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2. Scientific and technological basis of laser and hybrid welding processes and surface modification of metal
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Pedepar:

1. Incepraliito NpUCBSIYEHO PO3BUTKY HAYKOBUX OCHOB IIPOLECIB HAIJIABJIEHHS i 0OPOOKU METaJIeBUX [1I0BEPXOHb 3
BUKOPUCTAHHSM JIa3€PHOTO BUITPOMiHIOBAHHSI IIJISIXOM JOCJIiIKEHHS TEIIOBUX i (Pi3UKO-MeTasnyprifiHUX SBUL, 110
CYIIPOBOMXYIOTh BKa3aHi Ipoljecy; Io6y[oBi Ha 11il1 OCHOBI y3arajbHeHOi pO3paxyHKOBO-€KCIIepUMEHTaJIbHOI
METOJIMKHU I10IIepPeIHiN OLiHKYU Ta BUOOPY NTapaMeTpiB TEXHOJIOTIYHMX PEXMMIB, sIKi 3a6€311e4yI0Th OTPiOHI AKICTb i
(yHK1iOHaIbHI XapaKTEPUCTUKY TOBEPXOHb JI€Tasell, 10 06pobI0I0ThHCS. B po60Ti mpoaHasnizoBaHo Cy4acHUN
CTaH PO3BUTKY JIa3€PHUX TEXHOJIOTIN B rajysi iHKeHepii MOBepXHi i T0Ka3aHO BifICyTHICTb CUCTEMATU30BAHUX
HayKOBUX OCHOB JIa3€pHOr0 Ta ri6puAHOro HamnsasjeHHs i MoaudikyBaHHs. Lle He 03BOJIsSle pO3BUBATU HOBI
TEXHOJIOTIYHI MifX0au i pO3IINPIOBATH CIIEKTP 3a1a4, sKi JOLIJbHO BUPILIyBAaTM METOLAMU JIa3€PHOI IIOBEPXHEBOI
06po6Ku. [17151 mooJIaHHs Ljei Mpo6ieMu BUKOHAHO HACTYIHI JocimKeHHs. JoCiIpKeHHs TeNI0BUX POLECiB

Jla3epHoi Ta ribpugHoi 06podKy MeTasleBUX [I0BEPXOHb JO3BOJIMIM Ha 6a3i CxeMU PO3IIOLiNy eHeprill Ipy pexkumi,



1I0 BCTAHOBUBCSI, CTBOPUTU MaTeMAaTUYHY MOZEJb, 32 JOTIOMOTIOIO SIKOi MOKHA BU3HAYaTU IaPaMETPU PEXUMY
00pOOKY IMIJIIXOM ONTUMI3aLlil po3Nofiny TeMIepaTypH 10 IJIMOVHI cucTeMu "HarlylaByieHul (06pobieHuit) map -
OCHOBHUI MeTasl" 3a KpUTepieM MiHiMizalii TensoBkiaaanus. JocuigkeHHs (Pi3uKo-MeTanyprilHuX 0Co6JInBOCTEN
IIPOLIECiB HAIJIaBJIEHHS i MOIM(PIKYBaHHS METAJIEBMX IIOBEPXOHD 103BOJINJIN 32 PaXyHOK ONTUMI3allii TEpMiYHUX
LMKJIB 3HA3UTU 3QJIMIIKOBI HAlIPY>KeHHs1 00pO6JIeHNX apiB, 10 IPU3BEJIO 40 MiHiMizawii (ycyHeHH:I)
TPIlIMHOYTBOPEHHS, a TAKOK BCTAHOBUTY KPUTEPii yCYHEHHS BHYTPILIHIX NIOP i BifIapyBaHHS IOKPUTTIB. BUBYeHHH
BIUJIMBY TEXHIKU JIa3€PHOI Ta ri6puaHOi 06pOOKY Ha SKiCTh METAJIEBOI TOBEPXHI JO3BOJIUJIO 3alIPOIIOHYBATH CXEMY
i1 i3 3a6e3nedeHHs Ta KOHTPOJIIO IAaHOTO NapaMeTpy. BCTaHOBEHO, 10 ribpuiHi NPoLecy CIPUSIIOTh 3HAYHOMY
3HIDKEHHIO PiBHS 3aJIMIIKOBUX HaIlpyKeHb i KoediljieHTa TpillMHOYTBOPEHHS B HAIJIaBJIEHUX (JIETrOBaHUX) Iapax,
3HIDKEHHIO IPUINYCKY Mif QiHiHYy MexaHidyHy OOpOOKY y KijIbKa pasiB, a TaKOX 3HIDKEHHIO KoeillieHTa TepTs
06pO6JIEHNX TOBEPXOHb 3 OJHOYACHUM MiJBUIEHHSIM iX 3a1UPOCTINKOCTi. CTBOPEHO y3arajbHEeHY PO3PaxyHKOBO-
€KCIIEpUMEHTAJIbHY METOIMKY BUOOPY MTapaMeTpiB TEXHOJIOTIYHOTO PESKMMY J1J1s1 IPOLIECIB JIA3€PHOTO i Ti6pUAHOro
(kombiHOBaHOrO) HaMJIaBJIeHHS i MOAUGIKYBaHHS MeTaJIeBUX [10BEPXOHb. 3a JOIIOMOTIOIO 1iiel MEeTOIUKU
PO3p06JIEHO HU3KY NIPOLIECIB JIa3epHOi iHKeHepii moBepxHi.

2. The thesis is devoted to developing the scientific basis of deposition and processing of metal surfaces using laser
light through the study of thermal, physical and metallurgical phenomena that accompany these processes,
building on this basis, the generalized calculation and the experimental procedure of the provisional assessment
and selection of parameters of technological regimes, which provide the necessary quality and functional
characteristics of the workpieces. The paper analyzes the current state of development of laser technology in the
field of engineering surfaces and shows the lack of systematic scientific basis of laser and hybrid welding and
modification. This makes it impossible to develop new technological approaches and expand the range of problems
solved by methods of laser surface treatment. To overcome this problem a number of studies. Studies of thermal
processes of laser and hybrid treatment of metal surfaces allowed on the basis of power-distribution circuit at
steady state to create a mathematical model with which to determine the parameters of the processing by
optimizing the temperature distribution in the depth of "weld (processed) layer - base metal" according to the
criterion of minimizing heat input. Studies of physical and metallurgical characteristics of the processes of
surfacing and modification of metal surfaces allowed by optimizing the thermal cycles to reduce residual stress of
processed layers, leading to the minimization of cracking, as well as establish criteria for elimination of internal
pores and delamination of coatings. The influence of laser technology and hybrid processing on the quality of the
metal surface has provided the framework for action on enforcement and monitoring of this parameter. Found
that hybrid processes that substantially reduce the level of residual stresses and coefficient of cracking in the clad
(doped) layers, reduction of allowance for finish machining a few times, and also reduce the coefficient of friction
of treated surfaces with a simultaneous increase in their resistance to scoring. A generalized computational-
experimental procedure for selecting parameters of the technological regime for the processes of laser and hybrid
(combined) surfacing and modification of metallic surfaces. Using this technique developed a number of laser
surface engineering.
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