thes. Lle J03B0INIIO BpaxyBaTy MYJIbTU(I3NYHI ITPOLLECH OIJIABJIEHHS TOPLIB PEHOK, BU3HAYUTU

XapaKTepHY TeIoBy epeKTuBHiCTb npouecy KC30 Ta nigTBepAUTH Ha/leKHY TOUHICTh PO3PaxXyHKIB Ha PiBHi 8 %.

2. The dissertation is devoted to the development of an effective technology of flash-butt welding of heat-
strengthened railway rails of converter production. Operational indicators of welded joints of railway rails are an
important component of the durability of railways and are regulated by current domestic and international
standards. The non-separable joining of the rails during the manufacture and laying in the track of long-dimension
rail plates is mainly performed by flash-butt welding. The world's leading manufacturers of railway rails are
constantly improving rail steels in order to increase hardness, resistance to brittle fracture, and wear resistance,
particularly in the rail head. The transition to the oxygen-converter method of smelting rail steels significantly
affected the weldability of railway rails. On the railways of Ukraine, heat-strengthened rails manufactured by
converters of the hardness class 350HV30 of steel grades K76F, R350HT are mainly used. Indicators of strength
and wear resistance of the rails are provided due to the regulated distribution of hardness along the cross-section
of the rail. Ensuring compliance of welded joints of railway rails with the requirements of the national standard
DSTU EN 14587-2:2015 (EN 14587-2:2009, IDT), harmonized with the relevant European regulatory document,
necessitates taking into account the energy parameters of the FBW process, which determine thermal cycles
during flashing and temperature distribution in the heat affected zone (HAZ) of rails welded joints. Until now, no
reliable algorithm has been developed to ensure the compliance of welded rail joints with regulatory requirements
when changing the technological parameters of FBW and external factors (rail manufacturer, steel grade, condition
of the rail welding machine, diesel generator parameters, quality of rail end preparation, etc.). Therefore, in
practice, the FBW technology is optimized experimentally for the available batch of railway rails and the conditions
of work, in particular, the specific rail welding machine and diesel generator. The relevance of the dissertation
topic was the need for a scientific justification for the development of an effective technology of FBW railway rails
of converter production of hardness class 350HV30, which will ensure compliance of welded rail joints with the
requirements of current regulatory documents. The purpose of the work is to develop an effective technology of



flash-butt welding of railway rails of converter production, which ensures compliance of welded rail joints with the
requirements of standards in force. In order to achieve the purpose of the work, a computational and experimental
study of the thermal cycles of FBW and temperature distribution in the joint zone was carried out, an assessment
of their influence on the structure and mechanical properties of welded joints of railway rails was carried out, on
this basis, the ranges of changes in the main technological parameters of FBW of railway rails of strength class
350HV30 were determined , which ensure compliance of welded joints with the requirements of current
regulatory documents. The paper examines the process of forming welded joints of rails at FBW, implemented on
stationary and mobile rail welding machines K1000 and K922-1 developed by the E.O. Paton Electric Welding
Institute of the National Academy of Sciences of Ukraine. Mathematical models and corresponding means of
computer simulation of the kinetics of temperature fields at the FBW of railway rails have been developed. The
numerical solution of the non-stationary heat conduction equation was used along with a set of necessary
laboratory measurements of the influence of welding technological parameters on temperature cycles in the
welded rails. This made it possible to take into account the multiphysical processes of rail end flashing, to
determine the characteristic thermal efficiency of the FBW process, and to confirm the proper accuracy of
calculations at the level of 8%.
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