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Tema guceprauii:
1. XonogHe BUAABIIOBAaHHS MTOPOXKHUCTUX BUPOOIB i3 MaJIOIJIACTUYHUX CTasiel 3 qudepeHIiioBaHNUM ITPOTUTHCKOM

2. Cold forging of hollow products made of low-plastic steels with differentiated backpressure

Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA JOCIIKEHHIO BIUIMBY AU EPEHLiI0OBAaHOTO IPOTUTUCKY, BEJIMYMHA SIKOTO
30i7bIIyETHCS MPOIOPLIMHO 3MEHIIEHHIO NIJIACTUYHOCTI METay, Ha 3aKOHOMIPHOCTI MPOLeCY XOJI0AHOTO
(OpMOYTBOPEHHSI BUPOOiB 3 MOPOKHUHOI0, BU3HAUEHHIO KiHIeBUX (POpM i po3MipiB IOPOKHUH, BCTAHOBJIEHHIO
IIMTOMUX 3yCUJIb Ha ,e(pOPMYyIOUOMY iHCTPYMEHTI i 3yCUJLIsl BUAABIIIOBAHHS, pO3pO0Lli iIHKEHEPHUX METOAMUK
PO3paxyHKy IapaMeTpiB BUJABIIOBAHHS IOPOXHUCTUX BUPOOIB Ta HANliMHUX KOHCTPYKLi IITAMIIOBOTO OCHAIIEHHS.
Y po60Ti BCTAaHOBJIEHA MOXKJINBICTb PO3PAaXyHKOBUM LIJISIXOM, 3 BUKOPHUCTAHHSIM METOAY CKiHU€HHX eJIEMEHTiB,
o6y J0BY Jiarpam IJIACTUYHOCTI JJ1s1 MaJoIJIaCTUYHUX MaTepiasliB IJISIXOM BUIIPOOYBaHHS 3pa3KiB Ha pO3TST Ta
PO3TAr 3 KPyYEHHSIM B YMOBaXx Jiii 1r¢epeH1iiioBaHoro NPOTUTUCKY Ha 3pa3oK. PO3p06JIeHO METOMKY BUKOHAHHS
Ta [IPOBEEHUI TEOPETUYHMI aHAJII3y IIPOLECIB XOJIOJHOIO BUABIIOBAHHS ITIOPOKHUH IIOCTIMHOIO JiaMeTpy

cepruIHUM IIyaHCOHOM Ta BiCECUMETPUYHUX IIOPOXXHUH CTYIIiHYaTUM [TyaHCOHAM B yMOBax Jii



IndepeHLii0BaHOTO IPOTUTUCKY Ha 3arOTOBKY METOJIOM CIiJIBHOTO PO3B'SI3Ky HAOIMKeHUX JUu(epeHLiabHUX
PiBHSIHB PIBHOBAru 3 yMOBOIO MJIACTUYHOCTI Ta METOJIOM CKiHYEHHUX €JIEMEHTIB. 3 ypaxyBaHHS TepT4, Aii
IIPOTUTUCKY Ta 3MiLJHEHHS OTPUMAaHI aHAJITUYHI 3aJIEXKHOCTI [171 BUBHAYEHHS HAIIPY)KEHOTO CTaHy, IMTOMUX Ta
3ycuib nepopmysanHs. Komn'rorepHuM mogemoBaHHsIM MCE BcTaHOBIIEH] TapaMeTPU XOJIOAHOTO BUIABIIOBAHHS
3 IPOTUTUCKOM BiCECUMETPUYHUX IIOPOKHUH Ta [IOPOKHUH CKJIaIHOI KOHQIryparii B 3aroToBkax i3 craneit P6M5 Ta
12XH3A. OTpumaHi pe3yabTaTy MPOMILIIM JOCTATHIO eKCIIePMMEHTabHY NepeBipKy Ta IPOMUCIIOBY alpoballito Ta
Jlasii 3MOTy 3allPOBAaIUTU HOBI TEXHOJIOTIYHI CXEMU, METOIMKY iX PO3PaxyHKY Ta HOBi KOHCTPYKLii IITAMIIOBOTO
OCHaIIEeHH!, 0 CYTTEBO 306iJIbIIye€ MOXKJINBOCTI XOJIOJHOTO BUIABIIOBAHHS IIOPOKHUCTUX BUPOGIB B HAIIPSIMKY

POBLIVPEHHS] MApOK CTaJlell 11 BUIaBJIIOBaHHS Ta YCKJIaIHEHHS TeOMEeTPUYHUX (POPM MTOPOKHUH.

2. The thesis is devoted to research of the influence of differentiated backpressure (backpressure's magnitude
increases proportionally to reduction of metal plasticity) on the laws of cold forging process of products with
cavities, determination of final shapes and dimensions of cavities, determination of specific loads on the deforming
tool and forging force, developing of engineering methods for calculating the parameters of extrusion of hollow
products and reliable die tooling constructions. The work had set that obtaining of plasticity diagrams for low-
plastic steels by stretching and stretching with torsion under the action of differentiated backpressure on a
workpiece is possible to obtain by finite element method (FEM). The methodology of making was developed.
Theoretical analysis of cold forging processes of cavities with constant diameter by spherical punch and
axisymmetric cavities by stepped punch was carried out under the action of differential backpressure on the
workpiece by the method of joint decision of the approximate differential equilibrium equations with the condition
of plasticity and finite element method. Taking into account the friction, backpressure and strengthening the
analytical dependence for determining the state of stress, specific stresses and deformation loads were obtained.
Numerical simulation by FEM determined parameters of cold forging process with backpressure of axisymmetric
cavities and cavities of complex shapes of workpieces made of steels P6M5 and 12XH3A. The results had sufficient
experimental and industrial verification and allowed to set new technological schemes, methodology of calculation
and die tooling constructions which significantly increase the possibilities of cold forging of hollow products in
direction of expansion of steels for cold forging and more complex geometrical shapes of workpieces.
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