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AJIANITALIA MIPOLECY THYTTSA TOHKOJUCTOBOI 3ATOTOBKM ITIJT
ICHYIOUYI MOXKJINBOCTI BUPOBHUIITBA

Y cmammi npoaHnanizosaHo pisHi cnoco6u ompumaHHs npodinibo8aHOI 3a20mM0O8KU 3 MOHKOIUCMOB020 MemaJy.
BcmaHnosseHo, wo sukopucmaHHs noemanHoz2o 00HOKYMOE020 8i/1bHO20 32UHAHHSA DO3WUPIOE MOxcAugocmi pobomu 3
gequKuM posmaimmsm demasetl i 3MEHWYE 4ac nepeHANAWMYBAHHSI SUPOGHUYUX YMo8 nid pisHi npogiai demaneil.
BusiesneHo, wo obpaHull cnoci6 32uHaHHA GaAKmMu4vHO He mopkaembucsl demasnell iHCMpYyMeHmy NO8HICMIO, WO 3MeHUYE
8NnAuU8 Cul mepms HA 3A20MO8Ky. 3a PAXYHOK Yb0o20 HOpMyeaHHs demasi 3abe3nevyemucsi MIHIMAAbHUM 3YCUNAAM
npukaadeHuM 0o nyaHcoHa.

Knawouosi cnosa: noemanHe 2Hymms; MOHKOAUCMO8A 3020MOBKA; MEXHO/02iYHe 3YCUMIS; BUPOOGHUYE
YCMamky8aHHs.

MOLODETSKA TETIANA

Vinnytsia National Technical University

ADAPTATION OF THE PROCESS OF BENDING THIN-SHEET BILLETS TO THE EXISTING PRODUCTION
CAPABILITIES

The article analyzes all the advantages and disadvantages of stepwise single-angle free bending of a workpiece under the
conditions of the existing technological equipment and tooling at the enterprise to ensure conditions for reducing the force of workpiece
forming. It has been established that the use of stepwise single-angle free bending expands the possibilities of working with a wide variety of
parts and reduces the time for reconfiguring production conditions for different part profiles. It was found that the chosen bending method
does not actually touch the tool parts completely, which reduces the effect of friction forces on the workpiece. Due to this, the part is formed
with minimal effort applied to the punch. In the event that the load is relieved and the elastic recoil of the material leads to an incorrect
angle, it can be easily adjusted by applying more force.

The article highlights the main problems faced in production. The main ones are design and verification problems. The design
problem is to determine the stages of bending, because this is what is accompanied by the development of technological tooling, which takes
into account the overall dimensions of the punch and die and the necessary efforts to shape the thin sheet billet. The verification problem is to
ensure that the required part can be manufactured using the existing production equipment.

This work is devoted to the topical issue of expanding the technological capabilities of pressing equipment by developing and
analyzing flexible technological solutions that reduce the force regimes in the manufacture of stepwise single-angle bending of parts. Thanks
to the solution of verification tasks and the proposed options for bending sheet metal products, priority solutions were established that
allowed the use of production equipment for the manufacture of a small series of "Lopat” parts.

Keywords: step bending; thin sheet billet; technological effort; production equipment.

IHocTaHoBKa Mpo0JIeMH y 3arajibHOMY BHMIVISIAI Ta ii 3B’ A30K
i3 BayKJIMBMMHU HAYKOBUMM YU NPAKTHYHUMH 3aBAaHHAMHU

B cywyacHOMy BHpOOHHMITBI /JIsi OTpUMaHHS NPOQUILOBAHUX JieTaleil 3 TOHKOJIMCTOBOTO METally HIMPOKO
3aCTOCOBYIOTh IPOILIECH MOETAHOro THYTTS. OCTaHHE € TEXHOJIOTIYHO MPOCTHM 1 Ja€ 3MOTY BHKOPHCTOBYBATH
JIMCTO3TMHANIBHI MPECH SIK 3 YMCIOBHM IPOIPAMHUM YIPABIIHHAM Tak i 0€3 HbOro, BAKOPUCTOBYIOYH MATPHII Ta
ITyaHCOHH BiAIMOBiTHOT (hopMHu.

Ha mpakTHii IMpoKo 3aCTOCOBYIOTh HACTYIIHI clIOcOOHM ()OPMOYTBOPEHHS JAeTAJICH:

1) V-oxi6He 3ruHanns. HaitOunpmn momupeHuit crmocid THyTTS 3a JOIIOMOTOK0 MaTpHIIi Ta ITyaHCOHa. Take
3THHAHHS TOAUIIOTH HA TPHU MIATPYIH: HWKHE 3TUHAHHSA, "BUIbHE "THYTTS 1 KapOyBaHHS;

2) Hwxne npecyBanss. [lyaHcoH MpUTHCKAE JIMCT MeTaly 10 MaTpulli, hopma kol popMye KiHIIEBHH KyT
MaiOyTHBOT 3aroTOBKH. BHyTpimIHii pajiyc CKOIIEHOTO JINCTa BU3HAYAETHCS PaJilycoM caMoi MaTpulli. 3a Takoro
crocoOy 710 MyaHCOHa MO>KHA JTOKJIACTH 3HAYHE 3yCHIUIS, SMEHIIINTH NPYKIUHEHHS 1 3a0€3MeUNTH BUCOKY TOYHICTH;

3) U-noxibue 3ruranHs. TexHomoris cxoxa 3 V-1oiOHAM 3THHAHHAM. BiIMiHHICTB - MaTpUI 1 MyaHCOH
MatoTh U-opiGHmMiA podins, 3a0e3meuyoun Takui caMuii BUTHH MeTany. Lle mocuts npocTtuit criocid aedopmartii
JIMCTOBOTO METay.

V-nioniGHe 3rHHAHHS PO3MHPIOE MOXKIMBOCTI pOOOTH 3 BEIMKAM PO3MAITTSIM JeTajed 1 3MEeHIIye bac
NepeHaNaITyBaHHS BUPOOHMYMX yMOB TiJ pi3Hi npodini meraneid. Ilpm mpomy MeTonai MK JHMCTOM MeTany i
cTiHKaMH V-11oJ1i0HOT MaTpHIli iCHY€ MOBITPSHUH 3a30p, JIMCT 3aJIMIIAETHCS "B TOBITP1" 1 HE CTUKAETHCS 31 CTIHKAMHU
Marpuui. [lyaHcoH BIMBae Ha MeTas 3BepXy B OJHIH TOYIli, a MaTPUII TUIBKM ABOMA TOYKaMH Bropi V-nonioHoro
nasza. ['eomerpiss 3ruHy (OPMYy€EThCS TIIBKM 32 PaxyHOK INIMOMHM 3aHYpeHHS NyaHcoHa B Marpuipo. lllupuHa
CTpYMKa Ha MaTpHIli Haifuacrime BHOMpaeTbcsi 3 po3paxyHKy 10-15 ToBIIMH MeTamy, a IHCTpPyMEHT Ma€ KyT
Ha0araTo roCTPIilINiA, HiXK I€TaJb Micis 3ruHaHHA [1].

[epeBaru BijIbHOTO 3rMHAHHSL:

- Bucoka rHy4KicTh: 0€3 3MiHM 3rHHAILHUX iHCTPYMEHTIB BU MOYKETE OTPUMATH OYIb-SKHIA KyT 3THHAHHS,
10 3HAXOIUTHCS B MPOMDKKY MDK KyTOM PO3KPHTTSA V-ToAiOHOT Marpuili. Hampuknam, y pa3i BUKOpHUCTaHHS
myancona 30° 1 matpuiti 30° MOKHA OTpUMATH KyT 3TMHY Ha aetani 135°, 90°, 60°, 45° Ta iH.
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- MeHIi BUTpaTH Ha iIHCTPYMEHT, MOYKHA OOIHTHCS OJHUM KOMITJIEKTOM JUIsl 0araThboX 3aB/IaHb.
- MeHie HeoOXiiHE 3yCHILIS 3TMHAHHS MOPIBHIHO 3 IHITMMH METOAAMU 3T MHAHHS.
Hemoniku BiIbHOTO 3rMHAHHS:

- MeHnm TouHi KyTH. Y 3B'I3Ky 3 THM, IO IHCTPYMEHT BIUIMBAa€ HAa METaJ TUIBKH B TPHbOX TOYKaX, TO
3aroTiBiIsl MOXKE MOBECTH cebe HemependavyBaHo, i KyT 3THHY 10 BCii JOBXHHI Oyle HEpiBHOMIpHHIi, 0cO0IMBO
SKIO B 3arOTOBLI € 3aIMIIKOBI HAIPYXEHHs Hicls po3kporo. TeopeTnuni 3HaueHHS +45 | aje MPaKTHUHO MOXKE
JIOCSITaTH JIEKIIBKOX TPagyciB.

- MeHIIa TOYHICTh TOBTOPEHB, HA SIKY CHIIHO BIUTMBAIOTH BiAMIHHOCTI B SIKOCTI MaTepiaxy 3aTrOTOBOK.

- Binpmnit eext 3BOPOTHOTO MPYKUHEHHS 332 PaxXyHOK OUTBINOT PYKHOI Aedopmarii.

AHaJi3 ocTaHHIX T0CTiTKeHb i myQaikanii

IIpopaxyHOK, migOip TEXHOJOTIYHMX IEPEXOIiB Ta MPOCKTYBAaHHSI BUPOOHWYOI OCHACTKH IJIS TIOETAITHOTO
THYTTSl 3arOTOBOK HEOOXiMHOTro mpodiito BUKOHYIOTH 32 peKoMeHpalisiMu noBinuuka [2]. [Ipu upoMy BaxkinBo
BpaxoOBYBaTH IPYKHHEHHS MaTepially Ta KOPEKTyBaTH BHYTPILIHIH pajiyc 3TMHY Ha JeTaii, NepeBipUTH YH HE €
paiyc THYTTSI MEHIIUM, HDK TPaHUYHO JOIyCTUMUI JJIsl MaTepiaiy, 110 BUKOPUCTOBYIOTH [3]. Bimomi po6oTH, 110
MPOTIOHYIOTh TEXHOJIOTIYHI MpUIOMH, SIKI 3MEHIIYIOTH CHiy aedopMmyrouoi omepauii [4], ane BOHHM MalOTh
00Me)XeHe 3aCTOCYBaHHS.

daxiBui CTHKAIOTBCS 3 PsIOM MPOOJeM, ABI OCHOBHI 3 SKMX MO)KHa Ha3BaTH MNPOEKTYBAIbHOK Ta
MepeBipOYHOI0. 3a3BUYail, OCHOBHUM JOKYMEHTOM, IO JIE)KUTh B OCHOBI PO3POOKH TEXHOJOTII, € KPECICHHS JIeTai
3 BKa3iBKOIO Ha TeXHiuHI BUMorH. [IpoekTyBanmbHa mpoOieMa Mojsarae y BH3HAUYCHHI IEepeXoiB THYTTI, 00 came
PO3paxyHOK IIUX MEPEXOIB CYIPOBOMIKYETHCS PO3POOKOIO TEXHOJIOTIYHOTO OCHACTKH, JIe BPaXOBYIOThCS TabapuTHI
PO3MipH MyaHCOHY Ta MaTpHIi i HeoOXimHi 3ycmuis [5]. Bonoairoun manuMu mpo rabapuTHi po3MipH HEOOXiTHOTO
MyaHCOHY Ta MaTpHIi Ta 00paxyBaBIIM MaKCHMaJbHE 3yCHJUIL, HEOOXiaHEe Ul (POPMO3MIHH JICTOBOI 3arOTOBKH,
00HMparoTh MPECOBE YCTATKYBAaHHS 3 TIEBHUM 3aI1aCOM Ha TEXHOJIOT1YHI HEBIIIOBIAHOCTI.

VY cydyacHMX yMOBax pO3BUTKY MAalIMHOOYIyBaHHS Ta IHIIMX Taly3eidl 4acTo 3ycTpidaeTbcs Ipyra
npobiaema — mepepipouna [3]. Ilicis oTpUMaHHS TEXHIYHMX KPECJICHb NeTaji TEXHOJOTH IOBHHHI MEPEBIPUTH
MOXJIMBICTh BUTOTOBJICHHS Ha ICHYIOYOMY ycTaTKyBaHHI BUpoOHuLTBa. Lle moTpedye po3poOKH TEXHOJIOTI4YHOTO
ITOPUTMY OTIepalliid, aJalTOBaHKUX J0 HASBHOT OCHACTKU 3 MOXKJIMBICTIO IIBUIKOT a1anTalii 10 HOBOTO BUPOOYy.

HesBaxkatoun Ha 3HAa4YHY KUIBKICTB IOCIHIJKEHb Yy mpouecax (OpPMO3MIHM JIMCTOBUX 3aroTOBOK, CIIiJI
YB@KHO TMEPEBIPATH MOXJIHMBICTh BHUKOHAHHS TEXHOJOTIYHMX MEpexXoJiB Ha MigiOpaHOMy BHPOOHHYOMY
YCTaTKyBaHHI, PO3POOILIIOYN 3aXOAH, IO 3MCHIIYIOTh CHIIOBI PEXHMH, HaBiTh MPU JOCHTH HMPOCTOMY Mpodimi
JeTaii, mo 1eopMyroTh.

Mertoro cTaTTi € aHali3 TEXHOJOTIYHOTO BapiaHTy IIOCTAIIHOTO OJHOKYTOBOTO BIJBHOTO 3THHAHHS
TOHKOJICTOBOI 3arOTOBKM 3 BUKOPHCTAaHHSM IyaHCOHY Ta V-TIOMIOHOI MaTpumi /Uit BUTOTOBIICHHS ApiOHOI cepil
poQLIEOBAHAX JETAJICH.

Buxkusax ocHoBHOTO MaTepiady.

B ocHOBI po3po0ok OyiM NokiajieHi NoTpedu aJanTyBaT TeXHOJIOTiI0 GpopMoyTBOpeHHs netaini «Jlonate»
(puc.1, ckmapanbHa OAMHMIS Balbll MEXaHI3My IOJadi 3€PHOCYLIAPKH) ULIAXOM IOETAIIHOTO OJIHOKYTOBOTO
BIJILHOTO 3TMHaHHSI 3aTOTOBKH JI0 TEXHOJIOTIYHOT OCHACTKY BUPOOHUIITBA.

Puc. 1. Jeraan «Jlonatb»

BinbHe 3rvHaHHS JIMCTIB METaly peai3yeThCsl Ha JIMCTO3TMHAJIBHOMY BepcraTi. JIuct mix THCKOM
MyaHCOHA (BEPXHBbOTO 3TMHAIBHOTO IHCTPYMEHTY) BIABIIOETbCS B "CTpyMOK" Marpuli, mo Mae V-gpopmy.
@DaKkTUYHO 3THHAHHS 32 [[LOTO CII0CO0Y BUKOHYETHCS 38 TPhOMA TOYKAMH, KOJIM JIUCT CTUKAETHCS 3 ITyaHCOHOM, IO
(hopMmye IiHIIO 3THHY, 1 3 KpasMu "cTpyMKa" HIDKHBOTO IHCTPYMEHTY — Matpumi (puc.2). Mix JUCTOM 1 JTHOM
"cTpyMKa" 3aNMIIa€THCS MOBITPSHUN IPOCTIp, TOMY TaKWil BUJ 3THHAHHSA HAa3UBAIOTH "BiTBHUM'".

3a3Buyail Take 3rHHAHHS METaly IIPECOM 3aCTOCOBYETHCS HPU BHKOHAHHI 3aMOBIICHb Ha OJMHHYHI Ta
IpiGHi cepii, OCKUIBKM iHII METOAM TMOTPeOYIOTh BEIHMKOTO Hacy JUId IEepPeHaJIaro/PKEHHS JiHii, IO CKOpPOUye
MOXJIMBICTb POOOTH 3 BEJIMKHUM PO3MAITTSM JeTallel 1 301blrye HMOBIpHI TEpMiHN MEpeXxoay Bil BUITYCKY OmHi€l
Jnetani Ao iHmoi. BigmoBigHO, OUIBII JIETKE HANATOPKCHHS MK PI3HUMH JCTAISIMH MPOBOIUTHCS, SKIIO 1€
MOETaITHE OJJTHOKYTOBE BIJIbHE 3TrMHAHHS TOHKOJIMCTOBOTO METAIy.

BicHuk XmeabHUYybko20 HayioHaabHO20 yHigepcumemy, Ne3, T1, 2024 (335) 149



Technical sciences ISSN 2307-5732

VY upoMmy pa3si oOnagHaHHS Ul 3STHHAHHS 3aTOTOBKH — L€ BEPCTAT 13 YUCIOBUM NIPOTPAMHHM KEpYBaHHSIM.
3MiHa iHCTPYMEHTIB JUIsi 3TMHaHHS (IyaHCOHIB ab0 MaTpHIb), a TAaKOX 3aBaHTAXKEHHS HOBHX IPOTrpaM 3THHAHHS
MOXE 3aiiMaTH JIiUueHi XBWJIMHHM, LIO0 Ja€ 3MOTY IPAKTUYHO MHTTEBO IIEPEXOAUTH BiJ| OJHOTO BUPOOY /10 30BCIM
IHILIOTO, TPUYOMY HE TIIBKU 32 TEOMETPUYHOIO (OPMOIO, a i 32 TOBIIMHOIO METaIy.

B) r)
Puc. 2. IIponec BiTbHOro THYTTSI: 2) MOYATKOBE MOJI0KEHHSI 3aTOTOBKH, 0) nepiuii eran ¢opMyBanHs npodinio, B) Apyruii etan
¢opmyBanHs npodinio, r) roToBa AeTAIb.

Po3paxyHOK 3ycWiuls IpH IMOETATHOMY OJHOKYTOBOMY 3IMHAaHHI MOTpPiOHMIT ais 3a0e3nedeHHs J0Broi
po0OTH yCTaTKyBaHHS MOTPIOHO OOMEKYBAaTH HABAHTAXKCHHS BiAMOBIIHO 0 MAaKCUMAIbHO aomycTuMoro. [lpu V-
1o/1i0HOMY 3rMHaHHI 3ar0TOBKA ()AKTUYHO HE TOPKAETHCS JIeTalell IHCTPYMEHTY MOBHICTIO, 10 3MEHILYE BIUIUB CHJI
TEPTsS Ha 3aroTOBKY, TOMY III00 pO3paxyBaTH HEOOXiJAHE 3yCHWIUIS Uil 3THHAHHA 3aroTOBKA Ha IMPAKTHII
BUKOPHCTOBYIOTH hopmyiy (1):
1,42-L-Rpy5°

P=——""— (1)

vV

ne P — neoOxinne 3ycuiust, H, 1,42 — 1ie koedili€eHT, 1110 BpaXxoBYy€e TePTs 3ar0TOBKH 110 KPOMII MaTpuiti, L —
JIOBXKHMHA 3aTOTOBKH, MM, Rim — MeKa MIilIHOCTI B KI/MMZ, S — TOBILMHA METAIY, MM, V/ — IIMpHUHA PO3KPHUTTS
MAaTpHIIi, MM.
BucHoBknu

B pe3synbTaTi HpoBENEHOrO aHANi3y MOXKHA BiJA3HAYMTH, IO MOETAHE OJHOKYTOBE BUIbHE 3TMHAHHSA
3arOTOBKH € MAaJOBHUTPATHUM TEXHOJOTIYHUM PILIEHHSM, 3a JIONOMOTOI SKOTO MOKHA IIBHJKO AaJalTyBaTH
BUPOOHHMYE yCTaTKyBaHH JI0 ITOTPiOHOTO Mpodisto BUpoOy.

[IpoananizoBaHo Bci mepeBard Ta HEJOJIKH ITOETAITHOTO OJHOKYTOBOT'O BUIBHOTO 3TMHAHHS 3arOTOBKH B
YMOBax HasBHOTO TEXHOJIOTIYHOTO OOJagHAHHA Ta OCHACTKM Ha MIJNPUEMCTBI AJsI 3a0e3MeYeHHs YMOB II0
3HIDKEHHIO 3yClIst popMo3MiHM 3aroToBKH. OOpaHuii crioci6 3ruHaHHs, OTpUMaB CBOIO HA3BY BiJ TOTO (akTy, 110
JIeTallb, Ky 00po0II0Th, (PaKTHYHO HE TOPKAETHCS JIeTajel IHCTPYMEHTY MOBHICTIO, 110 3MEHIITY€ BILIUB CHJI TEPTS
Ha 3aroTOBKY. 3a paxyHOK I1b0oro (opMyBaHHS aeTaii 3a0e3nevyeTbesi MiHIMAIBHUM 3yCHIUISIM NPUKIAJCHUM 10
IMyaHCOHA. Y pasi, SKII0 HaBaHTaXXCHHS oclla0He, 1 MPYKHA BiAmada MaTepiaxy MpHU3Bene I0 HEMPaBHIHHOTO KyTa,
HOTO JIETKO BiPETyIIOBATH, IPUKJIABIIH OUTBIIE 3yCHIIIS.
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