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OCOBJIMBOCTI PO3PAXYHKY BUKOPUCTAHOI'O PECYPCY IINIACTUYHOCTI
IMPU XOJIOJHOMY ®OPMYBAHHI BUPOBIB TUIlY CTAKAH

B po6omi ymounerHo Memoduky po3paxyHKy 8UKOPUCMAHO20 Pecypcy NAacCmuyHocmi 3a2omosok muny «CmakaH»
8 npoyecax 360poOMHO20 X0.100H020 NAACMUYHO20 HOPMO3MIHEHHSL.

IIpu po3paxyHKy 8UKOpUCMAHO20 pecypcy NAACMUYHOCMI 8pAX08AHO 6N/AUE8 00'€MHOCMI CXeMu HANPYiceHO20
CMAHy WAAXOM BUKOPUCMAHHS NOBEPXHI 2paHUYHUX degpopmayiil 3amicmbs diazpam naacmuyHocmi.

3acmocysanHs 2idpocmamuyvHo20 nidnopy npu 360pOMHOMY 8Udae8a08aHHI d0380UN0 HE MiAbKU 3MeHWUMU
cmyniHb BUKOPUCMAHO20 pecypcy NJAACMUYHOCMI, d MAKO}C ompumamu 6inbwl pigHOMIpHUll Uozo po3nodia, omoice
nideuwumu AKicmb 0mpumysaHux 3a20moeoK Npu 360pOMHOMY 8UAABNHBAHHI [ NOKpAWUMU MEXHO/02iYHY cnadkosicmb
2o0mosux supobis.

Ompumani 8 po6omi pesysbmamu Moxcymb 6ymu 8UKOPUCMAHI 045 OYiHKU 2paHUYHO20 (HOPMO3MIHEHHS 8
NnodibHUX MexXHO102IYHUX NPOYecax, o Cynpo8oaHCyombCsi 06’ EMHOI CXeMOI HANPYHCEHO20 CINAHY.

Kawwuosi caosa: sukopucmanuli pecypc naacmuyHocmi, 2paHuvHe (opMo3mMiHeHHs, 360pomHe 8UdasH8AaHHS,
X0/100He naacmuyHe 0egpopMy8aHHs.

Inna KYRYTSYA

Vinnytsia national technical University

FEATURES OF THE CALCULATION OF THE USED PLASTICITY
RESOURCE DURING COLD FORMING OF GLASS-TYPE PRODUCTS

The reverse extrusion process is widely used in the production of "Glass" type parts. Due to high technical and economic indicators
and great technological possibilities, in recent years, cold plastic deformation has become widely used in machine- and instrument-building
plants, in the electrical and radio engineering industry, as well as in other branches of the national economy. However, the possibility of cold
plastic deformation by the extrusion method is not yet sufficiently used. The reason is that, traditionally, during the design of metal pressure
processing processes, attention is paid to determining the power parameters and ensuring the geometric accuracy of the workpieces. But this
does not allow us to assess the ultimate shape change and technological heredity of the finished products and make a quantitative
assessment of the damage of the deformed metal.

In this work, the process of forming products of the "Glass" type by reverse cold plastic deformation is investigated, in which the
used plasticity resource is taken as the most important parameter responsible for the quality of the products.

The method of calculation of the used resource of plasticity of "Glass"” blanks in the processes of reverse cold plastic forming is
clarified.

When calculating the used plasticity resource, the effect of the volume of the stress state scheme is taken into account by using the
limit deformation surface instead of the plasticity diagrams.

The graphs of distribution of the resource of plasticity by the radius of the workpiece are obtained. From the analysis of the results it
follows that the greatest intensity of accumulation of damage occurs in the areas of maximum irregularity of plastic deformation. Points of
contact of the punch with the workpiece turned out to be dangerous.

The use of hydrostatic support in reverse extraction allowed not only to reduce the degree of plasticity used, but also to obtain a
more uniform distribution of it, therefore, to improve the quality of the obtained blanks when reverse extrusion and improve the
technological heredity of the finished products.

The results obtained in the work can be used to estimate the limit change in shape in similar technological processes, which are
accompanied by a volumetric scheme of the stressed state.

Keywords: used plasticity resource, limit deformation, reverse extrusion, cold plastic deformation.

IHocTanoBKa mpo0/1eMH y 3arajibHOMY BHIJISIAI
Ta ii 3B’f130K i3 Ba2KJINBHMH HAYKOBHMH Y¥ NPAKTHYHUMH 3aBAAHHSAMHA

®opmyBanus BUpoOiB ThIy «CTakam» XOJIOAHMM IUIACTHYHUM Je(OpMyBaHHIM 3a0e3redye SKICTh TOTOBHX
Bupo0OiB. ITporiec 3BOPOTHOTO BUIABIIOBaHHS IIMPOKO BUKOPHUCTOBYETHCS TIPH BUPOOHMIITBI JieTasneid Tuimy “Crakan”.

3aBaSKH BUCOKHUM TEXHIKO-€KOHOMIUYHMM TMOKa3HHWKaM 1 BEJIMKHM TEXHOJOTIYHHM MOMJINBOCTSAM XOJIOJHE
IUTacTHYHE JeOpMyBaHHS B OCTaHHI POKH CTaJl0 MIMPOKO 3aCTOCOBYBATHUCH HA MAIIMHO- 1 MPHIAHOOYAIBHUX
3aBO/IaX, B €JIEKTPO- 1 PaJiOTEXHIYHIA IPOMHCIOBOCTI, a TAKOXK B 1HIIIHX Tay3sSX HApPOIHOTO TOCTIOAAPCTBA.

OnmHak,  MOXIHMBOCTI  XOJNOJHOTO  IUIACTUYHOTO  JAeOpPMYyBaHHS  METOJOM  BHUJIABJIIOBAHHS
BHKOPHUCTOBYIOTHCSI 1II€ HEIOCTaTHHO. [IpHUMHOIO € Te, MO TPaJWIiHHO MPH MPOEKTYBaHHI MpoieciB 00poOKH
METaliB THCKOM yBara NpUAUIIETHCS BH3HAYEHHIO €HEPrOCWIIOBHX IapaMeTpiB Ta 3a0€3NEeUeHHI0 T€OMETPHYHOI
TOYHOCTI 3arOTOBOK. AJI€ 1€ HE JI03BOJISIE OL[IHUTH I'paHudHe (POPMO3MIHEHHS 1 TEXHOJIOTIUHY CIIaIKOBICTh TOTOBHX
BUPOOIB Ta 3pOOUTH KUIBKICHY OLIIHKY MOIIKO/KEHHOCTI 371e()OpMOBaHOTO METay.

OnHa 3 OCHOBHHX IpoOJieM TiJ 4ac peaizalii mpolecy 3BOPOTHOTO BHIABIIOBAHHS IOJATAE y 3HAYHIN
HEOHOPITHOCTI PO3MOJUTY IUIACTHYHUX JedopMaiiii Ta BHKOPHCTAaHOTO pecypcy IUIACTUYHOCTI MO 00’eMy
3neopMOBaHOT 3aroTOBKM, IO 3HAYHO IiIBUINYe HMOBIpHICTH MOSIBH Opaky, OOYMOBJIEHOTO 3apOJDKEHHSIM
MIKpOTpimuH. J[Is ycyHEeHHS iCHYIOUMX HEIONIKiB TMPOMOHYEThCS BUKOPHCTAaHHS TiAPOCTATUYHOTO ITiANOPY B
MIPOLIECAX 3BOPOTHOTO BUIABIIOBAHHS.
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Bapto BigmiTuTH, mo npu popMyBaHHI BUpobiB THITy «CTaKaH» XOJIOTHUM IDIACTUYHAM IeOpPMYyBaHHIM
peai3yerbesi 00’ eMHHUN HaNpy>KeHUi CTaH.

@opMyTI0BaHHS Wineil cTaTTi
Mertor poOOTH € YTOYHEHHST METOJUKH PO3PaXyHKY BHKOPHCTAHOTO PECYPCy IUIACTHMYHOCTI 3aroTOBOK
tuiry «CTakaHn» B Ipoliecax 3BOPOTHOTO XOJIOAHOIO IIACTHYHOTO (pOpMO3MiIHEHHS, BPaXOBYIOUH 00 €MHICTh CXEMHU
HaNpy>KEHOT'0 CTaHy.

Bukiaa ocHOBHOro Mmartepiany

B pmamiit poGoti mocmimxyerbes mporec ¢opmyBaHHS BHpOOiB Tumy «Ctakam» (puc. 1) 3BOpOTHHM
XOJIOJHAM IUTACTUYHAM [e(OPMYBAaHHSIM, B SKOMY HAWBaXJIMBIIINM MapaMeTpoM, IO BiIIOBiZae 3a SKICTh
BUPOOIB, IPUHHITO BUKOPUCTAHUH PECypC IIIACTUIHOCTI.

Ha sKicTh 1 TEXHOJIOTIYHY CHAJKOBICTh J€TAJICH MAIIMH, OTPUMaHUX METOJOM OOpPOOKH METalliB THCKOM,
CYTTEBO BIUIMBAE PiBEHb Ta 3aKOH PO3MOALITY BUKOPHCTAHOT'O PECYpCY IIACTHYHOCTI i 1o 00’eMy 3aedopMoBaHOl
3arOTOBKH.

Jis oriHku 1eOpPMOBHOCTI 3arOTOBOK 1 JJIsi TEXHOJOTIYHOTO 3a0E3MEYCHHS SKOCTI FOTOBHX BUPOOIB
HeoOxinHa iHdopMais npo icropiro nedopMyBaHHS KOXKHOI MaTepialbHOI YACTUHKH B 00’ €Mi 3arOTOBKH.

ToMy, YTOYHEHHS METOJMKH pO3PaXyHKY BHKOPHUCTAHOTO pPECypcy IUIACTHYHOCTI B TEXHOJOTTYHHX
IpoLecax, o CYNPOBOKYIOTECS 00’ €MHOIO CXEMOIO HAIIPY)KEHOTO CTaHY, € aKTyajlbHHM.

Puc. 1. ®ororpadii redpopmoBanux 3arorosok 3 AJ10 ta M1

3a pesysbTaTaMH JOCHIDKEHb OTPUMAaHUMHU B pobOorax [1-4]: BUBYEHO MexaHIKy mpouecy (OpMyBaHHS
BUpOOiB Tuny «CTrakany, K 3 TiIpOoMiAInopoM, Tak i 6e3; chopMoBaHO TexHoyOriuHUN nacnopt Marepianis (AJI0 Ta
M1), 3 sIKHUX BHTOTOBIIAIOTHCS AeTaii Tuny «CTakaHny; BUKOPUCTOBYIOUH METOAMKY 3alpOINOHOBaHYy B poOoTi [3, 4]
PO3paxoBaHO 1 JOCITIPKEHO HANpyXeHO-Ae(hOPMOBAHUI CTaH B PI3HUX 00JacTAX (GopMyeMOro BUpoOy 3 METOIO
OLIIHKH BUKOPHCTAHOTO PECYpPCy MIIACTUYHOCTI.

B naHiit po0oTi BUKOpPUCTaHHI pecypc MIIacTHYHOCTI z// po3paxoByBaiu 3a kpurepiem (1) [5, 6, 7]

ol s} »

285,-5,-5,

e Ho S _g — mapametp Hanai-Jloze;
3

S1, 82, S3— KOMIIOHEHTH JIeBiaTOpa HAPYKEeHb;
_ o P +0y+0,
n= — IOKAa3HUK HAIPY>KEHOI'0 CTaHy,
O-u
o 0? Oy, 0, — KOMIIOHEHTH T€H30pa HalPy>KEHb;

Gu — IHTCHCHUBHICTb HAIIPYKCHb,

eu — IHTEHCHBHICTH JIe(popMarii.

[oBepxui rpannmunux xpedopmanii mis A0 ta M1 Bu3Hayamu 3a METOMMKOIO 3arpOIIOHOBAHOIO
I. O. CuBakom B poboti B pobotax [5] Ta [6].

€y (17, 1) =1,1exp(0,42,, —0,517) — MOBEpXHsl TrpaHM4YHMX zaedopmauiit amst AJ0 1 nwmaxm

nedopMyBaHHSI YaCTMHOK MaTepiasy B HeOe3nedHHX OOJIacTsSX NMpW 3BOPOTHOMY BHJIABJIIOBAHHI IMITIHAPHYHHUX
BUPOOIB 3 IIyXUM OTBOpOM (pHc. 2).

ep(n, U, ) =1,022exp(0,384, —0,4577) — noeepxmst rpanmunux edopmauiii mis M1 i mwisixu
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nehopMyBaHHSI YAaCTHHOK MaTepially B HeOe3lMeyHuX 00JacTaX MpU 3BOPOTHOMY BHUAABIIOBAHHI HHITIHAPUIHHUX
BHUPOOIB 3 [IIyXUM OTBOPOM (pHuc. 3).

BukopucTaHHsS TOBEPXOHb T'paHMYHMX jAedopMariiil [Uis OIIHKH BUKOPUCTAHOTO PECypCy IUIACTUYHOCTI
JTO3BOJIMJIO BPaxyBaTH 00 €MHICTh CXEMH HAMPYKEHOTO CTaHY.
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i Ho
Puc. 2. TTosepxust rpannanux gedopmauniii nus AJ10 Puc. 3. Iloepxust rpannanux Aedopmaniii aus M1
Ta HUISXM 1epopMyBaHHS YaCTHHOK MaTepiajay B Hede3MmeyHHuX Ta NLISAXH Je)OPMYBaHHS YACTHHOK MaTepiaay B HeOe3ledHUX
obaacTax obJacTax

Haii6inbn HeOe3nmeYHnMH, 3 TOYKH 30pY PYHHYBaHHs, BHUSBWINCH TOYKH, SIKi 3HaXOIAThCS B 00acTi
MaKCHMaJIbHUX TUIACTUYHUX Jedopmaniid z =0 (puc. 4), » =101 14 mm.
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Puc. 4. Po3paxyHkoBa cxemMa 3BOPOTHOI'0 BH/ABJIOBAHHS

Ha pwuc. 5 ta puc. 6 npuBeeHi 3aKOHH 3MiHN iHTEHCUBHOCTI JleopMariil, TOKa3HUKIB HAIPY>KEHOTO CTaHy
11 Yo Ta BUKOPHUCTAHOTO PECypCy IUTacTHYHOCTI  (puc. 7, 8) 1o paniycy 3aroTOBKH B HeOe3IeUHil o0macTi mpu z
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Puc. 6. 3mina inTeHcuBHOCTi 1edopmaniit

Puc. 5. 3mina inTencuBHocTi Aedopmaniit

Ta NOKA3HHKIB HANIPY/KEHOr0 CTaHY Ta NOKA3HUKIB HANPY:KEHOTO CTAHY
no pajiycy 3arorosku AJI0 npu z=0 no paziycy 3arorokn M1 npu z =0
® — BU/IaBJIIOBaHHA Ge3 rizpomignmopy ® — BHIABJIIOBaHHs 0e3 rigpomiamnopy
0 — BH/IaBJII0OBAHHS 3 TiAPONiANoOpomM 0 — BH/IABJIIOBAaHHS 3 TiAponianopom

I3 aHaMi3iB OTpUMAHUX PE3YJIbTATIB BUILIMBAE, 1[0 HAWOLIbIIA IHTCHCUBHICTh HAKOITUYCHHS MTOIIKOIKECHb
Mae Micie B 00JIacTIX MaKCHMAaJIbHOT HEPIBHOMIPHOCTI TIACTHYHUX Aedopmaliii. BukopuctanHs TigpocTaTHIHOTO
HiAMOPY J03BOJIWIIO HE TiJIbKW 3MEHIIUTH CTYIIIHb BUKOPUCTAHHS PECYpCy IUIACTUYHOCTI, 8 TAKOX OTPUMATH O1IbII
piBHOMIpHUIL Horo po3moxin (puc. 7, 8).

v ADO v M1
] Ees figpomfimopy 0.9 A
Vi -
0.7 1 / \ 08 Ees rizponian py/ \
0.6 7 \
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] / 04 p
0.3 / / . :
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Puc. 7. 3mina BUKopucTaHOro pecypcey IIaCTHYHOCTI Mo pagiycy  Puc. 8. 3miHa BHKopucTaHOro pecypey MIacTHYHOCTI O pajiycy
r3arotoBku A1 0 npuz=0 r 3aroroBku M1 npu z=10

BucHoBKH 3 JaHOT0 HOC/IKeHHS i IEPCNEKTHBY NOJANBIINX PO3BiI0K y JaHOMY HANIPAMI
Jisa 6inpm 1ocToBipHOI OWIHKK Ae(hOpPMY€EMOCTI METaNliB IpH 00’ €MHOMY HaNpy>XEHOMY CTaHi, SKHHA Mae
MICIIe ITPH 3BOPOTHOMY BHAABIIIOBAHHI, yIOCKOHAIEHO METOIMKY OLIiHKH Ae()OpMyeMOCTI IIJISIXOM BHKOPHUCTAHHS
MOBEPXHI TPAaHUYHMX JeopMalliif 3aMicTh Aiarpam IJIaCTUIHOCTI.
Otpumano Tpadiku pO3MOMIITY pecypcy IDIACTHYHOCTI IO Pajiiycy 3aroToBKH. I3 aHamily OTpUMaHHX
3aJIe)KHOCTEH BUIUIMBAE, 1[0 HAWOUIBIN 3HAUYEHHS BUKOPHUCTAHWN pecypc Mae B TOUKax 3 KOOpAMHATAMH p = |, z =
0. Kpim TOro 3HadeHHS BHUKOPHCTAHOTO PECYpCy IUIACTUIHOCTI 3MEHIIYEThCS 3 POCTOM  BiJHOIICHHS
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MaKCHMAaJIbHOTO pajiiyca 3aroTOBKH JO paliyca myaHcoHa. HeOe3nmeyHWMH BHUSBHIIMCS TOYKH TPU KOHTAKTI
IyaHCOHa 13 3aroTOBKOIO. BHKOpHCTaHHS TiPOCTATUYHOTO MIINOPY JIO3BOJIMIIO HE TUIBKM 3MEHIIMTH CTYIiHb
BUKOPHCTAaHHS PeCypcy IUIACTHYHOCTI, @ TAKOXK OTPUMATH OifbLI PIBHOMIPHHHA HOTO PO3NOALI, OTXKE ITiJBHIIMTH
SKICTh OTPUMYBAHUX 3arOTOBOK IIPH 3BOPOTHOMY BHIABJIIOBAHHI 1 IIOKPAIIUTH TEXHOJOTIYHY CMaJKOBICTh TOTOBHX
BUPOOIB.

BcraHoBneHO, 110 BUKOPUCTAHHSI TiIPOCTaTHYHOTO MIANOPY y TOPIBHSHHI 13 cXeMolo 0e3 rixpomianopy,
JIO3BOJIMJIO HE TIABKM 3MEHIIMTH CTYMiHb BHKOPHUCTAHOTO pEeCypcy IUIACTUYHOCTI, a i OTpUMaTH OuIbII
PIBHOMIpHHH HOTO PO3MOALT.
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