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YHIBEpCUTET

AHoTanis

Hocniooceno moodeni 0eopmoOBHOCMI 3a20MOBOK NPU NPOYECax MOpPYegoeo CMUCHEHHS, 00KOUY8AHHS,
npsAMO20 Ma 360POMHO20 GUMUCKYGAHHS MEmMOOOM UMAMNYSAHHS 0OKOUYEAHHAM YUNIHOPUYHUX 3020MOBOK.
Ocobaugy ysazy npuoiieHo 2pomi3oKuM 8UOam Mooenel, Wo 8UHUKAIOMb NPU 3ACMOCYS8AHHI NONYAAPHOI MoOei
niocyMo8y8anHs NOWK0OdceHb B. O20pooHikosa y no€OHAHHI 3 OKpeMUMU MUNAMu mpackmopit 0eqhopmyeanHs
MAaxpouacmuHox mamepiany 6 nebesneunux 3ouax. [lo6yoosano npukiad maxoi mooeni 0isi npoyecy npamozo
BUMUCKYBAHHS.  MemOOOM WIMAMRY8anHs obkouyeanusm. Ilokazano, wo pesyibmamu KOMN IOMEPHO2O
MOOENBAHHA (POPMOIMIHU mpyduacmoi 3a20moeKu npu GopmMyeaHHi GHymMpIiWHL02O0 Oypma Oemani mMuny
«CMAaKawy MemoooM mopyeso2o OOKOUYBAHHA He Cynepeuyamv NPUUHAMOMY NAPAMe MPUYHOMY ONUCY
mpaekmopiu degpopmysanus. Buokpemnerno eremenmu mooenel, ujo iCMOMHO YCKAAOHIOOMb IX CIMPYKMypYy ma
ananiz. Bemanoesneno, wo mpaekmopii degopmyeanns Maoms Xapakmepui 81acmueocmi, ujo 6i0KpuUsaioms
MOJICIUBICIL 00 CYMMEBO2O CNPOWEHHSI CKIAOHUX MoOdenel 0edopmosHocmi. 3anpononosano memoouxy, 3a
AKOW OKpema (QYHKYIOHATIbHA 3ANedCHICIb Y MOOeni Modce Oymu 3aminena Ha cmanuil Koegiyienm 6e3
icmomuoi empamu moyHOCMI, WO 3HAYHO NONE2UWLYE NOOANbUE AHANTMUYHE 1 YUCT08E 00CIONC eHHA.

Kniouosi cnosa: modenv niocymo8y8aHHs NOWKOONCEHb, MOOelb 0edOPMOGHOCTI, MPAEKMOPIs
Oeopmy8anHs, WMAMNY8aHHA 0OKOYYB8AHHAM, MOPYese CTNUCHEHHS.

E(beKTHBHOMy BIPOBaPKEHHIO TIpolieciB mmrammyBanHs oOkouyBanHsM (LIIO) mnepemkomxae
HEJIOCTATHIH PO3BUTOK PO3PAXyHKOBOTO arapaTy MEXaHIKH HAKOIMYEHHS TOMIKO/KeHb. [l
MOJICTIOBaHHsA J1e()OPMOBHOCTI HeOE3NEeUHMX 30H MaTepiady 3aroTOBKM HEOOXITHO (opMyBaTH
BIIMOBITHI MaTeMaTW4dHI Mojeni. Y psAli BUMAJAKIB Taki MOJEN € HaJMIpHO TPOMBAKHMU, IIO
YCKIIAJTHIOE aHAII3 3aKOHOMIPHOCTEH 3MIHHM MpaHUYHUX JieopMallii Ha X OCHOBI

OmHnM 1B KIIOYOBHX €JIEMEHTIB MojeNeil 1e(OpMOBHOCTI € TpaekTopii xedopMyBaHHSI
MaKpOYaCTHHOK MaTepially B HeOe3MeYHHX 30HaX 3aroTOBKH M 4Yac INIACTHYHOTO (HOpMO3MIHCHHS
[1, 2,3, 4,5].

AHaNi3 1MX TPAEKTOPI CTOCOBHO TMPOIECIB TOPIEBOrO CTHCHEHHS a00 0OKOUyBaHHs, MPSIMOTO Ta
3BOopoTHOro BHUTHCKYyBaHHA IO 3aroroBok mwmHIpHYHOI (POPMH JTO3BONMB BUSIBUTH XapaKTEpHI
0COOJIMBOCTI, IO BiIKPHBAIOTHh MOKIIMBICTH CYTTEBOTO CIIPOINEHHS HAJITO CKJIAHUX MOJICIICH.

B [2] nokazaHo, 0 TpaekTopiro nehopMyBaHHI MaKpOYaCTHUHOK MaTepially B HEOE3Ie YHIX 30HAX
LTIHAPUYHOI 3arOTOBKU I Yac MPSIMOr0 BUTUCKYBAHHA METOIOM IUTaMITyBaHHA OOKOYYBaHHIM
MOXXHA TIOIaTH Y BUIVIAI aHAJNITHIHOTO CTIBBIMHOIICHHSI, 3aJ[aHOr0 MapaMeTPUdHO

2(t)= b(tg() t)+a-Jl+c-t
tg?(t)+c te[o,%) | )

mj' +3-dx
\/cos X

ne a,b,c, m - mapameTrpu anpokcuMalii.




OTpumaHi pe3ynbTaTH KOMIT FOTEPHOr0 MOJIEIOBaHH (POPMO3MIHM TPyOUacTOl 3arOTOBKH I Yac
(dopMyBaHHA BHYTPIIIHROro Oypra JeTalli THUIy «CTakaH» METOIOM INTAMITyBAaHHS TOPLCBHM
00KOYYBaHHSIM (JIMB. PHUC.) HE CylepedaTrh TaAKOMY

peICTABIICHHIO.

Puc. Iporec ¢popmyBaHHS BHYTpIlIHEOrO OypTra
3aroTOBKH B 30HI KOHTAKTY 3 BaJIKOM: BUTTISIT Y
niepepizi.

Monenb TiICYMOBYBaHHS —TOMIKOIKCHb, IO
3amporoHoBaHa B mpaisix B. A. OropomHikoBa,
3aNMIIAE€TBCS  JOBOJMI  MOMYJAPHOIO Yy  Mparuix
BirumnsiHNX HaykoBuiB 1. C. AdieBa, O. B. I'pymika,
B. B. Kyxapsa, B. A. Tirosa, M. b. llrepna Ta
Oararpox iHmmx [6, 7, 8, 9, 10, 11, 12].

Mopnenb KpHBOI HAKONMYEHHS TOMIKOIKCHb Y
KOOpAMHATaxX 7)—Y/ , Mo nodympoBaHa Ha ocHOBi (1) 3

BUKOPHCTAHHSIM BKa3aHOI MOJIEJI MICyMOBYBaHHS MOMIKOKeHb, HA0YyBa€ TAKOTO BUIIISIITY:
b-(tg(t)-t)+a-Vi+c-t
Jor®)+ctt

Eu (7=~ £, (1=0)
ne
02 b-tg?(t) +avi+c 1(b-(tg(t)-t)+a 1+c)'(2tg(t)-£1+tgz(t))+2~c-t)
AT O LA CRORRE

1 ]
m'\/cos“(t)+3

Zx(n=-1),2,(7=0), &, (17=1) -Tpanu4ni aedopmalii 3a yMOB CTalOHAPHOTO J1e(hOpPMyBaHHS,
77 - 6e3pO3MIpHHI MOKA3HUK HAIPY)KEHOTO CTaHy, [0 JOPIBHIOE BITHOIICHHIO TEPINOro iHBapiaHTa

TEH30pa HATIPY>KCHb 10 IHTEHCUBHOCT1 HATIPY>KEHb.
ITokazaHo, MmO B psal BUMAJKIB OCTAHHE CIUBBITHOIIEHHI MOXXe OYTH 3aMiHCHE CTaJlM

Koe(illieHTOM N, a TAKOXK HABEJIEHO METOUKY OOUHCIICHHS HOTO 3HAYCHHSI.
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CONSTRUCTION AND SIMPLIFICATION OF A DEFORMABILITY MODEL FOR CYLINDRICAL BLANKS IN
ROLLING STAMPING AND UPSETTING PROCESSES

Abstract

Deformability models of cylindrical blanks in upsetting, rolling, and both forward and backward extrusion
processes by means of rolling stamping have been investigated. Particular attention is given to overly complex
models arising from the application of the widely used damage accumulation model by V. Ohorodnikov in
combination with specific types of deformation trajectories of material macro-particles in critical zones. A
representative model is constructed for the forward extrusion process by rolling stamping. It is shown that the
results of computer simulations of a tubular blank’s deformation during the formation of an internal flange of a
cup-shaped part by end rolling do not contradict the adopted parametric description of deformation trajectories.
Structural components of the models that significantly complicate their formulation and analysis are identified.
It is found that these trajectories possess specific properties that allow for substantial simplification of complex
deformability models. A method is proposed by which a certain functional dependence within the model can be
replaced by a constant coefficient without significant loss of accuracy, thereby greatly facilitating further
analytical and numerical studies.

Keywords: damage accumulation model, deformability model, deformation trajectory, rolling stamping, upsetting.
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