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JOCIIZKEHHSA MPOLHECY PO3AIJIEHHA ®ACOHHOI'O ITPOKATY HA YCTAHOBIII 3
K/IMHOIIAPHIPHUM MEXAHI3MOM I3 IIOBOPOTHUM HOXEM

!Kapnayx C.T., 2 Auies L. C.
1,2 — Jlonbackka aepkaBHa MammHOOYIiBHA akaneMis, M. Kpamaropcbk, Ykpaina

Anomauin. Ananizom 600CKOHANEHOI KOHCMPYKYIT KIUHOWAPHIPHOZO MEXAHIZMY 3 VEICHYMUM KIUHOM 13
nOBOPOMHUM HOJHCEM 6CMAHOBIEHO, WO 3anp0n0H06aHuL7 MEXAHIZM Ma€e MeEHULy KIIbKIiCmb NnOBEPXOHb mepnis i Mooice
Oymu suxopucmanuil 0st 8iOPI3KU 3CY8OM (PACOHHO20 NPOKAMY CKAAOHOI KOHGieypayii. 3acmocysants mexanizmy
003605151€ 3a0e3neuumu CKIAOHUI NIOCKUL PYX IHCIMPYMEHRmMA, Pe3yibmMamom K020 € CHOLYYEHUI npoyec 8iOpisKu
3CY80M I KPYUEHHS, WO 3MEHULYE eHepeOCUNO8] Napamempu npoyecy po30iNeHHs ma WKIOAUGl HACAiOKY Nicasoii
PO36aHmMAadiCeHHs npeca y Kinyi poooyozo xody. Ha ocnoei ananizy pezynbmamie MooentosanHs i3 3acmocy8anHsIm
epagoananimuuno2o memody ma npocpamunozo komniexcy Deform ecmanoeneni 3anexncHoCmi po3paxyHKie
2COMEMPUYHUX | CUNOBUX NAPAMEMPIE OONAOHAHHS 3 GUKOPUCMAHHAM MAKUX MEXAHI3MIE, SKI 3a0e3neuyioms
payionanvHi pexcumu 8iopizku. Benuuuny napamempy, AKull GUHAYAE NOJ0JICEHHS YeHmpy 00epmanHs wapHipy
Mexamizmy, peKOMeHOYEMbCs GuOUpamu pieHol0 NOJNOBUHI padiyca Y8icHymo2o KIUHA. YCmanoeieHo, Wo
3ACMOCY8aHHsl YCMAHOBKU HOB0I KOHCMPYKYIL 3abe3neuye 3HUICEHHS eHep2OCUNOsUX napamempie npoyecy
PO30iNeHHs Y NOPIGHSHHI 3 GIOOMUMU KOHCMPYKYIAMU CYHACHO20 OONAOHAHHS Ma 3a0e3nedye 2eoMempuyiny
MOYHICMb BIOPI3AHUX 3A20MOBOK.

Knwuoei cnosa: 3azomoeKa, Gi()piSKa 3CY80M, KPYHUEHHA, MOMEHRNM, PpO36AHNMANCEHHA npecd, ceomempudna
MOoYHIiCMb

OCHOBHI JOCTIPKEHHs] B 00J1aCT1 pO3AUICHHSI COPTOBOTO MPOKATY CTOCYIOTHCS PO3AUICHHS MPOKaTy
npocTux KoHdiryparmii [1, 2]. OmHak B TeXHIYHIN JiTEpaTypl HEJIOCTATHBO OOTPYHTOBAHI MEXaHI3MHU
PO3IUICHHS, TPAaHUIIl 30HU AeOPMYBaHHS 1 XapaKTep HaINPyKEHO-Ae(hOPMOBAHOTO CTaHY MTPH PO3AUICHHS
(daconnoro mpodutboBaHoro mnpokary [3]. BiacytHi pekomeHpaamii mo BHOOPY TEXHOJIOTIUHHUX CXEM
PO3IUICHHS 1 KOHCTPYKIIT 0OIaHaHHS AJIs X peaizaitii.

Tomy obnagHaHHS 1 OCHACTKA, K1 3aCTOCOBYIOTHCS ISl pO3AUICHHS (pacOHHHUX MpoduTiB, A0 CUX TP
PO3POOJISIOTHCS, Y OUIBIIOCTI BUIAAKIB, Ha EMITIPHYHIN OCHOBI. Y po6oTi [4] ZOCTIIKEHO TEXHOIOTTUHHIA
nporiec posauieHHsT paconHux I1 — moaionux npodinis. [IpoBeneni nocaimKeHHS MOKa3ald MPUHHATHY
SKICTh PO3JUTIOBAIBHUX 3aroToBOK. OJHaK Npe[cTaBlieHa KOHCTPYKIIS OCHACTKU Ui peanizamii
3ampOIOHOBAHOT CXEMH PO3JUICHHS Mae Ui psag HemodikiB. [lo-meprne, HHU3BKY J>KOPCTKICTH
KOHCTPYKIIii, TOMY ILII0 B Hif 3aCTOCOBY€ETHCS BaXKiJIbHAa CUCTEMa Iepe/iadl HaBaHTAXEHHS Ha 3arOTOBKY.
[To-apyre, omopHi YaCTUHU BaXKeJsl MAlOTh HEJIOCTATHI TUIOIII KOHTAKTY, IO 3HIKYE HAIIHHICTE POOOTH
BCTaTKyBaHHS. [3-3a CKJIaIHOCT1 KOHCTPYKIii HAAIHICTh pOOOTH LITaMIIa HEBUCOKA.

Jlia ycyHeHHsI TaHUX HEAOJIKIB 3 METOI0 CIPOIIEHHS KOHCTPYKIIII 3alpONOHOBaHA YCTaHOBKA 13
YBITHYTHM KJIMHOM 3 MOBOPOTHUM HOXEM. 3alpONOHOBaHA HOBAa KOHCTPYKIlisS YCTaHOBKH (puc. 1, a, 0)
CKJIaJIa€ThCs 13 KIIMHA 1, pyxoMoro 2 i HepyXxoMoro (He moka3aHuii) HoxkiB Ta mapHipa 3. Kinun 1 mae aBi
po0oui MOBEPXHi, OJJHA 3 SIKUX IJIOCKA i OMIMPAETHCS HAa BEPXHIO MONIEPEYNHY yCTaHOBKU. J[pyra poboya

MOBEpPXHS KJIMHA BUKOHAaHA LWIIHAPUYHOIO pajilycoM R il CHOJYYaeTbcs 3 OMYKIO IHJIIHJIPUYHOIO
noBepxHer Hoxa 2. BiyHi npsAMOIiHINHI MOBEPXHI pyXOMOT0 HOXa 2 CIIOJy4aloThCs 3 BIINOBIIHUMHU
BHYTPILIHIMY IOBEPXHAMU LIAPHIPY 3, 30BHIIIHS MOBEPXHS SKOT0 — HMIIHAPUYHA i pO3MillleHa B CTAHUHI.

VYcraHoBka mpamuoe B Takuil cnocid. Jlo BxigHOi JaHKM — KiIMHA | NpHUKIAAA€ThCS MPUBOIHA

(ropusoHTanbHa) cuina F,, y pe3ynbTari Jii aKoi KiMH 1 moCTymanbHO NMEpEMIlIaeThes B HANPAMHUX i
CBO€IO YBITHYTOIO ITOBEPXHEIO PajilycOM R HATHCKA€ Ha BIATOBIIHY OMYKIY MOBEPXHIO PYXOMOI'O HOXa

2.V pe3ynabTati HUK 2 31IHCHIOE CKJIaJHUH MIOCKUH PyX, MEPEMIIIal0uUCh MOCTYNAIBHO MIOA0 MAPHIPY
3, 1 MOBEPTAIOYMCh PA30M 3 HUM Yy LHMJIIHIAPUYHUX HAMPSAMHHUX CTAHWHHM HABKOJIO OCi, PO3TAIIOBAaHOI Ha

BIJICTaHi | BiJl IEHTPY KOJa pajiycoM R .
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Skmo kauH 1, a, OTKe, 1 TOUKa A — IEHTP KoJia paalyCOM R TEPEMICTIThCA Ha BEIMYUHY XOIY
IPUBOY KIIMHA h , TO TOYKA B PYXOMOTO HOXa 2 IEPEMICTUTHCS 110 KAP/1i0ili BHU3, BAKOHYKOUH POOOUMii
xin. [Ipu npoMy pyxomuii HiX 2 Hajpi3ae i OCTATOYHO Bigpi3ae 3aroTOBKY. 3aroToBKa MOMAAA€E B Tapy.
[ukn poGOTH YCTaHOBKH BiJTHOBITIOETHCSL.

3anpornoHoBaHa YCTaHOBKA MOKE OyTH BUKOPHCTaHA ISl PO3JIUICHHs ()acCOHHOTO MPOKaTy Ha MipHi
3aroToBKH. TpaekTopis pyxy Bipi3aHOT 3arOTOBKH ISl TPHOX ITOJIOKEHB 1-3 mpejcraBieHa Ha puc. 1, B.
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Puc. 1. KoncTpykTHBHA (a), cTPYKTypHa (0) cXeMH YCTAHOBKHU KJIMHOIIAPHIPHOT 0 MeXaHi3My 3 YBIrHYTUM KJIUHOM i3
TMOBOPOTHUM HOKeM i TpaekTopisi pyXy BiapizaemMoi 3aroroBku (B)

Binpizka paconHoro npodurro Moke po3rsiIaTUCS SIK TOCTIIOBHICTh HACTYITHUX €TaIliB: BAABICHHS
HOXXIB Y MaTepiall 3arOTOBKH 32 PaXyHOK MTOBOPOTY PYXOMOTO HOXa BIAHOCHO HEPYXOMOTO 3 HAHECCHHSIM
KOHIIEHTpaTOpa Hallpy>KeHb Yy IJIOLIMHI PO3AUICHHS; BIIpi3Ka 3CYBOM M0 J1y31 3 PYHHYBaHHIM 3aJIMIIKOBOT
nepeMudky. TakuM YMHOM, YCTaHOBKA 3a0e31euye pyxX BIJPI3HOIO PYXOMOI'O HOXa, SIKUH € CIIOJIydYeHUM
MPOIIECOM: BIAPI3KU 3CYBOM 1 KpYUEHHS, 1 TOEIHYE TTO3UTHUBHI CTOPOHH 000X TporieciB. Pyx HoXka 1o ay3i
3abe3neuye Hapi3 NpoQUII0 M0 NepUMETPY 1, THM CaMUM, CTBOPIOE KOHIIEHTPATOP HAIIPYKEHb B IUIOLIMHI
PO3UICHHSI.

IlepeBaroro 3anmpoONOHOBAHOI CXEMH BIIPI3KM €: MIABUIIEHHS $KOCTI 3arOoTOBOK 3a paXxyHOK
MIIBULIEHHS T€OMETPUYHOT TOYHOCTI: 3MEHIIEHHs 3MMHAHHS Ha KOHTAaKTHUX HOBEPXHSX, BEJIMUUHU KyTa
CKOCY, YTSKMHM; 3MEHIIEHHS CUIX BIIPI3KM B MOMEHT PO3/UIEHHS 32 PaXyHOK HaHECEHHs KOHLIEHTpaTopa
HalpyXeHb, 10 3HIKYE HACIIIKUM SBUINA MHUTTEBOTO PO3BAHTAKEHHsS BCTATKyBaHHS, SKe
CYIPOBOJIKYETbCS PYHHYBaHHIM (pyHIIaMEHTY, pO3CiIaliIeHHIM 3'€JHaHb, KaBITALl1€l0 TOLLIO.

AHanizyroun 3apONOHOBAaHUN KIMHOIIAPHIPHUN MEXaHI3M, MOKHA JIMTH BUCHOBKY, LII0 XapaKTep
pyxy HOro JaHOK aHAJIOTIYHUHN XapakTepy pyXy JaHOK KYJIICHOTO BaXKUIbHOI'O MEXaHI3MY 3 XHUTHHUM
KYJIICHUM KaMeHeM, a, OT)Ke, CTPYKTYPHI CXeMHU IIMX MEXaH13MIB 1IeHTu4Hi (auB. puc. 1, 6). OgHak € i
MPUHLMIOBI BIIMIHHOCTI LIMX MeXaHi3MiB. KiMHOmapHIpHUN MEXaHI13M Ma€ KOPOTKI JaHKH, a TOMY —
GiMbIIy KOpPCTKiCTh. MOro ImapHipu BiIpi3HAIOTHCSA 3GIMBIIEHMMH OIOPHHMH IUIONM[AMHM, 3IaTHAMH
nepefaBaTd 3Ha4yHI HaBaHTaxeHHS. Ll BiAMIHHOCTI 3a0e3MeuyloTh MepeBard KIMHOIIAPHIPHOTO
MEXaHi3My TIepell BaXUIbHUMH MEXaHi3MaMH I[pU 3aCTOCYBaHHI iX Yy KOBaJbCbKO-TIPECOBOMY
BcTaTKyBaHHI. Ilpn 1npomy, y MOpIBHSAHHI 13 TpaguLiMHUMU KIMHOMIAPHIPHUMH MEXaHI3MaMH,
3MEHIIYEThCS KUIBKICTh TMOBEPXOHb TEPTS, MIABHUILYETHCS TEXHOJOTIYHICTh BHUTOTOBJIECHHS JeTanen
YCTaHOBKHU.

MoenmoBaHHS npolecy Bipizku pacoHHoro I1 — nmoaibHoro nmpokaTy Ha yCTaHOBLI 3aPOIOHOBAHOT
KOHCTPYKIi IPOBEAEHO 3a JOMOMOT010 nporpamHoro komrmiekcy DEFORM.
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Marepian 3arotoBku aconnoro I1 — nogaioHoro nmpokary — ctanb Ct. 4k (JICTY 2651-94). [TepeminieHHst
KJIMHA Ta HOXa 3a7aBajli 3 BUKOPUCTAHHS 3aJCKHOCTEH, OTPMMAaHUX HAa OCHOBI CTPYKTYPHOTO Ta
KIHEMaTUIHOTO aHAJI31B MEXaHi3MYy.

MopenoBaiy BIUIMB BEIIMYMHU BifCTaHi |, sIKa BU3HAYA€E IOJIOKEHHS LEHTPY OOepTaHHsS IIapHipa, Ha
€HEProCHJIOBI IMapaMeTPpH MPOIECY PO3IUICHHS.
OCHOBHI pe3yJIbTaTH YUCEITHHOTO EKCIIEPUMEHTY 3BEJICH1 10 Ta0I.

Tabmuist
Pe3yabTraTrn Moje/IlOBaHHS
[Tapametp [ =80 mm [ =100 mm [ =120 mm [ =130 mm
Cuna Binpizku F,kH 277 318 382 417
Kyr mosopoty pyxomoro 0,325/ 0,281/ 0,249/ 0,186/
HO’Ka B MOMEHT PO3/IUICHHS — 18 63 16.11 14.27 10.70
®,pad/ @, epad ’ ’ ’ ’
MoweHnT Binpizku M, H - m 8500 8590 15400 20200
Po6ota A, /[, o
BIJIIIOBiJJTa€ MOMEHTY 976 843 802 630
PO3UIEHHS

3anexHocTi po6oTH Aedopmallii, CUIIM 1 MOMEHTY BIIPI3KU BiJ MapameTpa | mpecTaBieH] Ha
puc. 2.

‘I/” ¥ ,;'.",-.,‘/.’) 2 4‘?*

800 800 - 8001

400 | 400+ 400
200 v 200 - 200 |
I, 70 80 a0 100 3 20 70 I mm

Puc. 2. 3anexuocti poootu (1), cum (2) i MomenTy (3) po3nijieHHs Bia BeIMYMHH BificTaHi [, ika BU3HAYAE MMOJI0KEHHSI
LEHTPY 00epTaHHA HIApHipa

AHamni3 OTpUMaHHUX JaHMUX JI03BOJIE 3POOUTH BHCHOBOK IIPO Te€, IO E€HEProCHUJIOBI MapaMmeTpu
MIPOLIECY PO3JILUICHHS IPAKTUYHO HE 3alieXaTh Bif opieHTalil paconHoro I1 — moaidbHOro mpodiaro npokaty
IIPU CKJIaTHOMY 00epTaibHO-TIOCTYHAILHOMY pYCi.

Pe3ynpTaT MOJeMIOBaHHS MOKa3yIOTh, 10 MAaKCUMallbHa cUiia Bifpi3ku ¢aconHoro I1 — noaidHoro
IPOKaTy MHpU PO3JUICHHI 3a CXEMOI0 HaBAaHTAXKEHHS, PEali30BaHOI y HOBIM KOHCTPYKIl YCTaHOBKH
CTaHOBUTH Fmax = 417 xH. Bona 3nauno menmia 3a cuny — 610 xH, sika npuBenena y po6oti [4]. Le
MIATBEP/UKYE, L0 YCTAHOBKA HOBOI KOHCTPYKLII Ma€ 3HAuHI IepeBaru y MOPIBHAHHI 3 BIIOMHMH
peanizaiisimu.

BucHoBKkH.

1. 3anponoHoBaHa 1 JOCTKEHAa KOHCTPYKIis KJIMHOIMIAPHIPHOT'O MEXaHi3My 3 YBITHYTUM KJIMHOM i3
MIOBOPOTHHUM HOXKEM, SIKUI MOKe OYTH BUKOPUCTAHHUM, Y TOMY YHCII1, 1 47151 pO3AiIeHHs (PaCOHHOTO MPOKaTy
CKJIaJHOT KOH]Irypanii. 3arponoHoBaHa KOHCTPYKILis Ma€ MEHIIIE YHCIIO TIOBEPXOHB TePTs 1 3a0e3neuye
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PYX BiIpI3HOTO PYXOMOT'O HOXa, IKHU € CIIOJyYeHUM IPOIIECOM BiIPI3KU 3CYBOM 1 KpyUYCHHS, 1 OEIHYE
MO3UTUBHI CTOPOHUM 000X mporeciB. CKIagHUN TUIOCKUN pyxX HOXa MO Jay3i 3abe3meuye Haapi3
I1 — monibHOTO TIPOdITIO IO IEPUMETPY ¥ TUM CaMHUM, CTBOPIOE KOHIEHTPATOP HANPY)KEHHS B ITUIOIIUHI
po3nineHHs. [lepeBaror 3amporoHOBAHOI CXEMHU BIAPI3KK € TIJABUINCHHS T'€OMETPUYHOI TOYHOCTI
3arOTOBOK: 3MEHIICHHS 3MWHAHHA HA KOHTAaKTHHUX ITOBEPXHSX, BEIMYMHU KyTa CKOCY, YTSDKHUHH, Ta
3MEHIICHHS CHJIU BIIPi3KH B MOMEHT PO3JIUICHHS.

2.Ha oOCHOBiI 3amporOHOBaHMX MAaTEeMATUYHUX MOJETeH HOBOI KOHCTPYKIiI YCTaHOBKH i3
KJIMHOMIAPHIPHAUM MEXaHI3MOM 3 YBITHYTUM KIMHOM i3 MOBOPOTHHUM HOXEM Ta aHAJi3y pe3yibTaTiB
MOJICJIIOBAHHSI 3 BUKOpUCTaHHSAM mnporpamHoro komiuiekcy DEFORM, po3poOseni 3amexHOCTI s
PO3paxyHKy TE€XHOJOTTYHUX MapaMeTPiB MPOIleCy po3AUIeHHs (PacOHHOTO TpokaTy. BeraHoBiIeHO, 110 31
30UIBIIEHHSAM [apaMeTpy, SKUM BHU3HAYa€ TIOJIOKEHHSI LIEHTPY IMIApHIPY MEXaHi3My, 30UIbIIYIOTHCA
BEJIMYMHU CWJIM 1 MOMEHTY PO3JIUICHHS, a BeIU4YHMHa poOOTH JedOpPMYBaHHS 3MEHIIYETHCS.
PexoMeHj0BaHa BenMUMHA IHOTO TApaMeTPy MOBUHHA JOPIBHIOBATH MOJIOBHHI pajilyca YBIFHYTOTO KIIMHA.

3. AHairi3 pe3yNbTaTiB PO3paxyHKY JO3BOJISE 3POOMTH BHCHOBOK TPO TE, IO EHEProCHIIOBI
napaMeTpu MpoLecy pO3JAUICHHS NMPAaKTUYHO HE 3ajekarh Bin opieHTauli gaconHoro II — moni6HOTrO
podLII0 IPOKATy MpH HOTo 1MojAayl y 30Hy pO3AUICHHS.

4. Pe3ynmpTaTd MOJICNIOBAHHS TOKAa3ylOTh, IO 3aCTOCYBAaHHS YCTAaHOBKM HOBOI KOHCTPYKIIil
3a0e3neyye 3HWKEHHS EHEProCUJIOBHX MapaMeTpiB MpOLECY PO3JAUICHHS, Y MOPIBHSAHHI 3 BIIOMUMU
KOHCTPYKIISIMU Cy4acHOTO 00JIaJJHaHHSI, Ta TEOMETPUYHY TOYHICTh BiIpi13aHUX 3aTOTOBOK.

Research of the process of separation of shaped rolled products using a new design of a press with a
wedge-joint mechanism with a concave wedge with a rotary knife

Karnaukh S. G.

Abstract. The analysis of the improved design of the wedge-joint mechanism with a concave wedge with a rotary
knife established that the proposed mechanism has a smaller number of friction surfaces and can be used for shear
cutting shaped rolled products of complex configuration. The use of the mechanism makes it possible to ensure a
complex flat movement of the tool, the result of which is a combined shearing and torsional cutting process, which
reduces the energy parameters of the separation process and the harmful consequences of the afterloading of the
press at the end of the working stroke. Based on the analysis of the modeling results using the grapho-analytical
method and the Deform software complex, the dependences of the calculations of the geometric and power
parameters of the equipment using such mechanisms that provide rational cutting modes are established. The value
of the parameter that determines the position of the center of rotation of the joint of the mechanism is recommended
to be chosen equal to half the radius of the concave wedge. It has been established that the use of a new design
installation provides a reduction in the energy parameters of the separation process in comparison with known
designs of modern equipment and ensures the geometric accuracy of the cut blanks. The conducted experimental
studies confirmed the adequacy of mathematical models and the correctness of theoretical conclusions.

Key words: workpiece; shear segment, torsion, moment, press unloading, geometric accuracy
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OCOBJIUBOCTI AE®@OPMOBAHOI'O CTAHY IIPA
KOMBIHOBAHOMY BUJIABJIIOBAHHI IOPOKHUCTUX JETAJIEN

Auies 1.C., Jlesuenko B.M.?, Aoxapi IL.B.!, Amiesa JL.L!, Illimko O.1.3

1 — Jlonbacwka aeprkaBHa MammHOOyMiBHA akanemis, M. Kpamatopcrk, YkpaiHa;
2 — Iucruryt pagiodizuku Ta enekrponiku iM. O.5. YcukoBa, M XapkiB, Ykpaina;
3 — ITIAT HKM3, m. KpamaTtopcek, YkpaiHa.

Buoasniosanns — epexmugnuili Memoo OMPUMAHHA MOYHUX 3A20MOB0K [ Oemanell. J{isi 6ucOmMosGIeHHs
nopodcnucmux demainei 006pe 3apeKomMendysau cebe cnocodi KOMOIHOBAHO20 6UOABNIO8aHHs. Bucomoenenns
demanei muny Cmaxkany 3 (ranyem 3a 00Hy onepayiio Cnpusic ni0GUUWEHHIO MOYHOCME PO3MIPIE | AIKOCMI NOBEPXOHb
Odemani. s odocnidocenus Oegopmosanoco cmarny eukopucmani MCE, memoOi Oinunbhux cimok ma
Memanoepagiunozo ananizy. Bemarnosneno xapaxmep po3noodiny noxazwukie degopmayii ¢ demani. Ompumani
PI3HUMU MEMOOaMu OYIHKY 0COOTUBOCME PO3BUMKY MA PO3NOOITY 0eqhopMOBAHO20 CINAHY 6 NPoyeCi KOMOTHOBAHO20
BUOABNIOBAHHSL HAONUNCEHT 00uH 00 00H020. Kombinosane eudasniosannss cmaxany 3 aanyem 3abdesnevye
docmammubo PieHOMIPHE 3MIYHEHHS Memary no 00'emy oemaii.

Kmouosi crnosa: xombinosane 6uoaeniosanus; nopodichucmi demaini; oegopmosanuti cman, MCE; maxpo- ma
MIKpoCcmpykmypa, memoo OiMUIbHUX CINOK.

[Iporiecu BUAaBIIOBaHHS, SKi € €(PEKTUBHUM METOJOM BHUTOTOBJIEHHS NPEIM3INHUX JeTalied 1
3aroTOBOK, JEMOHCTPYIOTh CTajly TEHICHIII0 [0 T[OUIMPEHHS BUKOPUCTAHHS B  MPaKTHUI
MaHoOy1yBaHHA. [[J1si BUTOTOBJIEHHS OPOKHUCTUX JETallell TUIY CTaKaHIB 1 T'JIb3 BUKOPUCTOBYIOTh Y
PI3HIM TOCTIIOBHOCTI BCi OCHOBHI criocoOu BuaaBmoBaHHs [1]. CriociO KOMOIHOBAaHOTO BH/IaBJIFOBAHHS
neTanei 3 GuaHIeM Mae TmepeBary y nIpoayKTUBHOCTI Ta TOYHOCTI JAeTalIel, 1o 00yMOBIEHO 00OpOOKOO
JIETaJT1 B OJTHIN 1 Tii K€ MaTpuIli 63 IePEeKIaIKH Ha MOCTIIOBHUX ONepallisiX BUIABIIOBAaHHS TTOPOKHUCTOT
gacTUHU Ta ¢uranns [2].O0MeXeHHsIM IMUX CIMOCOOIB € HEPIBHOMIPHICTH AS(POPMOBAHOTO CTaHY, sKa
0COOJIMBO TPOSIBISETHCS Y KOMOIHOBAaHMX croco0ax BHJIABIIOBAHHS, MPH SKUX Y PI3HUX 30HAX
nepopMOBaHOT 3ar0OTOBKH € 3HAYHA PI3HUIISA B XapakTepi HarpyxeHo aedopMoBaHOro crany [3].

MeTtoro poOoTH € oIiHKa 1e(OpMOBAHOTO CTaHy, IO BIUIMBAE HA SKICTh Ta MEXaHIYHI BJIACTHUBOCTI
BHUPOOIB.

MertanorpadiyHoMy JTOCIIKEHHIO IMMiIgaBaducs 3pa3ku 3 jaryHi JI68, orpumani B mporeci
KOMOIHOBAHOTO PajIiajbHO-3BOPOTHOTO BHAaBIIOBaHHA (puc 1 a). 3aragbHuil BUTIISAA 13 3a3HAYCHHSIM
BUPI3KU 3pa3KiB AJIsl IPOBEACHHS JOCHIIPKEHHS HAaBEJEHO Ha puc. 1, B. Y X011 AOCTIKEHHS BU3HAYEHO
XIMIYHUNA CKJIIaJ MeTaldy, BHKOHAHO BUMIPIOBaHHS MIKPOTBEPAOCTI 3a Mepepi3oM 3pa3KiB, BHBUEHO
MIKPOCTPYKTYpY MaTepiany. 3pa3ku JUlsl JOCIIKEHHS MIKpPOCTPYKTYpH MeTally — MIKpouutipu Oymnu
BUTOTOBJICHI Ha NUTihyBaIbHO-TIONIpyBaibHOMY BepcTaTi LaboPol-5. MikpocTpykTypa MeTany oTpuMaHa
METO/IOM TPaBJICHHS BOJHUM PO3YMHOM COJISTHOI KHUCJIOTH Ta MiJjiaBajiacs AOCTIKEHHIO 32 JOMOMOTOI0
Benukoro otomikpockomna Bigoutoro csitia NEOPHOT 30. MakpoctpykTypy mMeTany cororpadoBaHO
3a JIONMOMOTOIO JIOCIIIIHOTO CTEPEeOMIKPOCKOMIYHOro Mikpockomna cucremu SZX16 (OLYMPUS). 3
OTPUMAHUX KapTUH BHUIHO, IO OMPAIIOBAHHS CTPYKTYpH MeETajy BIAMOBINA€ KapTHUHI PO3MOALTY
nedopmaltiif, OTpUMaHUX METOJIOM PO3NOAUTBUMX ciToK. HailOutbin nedopmoBaHi AUTTHKY MPUIIATAIOTH 10
BHYTPIITHBOI MOBEPXHI CTakaHy. 30HHU, IO MPUIATAIOTH 0 BEPXHBOI KPOMKH CTakaHa, nehopMOBaHi
crnabiie, ajne B IUIOMY HaOyIU TOCTATHHOTO 3MIIHEHHS.

ExcniepumeHTanabHe JOCIIKEHHS Je()OpPMOBAHOIO CTaHy y Mpolieci KOMOIHOBAHOTO pajiajbHO-

3BOPOTHOT'O BUJIABJIIOBAHHS JIeTajel Tumy crakany(ziamerpoM 2 Ro =24 MM, TOPOKHHUHOIO 3 1ilaMETPOM 2

R,=16 MM Ta 3 (h1aHIEM TOBIIMHOO h=s MM)OKa3aJI Pe3yabTaTH(pHC. 2), IKICHO OJM3bKi IO OTPUMAaHHX

npu CE-mozemoBanHi [3] 1 mpu aHamizy MakpoCTpyKTypi. 3 moyarky mpoiiecy ocepenku aedopmartii
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paziabHOTO Ta 3BOPOTHOTO BUJIABIIIOBAHHS PO3HECEHI OJIMH BiJl OJIHOTO, IO MEPEIIKOIKAE BHHUKHEHHIO
MOBEPXOHb 3 BHCOKUM TIpagieHTOM Jedopmaliii Ta iHTEeHCHBHHUMH 3pylIeHHsSMH. L0 ocoOauBicTh
ocepenky nedopmarii B HasIBHOCTI JBOX aBTOHOMHHUX OCEpenKiB Aedopmartii ciaix BpaxoByBaTH IIiJ] Yac
BHOOPIB MOJISI IBUIAKOCTEH TeUil MeTally Ta aHalli31 CHIIOBOTO PEKUMY MPOLIECY METOJOM €HEPreTHYHOTO
OanaHcy moTyxHocTei. OCOOIMBICTh TAKOXK Y TOMY, 110 XO4a IHTEHCUBHA J1e(hopMallis 1 30CepeKyeThCs
B OKPEMHX 30HaX y BUXITHUX OTBOPIB, Y IPOMDKHIH 30HI, IKY IPUHHATO BBAXKATH KOPCTKOIO, AeopMartis
TaKOX HApPOCTAa€ 1 B MUIOMY JETallb CTa€ PIBHOMIPHO nehopMOBaHOO. J[JIs1 MOPOKHUCTUX JCTAICH TUITY
T'iIb3 Ta TIMOOKUX CTaKaHIB BAYKJIMBE TAKOXK PIBHOMIPHUH PO3MOILT CTyNEHIO nedopMarlii B CTIHI IeTali.
Sk mpaBuiO, Y BHYTPIIIHIX IIapaxX CTIHII MeTall 1e(OpMYEThCS MOMITHO Outblie. J[j1sl 3HUKEHHS Takoro
pOay HEPIBHOMIPHOCTI MPOTIOHOBAH1 CMIOCO01 3HAKO3MIHHOTO KOMOIHOBaHOTO jJepopmyBaHHs[3].
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Puc. 1. Cxema xomGinoBanoro BuaaBawoBanus (a), MCE—moaeas (0), MakpocTpykTypa (x25) i mikpocTpykTypa
(x100) meTany aerani(s)

JUis OLIHKM MO>KJIMBOCTEH NMPOTHO3YBaHHS MOETANHOro ()OPMOYTBOPEHHS 3aroTOBKU Y MpoLeci
KOMOIHOBaHOTO JleopMyBaHHs OysJ0 MPOBEIEHO MOPIBHSIBHUI aHall3 €KCIEpUMEHTAIbHUX JaHHUX Ta
pe3yibTariB, oTpuMaHux Ha ocHOBI CE-monemtoBanHs. [loOynoBaHo rpadiku NpHpOILEHb CTIHKH Ta
¢bnanns HamiBhabpukaris 3 amominieoro criaBy AJI31 ( R, =7,5; Ro =10,6; h = 3,0 MM) 3 HaHECEHHSM
3Ha4eHb 30UIBLICHHS PO3MIpPIB, OTPUMAHHMX EKCHEPUMEHTaJIbHO. PO30DKHICTH 3iCTaBIIOBAaHMX HaHUX
BOMpaerbes y 15%.

BucnoBku. KomOiHOBaHe BHIaBIIIOBaHHS CcTakaHy 3 (UIaHIEM MpPOTIKAE TMpU NPUHHATHINA
HEPIBHOMIPHOCTI po3noiTy AedopMallii y nepepizy aeTaii i 3a0e3neuye piBHOMIpHE 3MIITHEHHS MeTaly
o BcboMy 00’eMy netani. Meroai BUBYEHHs 1e()OPMOBAHOIO CTaHy 3a JOMOMOIOI0 JUIMIBHOI CITI,
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MeTanorpadiqHOro aHalidy JaroTh Pe3yNbTaTi HaOIMXKeHI oJuH 10 oxHoro Ta no otpumanux CE-
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-0,26
--0.50
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Er €
Puc. 2. lepopmyBaHHs JJIMIBHOI CITKH Ta Mo AedpopManiii Ipu KOMOIHOBAHOMY paliajibHO-3BOPOTHOMY
BUAABJIIOBaHHI AeTaji «CTakaH 3 guiaHueM»

Features of the deformed state in combined extrusion of hollow parts

Aliiev Igramotdin, Levchenko Volodymyr, Aliieva Leila, Abhari Payman

Extrusion is an effective method for producing precise blanks and parts. Combined extrusion methods have
proven themselves well for producing hollow parts. Manufacturing parts such as a cup with flange in one operation
improves the dimensional accuracy and surface quality of the part. FEM, dividing mesh methods and metallographic
analysis were used to study the deformed state. The distribution pattern of deformation indicators in the part was
determined. The estimates of features of the developing and distributing the deformed state during combined
extrusion obtained by different methods are close to each other. Combined extrusion of a cup with flange ensures
fairly uniform hardening of the metal throughout the volume of the part.

Keywords: combined extrusion; hollow parts; deformed state; FEM; macro- and microstructure; dividing mesh

method.
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