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Pedepar:

1. Inceprarist Ha 3gO6YTTSI HAYKOBOTO CTyIeHs Jokropa ¢inocodii 3a cnenjanpHicTo 132 «MartepiasnozHascTBo» (13
MexaniyHa iHXeHepis). JIHIIpOBCbKUI lep>KaBHUI TeXHIYHUI yHiBepcuTeT, M. Kam'sHebke, 2021, O6'ekToM
IOCJiIKEeHb € IIPOLIECH, SIKi BilOYBalOThCS [P Pi3HUX CIIOCOOAX AYrOBOTO HAIJIABJIEHHS TOHKUX CTAJI€BUX JIMCTIB i
IIJIACTVH OPOIIKOBMMU IpoTamu. [IpegMeToM IOCIiIKEHD € TEXHOJIOTII Ta MaTepiany [1Jis1 HAIJIAaBJIEHHS NETAJIEN,
1110 NPallol0Th B yMOBAaX iIHTEHCMBHOTO a0pa3uBHOTrO 3HOLIYBaHHS. Y ripHUY000YBHIil i MeTanypriiiHiil ranyssx
IIMPOKO BUKOPUCTOBYIOThCSI MAIIMHY Ta MEXaHi3MHU, 110 €KCIIyaTyI0ThCsl B yMOBaX iHTEHCMBHOTO abpa3nBHOTO
3HOILIYBaHHS. Y CKJIaJli TAKMX MAIIVH i MEXaHi3MiB € JIMCTOBI KOHCTPYKLi Ta geTtari. [ly1s 30i1blIeHHS TepMiHy
CIIy>KOU MOJIOHUX eTasieil B IKOCTi QyTepyBaJbHUX €JIEMEHTIB JOCUTb IINPOKO BUKOPUCTOBYIOTbCS 3HOCOCTINHKI
6imeTasieBi IMCTH. SIK IoKa3ye aHasli3, TEXHOJIOTI Ta MaTepiay, 110 BUKOPUCTOBYIOTbCS B JaHUH Yac, [03BOJISIOTh
BUTOTOBJISITY MOJiOHI JIMCTU 3 TOBIUIMHOIO OCHOBHOTO METaJy = 6 MM i 3arajIbHOIO TOBIIMHOIO > 8...10 MMm. [ly1s1
HAIUIaBJIEHHS JIMCTIB MEHIIO] TOBUIMHU iCHYIOUi TeXHOJIoTii Ta MaTepianu He npuaatHi. OCHOBHA pobiaemMa

iCHYI0UMX TE€XHOJIOTIH HAIJIaBJIEHHS — BEJIMKE IIPOIJIABJIEHHSI OCHOBHOT'O METAJly i pU3UK IOSIBY MPOMAJIiB.



JlocifgzkeHo BIJIMB Pi3HUX CIIOCOGIB AYrOBOTO HAIJIABJIEHHS IOPOLIKOBUMU APOTAaMU Pi3HUX AiaMeTpiB MJIOCKUX i
UWJIIHAPUYHYX JeTajlel Ha IPOIIJIABJIEHHS T4 YaCTKY OCHOBHOT'O METaJly B HAIJIAaBJIEHOMY METAaJli, SIKiCThb
(opMyBaHHS HaIJIaBJIEHUX BaJIMKIB i CTabiNbHICTh IIPOLIECY HalJIaBA€eHHs. JOCiI )KeHHs IPOBOJUIIN 3
BMKOPHMCTaHHSIM KOMII'IOTE€PHOI iH(popmaLiitHo-BuMipioBanbHOI cucteMu (KIBC). YeTaHOBIIEHO, 1110 HAIOIIbII
iCTOTHO Ha TeOMETPUYHI PO3MIpY BaJIUKIB i IIPOIJIaBJIEHHS OCHOBHOI'O METaJly BILJIMBAIOTh PEKUMU HAIJIaBJIEHHS
nig ¢rocom. Jlanuii crnioci6 3abesnevyye HaNOiNbII IWPOKUI Aiana3oH BigxuneHb Hanpyru AUT = + 2 B Bif,
ONTUMAasbHOI TexHOJoriYHOoi Hanpyru UT, rpu sikoMmy 3abe3rnevyyeTbcs rapHe (OpMyBaHHS HaIlJIaBJIEHUX BaJIUKIB. 3
IOCJIIPKEHUX CIIOCOOIB IyTOBOTO HAIlJIaBJI€HHS MiHIMaJIbHEe MIPOIJIABJIEHHS 3a0e3Ievye HaIIaBIeHHs! BiIKPUTOIO
Iyrol0 CaMO3axMCHUM MOPOIIKOBUM IPOTOM. [Ipy IbOMY MiHiMaJIbHO MO>KJIMBE NPOIIABIEHHS (= 1,5 MM) npu
sxicHomy GOpMyBaHHI HalJaBJI€eHUX BaJIMKIB 3a6e31e4ye BUKOPUCTAaHHS CaMO3aXUCHOIO ITIOPOLIKOBOro ApoTty ¥P1,8
MM. BcTaHoB/I€HO, 110 30ibIIEHHS B TPU Pa3u [IOTOHHOI €Heprii HallJIaBI€HHS (3HVDKEHHSIM MIBUIKOCTI
HaIUIaBJIeHHS) BABivi 36i/bIye rIIMOMHY NPOIJIABJIEHHS OCHOBHOTO MeTasy. 36i/1b1yI0TbCSI TAKOXK F€OMETPUYHI
PO3MipV HaIlJIaBJIEHMX BaJIMKiB. ICTOTHO MeHIIe IOTOHHA €HEPTisl BIUIMBAE Ha YaCTKy OCHOBHOTO METAJIy B
HaIJIaBJIECHOMY METaJli: [IpY HaIlJIaBJ€eHHi Mif (JI0cOM BOHA 3MIHIOEThCS B MeXax 36...39 %, a 11pu HansaBjeHHi
Binkpurom ayromw - 35...41 %. HaBeieHi pe3yibTaTy eKCIIEPUMEHTIB 3 YIOCKOHAJIEHHSI CKJIaly Ta JOCJiIPKEHHS
BJIACTMBOCTEN CaMO3aXVMCHOTO IIOPOLIKOBOIO APOTY, & TAKOX 4OJAaTKOBOrO BHECEHHS Y HAIUIABHI BaJIMKU JIETYIOUNX
Ta MOAMiKyBaJbHUX KOMIIOHEHTIB. JI7151 BUNIa[IKy 3HOCOCTIMKOrO [yrOBOTO HAIlJIaBJIEHHS TOHKUX CTaJIEBUX JIUCTIB
06paHo camo3axucHuil nopoukosuit aApit INT1-AH192¢ (ITI1-Hn-150X5T4M) @1,8 mm. Po3pobieHo ckiag,
ra3omIakoTBIPHOI YaCTUHU MIMXTHU APOTY HA OCHOBI myakoBoi cucremu CaO + TiO2 + MgO + CaF2 + Al203. Leit
CKJIaJI IIMXTH JIO3BOJISIE JOCSTTHU CTYIIEHS 3aCBOEHHSI TUTAHY HAaIlJIaBJIEHMM METAJIOM Ha PiBHi 55...65 %. [ns
IIOPiBHSIHHSL: NIPY HAIJIABJIEHHI TUM K€ JPOTOM Iifi pmrocom AH-26 3acBOeHHS TUTaHy He nepesuinye 40 %.
BusHaueHO yMOBU OTPUMAaHHS TP AyTOBOMY HAIJIABJIEH] MIApiB 3MiHHOTO CKJIaZy Ta BJIACTMBOCTEH, 10 €
Ba)KJIMBYM 3 OIJIs[ly Ha 3MEHIIEHHS 3aJIMIIKOBUX HAINIPY>KeHb Ta Je(opMallill y TOHKUX JIMCTOBUX €JIEMEHTax. 3a
OCHOBY 06PAaHO CXEMY HAIlJIABJIEHHS 110 IIAPy JIETyI04Y0i IKUXTU. 3apeeCTPOBAHO 306ibLUIEHHS TBEPLOCTi METAITy IIPU
30i/IbLIEHHI KiJIBKOCTI HaIlJIaBHUX IIAPiB Ta 301/bLIEHHS AOJIi rapTyBaJbHUX CTPYKTYpP. HaBeneHo pe3yibTaTu
IOCJIiZIPKEHHS BIIMBY BHECEHHS MO (DiKyBaJbHOTO KOMIIOHEHTY — aepocuity SiO2 — Ha TBE€PAICTb Ta CTPYKTYPY
BasIKiB. HaBeeHO pe3yabpTaTy JOCIiAHO-TIPOMUCIIOBOI IEPEBIPKU PE3YyJIbTATIB JOCIiIKEHb. BU3BHaYeHO
3HOCOCTIHKiCTh Ipy abpa3vBHOMY 3HOLIyBaHHI MeTany 150X5T4M, HaryaBIeHOro caMo3aXMCHUM TTOPOLIKOBUM
npotom [1T1-AH192c¢. BcraHoB€HO, 110 32 3HOCOCTIMKICTIO HamnsaBjieHnit metan 150X5T4M He noCTynaeThes
BHCOKoJieroBanomy metainy 400X30M, HannaBiaeHoMy nopoimkosuMm npotom Hardface he o. Bucoka 3HococTiliKiCcTh
HanapjeHoro metasny 150X6T4M nosiCHIOeThCS 30aTHICTIO MaTpULli CIIJIaBy 100pe yTpUMYyBaTH KapboHIiTpuau
TUTaHY, 10 MAIOTh BUCOKY OIIIPHiCTb 3HOCY. PO3pO6JIEHO TEXHIKY Ta TEXHOJIOTiIO 3HOCOCTIMKOrO HaIJIaBJIEHHS
aucTiB i3 crazni Ct3 0 = 3 MM CaM03aXUCHUM MOPOIKOBUM AgpoTom [1I1-AH192¢ (1,8 mM. 3a pesyabTaTamMu
IociinkeHb po3pobieHa , TexHooriyHa iHCTPYKILisi Ha 3HOCOCTIiMKe IyroBe HallJlaBjIeHHS TIOPOIIKOBUM IPOTOM

CTaJiIeBUX JINCTiB TOBIIUHOIO < 5 MM,

2. The dissertation for awarding the degree of Doctor of Philosophy in the field of 132 "Materials science" (13
Mechanical engineering). Dniprovsky State Technical University, Kamyanske, 2021. The object of the research is
the processes that occur in different methods of arc surfacing of thin steel sheets and plates with flux-cored wires.
The subject of the research is technologies and materials for surfacing the parts operating in conditions of
intensive abrasive wear. Machines and mechanisms operating in conditions of intensive abrasive wear are widely
used in the mining and metallurgical industries. Such machines and mechanisms include sheet structures and
parts. Wear-resistant bimetallic sheets are widely used in order to increase the service life of such parts as lining
elements. The technologies and materials that are currently used allow the production of similar sheets with a
base metal thickness of > 6 mm and a total thickness of > 8... 10 mm. Existing technologies and materials are not
suitable for surfacing sheets of smaller thickness. The main problem of existing surfacing technologies is
significant penetration of the base metal and the risk of burnings-through. Describes the surfacing materials and
equipment that are used in the performance of work; methods of research of chemical composition, structure of
the applied metal and its wear resistance at abrasive wear are resulted; the developed methods of experimental



estimation of influence of methods and modes of arc surfacing by powder wires of different diameters on
penetration of base metal, its share in surfaced metal, quality of weld surfaced formation. The third section is
devoted to the study of the influence of different methods of arc surfacing with flux-cored wire on different
surfaced rollers and the stability of the surfacing process. The study was performed using a computer information
and measurement system (CIMS). It is established that the geometric dimensions of the rollers and the penetration
of the base metal are most significantly affected by the submerged arc surfacing modes. This method provides the
widest range of voltage deviations AUT = + 2 V from the optimal process voltage UT that provides good formation
of the surfaced rollers. Open arc surfacing with self-protective flux-cored wire provides minimal penetration
during surfacing of samples with a flat or cylindrical surface among the studied methods of arc surfacing. At the
same time the minimum possible penetration (= 1,5 mm) at qualitative formation of the surfaced rollers provides
the use of self-protective flux-cored wire of @¥1,8 mm. It is established that a threefold increase in the rate of
energy input (decrease in the surfacing rate) doubles the penetration depth of the base metal. The geometric
dimensions of the surfaced rollers also increase. Significantly less rate of energy input affects the share of the base
metal in the surfaced metal. The fourth section presents the results of experiments of improving the composition
and studying the properties of self-protective flux-cored wire, as well as additional application of alloying and
modifying components to surfaced rollers. PP-AN192s (PP-NP-150H5T4M) ?1.8 mm self-protective flux-cored wire
was chosen for wear-resistant arc surfacing of thin steel sheets. The composition of the gas-slag part of the wire
charge on the basis of CaO + TiO2 + MgO + CaF2 + Al203 slag system was developed. This composition of the
charge allows achieving the degree of assimilation of titanium by surfaced metal at the level of 55 ... 65%. For
comparison: when surfacing with the same wire under the AN-26 flux, the absorption of titanium does not exceed
40%. The conditions for obtaining arc surfacing layers of variable composition and properties, which is important
given the reduction of residual stresses and deformations in thin sheet elements, are determined. The scheme of
surfacing on a layer of alloying charge is chosen as a basis. The results of the study of the influence of the
introduction of the SiO2 aerosil modifying component on the hardness and structure of the rollers are presented.
The wear resistance at abrasive wear of 150X5T4M metal surfaced with PP-AN192s self-protective flux-cored wire
is determined. It is established that the wear resistance of 150X5T4M surfaced 150X5T4M metal is not inferior to
the high-alloyed 400X30M metal surfaced with Hardface hc o flux-cored wire. The high wear resistance of the
surfaced 150X6T4M metal is explained by the ability of the alloy matrix to retain titanium carbonitrides that have a
high wear resistance. The technique and technology of wear-resistant surfacing of St3 o = 3 mm steel sheets with
PP-AN192s 1.8 mm self-protective flux-cored wire was developed. According to the research results, the
Technological instruction for wear-resistant arc surfacing with powder wire of steel sheets with a thickness of < 5

mm was developed.
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