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1. YoockoHasieHHs TEXHOJIOTI] Ta TEXHOJIOTIYHOTO OCHAIEHHS [1J1s1 BUTOTOBJIEHHS! leTajlell ra30TypOiHHUX JBUTYHIB

iMITyJIbCHUMU METOAAMU METAJI000POOKHU

2. The improvement of the technology and technological equipment for the manufacture of gas turbine engine
parts by the pulsed metal working methods

Pedepar:

1. Incepraniiina po60oTa CIIpsSIMOBaHa Ha PO3B’s13aHHSI aKTyaJIbHOTO HAyKOBOTEXHIUHOI 3a7ja4i BLOCKOHAJIEHHS
TEXHOJIOTiI Ta TEXHOJIOTIYHOTO OCHALEHHS 711 BATOTOBJIEHHSI TOHKOJIMCTOBUX JI€Taylel ra30TypPOiHHMX JBUTYHIB
IMITyJIbCHUM METOZIOM MeTasnioo6pobku. HazmaHo aHani3 ekcrepruMeHTalbHO-aHaIITHYHUX i YICEJIbHUX METOZIB
BM3HAUEHHS TEXHOJIOTIYHUX NTapaMeTpiB IITaMITyBaHHs JINCTOBUX JleTajlell CKJIaHOI IPOCTOPOBOi KOHQIrypatiii 3
HEpiBHOMIPHMMU CTYIIEHEM BUIIMHAHHS 110 IEPUMETPY. BU3HaY€HO NpUYMHY BTPATH €KCILIyaTalliiHUX
XapaKTEPUCTUK i pyiHyBaHHS (POPMOYTBOPIOBAJIbHOI TOBEPXHI MAaTPULb J1s IITAMITyBaHHS BUOYXOM.

OO6rpyHTOBaHO aKTyaJIbHICTh IOCIIIPKEHD OO0 Y OCKOHAJIEHHSI METOIiB IIPOrHO3YBaHHS IMHAMIYHOI [10BE[iHKA



TOHKOCTIHHUX JieTajiel 31 3MiHHMM KYyTOM KOHYCHOCTI Ta HEPIBHOMIDHUM CTYIIEHEM BUIIMHAHHA 10 IEPUMETPY, Y
SIKWX BEPXHIi/ Ha HIDKHIY KOHTYP ONUCYIOTh Pi3HUMU F€OMETPUYHUMU KOHTypaMU. He MEHII aKTyalbHUM €
YCYHEHHsI He0b0POTHUX Jedopmaliiil MaTepiasy MaTpullp J1 BUOYXOBOTO LITAMIIyBaHHS. 3 BUKOPUCTaHHIM
MOP(OJIOTriYHOrO aHasi3y Ta MaTEMAaTUYHOTO MOJEJIIOBAHHS IIPOLECY iMITyJIbCHOIO HABAHTAXXEHHS Ta IPY>KHO-
njactTudHoi gedopmalii MaTepiasy MaTpuLi BU3HaYeHO e(PEeKTUBHUM METO]] 3MillHIOBaJIbHOCTAa011i3yBaIbHOI
00po6KY (POPMOYTBOPIOBAIbHOI TOBEPXHI MaTpulli. HanaHo po3BUTOK peHOMEHOJIOTIYHUX KPUTEPIiiB pylHHYBaHHS,
sIKi IPOTHO3YIOTh IIOPYIIEHHS CYLJIbHOCTI MaTepiaiB. Bu3HayeHo rpannyHe popMi3aMiHIOBaHHS Ta gedopmatlii
3arOTOBOK i TEXHOJIOTIYHOTO OCHAIIEHHS. YTOYHEHO Ta PO3IIMPEHO YMCEIbHUI METOJ, PO3PaXyHKy B CUCTEMi ANsys
AutoDYN 3aBrgKuy ynpoBa>)KeHHS YHIBEPCAJIbHOI iTepaliiiHOI IpoLeAypPH KOPETyBaHHS iMITyJIbCHOTO
HaBaHTaXE€HHS MaTepiasiB Iif] 4ac BUBHAYEHHY TUHAMIYHOI TOBEIIHKM MaTepiay, Mo JO03BOJINIJIO BU3HAYUTU
ONTUMAaJIbHE PO3TAIlyBaHHS BUOYXOBHUX 3apsfiB 3a IapaMeTPaMi HaBaHTAXKEHHSI MaTepiajly 3arOTOBKU 3
ypaxyBaHHSM HOro CTilKOCTi 1o nedopmariii. OTprMaHo ONTUMAaJbHE PillleHHS 3 aJIbTEPHATUBHUMMY BapiaHTaMU 3
BM3HAYEHHSI CTIMKOCTI MaTpulli METOAaMHU JIiHIMHOTO IPOrpaMyBaHHS 3 0OMEXXEHHSIMU 11010 TBEPLLOCTI, IPY>KHUX
nedopmaniii ii MmaTepiany, BAHUKHEHHS TPIlMH i BifKoty. Lle m03B0INIIO BUBHAYUTH IapaMeTpH
3MIHIOBaJIbHOCTA6i1i3yBasIbHOI 06POOKY BUOYXOM i MaTEMaTUYHOTO MOJIEIIOBAHHS L[bOTO MIPOLECy Ta IPOLECY
IVHaMivyHOI TOBeIiHKY 3arOTOBKY Iifl Yac BUOYXOBOrO IITAaMITyBaHHS. 3aBIsIKY aHali3y pe3yJIbTaTiB eKCIIepUMEHTIB
i BifilIpalloBaHHs TEXHOJIOTiH BUOYXOBOTO MITAMITyBaHHS [eTajell 3 IOBEPXHEIO CKJIaIHOI KPUBM3HU BCTAaHOBJIEHA
3aJIEXKHICTb KoeillieHTa JUHAMIYHOCTI Bif IOKa3HMKA HAMPY>XE€HOTO CTaHYy, 0 Ha/laJl0 MOKJIMBICTb BUBHAYUTHU
rpaHuyHi gedopmallii yHaciIoK BUCOKOMBUIKICHOTO AedopMyBaHHs. PO3p0o61€HO TEXHOIOT0 Ta INTAMIIOBE
OCHallleHHS 1J1s1 IipoBUOYX0BOrO IITAMITyBaHHSI eTalell cKaafHoi IpocToi KoHdirypauii 3 HepiBHOMipHUM

CTYIIEHEM BUIIMHAHH T10 TIEPDUMETPY.

2. The presented work is aimed at solving the urgent scientific and technical problem of improving the technology
and technological equipment for the manufacture of thin sheet parts of the gas turbine engines by the pulsed
method of metal working. The analysis of the experimental and analytical and numerical methods for determining
the technological parameters of stamping sheet parts of a complex spatial configuration with the uneven degrees
of distribution along the perimeter has been given. The reason for the loss of the operational characteristics and
the destruction of the forming surface of the die for the stamping by explosion has been established. The urgency
of the research on improving the methods for predicting the dynamic behavior of the thin-walled parts with a
variable taper angle and an uneven degree of expansion along the perimeter in which the upper and the 29 lower
contour are described by various geometric contours has been substantiated. The elimination of the irreversible
deformations of the die material for the explosive stamping is no less urgent. With the use of the morphological
analysis and mathematical modeling of the process of the pulsed loading and elastic-plastic deformation of the die
material, an effective method of hardening and stabilizing treatment of the forming surface of the die has been
determined. The development of the phenomenological fracture criteria which predict discontinuity of materials
has been given. The limiting deformations of blanks and technological equipment have been determined. The
numerical method of calculation in the Ansys AutoDYN system has been refined and expanded by introducing a
universal iterative procedure for correcting the pulsed loading of materials when determining the dynamic
behavior of the material, which made it possible to determine the optimal location of the explosive charge, the
loading parameters of the workpiece material, taking into account its resistance to deformation. The optimal
solution is obtained with the alternative options for determining the stability of the die by the linear programming
methods with restrictions on hardness, elastic deformations of its material, the occurrence of cracks and chips.
This made it possible to determine the parameters of the hardening-stabilizing explosion treatment and
mathematical modeling of this process and the process of the dynamic behavior of the workpiece during the
explosive stamping. By analyzing the results of the experiments and developing technologies for the explosive
stamping of parts with a complex curvature surface, the dependence of the dynamism coefficient of the stress
state indicator under a high-speed deformation has been established. A technology and die tooling have been
developed for the explosion stamping of parts of a complex simple differential-wall configuration with an uneven
degree of expansion along the perimeter.
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