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AHoTaNisn

Jna ompumanna Oemaneu 3 ranyamu epexmuena MexHonN02iA PadiaibHO20 BUOABTIOBAHHS
KOMOIHOBAHO20 3 OCAOKOI0, AKA 00380/5€ Nioguwumu cmynins oegpopmysants. [Hegpopmosnicme memany npu
paoianvHoMy 8UOABII06AHHI 3a1eXHcamb 8i0 2eOMempPUYHUX napamempis Granys i mampuyi, cxemu ma icmopii
Ooegpopmysannus. [na npoyecy KomOIHOBAHO20 O080CMAOIIHO20 BUOABTIOBAHHA CMPUJICHA 3 dranyem 3
XapakmepHum HEMOHOMOHHUM HAGAHMAJICEHHAM 3aNPONOHOBAHO NOCHIO06HICMb  PO3DAXYHKIE  pecypcy
NAACMUYHOCTI, WO BKIIOYAE emanu GUSHAYEHHA HANPYHCEHO-0eOopMOBAN020 CMAHY  AHI30MPONHO2O0
BMIYHIOBAHO20 MIAA 3 YPAXY8aAHHAM enausy egpexmy bayuwineepa i icmopii HaeanmasgiceHms.

KoarouoBi cioBa: BHIaBIrOBaHHsS MeTally, JeTaji 3 (iaHueM, cxeMu nedopMyBaHHs, 1e()OPMOBHICTS,
CTyNiHb (HOPMOYTBOPEHHSI.

Po3poOka Ta OCBOEHHS HOBHX HAyKOMICTKHMX TEXHOJOTIYHHX TIPOIECIiB 00’ €MHOTO
IUIACTUYHOTO  JeOopMyBaHHS — OOWH 13  HAWBAKIUBINIMX  HanpsMiB  iHTeHcHikaiii
MamuHOOYTyBaHHS, 30KpeMa 3aroriBenbHoro BHpoOHUITBA [1]. CTBOpEHHS Ta MOCIHIHKEHHS HOBUX
CIOoCO0IB BHUIABIIOBAHHS Ta MOJENEW pO3paxyHKy MpoIeciB nedopMyBaHHS B YMOBax CKIIQJIHOTO
HABaHTAKEHHS € BAXJIMBUMH HaNpsSIMKaMH PO3BUTKY MPOIECIB TOYHOTO 00 €MHOTO INTaMITyBaHHS

(TOLLI) [2].

Puc. 1. KinemarnyHi BapiaHTH paiabHOTO BUIABIIOBaHHS 00paHi ISl OCTIUKEHHs 1eopMOBHOCTI

B IOJMA i BHTY pos3pobneHo ramy crnoco0iB NOHNEpeYHOro Ta KOMOIHOBAHOTO
BUJIABJIIOBAHHS 32 PI3HUMHU KiHEMaTHYHMMH BapiaHTaMH jJe(OpMyBaHHS B PyXOMHX Ta PO3’€MHHX
marpuiax [3, 4]. Ha puc. 1 HaBemeHo xaeski cnocoOu (KiHeMaTW4HI BapiaHTH) paiabHOTO
BUAABIIOBaHHA. lIpuifoMM KiHEMAaTHYHOrO BIUIMBY € €(QEKTUBHUM LUIIXOM MiJBUIICHHS SKOCTI
JleTaneil, MO MITAaMITyIOTBCS Y TIpolecax TOYHOTO OO'€MHOTO INTAMITYBaHHS BHUIABIIOBAHHSM.
3anpornoHoBaHi CHOCOOM PETy/I0ITh MOJOKEHHS 30H MaKCHMAJIBHOTO 3MIIIHEHHS METaly, CTYIHb
3aIl0OBHEHHSI PUIIMaIbHOT HOPOXKHUHK MaTpuli i Gpopmy ¢raHis, 0 BUAABIIOETHCS. DakTopoMm, 1m0
00MexKye MOKITMBOCTI paIialibHOTO BHJIABJIIOBAHHS, € BiTHOCHO HU3BKHU CTYMiHb JAedopmallii npu
(dbopMyBaHHI (IIAHIIIB, 110 TIOB'SI3aHO 3 HASBHICTIO B 00JacTi (raHis "KOpcTKoi" cXeMU HampyXKeHO-
J1e(OpPMOBAHOTO CTaHy, OJIM3bKOT A0 JHIHHOTO po3TATYBaHHA. [ mpoBeaeHHs cepii J0CTiIiB II0A0
BU3HAUYEHHSI IPAHUYHOTO CTYIMEHS pajiajbHOrO BHIABIIOBAHHS Ta BCTAaHOBJIEHHS 3aKOHOMIpHOCTEH



J1e(OPMOBHOCTI BUKOPHUCTOBYBAJIM 3ar0TOBKH 3 MaTepianiB AMr6, AMiuM ta Crais 10 3 giamerpamu
Do, pisaumu 15,2; 21,2 Tta 28,2 MM.

[Ipu ™moHOTOHHINM nedopmanii HUsIXH AeGopMyBaHHS Yy KOOpDAHWHATAX «IHTCHCHUBHICTBH
nedopmariiii € — MOKa3HUK HANPYXEHOTO CTAaHy T» MOOYIOBAHO 3 ypaXyBaHHSM BIUIMBY OCHOBHHX
napaMmeTpiB aeraneii: BimHocHMX ToBuIMHU (ianis h/Do Ta pagiyca 3aokpyrieHHs matpuni /2Ro.
O6uik icTopii meopMyBaHHS BEH i3 3aCTOCYBaHHAM KpuTepiro nedopmoBHocTi Jens-OroponHikosa,
110 BPaXxOBY€E HEJiHIHE HAKOIMYCHHS TTOIIKO/DKEHb Ta HAsBHICTh Pi3HUX NUIIXiB AedopmyBanHs [4].

Puc. 2. TloBepxust rpannyHux Aedopmariii Ta nusixu | Puc. 3. lerani, oTpuMani pagiansHuM (a) Ta komOiHoBaHUM (0)
nedopMyBaHHS 3ar0TOBOK 3 cruiaBy AMuM BUJIABIIIOBAHHAM

st mporiecy KOMOIHOBAHOTO JABOCTAIIMHOTO BUIABIIOBAHHS CTPHXKHS 3 (PIIaHIIEM 3 XapaKTePHUM
HEMOHOTOHHHM HABAaHTAXXCHHSIM 3alpONOHOBAHO MOCIIJIOBHICTE PO3PaXyHKIB BUKOPHUCTAHOTO
pecypcy IIaCTHYHOCTI, IO BKIIOYAE OLIHKY HAIPYXEHOTO CTaHy aHi30TPOIHO 3MIITHIOBAHOTO TiNa 3
ypaxyBaHHsAM BIUIMBY edekTy baymiinrepa, BIUMBY icTOpii HaBaHTa)KEHHS Ta OCOOJIMBOCTEH
HAKOMMYEHHS Ta 3aliKOBYBaHHS IONIKO/DKEHb. EKCIeprMeHTal bHE OCTIDKEHHS paialbHOrO
BUJIABIIIOBAHHS 3 BHCAQJKOI TIOKAa3ald, IO 3alMpOMOHOBAaHWN MigXiJ JJis OIIHKH TPAHUYHOT
(hopMO3MIHU MPU3BOAUTH IO 3HAYHOTO MiABUINECHHS TOYHOCTI BU3HAYCHHS BEJIMYMHU BUKOPUCTAHOTO
pecypcy IUIaCTHYHOCTI.

Crioci6 KOMOIHOBaHOTO JTBOETAITHOTO Pa/iajIbHOTO BUIABIIIOBAHHS 3 BHCAIKOIO (IIaHIs ePEeKTUBHO
3aCTOCOBaHUI /ISl BUTOTOBIICHHS JIETANlCH THITy CEp/IeYHHKa MarHiTOIPOBOJY 3 JiaMeTpOM DPiBHUM
4,0 miameTpam 3aroToBKH (IHB. puc. 3, 0).
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STUDY OF METAL DEFORMABILITY DURING RADIAL EXTRUSION

Abstract
To obtain parts with flanges, the technology of radial extrusion combined with upsetting is effective, allowing
to increase the degree of deformation. The deformability of metal during radial extrusion depends on the
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geometric parameters of the flange and matrix, the scheme and history of deformation. For the process of
combined two-stage extrusion of a part with a flange with characteristic non-monotonic loading, a sequence of
calculating the plasticity resource is proposed, including stages of determining the stress-strain state of a
hardening anisotropic body, taking into account the influence of the Bauschinger effect and the history of
loading.

Keywords: metal extrusion, parts with a flange, deformation schemes, deformability, forming stage.

Aliyev Igramotdin, Doctorof Technical Sciences, Full Professor, Head of the Department of Metal
Processing by Pressure, Donbas State Machine-Building Academy, Kramatorsk-Ternopil,
igramaliev@gmail.com.

Levchenko Volodymyr, Candidate of Technical Sciences, Doctoral Student, O. Ya. Usykov Institute of
Radiophysics and Electronics, NAS of Ukraine, Kharkiv, goldangel271@gmail.com.

Sivak Roman, Doctor of Technical Sciences, Full Professor, Professor of the Department of Industrial
Machine-Building, Vinnytsia National Technical University, Vinnytsia, sivak r i@ukr.net.




