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1. TexHOI0ris1 KOHTAKTHOTO CTUKOBOI'O 3BAPIOBAHHS OIUIABJIEHHSIM 3aJII3HUYHUX PEVOK KOHBEPTOPHOTO

BUPOOHUIITBA

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

Pedepar:

1. lucepraniiiHa po6oTa npucBsYeHa po3pobseHHi e(PeKTUBHOI TEXHOOTII KOHTAaKTHOTO CTUKOBOTO 3BapIOBAaHHS
OIJIABJIEHHSIM TEPMIYHO3MILIHEHUX 3a/1i3HUYHUX PEIOK KOHBEPTOPHOTIO BUPOOHNULITBA. EXCITyaTaliliHi 10Ka3HUKU
3BAPHUX CTHKIB 3aJII3HUYHUX PENOK € BOKJINBOIO CKJIAZOBOIO JOBIOBIYHOCTI 3aJ1i3HULIb | PETJIaMEHTYIOThCS
YMHHMMU BiTYM3HSHUMU i MDKHapOJHUMU CTaHIapTaMu. Hepos'eMHe 3'eJHaHHS PeOK IPU BUTOTOBJIEHH] Ta
YKJIaJaHH] B KOJIiI0 JOBIOMIPHUX PEMKOBUX IUITEN IIEPEBAKHO BUKOHYETHCS KOHTAKTHUM CTUKOBUM 3BapIOBAHHAM
orutasyieHHsIM (KC3O0). I[TpoBinHi CBITOBI BUPOOHNKY 3a/1i3HUYHUX PEHOK ITOCTIHHO yAOCKOHAIIOIOTh PEHKOBI CTali 3
METOI0 361/IbIIEHHS [TOKa3HMKIB TBEPJOCTi, ONIOPY KPUXKOMY PYHHYBaHHIO, 3HOCOCTIMKOCTI, 30KpeMa y TOJIOBLj

periku. [lepexin Ha KUCHEBO-KOHBEPTOPHUM CIIOCIO BUIJIABKY PEMKOBUX CTaJIEN CYTTEBO BILUIMHYB HA 3BaPIOBAHICTb



3asi3HMYHMUX peroK. Ha 3anmi3zHuigx YKpainy nepeBakHO BUKOPUCTOBYIOTLCS TEPMIYHO3MILIHEH] pEKU
KOHBEPTOPHOTO BUPOOHUIITBA Kiacy TBepaocTi 350HV30 mapok craneit K76, R350HT. [TokazHuku MilIHOCTI Ta
3HOCOCTIMKOCTi PEMOK 3a6€e311e4yI0ThCsl 33 PaXyHOK PerjJaMeHTOBaHOIO PO3NOiy TBEPAOCTI 110 Mepepisy peiku.
3abesneueHHs BifIIOBIAHOCTI 3BapHUX CTUKIB 3aJli3HUYHUX PEMOK BUMOraM HaljoHanbHoro craHgapty JCTY EN
14587-2:2015 (EN 14587-2:2009, IDT), rapMOHi30BaHOTrO 3 BiANOBiZHNM €BPOINENICBKUM HOPMATUBHUM JOKYMEHTOM,
00YMOBJIIO€ HEOOXiIHICTh BpaxyBaHHSI eHepreTUYHUX napameTpis npotecy KC30, sKi BU3HAYal0Th TEPMIUHI IUKIIN
IIPM OIJIaBJIEHHI Ta PO3NOJiJ TEMIIEPATYP y 30Hi TepMiuHOro BIIUBY (3TB) 3BapHUX CTUKIB peiok. Jlo
TeNepilHbOro Yacy He BU3HAUEHUI HAMIiHUI alrOpUTM 3a6e3le4eHHs BiiNOBiIHOCTI 3BapHUX 3'€JHAHb PENHOK
HOPMAaTHMBHUM BUMOTaM Ipu 3MiHi TexHosoriyHux napametpis KC30 i 30BHiLIHIX PakTOpiB (BUPOOHUK PEHOK,
MapKa CTaJjli, CTaH PEMKO3BapIOBaJIbHOI MAIMHY, [IapaMeTPU A13eJIb-TeHePaTOPa, SIKiCTh MiJrOTOBKY TOPLiB PEMOK
Ta inme). Tomy, Ha npaktuui TexHosorist KC30 onTuMisyeTbesl OCTIIHUM MIJISIXOM JJ1s1 HAsIBHOI NAPTii 3a/1i3HUYHUX
PENOK i yMOB BUKOHAHHSI POOIT, 30KpeMa KOHKPETHUX PeKO3BaploBajIbHOI MALlIMHM i IM3eJb-TeHepaTopa.
AKTyanbHICTbh TEMU JYcepTallii oJigranaa B HEOOXiTHOCTi HAyKOBOrO OOIPYHTYBaHHS PO3p06JieHHS e(PeKTUBHO]
texHoJiorii KC30 3ai3sHnYHMX pelioK KOHBEPTOPHOIrO BUPOOHUIITBA Kj1acy TBephocTi 350HV30, sika 3a6e3nednTsb
Bi/INIOBiHICTb 3BAPHUX CTUKIB pEOK BUMOraM YMHHUX HOPMAaTUBHUX JOKYMEHTIB. MeTa po60oTu — po3poourtu
eeKTUBHY TEXHOJIOTiI0 KOHTAaKTHOTO CTUKOBOTO 3BAPIOBAHHS OIJIaBJIEHHSIM 3J1i3HUYHUX PEMIOK KOHBEPTOPHOTO
BUPOOHUIITBA, sIKA 3a0e3Ieyye BifI0BiIHICTb 3BapHUX 3'€JHAHb PEMOK BUMOraM YMHHUX CTaHAAPTIB. 1715
IOCSITHEHHS METU POOOTH NIPOBOAMIIM PO3PAXyHKOBO-EKCIIEPUMEHTAJIbHE NOCTiIKeHHs TepMidyHux nukiiB KC30 i
PO3MOily TEMIIEPATYP B 30Hi 3'€JHaHb, OLiHKY iX BIUIMBY HA CTPYKTYPY Ta IOKA3HMKN MEXAHIYHUX BIACTUBOCTEN
3BapHUX CTUKIB 3aJII3HUYHUX PENOK, HA L1ill OCHOBI BU3HAYaJIU [1ialla30HM 3MiHU OCHOBHUX TEXHOJIOTIYHUX
napametpiB KC30 3asnisHUYHUX perok Kiacy MinHocTi 350HV30, nnpu sxux 3a6e3rnedyeTbCsl BiANOBigHICTb 3BapHUX
3'eJHaHb BUMOTaM YMHHUAX HOPMATUBHUX JJOKYMEHTIB. B po6oTi mocimkeHo npouec pOpMyBaHHS 3BapPHUX
3'egHaHb periok npu KC30, peasnizoBaHuil Ha CTAI[iOHAPHUX Ta MOOUIbHUX Peiiko3BapoBaibHUX MamuHax K1000 i
K922-1 po3pobku IHcTUTYyTYy enexkTpo3BapioBaHHs iM. €.0. [Tatona HAH Vkpainu. Po3po6syieHo maTeMaTuyHi Mogerti
Ta BiANOBiAHI 3aC00M KOMITIOTEPHOI CUMYJISILi] KiHETUKM TemIepaTypHUX noJis npu KC30 3asisHUYHNX PENOK.
BukopucTaHo yucesbHe PO3BSI3aHHS HECTALiOHAPHOTO PiBHSIHHS TEIJIONPOBiAHOCTI MOPSI] i3 KOMIIJIEKCOM
HeOOXiHUX J1ab0PaTOPHUX BUMIPIOBaHb BIUIMBY TEXHOJIOTIYHUX IIapaMeTpiB 3BapIOBAHHS Ha TEMIIEPATyPHI LUKIIU B
peiikax, 10 3BapIooThes. Lle 103B0INIIO BpaxyBaTy MYJIbTU(I3NYHI ITPOLIECH OIJIaBJIEHHS TOPLB PEHOK, BU3HAYUTU

XapaKkTepHy TeMnoBy epekTuBHicTh npouecy KC30 Ta niATBepauTy HayleXKHY TOYHICTb PO3PaxyHKIiB 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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