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1. IndpopmaniitHa TexHOJIOTisI IPUNHSTTS pillleHb IJ1s1 YIIPaBIiHHS aBTOMaTU30BaHUM JIa3ePHUM 3BaPIOBAHHSIM

TOHKOCTIHHMX KOHCTPYKLiN

2. Information technology of decision-making for the control of automated laser welding of thin-walled structures

Pedepar:

1. Po6oTa mpucBsiueHa MiIBULIEHHIO €(PEKTUBHOCTI YIIPABJIiHHS IPOL,ECOM aBTOMATU30BAHOT0 JIA3EPHOTO
3BapIOBaHHS B yMOBaX [iii HenepenoaueHux (pakTopiB LIJISIXOM CTBOPEHHSI: CllellianizoBaHux iHpopmaliiiHux 6a3
3HaHb HAa OCHOBI peJISILiIHUX BiIHOIIEHb [1apaMETPiB PEXXKUMIB JIa3€pHOT0 3BapIOBAaHHSI 3a pe3yJbTaTaMU
€KCIIEPMMEHTIB; MeTasiorpapiyHnX 300pakeHb MAaKpO-, MiKPOCTPYKTYP 3BAPHOTO LIBA i KOJIOIIOBHOI 30HU 3a
pe3yJbTaTaMu KOMIT'IOTEPHO-€KCIIEpUMEHTAIbHOIO MO eJII0BaHHS; iHpOopMaLiliHOI TeXHOJIOTii 06’€KTUBHOTO
OlIiHIOBaHHS KOMIIOHEHTIB arlapaTHOro 3abe3rnedyeHHs 300py JaHUX i ypaBiliHHS yepe3 PopMyBaHHS KoedillieHTiB
BUfaui pesieBaHTHOI iHdopmarii (KBPI). ix oco6mmsicTh nossrae B TOMy, 10 3Ha4€HHS NPIOPUTETHUX KoedillieHTiB
IOPiBHIOIOTH OJAVHMUIIL, 110 IIPY CTBOPEHHI crierjianizoBaHoi iHdpopMaLiiiHOiI 6231 JaHUX BUCOKOSIKICHUX €JIEMEHTIB,

MOJIyJIiB, IPUCTPOIB TOLIO 3MEHIIIy€ €HEPreTUYHi, Y4aCOBi, IPOCTOPOBI i MaTepiasnbHi BUTpatu. Kpim Toro, cuHres



6e3po3mipHux KBPI 3a6e3nedye 06'eKTUBHE OLiHIOBAHHS €(PEKTUBHOCTI TEXHOJIOTIUHUX JIa3€PHUX KOMILJIEKCIB y
nizomy. Lle MoKa3aHo Ha NMPUKJIafax CUHTe30BaHUX KBPI s1a3epHIX BUIIPOMiHIOBAUiB, BOJIOKOHHUX JIa3€PHUX
MOJYJIiB, CKAHYIOUUX €JIEMEHTIB 1aTYMKIB I10JI0)KEHHS 3BAPHOrO CTUKY TOHKOCTIHHUX KOHCTPYKLil. EpekTuBHIiCTb
iHdpopMaLifiHUX TEXHOJIOTIN OGIPYHTOBAHO TEOPETUYHO i MiITBEPAKEHO PO3PAaXyHKAMU Ta €KCIIEPUMEHTaMU.
OcCHOBHI TeOpEeTUYHI Ta MPAaKTU4Hi Pe3yIbTaTU NOCIiIKEHD BIIPOBAPKEHO B HULIL MIAIIPUEMCTB i Iep>KaBHOMY
yHiBepCUTETI YKpaiHu.

2. In the dissertation work the actual scientific and technical problem of the increase of efficiency for the control
of automated laser welding process under conditions of unforeseen factors by the creation of: specialized
information bases of knowledge on the basis of relations of parameters of laser welding modes by experimental
results; metallographic images of macro-, microstructures of the weld and the seam zone according to the results
of computer-experimental modeling; specialized information database due to information technology of objective
evaluation of hardware components of data collection and control through the formation of coefficients for issuing
relevant information (CIRI) on the examples of laser emitters, fiber laser modules, scanning elements of weld joint
position sensors of thin-walled structures is solved. For the first time, a specialized information base of knowledge
has been expanded by creating high-quality metallographic images of fine-grained macro-, microstructures of
welds and the seam zone of butt joints of thin-walled structures under conditions of unforeseen factors through
the use of developed new and improved methods of crystallization control by laser radiation pulses of complex
shape. The complexity is to create conditions for crystallization control, which ensure the emergence of the
maximum number of crystallization centers while minimizing the linear growth rate of crystals. Three methods of
crystallization control are proposed: by additional thermal effect on molten metal, the control of modulating
pulses of combined laser-ultrasonic radiation due to the change of their frequency, amplitude and their formation
by pulse-width modulation method, which creates a fine-grained structure in cast metal of the seams at the
macro- and microlevels and provides high operational reliability due to high mechanical properties of connection
of thin-walled structures. The information technology for objective estimation of multiparametric components of
data collection hardware (CDCH) and control in creating a specialized information database through the proposed
criteria for issuing relevant information (CIRI), the peculiarity of which is that the value of the priority of
coefficients (penalty functions, et etc.) is equal to one, has received the further development. The visualization of
CIRI at the comparative analysis accelerates the process of a choice of the best hardware components of data
collection and control, and also the procedure of creation of the specialized information database at the
corresponding enterprise. The verification is confirmed by calculations of the synthesized CIRIs on the examples
of laser emitters, fiber modules and scanning elements of weld joint position sensors of thin-walled structures. The
use of specialized information base of knowledge (mathematical models, generalized criteria for issuing relevant
information) and CDCH database, which are used at the stage of technological preparation of information to
control the process of automated laser welding of thin-walled structures under conditions of unforeseen factors,
reduces material and energy time costs due to the reduction of costs for the corresponding preliminary labor-
intensive research of manufacture technological preparation, this is especially noticeable in small-scale production
and, as a result, expenses decrease by almost 50 %. Given that the most promising and the least developed are
information technologies of analysis under conditions of unforeseen factors to determine the best: control modes
of the processes of automated laser welding of thin-walled structures; crystallization control methods at the levels
of macro-, microstructures of welds and seam zones; hardware components for data collection and control, it is
proposed to transfer the stored information to the developer from specialized information databases and data in
the form of graphs, histograms, which accelerates the reception of information by 3, .., 4 orders. The method for
determining the best information parameters of the mode of laser welding of thin-walled structures to achieve the
maximum value of the use of laser radiation power, the efficiency of which is 33%, is formulated. The scheme of
relations of metallographic weld images and the frequency of modulated laser pulses which provides their
qualitative structures at macro- and microlevels is created. On the example of welding of steel structures of grade
1.4541 and thickness 0=0.2 mm, the results of the experiment determine the relationship between the value of
frequency range of modulated laser pulses and the best value, namely: 2.0 ..., 3.0 kHz, while the size of austenitic



grain is about 3 3 microns. This increases the ductility and strength of the welded joint of thin-walled structures.
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