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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka i mocnimkeHHs afanTUBHOI pOOOTOTEXHIUHOI CUCTEMU BiTHOBJIEHHSI JleTajlell BiIOBigasbHOTrO

I[IPU3HAYE€HHS 3 BUKOPHUCTAHHAM TEeXHOJIOTii €JIEKTPOAYTOBOTI'O HAIIJIaBJIEHHSA

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development and research of adaptive robotic system of restoration of parts of responsible appointment using the
technology of electric arc surfacing

Pedepar yKpaiHCBKOIO:

Merta po6oTu - po3podUTH Ta AOCHIIAUTY alallTUBHY POOOTOTEXHIUHY CUCTEMY, [IpU3HAYEHY [1J1 aBTOMaTU3allii
IIPOLIECIB BiIHOBJIEHHSI JleTajlel BiJ[I0Bi1aJIbHOrO IPU3HAYEHHS 3 BUKOPUCTaHHSIM TE€XHOJIOTII yrOBOTrO
HaIJIaBJIEHHSI BUKOHAHO aHAJIITUYHUN OIJIsL, iICHYIOUMX PillIEeHb, [IOB'SI3aHUX 3 aBTOMATU3ALi€I0 IPOLECIB
BiZJHOBJIEHHS ieTajlell CIOCOO0M eJIeKTPOIyTrOBOrO HaIlJIaBJIEHHS Ta PO3PO0JIEHO KOHLEIIiio 100y 0BY afalTUBHO]
POOOTOTEXHIUHOI CUCTEMU: FeOMETPHYHA aJlallTallisl peasisyeTbCsl 3a JOIIOMOTrO0I0 3aC00iB TEXHIYHOIO 30PY, a
TEXHOJIOTIYHA — LIJISIXOM BUKOPUCTAaHHS MaTeMaTUYHUX Mogesel nnpouecy MIG/MAG HansnaBsieHHs. BukoHaHo
KiHI[€BO-€JIeMEHTHE MOZeoBaHHs npouecy MIG/MAG HaniaB/ieHHS: OTPUMAHO TEPMOLMKIIY i IPOaHai30BaHO
CTPYKTYPHI IIEPETBOPEHHS Y OCHOBHOMY i HaIlJIaBJIeHOMY MeTaJli. [linroToBseHo peKoMeHallii 4o yIpaBiliHHA
[IOTOHHOIO eHeprielo baraTonpoxifgHoro HansapaeHHs. CTBOPEHO Clielliani3oBaHu J1a3epHO-TeJNEeBi3ilHNI ceHCop 3
KyTOM orysany 360°, mpu3HayeHUn AJ1s1 BUMIPIOBaHHS T€OMETPUYHMX [TapaMETPiB BHYTPILIHIX IOBEPXOHb 3HOIIEHUX
netaney UIiHIAPpUYHOI GOpMHU, Ta Peasi3oBaHO BifMOBIIHI aJITOPUTMU OOPOOKYU CUTHAJIIB [1J1S1 aBTOMATUYHOI
nedexkrauii fetaneil. Po3po6sieHo roloBHUM KOHTPOJIEP POOOTOTEXHIUHOI CUCTEMH, SIKUI ITOOYJ0OBAaHO Ha 6a3i 4-x
SI€PHOTO IIPOLLEECOPHOr0 MOAyJsl. PO3p0o6yieHO MaTeMaTUYHe 3a6€3Ne4eHHs] CUCTEMH, IO 3a0e31edye B3aeMOI0
MDK IIPOMHUCJIOBUM POOOTOM, 3BapIOBaJIbHUM 06J1aIHAHHSIM, CEHCOPHOIO MiICUCTEMOIO Ta OIEPaTopoM. B
aBTOMAaTUYHOMY PEKMMi BUKOHAHO CKaHyBaHHS TeOMEeTPii peMOHTHUX JiJITHOK, GOPMYBaHHS TPAEKTOPIi pyxy
poboTa Ta 6aratonpoxifHe 6araTomapoBe HaljlaBlA€HHs i3 MBUKICTIO 14.4 M /rog. OTpuMani Makpouipu
IIPOJEMOHCTPYBAJIU BiICyTHICTb AedEKTiB i piIBHOMIPHICTb BJIaCTUBOCTEN HAIJIABJIEHUX LIAPiB METaJy, 10
NiATBEpAUIIO aieKBaTHICTh 3alIpOIIOHOBAHOrO Mifgxony. PesynbraTty po60Ty MOXYTbh OYTU BUKOPUCTAaHI MpU
CTBOPEHHI [1iJIbHUIb aJAIITUBHOIO POOOTU30BAHOIO BilHOBJIEHHSI JleTajlell ClIOCOOOM JyrOBOrO HallJIaBJIEHHS Ha

IiANpUeMCTBAX MAIMHOOYAYBAaHHS, 3aJ1i3HUYHOI Ta €HEPreTUYHOI raay3ei.

Pedepar aHIJIiHCBKOIO:

The work purpose is to develop and research an adaptive robotic system designed to automate the processes of
responsible purpose parts repairing by using of arc surfacing technology. An analytical review of existing solutions
related to the parts repairing automation by electric arc surfacing has been performed and the concept of building
an adaptive robotic system is proposed: geometric adaptation is implemented using technical vision, technological
adaptation - by using mathematical models of MIG/MAG surfacing. Finite element modeling of the MIG/MAG
surfacing process was performed: thermo cycles were obtained and structural transformations in the base and
weld metals were analyzed. Recommendations for the heat input control during multi-pass surfacing have been
prepared. A specialized laser-television sensor with a viewing angle of 360° has been created, designed to measure
the geometric parameters of the inner surfaces of worn cylindrical parts, and the corresponding signal processing
algorithms for automatic parts defecting have been implemented. The main controller of the robotic system has
been developed, which is built on the basis of a 4-core processor module. Mathematical support of the system has
been developed, which provides interaction between industrial robot, welding equipment, sensor subsystem and
operator. In the automatic mode, the geometry of the repair areas was scanned, the motion trajectory was formed,
and multi-pass multilayer surfacing at speed 14.4 m /h was performed. The obtained macro grinds demonstrated
the absence of defects and uniformity of the deposited metal layers properties, which confirmed the adequacy of



the proposed approach. The work results can be used in the creation of adaptive robotic sections for the parts
repairing by arc surfacing in the mechanical engineering, railway and energy industries.
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