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2. Technological provisions for maximum productivity cutting alloyed steels with gas laser by radiation of powerful
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Pedepar:

1. PizanH4 HepKaBilOUKX CTajel pi3HOI TOBIIVHY ITOTYKHUMU ONITOBOJIOKOHHVMU JIa3€paMy LIKXPOKO
BUKOPUCTOBYETHCS MiJIIPUEMCTBAMU YKpaiHU. BUpOOHMKY TParHyTb OTPMMATH BUCOKY SIKiCTb pi3aHHS 6e3
IIOBTOPHOI O6POOKM, MAaKCUMAaJIbHY IIBUIKICTD 715 MiBUILEHHS IPOSYKTUBHOCTI Ta CTabi/IbHY BiITBOPIOBAHICTh
npouecy. TexHiuHi i1 eKOHOMiUHI KpuTepii BUOOPY J1a3epHOI CUCTEMU MAIOTh BXKJIMBE 3HaYeHHsI. [linBuiieHHs
€(EeKTUBHOCTI, SKOCTi Ta THYYKOCTi TEXHOJIOTii 3MEHIIye BUTPATU. BiTYN3HSIHMI BUDOOHUK KOMIIaHisl «Apamicy
HaJIaroJyB BUITyCK YCTAHOBOK 3 ONITOBOJIOKOHHMMM Jla3epaMu NOTyKHicTio 12 kBT. HaykoBux ny6:ikauiii npo
PEKMMU ra30J1a3€pHOro pidaHHs cTajeil 3 TaKOIo MOTYKHICTIO Hebararo, a BiioMi pekoMeHaallii 1oTpe6yoTh
azanTatii 77151 yKpaiHCbKMX YMOB. Lle CTOCyeThCs SIK IPOAYKTUBHOCTI, TaK i IKOCTi 60KOBOi IIOBEPXHI Pi3y.
EdexTuBHa afanTallis MOKJIMBA Ha OCHOBI CUCTEMHUX €KCIIEPUMEHTIB /1J11 BUSHAYEHHS YMOB, 110 326€3I1€4yI0Th

BHCOKY [IPOAYKTUBHICTb Ta HEOOXiIHY sKicTb. PO60OTa Bupillye 3aady nigsuineHHs e(peKTUBHOCTI PO3KPOIOBAHHS



Hep>KaBiloyoi cTasi sazepom 12 kBT i3 3a6e3MedyeHHsIM MaKCUMaIbHOI TPOAYKTUBHOCTI, 3aJaHO]I IKOCTi IIOBEPXHI Ta
BiATBOPIOBAHOCTI mpolecy. Y BCTYIi HaBeIeHO XapaKTePUCTUKY POOOTH, OGIPYHTOBAHO aKTyasIbHICTb,
c(OpPMYIIbOBAHO METY i 3aBJIaHHS, BU3HAYEHO 00’€KT, IPEIMET, HAyKOBY HOBU3HY Ta ITPAaKTUYHY LIiHHICTb
pesyabTartis. [lepmniil po3fin MicTUTh aHasi3 (GakTopiB, IO BIVIMBAIOTh HA IIPOLIEC: BUXiJHOI MOTY>KHOCTI J1a3epa,
PO3M0/1iy iIHTEHCMBHOCTI BUIIPOMIHIOBAHHS, XiMiYHOTO CKJIa[ly cTanel, GpOKyCHOI BiicTaHi Ta Mo0KeHHs (OKyCY,
CTaHy IIOBEPXHI, TUITy aCUCTYIOYOT0 a3y, KOHCTPYKLi COMJa Ta 3a30py MK HUM i leTajuno. PO3IJIsIHYyTO METOIU
onTuMizallii JoKasnizauii BUIPOMiHIOBaHHS Ta MIUPUHMU pi3y. Ipyruil po3nis onucye METOAUKYU Ta 00J1aHAaHHS JJ1s1
€KCIIEPMMEHTIB: IPUCTPIl AJ1s1 BUMIPIOBaHHS NPOQio MOBEPXHIi Pi3y, 30H[ AJIS1 peeCTpaLlii oJIs pibKydoro TUCKY
aCHCTYI04O0ro rady. MeToauky OLiHKM IapaMeTPiB y3romskeHi 3i crangaprom ISO 9013:2017. TperTiit po3gin
IIPUCBSYEHO aepoAMHaMIuHii B3aeMOii CTpyMeHsI rasy i nerasi, opMyBaHHIO PiXKy4oro TUCKY Ta MOro BILJIMBY Ha
BUJaJIeHHS po3IiaBy. OTPMMAaHO AaHi Npo BIUIMB KOHCTPYKILii COIJIA, TUCKY Ta 3a30Py HA T€OMETPil0 CTPyMEHS 1
BEJIMYUHY PIKy4Oro TUCKY IIPY BUKOPUCTAHHI MOBITPA Ta a30Ty. Briepie HaBeJ,eHO YUCIIOBI XapaKTEPUCTUKY IT0JIiB
TUCKY, 10 popmMyIoThcs comiamu Thermacut, o 103BOINIIO TOYHIIIE IPOTHO3YBATH MPOLLEC i 3a06€3Me4YnTH
HaJilHe pizaHHs. EKcriepuMeHTasbHa [epeBipKa MoKa3aa KOPEeJIaLilo MiXK PIKYYMM THUCKOM i MaKCUMAaJIbHOIO
LIBUAKICTIO Ta SKICTIO pi3aHHA. YeTBePTUN PO31ij 0oJa€ Pe3yabTaTH AOCIIIKEHDb PEXXMMIB MaKCAMAaJIbHOI
[IPOAYKTUBHOCTI pi3aHHs 6e3 BTpaTH SIKOCTI [IpY BUKOPHCTaHHI a30Ty Ta MOBITPsl. BCTaHOBJIEHO Hiana3oHu
IlapaMeTpiB NPOLieCy [Jis CTajli CTaHIapTHUX TOBIKMH JlazepoM 12 KBT, 110 3a6€31e4yI0Th BiflIOBiIHICTh BUMOTaM
ISO 9013:2017. BusBi€HO BIIJIMB TUILY Fa3y HA IPOAYKTUBHICTD i AKiCTh. [IpOBEIEHO CTATUCTUYHMI aHATI3 ¥
Statistica Ta cTBOpeHO Tpu pPerpeciiiHi Moeli 3a71€eXKHOCT] IOPCTKOCTI Bifl TUCKY rasy, 0J0XeHHs QOKyCy Ta
MBUAKOCTI pizaHHs aJis ctani AISI 304 ToBmuHoo 12 MM. [lepeBipka 3a kputepismu CtbiogeHnTa i Gimepa
nigTBepamiIa ix afeKkBaTHiCTb. HaliTouHimow BusBmuiIaca Mogesnb MLP-3-23-1 Ha OCHOBI IITYYHUX HEXPOHHUX
MEpEeX, 3 NOXUOKOIO NPOrHo3y He binbie 0,0728 %. OTpruMaHi pe3yabTaTy CTaad OCHOBOIO TEXHOJIOTIYHO]
iHcTpykuii fisg BepcrartiB AFX-PRO-12000-1530LD. ExcnieprMeHTaIbHA IepeBipKa 1oKasaja BiIXxuIeHHs
IlapaMeTpiB SIKOCTI Bifj TaGJMYHUX 3HAUYEHb He Oisiblie 5 %. MaTepianu MOXyTb OyTH BUKOPUCTAaHI 17151 IOalbIIAX

TpI/I6OJ'[OFi‘{HI/IX ,ILOC]Ii,H)KeHb INIOBEPXOHb, OTPMMAHUX JIA3€PHUM piBHHHHM.

2. Cutting stainless steels of various thicknesses using high-power fiber lasers is widely applied by Ukrainian
manufacturing enterprises. Producers aim to achieve high cutting quality without the need for reprocessing,
maximum cutting speed to boost productivity, and stable process repeatability. Technical and economic criteria
for selecting a laser system are of significant importance. Improving process efficiency, quality, and flexibility helps
reduce production costs. The domestic manufacturer Aramis has launched the production of machines equipped
with 12 kW fiber lasers. Scientific publications on gas-laser cutting modes of steels at this power level are relatively
few, and available recommendations require adaptation for Ukrainian conditions. This applies both to productivity
and cut edge quality. Effective adaptation is possible only on the basis of systematic experiments to determine the
conditions that ensure high productivity and the required quality. The dissertation addresses the task of improving
the efficiency of stainless steel sheet cutting with a 12 kW laser, achieving maximum productivity, specified surface
quality, and process repeatability. The Introduction presents the general description of the research, substantiates
its relevance, defines the aim and objectives, specifies the object and subject of the study, and outlines the
scientific novelty and practical significance of the results. Chapter One analyzes the factors affecting the process:
laser output power, beam intensity distribution, steel chemical composition, focal length and focus position,
surface condition, type of assist gas, nozzle design, and stand-off distance between nozzle and workpiece.
Approaches to optimizing beam localization and kerf width are reviewed. Chapter Two describes the developed
methods and equipment for experiments: a device for precise measurement of cut surface profile and a probe for
registering the assist gas cutting pressure field. The evaluation methods are consistent with ISO 9013:2017. Chapter
Three focuses on the aerodynamic interaction between the assist gas jet and the workpiece, the formation of
cutting pressure, and its effect on molten material removal. Data were obtained on the influence of nozzle
geometry, gas pressure, and stand-off distance on jet geometry and cutting pressure when using air and nitrogen.
For the first time, numerical characteristics of pressure fields formed by Thermacut nozzles were presented,
enabling more accurate process prediction and reliable high-quality cutting. Experimental verification showed a



correlation between cutting pressure and maximum cutting speed and quality. Chapter Four presents the results
of determining cutting modes for maximum productivity without loss of quality when using nitrogen and air.
Ranges of balanced process parameters for standard sheet thicknesses cut by a 12 kW laser were established,
ensuring compliance with ISO 9013:2017. The influence of assist gas type on productivity and quality was identified.
Statistical analysis in Statistica produced three regression models describing the dependence of surface roughness
on gas pressure, focus position, and cutting speed for 12 mm AISI 304 stainless steel. Verification using Student’s t-
test and Fisher’s test confirmed their adequacy. The most accurate was the MLP-3-23-1 model based on artificial
neural networks (SANN Regression with Deployment), with a forecast error not exceeding 0.0728 %. The results
formed the basis for the technological manual for AFX-PRO-12000-1530LD machines. Experimental verification
confirmed good reproducibility of the recommended modes, with quality parameter deviations not exceeding 5 %.
The findings can also serve as a basis for further tribological studies of surfaces obtained by laser cutting.
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