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1. PO3BUTOK TEOPETUYHUX Ta TEXHOJIOTIYHMX OCHOB YIIPABJIiHHS TEIJIOMACOIIEPEHOCOM IIPU €JIEKTPOLYTOBOMY

HamJaBJeHHi 3aCTOCYBaHHAM MEXaHIYHOTro KEPYI040ro BIVIMBY Ha €JIEKTPO/,

2. Development of scientific and technological bases of heat and mass transfer control during electric arc surfacing
using a control mechanical action on the electrode

Pedepar:

1. MeTa - BCTaHOBJIEHHS BILIMBY [1apaMeTPiB MeXaHiUHOT0 KepPYyI04yoro BILJIMBY Ha €JIeKTPOZ, 715 IiiBULIIEHHSI
e(eKTUBHOCTI IIPOLIECY €JIEKTPOAYTOBOTO HAIJIABJIEHHS, @ TAKOXK CTBOPEHHS TEXHOJIOTII Ta 06J1aiHAHHS 1J15
peasniszatii po3po60K y BUpOOHNYUX YMOBaX. O0'€KT JOCIiIPKEHHS MPOLIEC €JIEKTPOAYTOBOrO HallJIaBJIeHHS i3
3aCTOCYBaHHSIM MEXaHIYHOTO KePyIOUOTro BIIMBY Ha €J1eKTpof,. [IpenMeT nocimKeHHs TeIIoMacornepeHoC
€JIEKTPOJHOTO METaJly IpY eJIeKTPOLyroBOMY HaIlJIaBJI€HHI I/l BIIJIMBOM MEXaHIYHUX YIIPaBJIsouuX Aiil. MeTonu
IOCJiIKEHHS Ta anapaTypa: MiKpOCTPYKTYPHI METOM OOCJIiIKEHHS, PEHTT€HOCIIEKTPaJIbHUI MiKpPOaHali3;
BUMIpPIOBAaHHS MiKPOTBEPAOCTI; HU(ppoBe ocuuiorpadyBaHHs IPOLECY HAIJIABJIEHHS; MATEMaTUYHE MOJIEJIIOBAHHS;

PO3PaxyHKOBI i eKCIlepyMeHTaJIbHI OCIiIKEeHHS 3a IOIIOMOTOI0 IIPOrpaMHUX 3aC00iB 06poOKY faHuX. Briepiue



BCTAHOBJIEHO, IO 3aCTOCYBAHHS MEXAHIYHUX K€PYIOUUX [ill Ha €JIEKTPOZ, O3BOJIsIE CTAbiNi3yBaTU
KpaIluleriepeHeCeHHs €JIeKTPOIHOTO METaJy SIK Yepes AyTy, TaK i [103a Helo, 3HU3UTH Macy KpareJib, 3a0e31eYuTu
IpibHOKpanesibHe epeHeceHHs 63 KOPOTKMX 3aMUKaHb AyTOBOrO IIPOMDKKY, IIPU LIbOMY popMa Ta Po3Mip
€JIEKTPOJY BU3HAYAIOTh ONTUMAJILHUAM [lialla30H IIapaMeTpiB KePYYoro BIIUBY. Ha 0CHOBI po3po6seHO]
MaTMOJIeJli TEMJIOMACOIIEPEHOCY €JIEKTPOLHOIO METaJly [IPY 3aCTOCYBaHHI MEXaHIYHOTO KEPYIOUOTO BILIMBY HA
€JIEKTPO], BIleplie BU3HAaYeHi po3Mip Ta Maca KparleJjb eJeKTPOLHOro Metany. Po3pobyieHa MaTremMaTu4Ha MOJeJIb
KOHJYKTUBHOTO HarpiBy OCHOBHOTO METAJIY, SIKa BpaXOBy€ MEXaHIUHMI BIIJIUB HA €JIEKTPOZ, 17151 BUIIATKY
HaMiBHECKiHYEHHOTO TiJly Ta IJIOCKOTro mapy. BUKOpUCTaHHS pe3y/IbTaTiB MOAEIIOBAHHS IIPU PO3pOOLi
OTITMMi30BaHOI TEXHOJIOTi HAIJIABJIEHHS IO3BOJISIIOTH 36ibMUTY €(DEKTUBHICTh PO3IJIABIEHHS €JIeKTPOIHOTO
MeTaJly [Py 3MEHIIEHH] TeIJIOBKJIAJaHH B OCHOBHUM METaJl, 32 PaXyHOK YOO 3MEHIIYIOTLCS IO i30TEPM
IIJIaBJIEHHA Ha PiBHI TOBEPXHI OCHOBHOIO MeTaiy A0 12% npu He3MiHHOMY 3Ha4€HHI IPOAYKTUBHOCTI. [ligBrmeHHs
eEeKTUBHOCTI PO3IJIaBJIEHHS €JIeKTPOIHOTO METAJy 338 PAXyHOK BUKOPUCTAaHHS MEXaHI{YHOTO BILJIMBY JO3BOJISIE
3HU3UTHU TEIUIOBKJIAJAHHS B 3BAPIOBAJIbHY BaHHY Ta OCHOBHUM METAaJI, IPUYOMY L1s1 3aJIESKHICTh Ma€ €KCTPEMAaJIbHUM
XapakTep, 110 3abe3nevye 3HUKEeHHs KoeQillieHTy Bapiallii r/Imb1HY NpoIJaBIeHHs B cepelHboMy Ha 10%,
nosinmeHHs cTpykrypy HII3 Ta ninBuineHHs npane3faTHiCTh HaMJIaBJIeHOro mapy. EkcnepumMeHTansHo
BCTAHOBJIEHO Ta MiATBEPIKEHO PO3PaXyHKOM 30ibllieHHS KoedillieHTy po3IyIaBjieHHs eJIeKTPOJHOTO MEeTasly Ha
15:25 % npu 3aCcTOCYBaHHI MEXaHIYHOT0 KEPYIOYOro BIIJIMBY.BUKOpHCTaHHS MEXaHIYHOrO KepyloUuoro BILJIUBY
CKJIaJIOBi CUCTEMH «€JIEKTPOJ-Ayra—3BapioBajlbHa BAHHA» 3HAXOSTbCS B CHHEPreTUYHil B3aeMOZii, BU3Ha4Yaouu
ONTHMMAaJIbHi 3HaYEHHS YIIPaBJISIIOYMX NTAapPaMETPIB /1151 KOXKHOTO PO3TJISHYTOrO BapiaHTy BUKOPUCTAHHS MEXaHIYHUX
KEPYIOUUX Il Ha eJeKTPOoA.OTpHUMaJIM OJAJBIIOTO PO3BUTKY TEOPETHUYHI i TEXHOJIOTIYHI OCHOBU
TEIJIOMaCOIIePEHOCY NPY €JIEKTPOyrOBOMY HaIlJIaBJIEHHI IIJISIXOM BCTAHOBJIEHHS 3aKOHOMIPHOCTEH I1J1aBJI€HHS
€JIEKTPOJHOTO Ta OCHOBHOT'O METAaJly [IPY BUKOPMCTAHHI MEXaHIYHUX YIIPABJISIIOYMX il HA €JIEKTPOL(H).
Y3arasibHeHO BILJIMB [IapaMeTpiB yIpaBiliHHS Ha (POpMyBaHHS 30HU ITPOIJIABJIEHHS, HAIJIAaBJIEHOTO BajMKa i
BnactyBocteil HII3 115 pisHUX TUIIB €J1eKTPOIiB, 110 A€ 3MOTY BIIPOBAI>KyBaTU €HEProsoepiraoyi TeXHOIorii

BiJHOBJIEHHS] METAJIypPriflHOTrO Ta IPOKATHOTO O0JIaIHAHHS

2. The goal is to establish the influence of the parameters of the mechanical control action on the electrode to
increase the efficiency of the electric arc surfacing process, as well as to create technology and equipment for the
implementation of developments in production conditions. The object of research is the process of electric arc
surfacing with the use of mechanical control action on the electrode. The subject of research is the heat and mass
transfer of the electrode metal during electric arc surfacing under the influence of mechanical control actions.
Research methods. When solving the tasks set in the work, the following methods and equipment were used for
research: microstructural research methods, X-ray spectral microanalysis; microhardness measurements; digital
oscillography of the surfacing process; mathematical modeling; computational and experimental studies using data
processing software. It was established for the first time that the use of mechanical control actions on the
electrode makes it possible to stabilize the droplet transfer of the electrode metal both through the arc and
outside it, to reduce the droplet mass, to provide fine droplet transfer without short circuits of the arc gap, while
the shape and size of the electrode determine the optimal range of control action parameters. On the basis of the
developed mathematical model of the heat and mass transfer of the electrode metal when using a mechanical
control action on the electrode, the size and mass of the electrode metal droplets were determined for the first
time. A mathematical model of conductive heating of the base metal has been developed, which takes into account
the mechanical effect on the electrode for the case of a semi-infinite body and a flat layer. The use of simulation
results in the development of an optimized surfacing technology makes it possible to increase the efficiency of
melting of the electrode metal with a decrease in heat input into the base metal, thereby reducing the area of
melting isotherms at the level of the base metal surface to 12% with a constant value of productivity. Increasing the
efficiency of melting the electrode metal due to the use of mechanical action makes it possible to reduce the heat
input into the weld pool and the base metal, and this dependence has an extreme character, which reduces the
coefficient of variation of the penetration depth by an average of 10%, improves the structure of the near-weld
zone and increases the efficiency of the deposited layer. An increase in the melting coefficient of the electrode



metal by 15-25% with the use of a mechanical control action was experimentally established and confirmed by
calculation. When using a mechanical control action, the components of the "electrode-arc-weld pool" system are
in synergetic interaction, determining the optimal values of the control parameters for each considered option of
using mechanical control actions on the electrode. The theoretical and technological foundations of heat and mass
transfer during electric arc surfacing were further developed by establishing the laws governing the melting of the
electrode and base metal when using mechanical control actions on the electrode(s). The influence of control
parameters on the formation of the penetration zone, deposited bead and the properties of the near-weld zone for
various types of electrodes is generalized, which makes it possible to introduce energy-saving technologies for the
restoration of metallurgical and rolling equipment
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