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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 po60Ta CIIpsSIMOBaHa Ha PO3B’S13aHHS aKTyaJIbHOTO HAyKOBOTEXHIYHOI 3a7ja4i BLOCKOHAIEHHS
TEXHOJIOTI Ta TeXHOJIOT{YHOTO OCHAILEHHSI [JIS BUTOTOBJIEHHS] TOHKOJIMCTOBUX JleTajlell ra30TypOiHHUX JBUTYHIB
iMITyJIbCHUM METOZIOM MeTasnioo6pobku. HazaHo aHasi3 ekcriepuMeHTalbHO-aHaNITUYHUX i YUCEJIbHUX METO/IB

BU3HAY€HHS TEXHOJIOTIYHUX MIapaMeTPiB ITaMITyBaHHS JIMCTOBUX TeTajlel CKJIaHOI MPOCTOPOBOi KOH(irypatii 3



HEepPiBHOMIPDHUMMU CTyII€HEM BUIIMHAHHS 10 IepUMeTpy. BU3HaueHO NpUYMHY BTPAaTU €KCIJIyaTallilHUX
XapaKTePUCTHK i pylHyBaHHS HOPMOYTBOPIOBAIbHOI IOBEPXHI MATPULb [JIsl INTAMITYBaHHS BUOYXOM.
OO6rpyHTOBaHO aKTyaJIbHICTb JOCIIiIPKEHD 00 YIOCKOHAJIEHHS] METOIiB IIPOrHO3YBaHHSI IMHAMIYHO]I [10BEIiHKA
TOHKOCTiHHUX J€Tajlel 3i 3MiHHUM KyTOM KOHYCHOCTi Ta HEPiBHOMIPHUM CTYIIEHEM BUIIMHAHHS 110 IEPUMETPY, Y
SKVX BEPXHIN HA HVJKHIY KOHTYP ONUCYIOTh PI3HUMU F€OMETPUYHMMU KOHTYpaMU. He MEHIIl aKTyaIbHUM €
YCYHEHHSI He0O0pOTHUX Jedopmaliiil MaTepiasy MaTpuLlb 1J1s1 BUOYXOBOTO LITAMIIyBaHHS. 3 BUKOPUCTaHHIM
MOP(OJIOriYHOrO aHasi3y Ta MaTEMAaTUYHOTO MOJEJIIOBAHHS IIPOLeCy iMITyJIbCHOIO HABAHTAXXEHHS Ta IPY>KHO-
njactuyHoi gedopmalii MaTepiany MaTpuLi BU3HaYeHO e(DEKTUBHUM METO], 3MillHIOBaJIbHOCTAa011i3yBaIbHOI
06p0o6Ky (OPMOYTBOPIOBAIbHOI ITOBEPXHI MaTpulli. HanaHo po3BUTOK peHOMEHOJIOTIYHUX KPUTEPIiiB pylHHyBaHHS,
sIKi IPOTHO3YIOTh IIOPYIIEHHS CYLiJIbHOCTI MaTepiaiiB. BusHaueHo rpanuyHe popMi3aMiHIOBaHHS Ta Agedopmarlii
3arOTOBOK i TEXHOJIOTIYHOTO OCHAIIEHHS. YTOUHEHO Ta PO3IIMPEHO YMCEIbHUI METOJ, PO3PaXyHKy B CUCTEMi ANsys
AutoDYN saBrgxuy ynpoBaKeHHs YHiBEPCaIbHOI iTepaliitHo]l IpoLeaypy KOPEryBaHHs iMITyJIbCHOTO
HaBaHTaXEHHS MaTepiasiB Mif], 4yac BUBHAYEHHS JTUHAMIYHOI TOBEIHKM MaTepiay, o JO3BOJINJIO BU3HAYUTH
ONTUMAaJIbHE PO3TalllyBaHHS BUOYXOBHUX 3apsfiB 3a IapaMeTPaMyu HaBaHTAXKEHHSI MaTepiajly 3arOTOBKU 3
ypaxyBaHHSIM HOTO CTiliKOCTi 1o nedopmaliii. OTpuMaHo ONTHMalbHE pillleHHS 3 aJIbTEPHATUBHUMU BapiaHTaMU 3
BM3HAYEHHS CTIKOCTI MaTpulli METOAAMHU JIiHIHHOTO IIPOrpaMyBaHHS 3 00MEXXEHHSIMU 10710 TBEPLOCTI, IPY>KHUX
nedopmaniii ii MmaTepiany, BAHUKHEHHS TPilMH i BinKoJty. Lle 103BoINIO0 BUBHAYUTH IapaMeTpu
3MILHIOBaJIbHOCTA06i/1i3yBasIbHOI 00POOKY BUOYXOM i MaTeMaTUYHOTIO MOJEJIOBAHHS LIbOTO MIPOLECy Ta IPOLECy
IVHAMiuHOI TIOBEIiHKYM 3arOTOBKH IIiJl 4ac BUOYXOBOTO IITAMITYBAaHHS. 3aBISKY aHAJi3y pe3yJbTaTiB €KCIIEPUMEHTIB
i BifIIpalloBaHHs TEXHOJIOTiH BUOYXOBOTO MITAMITyBaHHS JeTajlell 3 IOBEPXHEIO CKJIaIHOI KPUBU3HU BCTAaHOBJIEHA
3aJIEXKHICTb KoeillieHTa JUHaMiYHOCTI Bif I0Ka3HMKA HAMIPYXE€HOTO CTaHy, 10 Ha/lajlo MOKJIMBICTb BUBHAYUTHU
rpaHuyHi gedopmallii yHaciIoK BUCOKOMBUAKICHOTO AedopMyBaHHs. PO3p0o61€HO TeXHOIOTI0 Ta INTAMIIOBE
OCHaIleHHS 1J1s TipoBUOYXOBOrO IITAMITyBaHHSI AeTajlell CKIafgHoi mpocToi KoHdirypatii 3 HepiBHOMipHUM

CTYIIEHEM BUIIMHAHH T10 TIEDUMETPY.

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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