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Finite element simulation to analyze
forming characteristics in radial extrusion process
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Abstract: The single-ended radial extrusion process with mandrel by the rigid-plastic finite element method (FEM) to
investigate the forming characteristics is considered. It is seemed that the tubular billet is rigid-plastic body and
various tool parts are all rigid bodies and tubular billet and die tools temperatures are room temperature. The billet
material has been used for the simulation is AA 6060 aluminum alloy. Based on the finite element simulations by using
two-dimensional QForm software, deformation patterns (gridlines distortion), distributions of effective strain and
stress, and the relative pressure on the punch vs. chamfer angle on the tool with different relationships such as R/t and
h/t have been investigated.

Keywords: radial extrusion, finite element method, material Flow, relative pressure, effective strain and stress

In the manufacturing of high volume parts with different and complex geometrical
parameters, extrusion process especially cold state provides better economical and technical results
than compared to other various manufacturing process. Some of these results are precision parts,
near net shape quality, excellent surface finished, and reduce the cost and time of process design [1—
3]. In the cold extrusion process the cylindrical solid or tubular billet is located in the die cavity and
is squeezed by multiple rams. The billet is compressed with one or two opposite rams movement
and the billet material fills the die cavity [4, 5]. Schemes of radial extrusion on a mandrel with one-
sided supply of metal during the forming process were studied in works [3—5]. In the cold extrusion
process is used different theoretical method such as energy method of power balance [2, 5, 6], upper
bound method [3] and finite element method [7, 8]. In recent years, to design and analysis of cold
extrusion process finite element method has more application in manufacturing industries and also
this method is used a direct iteration and Newton-Raphson methods to solve the nonlinear equations.

In this paper, based on the finite element simulation by using QForm 2D software to analyze,
forming characteristics such as deformation patterns (gridlines distortion), distributions of effective
strain and stress and power mode of deformation in single-ended.

The die scheme with axisymmetric tubular billet and finite element simulation for single-
ended radial extrusion process are shown in Fig. 1. The die geometry parameters, axisymmetric
tubular billet dimensions and power mode parameters are as follows: Ry — the outer radius of
tubular billet
(Ro = 27mm), R; — the inner radius of tubular billet or the radius of mandrel (R; = 9mm), R — the
outer radius of flange or formed part (R = 45mm), R; — the intermediate flange radius, L — the billet
height (L= 100mm), h — the flange height (h=11.7mm), t = Ro-R;, h/t — the relative flange height,
o — chamfer angle on the tool, V — punch velocity (V=1mm/s), P — punch load, ., The friction factors
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between the billet and tools are constant (Zibel's law, p=0.08). The billet material has been used for
the simulation is AA 6060 aluminum alloy.

During the simulations by commercial software for plastic deformation such as QForm2D, it
is seemed that the tubular billet is rigid-plastic body and various tool parts are all rigid bodies. In
the radial extrusion processes with mandrel, tubular billet and tooling temperatures are room
temperature.

The material flow behavior and the influence of various factors in radial extrusion processes
with mandrel were explored. Deformation patterns (gridlines distortion), distributions of effective
strain and stress in single-ended radial extrusion process with mandrel (Fig. 1) by using relationship
h/t=0.65 are shown. It can be seen that the effective strain and stress of the billet were symmetrical
distributed in the processes. It is observed in these figures that the maximum effective strain and
stress in a relationship Ry/t=2.25 are calculated as follows: & max =1.0, Gi max =200MPa in single-
ended radial extrusion process with mandrel (Fig. 1).

a b c d

Fig. 1 — Single-ended radial extrusion process with mandrel: a — die scheme, b — deformation patterns or gridlines distortion,
¢ — distributions of effective strain, d — distributions of effective stress

The relative pressure on the punch vs. chamfer angle on the tool with different relationships
such as R/t and h/t in single-ended radial extrusion process with mandrel has been investigated by
finite element simulation. The determined results have been shown in figure 2.
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a b

Fig.2 — The relative pressure vs. chamfer angle on the tool in single-ended radial extrusion process with mandrel
by different relationships: a — Ri/t, b — h/t

The comparison of relative pressures between different relationships, Ri/t and h/t in figure 2
show that for a constant value of chamfer angle on the tool relative pressure will be increase for

increasing Ri/t and for decreasing h/t. This is because the material flows in die cavity filling occur
hardly.
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AHaNi3  (QOPMOYTBOPHIOYHX  XapaKTePUCTHK  Mpouecy  PaaiaJbHOro
BH/IABJIIOBAHHS HA OCHOBI CKIHYEHHO-€JIEMEHTHOT0 MO/IeJII0BAHHS

o1 ey | 1 . 2
II.b. Abxapi , O.I'. Madjiii , O.1O. Yenesenko , K.I. KoutobiBcbka
1 . .
JlonbachkKka aep)kaBHa MaIIMHOOY/TIBHA akaaeMis, M. KpamMaTtopchbk
*KuiBChKill HAIIOHATBHIIT YHIBEPCHTET KyIBTYpPH i MucTenTs, M. Kuis, Ykpaina

Anomauin: Poszensnymo padianvhe 8UOAsuiO8anHs HA ONpasyi 3 0OHOCMOPOHHLOIO NOO0AYEI0 MeMOOOM CKIHYEHHUX
enemenmie (MCE) 0na Odocnidocennss xapaxkmepucmuk ¢opmoymeopenns. Tpybuacma 3acomoska 56asi€ €000
JHCOPCMKO-NAACIUYHE iAo, pi3HI YACMUHU THCIMPYMEHmMY € mEepOuMu mitamu, memnepamypa mpybuacmoi
3a20MO6KU | Wmamna eionosioac KiMHamuiu memnepamypi. Mamepian 3a20moeKu, UKOPUCIAHULL NPU MOOEH08AHHI,
amominiesuti cniag AA 6060. Ha ocnogi moleniosanHs MemoOoOM CKIHYEHHUX eNeMEeHMI8 3 GUKOPUCAHHAM
0808UMIpHO20 npocpamHozo 3abesneyenns QForm, Oyau oocniosiceni modeni Oegpopmayiti (6uKpugneHHs: OLIUTbHOT
cimku), po3nodin immencusHocmi Oegpopmayii €i, po3noodil IHMEHCUBHOCMI HANPYJCEHb Ol, 4 MAKONC 3MIiHA
npugedeHo20 MUCKY HA NYAHCOHI 8 3ANedCHOCMmI 6i0 Kymd (DAcKu HA [HCMPYMEHMi 3 PISHUMU 2eOMempPUYHUMU
CnigeIOHOWEeHHAMU, maKkumu K R/t ma h/t.

Kniouosi cnosa: padianvhe 6u0asnio8anus, Memoo CKIHUEHHUX eleMeHmis, meyis mamepiany, npueeoenuti muck,
iHMeHCUBHICMb HANPYICEHb T Oeopmayiti
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BniMB KOHTAKTHOrO TepT HA (POPMOYTBOPEHHS
MOPOKHUCTHUX JeTajlell P BUIABJIIOBAHHI

JLL Auiesa', B.M. JleBuenko’, O.€. Mapkos', X.B. Mauiii’

| TouGackka neprxaBHa MamuHOOYAiBHA aKkazeMis, M. Kpamatopcsk, Ykpaina

[ucruryT pagiodizuku Ta exexrponiky im. O.5. Venkosa HAH Ykpainu, M. Xapkis, Ykpaina
’TOB «Texuiunmii yrisepcurer «Merinsect [Tomitexikay, M. 3anmopixoks, Ykpaina

Anomauyin: B pobomi nodano ananiz eapianmieé GUKOPUCMAHHA CUL KOHMAKMHO20 Mepms Npu BUOAGTIO8AHHI.
Memooamu 6epxHboi oyiHKU I CKIHYEHHUX eJleMeHMi8 BUKOHAHO OYIHKY POJi CUl KOHMAKMHO20 mepms HA Xapakmep
Gopmoymeopenns nopodxchucmoi oemani npu euoaemosanni. Ilokazano, wo KOpucHe 3acmocy8aHHs AKMUGHUX aoo
DeaxKmusHux cun mepmsa npu 6UOAen08anHi 003601A€ YHUKHYMU GiOXuneHb opmu Oemaneil y uensidi ymsecHeHb.
Hageoeno npuxnaod diazpamu 015 6cmano6neHHs Hebe3neunux 301 3 napamempamy nosieu ymsacHeHs.

Kniouosi cnosa: euoasnioganus, KOHMAKmMHe Mepms, HNOPOJICHUCHE Oemani, Memood 6epXHbOi  OYIHKU,
@opmoymeopenns.

Criocobn  TO30BXKHBOTO  (TPSAMOTO  Ta 3BOPOTHOTO) 1 MOMEPEYHOrO  PadialibHOTO
BUJIABIIIOBAHHS € MOMIMPEHUMHU METO/aMU OTPUMAaHHS NOPOXKHUCTUX JieTajlel TUIy CTaKaHiB, I'JIb3
Ta BTYJIOK pi3HUX THIIOpo3MipiB [1]. [Ipouiecu BuaaBmOBaHHS JEMOHCTPYIOTh CTIHKY TEHICHIIIIO 10
3017bIIEHHS OOCSTIB BUPOOHUIITBA TOYHUX 3arOoTOBOK, PO3LIMPEHHS HOMEHKJIATYpH JAeTanei i
MaTepiajiB, WI0 IITAMIYIOTbCA, TIOCWJIEHHA TMpoleciB (OpPMO3MIHM HOBUMH CIOCOOAMHU
nepopMyBaHHs.

o daxkTtopiB, MO0 0OMEXYIOTh MOKJIMWBOCTI BHJIABIIIOBAHHS, MOXHA BITHECTH, KPIM BHCOKHX
NUTOMHUX CHJI Je(OpMYBaHHs, CKJIaJHUN HampyxeHo-1ehOpMOBaHUN CTaH AeTanel, o0yMOBIEHUI
HEpPIBHOMIPHOIO TeYi€l0 MeTaly npu oO0'€eMHOMY IIacTU4HOMY JAedopmyBanHi. lle Moxe
CYIPOBOJUKYBAaTHCS BIIXMJICHHAM (GoOpMH JeTaneil abo pyHHYBaHHSIM 3arOTOBKH, L0 BUKJIMKA€E
3HWYKEHHS SIKOCT1 Ta BJIACTUBOCTEH JeTaseH, 10 BUTOTOBIISIIOTHCS [2].

[Iporiecam 00'eMHOro IITaMIyBaHHS Ta BHJIABIIOBAaHHA XapaKTE€pHI BHCOKI IOKa3HUKHU
KOHTaKTHUX TUCKIB, CTYII€HI OHOBJICHHSI ITOBEPXH1 3arOTOBKHM Ta LIBUIKOCTEH KOB3aHHS METaly, 110
nepopmyerbes. Ilpu 1boMy uyacTka HEBUIBHHX, TOOTO KOHTAaKTHHX 3 IHCTPYMEHTOM MOBEPXOHb
3aroTOBKM, IyX€ 3HauHa, II0 BH3HAYa€ 3aJE€XKHICTh BUIY HaANpPYXEHO-AEPOPMOBAHOIO CTaHY,
XapakTepy 3allOBHEHHsS MOPOXHMHU a00 BMUTIKAHHS MeTally, a TaKoXX (OpPMYBaHHS CTPYKTYpU Ta
MOBEpPXHI BUPOOIB BiJi YMOB KOHTAKTHOTO TepTsA. Bim MOCTOBIpHOrO BHU3HAYCHHS Ta 3aBIaHHS
IPaHUYHUX YMOB Ha KOHTAaKTHUX IOBEPXHSAX 3HAYHOIO MIpOI0 3aJIeXKHUTh TOYHICTH PE3yJbTaTiB
TEOPETUYHOI0 aHaJli3y CHJIOBUX Ta JepopMalliiiHIX peKrUMIB IpolieciB popmosminu [3, 4].

Crin 3a3HauUTH TaKoOX, 110, HE3BAKAIOYM Ha CKJIAJHICTh BH3HAUEHHS Ta 3aBJaHHS YMOB
KOHTaKTHOTO TEpTS, BUKOPUCTAHHS TEPTS Yy TEXHOJIOTIYHUX LUIAX CTAO0 OJHUM 13 €PEeKTUBHHUX
HanpsAMiB iHTeHCcUdiKallil mpoleciB 00'eMHOTr0 IIacTUYHOrO AegopmyBanHs [1, 2, 5].

Mera poGoTru — cucTeMaru3allisi BapiaHTiB BUKOPUCTAHHS CHJI KOHTAKTHOTO TepTsS JUIs
KepYBaHHS TEXHOJIOTTYHUMHU PEXUMaMU MPOIIECIB BUIABIIOBAHHS.

Jlnist BUBHAUYEHHS POJIi KOHTAKTHOTO TepTd Ha (JOPMOYTBOPEHHS MOPONKHUCTUX JeTanel mpu
BHJIaBJIFOBAaHHI BUKOPHUCTaHI METOAHM BEPXHBOI OINIHKH, CKIHYCHHHX €JIEMEHTIB Ta (Hi3UIHOTO
MOJICJIIOBAHHA. Y XOIi JOCHIUKEHHS PO3IJISIHYTO CHOCOOM BHKOPHCTAHHS CHJI KOHTaKTHOTO
MJIACTUYHOTO TePTs IS iHTeHcudikarii peskxumiB BumaBitoBaHHs (puc. 1). JJist 3HWKEHHS MTUTOMUX
Ta MOBHMX HABAaHTAXXCHb NEPCHEKTHBHUMHU € CIIOCOOM 3BOPOTHOTO BUJIABIIOBAHHS 3 AKTHMBHUM
TepTsM [6], IO CTBOPIOETHCS 3a PAXYHOK KIHEMATHKH, IO PETYIIOEThCS TEPEMIIICHHS
iHcTpyMeHTiB. Crocobu peani3oBaHi B IITammax 3 Marpunero (cxema 1) abo 3 pyxoMum
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KOHTPIIYaHCOHOM, SIKUH MEPEeMIIIyeThCS OJHOCIPSIMOBAHO 3 IYaHCOHOM 3 MEHIIOKO IIBHUIKICTIO
(cxema 2). yis ynpaBiiHHS SKICTIO JA€Talied, IO INITAMITYIOTHCS, 1 MiJBHUIICHHS T'PAHHYHOTO
cTyneHs (OPMO3MIHM 3aroTOBKM 3a pPaxyHOK IJIBULICHHS pPIiBHS TiAPOCTAaTHYHOTO THUCKY B
ocepenKy aedopmaliii KOpHCHO BUKOPUCTAHHS CHJI PEaKTUBHOT'O TEPTs, CIIPSIMOBAHOTO MPOTH Tedii
metany [7]. Jas 1mporo mnpu 3BOPOTHOMY BHJIABIIOBAHHI MAaTpPUL MEPEMIIIye€TbCS BHU3
OJTHOHAITPABJICHO 3 IIyaHCOHOM, ajie, SIK IPaBHJIO, 3 1HIIOK IIBHJIKICTIO, IO PETYITIOETHCA.

LPBEPRI]ES

Puc. 1. Cnocoou 3aCTOCYBAHHS CUJI KOHTAKTHOI'O TEPTH y Mpouecax BUAABJIIOBAHHA NMOPOKHUCTUX }IeTaJIeﬁ

[Ipu omHOCTIPIMOBAHOMY TIIOCTIHHOMY BIUIMBI CHJIAaMH TEpPTS Ha TOBEPXHI 3aroTOBKU
BUHUKAIOTh MIKPOTPIIMHU. 3MiHA HampsiMy TaKoro BIUIMBY CIpHs€ 3aJIKOBYBAaHHIO TaKHX
noBepxHeBuX aedekTiB. ToMy croci0O BHIABIIOBaHHS 3 PEBEPCUBHUM TEPTSIM MOXE OYyTH
edeKTUBHUM IpH XoJoaHOMY AeopmyBanHi (cxema 4) [8].

[Ipu ¢GopMOYTBOpPEHHI TOPOKHUCTHX JETaJel METOJaMH XOJOIHOTO BHJIABIIOBAHHS
BiIOYBalOTbCS XapakTepHi BiAXWICHHS (OpMH AeTaned y BUIVISII yTATHEHb. [Ipu 3BOpOTHOMY
BUJABJIIOBaHHI CTakaHy 1 NPSMOMY BHJABIIOBaHHI BTYJIKM YTSTHEHHS Yy BUIJISAL BIAXWJICHHS
METajy BiJl TOPLIB IIyaHCOHA CIIOCTEPIraeThcs Ha 3aKIIOUHUX CTaisX mporecy (puc. 2, cxemu 1, 3).
PanianbHe BuAaBiiOBaHHS LIOJ0 TOBCTUX (MIaHIIB Ha KiHII ab0 B cepellHId 4acTuHI TpyOdacToi
3arOTOBKH CYNPOBOKY€ETHCS YTBOPEHHSM YTATHEHHS B 30H1 (u1aHLs (puc. 2, cxema 2).

Po3paxyHkoBa cxemu i aHaii3y €HEPreTMYHUM METOJIOM BEpPXHbOI OI[IHKU MpOIecy
YTBOPEHHS YTSATHEHHS IPU OCECUMETPUYHOMY IO3J0BXKHbOMY BHJIABIIOBAHHI NpEACTaBIE€HA Ha
puc. 2 (cxema 3). 3a 1i€l0 CXEMOK BUJIABIIIOBAHHS CTIMKOMY MPOTIKAHHIO TMPOIIECY BIATOBIAAE
PIBHICTb HYJIIO 3HAYEHHsI YTATHEHHS @ () ), @ yMOBa 3ar00iraHHs yTSTHEHHS MOJIAra€e y BUKOHAHHI

HepiBHOCTI [1] ﬁ(y:O) < [Ticns moOymoBH KiHEMAaTUYHO MOSKJIMBOTO TIOJISI IIBHIAKOCTEH,

Pis0)
OOYHCIICHHSI TOTY>KHOCTEH, 10 BXOMATH JO PIBHSHHS EHEPreTUYHOTrO OajaHCy, 3 OCTaHHBbOI'O

3HAXOMATh THCK BHIABIIOBAHHSI: D = p/ o, [9]. llpoBiBmKM MaTeMaTHYHMI aHANI3 IPHUBEIECHOTO
TUCKY JedopMyBaHHS [Uisi TOOYIOBaHUX TIOJIB  IIBHJKOCTEH 5?/ (3)_120, OTPUMYIOTh
PO3pPaxyHKOBY 3aJIEKHICTh JUII MOKJIMBOI BEIMYMHM BiJHOCHOTO yTsarHeHHs y =y/H . Jlami,

IPUPIBHIOIOYH 10 Hy/Is OTPHUMAHHMil JUIA BU3HAUeHHs BimgHOCHOro yrsrHenHs upas () =0),

MOXKHa 3HANTH CIIBBIJHOUIEHHS MIDK TEXHOJOTIYHUMH TapamMeTpaMu, NpU SKUX HMOBIPHO
YTBOPEHHS yTSATHEHHSI.
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Puc. 2. YTBOpeHHsI YTA:KMH MPHU 3BOPOTHOMY (@) Ta pagiajbHoMY (6) BUAABIIOBAHHI Ta pO3PaXyHKOBa cXxeMa 3 IojieM
IIBUAKOCTEl NPH NPAMOMY BHIABJIIOBAHHI BTYJIKHU(6)

[Ipu 3MeHIIeHHI BiTHOCHOI TOBIIMHH (BJIAHIISI BTYJIKH, IO BUIABIIOETHCS, PO3MIP YTATHEHb

o mwupuHi @ i mo Bucoti b GymyTs 36impmyBaTHcs. Posmipu mo Bucoti b MoXHA BU3HAYMTH 3
YMOBU HapOCTaHHS IIBUIAKOCTI BUTIKaHHA V3 ocepeaky medopmanii 3i 30UIbIIEHHAM IMHPHHA

YTATHCHHA d . 3a1eKHICTh BUCOTH BHHUKHEHHS YTATHCHHA HO Bi,[[ napaMeTpiB mnmpounecy Ta

3aJIe)KHOCTI BIAHOCHUX PO3MIpPIB YTSATHEHHS BIJl TOBIIMHU (UIaHLs HaBeAEHO Ha puc. 3.
Opi€eHTOBHO, MOYaTKy YTBOPEHHS YTATHEHHs BIANOBiAAa€ 3HAYEHHS CIIBBIJHOIIEHHS TOBLIMHU
(Gnanng Ta crinku BTYIKH h/s =1,0. 3i 30iIbIeHHSAM KoedillieHTa TepTs 3HUKYETHCS TOBILHMHA

manus (aHo crakany) H |, mo BiAnoBinae movaTky yrBOPeHHs YTATHEHHs, TOOTO TepTs MeTaly Ha

MOBEpXHi ompaBku (a00 HA CTIHKAX MaTPHIll MPU BUIABIIOBAHHI CTaKkaHy) Ha BUXIJHIA JUISHII
CIIY’)KHTb TIEPEIIKO0I0 BHHUKHEHHIO YTATHCHHIO.

1=0,01 11=0,08

=

Puc. 3. 3anexuicts kpuru4HOi ToBIMHU (uianus  Puc. 4. CnorBopenHst popMu (1aHIs NpH MiHIMATBHAX CHIIAX
Bill BiIHOCHOro pajgiyca nOpoXKHHCTOI YAaCTHHH, IO

KOHTAKTHOI'O TePTH
BHIABJIHETHCH, 1 YMOB TEPTsl.

10 OOPYM IHXEHEPIB MEXAHIKIB



Cekuis 1. TeopeTUYHi Ta NPakTUYHi Npo6nemMn NNacTUYHOro (hopMOYTBOPEHHSI KOHCTPYKLIIN
MalMHoOGyAyBaHHA

I[Ipu MCE — wmopemoBanHi y Qform-2D BuKoOpHCTaHi peanbHi po3Mipu 3pa3KiB Ta
iHcTpyMeHTy [10]. B sikocTi 3B’sI3Ky HampyKeHb 3 jaedopMaliiero BUKOPHCTaHa KYyCOYHO-JIiHIMHA

anmpoKcUMalis 3alexHocTed O, —&, A cmnaBy AMu-M. 3HaueHHs KoedillieHTa TepTs y

KOHTAKTi 1HCTPYMEHT — 3pa30K MPHUHHATI 3aJ€KHO BiJl BUKOPUCTAHOTO MAaCTWIA 1 3MIHIOBAJIUCS Y
mexax p =0,01...0,1, BcraHOBNCHHX 3a eKCHIEpUMEHTAIBHUMHU TaHUMH [4]. AHai3 OTpUMaHHX

pe3yiIbTaTiB TOKa3aB TaKi cami 3aKOHOMIPHOCTI TMOSIBU YTATHEHHS, SIK 1 OTpUMaHl €HEPreTHYHUM
METOAOM. BHjmB cmi TepTs Ha KPUTHYHI BEIWYMHU TAapaMeTpiB CYTTEBUI, a KOMIT'IOTEpHI Ta
(GI3UYHI eKCIIEPUMEHTH 1€ JIEMOHCTPYIOTh JyK€ HaoyHO. HaBiTh mpW HE3HAYHOMY 3pOCTaHHI
BenmunHM Koedimienta Tepts (3 0,01 mo 0,08) Momenb OeMOHCTpYE MOXIIMBICTh YCYHEHHS
CIIOTBOpEHHsI popMu (pIIaHIIA, IO CIIOCTEPITAETHCS M eKCIIEPUMEHTATBHO (pHC. 4).

BucHoBku. @akTop KOHTAKTHOTO TEPTS BIJIrpa€e 3HAYHY POJIb HE TUIBKH B CHIIOBOMY DPEXKHMI,
aJie TaKoXX MOXe OyTH BUKOPUCTAHUUN ISl YIPABIiHHA (POPMO3MIHOIO 3aTOTOBKU Ta MOMEPEIKEHHS
nosiBH IeeKTiB popMu aeTasneid. 3 poiii TepTs BUILTMBAE MPAKTUYHHUI BUCHOBOK: aKTUBHE TEPTS HA
MOBEPXHAX KOHTAKTY 3arOTOBKH 3 MAaTPUIICIO MOXKE HE JO3BOJIUTH BUAABIIOBATH JETall 3 BITHOCHO
TOHKMM (ranmeM abo aHOM. PeakTuBHE TepTs, IO 3HIMCHIOETHCS TMEPEMIIICHHSIM ONpPAaBKHU B
HaAMpPSIMKY, POTUIICKHOMY J0 Teuii MeTaly, MOXe 3all00IrTH YTBOPEHHIO YTSDKUH Y TIOPOKHUCTHX
neraneidl. PeBepcuBHe (3HaKOmepeMiHHE IO XOJy TPOIECy) KOHTAKTHE TEpTs BHMarae
MOTJIMOJIEHOTO BUBYEHHS, SIK CIIOCIO aKTUBHOTO YIPAaBIIHHSA PEKUMaMU IMPOLECiB BUAABIIOBAHHS,
o0 3a0e3neuye sikicHe (POPMOYTBOPCHHSI JIETaJICH.

Influence of contact friction on the shaping of hollow parts during extrusion
L.I. Aliieva, V.M. Levchenko, O.E. Markov, Kh.V. Malii

Abstract: The paper presents an analysis of the options for using contact friction forces during extrusion. The upper
bound and finite element methods are used to evaluate the role of contact friction forces on the nature of forming a
hollow part during extrusion. It is shown that the useful use of active or reactive friction forces during extrusion makes
it possible to avoid deviations in the shape of parts in the form of sinks. An example of a diagram for establishing
hazardous areas with the parameters for the appearance of sinkholes is given.

Key words: extrusion, contact friction, hollow parts, upper bound method, shaping.
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CuiioBi napaMeTpu KOMOIHOBAHOTO BUIABJIIOBAHHSA
MOPOKHUCTUX KOHIYHUX JeTajlel

I.C. Axies', B.JI. Kamoxuuii’, B.M. Jlepuenko’, O.I'. Mauiii'

' Toubackka neprxaBHa MammHOOYAiBHA akazeMmis, M. Kpamatopcsk, Ykpaina

*HaujonansHuii Texuiunmii yaisepcuter Yxpainu «KIII im. Iropst CikopchKoroy

Tucturyr pagiodisuku ta enexrpomiku im. O.5. Veukora HAH Vkpainu, m. Xapkis, Ykpaina

Anomauyin: Memoro pobomu € usHaueHHs 0COOIUBOCIEL CULOBO2O PEHCUMY KOMOIHOBAHO20 8UOABTIOBAHHS KOHIYHUX
oemaneii. MCE moOento8anusamM 6CaH081eH0 NOCMAOTHUIL XapaKmep 3MIHU CUTU KOMOIHOBAHO20 360POMHO-NPAMOSO
8U0ABNIOBAHHA 8 Npoyeci 0ehoOpMyBaHHs | 6NIUE HA Ye YMO8 MepMms HA KOHMAKMHUX NOBEPXHAX NYAHCOHY | MAmpuyi.
Busienena mooiciugicmo 3menuienns HaubOinbul eHepeoeMHOI 3aKMOUHOI cmaodii 360pOMHO20 6UOABNIOBAHHS 3
XapakmepHo pisKuM 3pOCMAHHAM CUTIO8UX napamempis. Bcmanosneno, wo ocCHOBHUMU nApamMempam 8Niugy € yMosu
mepmsi, cxema 0eOPMYSAHHSA I 3HAUEHHS KYMI HAXULY MEIPHUX [HCIMPYMEHMIS.

Knrouosi crosa: kombinosamne suoasniosans, nopodxcuucmi koniuni oemani, MCE, cunosi napamempi.

CrniocoOu 103/10BAKHBOTO (IIPSIMOTO Ta 3BOPOTHOT0) BUJIABIIOBAHHS € TOIIMPEHUMHU METOJaMU
OTpUMaHHS MOPOKHUCTHX JeTalled TUNY KOHIYHUX CKIISIHOK 1 YallOK Pi3HUX THUIOPO3MIpIB, SIKi
MOIIMPEeHi B MammuHOOymyBanHi. [1-3].

[IpsiMe BUIaBIIOBaHHS 3 pO3Jayero KOHIYHUX JeTaned (puc.l, a) mpuBepTae BEIMKY yBary
JOCTIAHUKIB, OCKUIBKM 4epe3 pPI3HOWMEHHY CXEMYy HaIlpyXEHOro CTaHy BHMAara€ MEHIIUX CHJI
nepopmyBanss [3, 4]. OnHak n1ehOpMOBHICTH 3arOTOBOK 32 JAHOK CXEMOKO MOXKE OYTH HH3BKOIO
yepe3 Te, 110 Ha KpOMII JeTajil Ji€ OKpY)XHe HampyxeHHs po3rary. Croci®d 3BOpOTHOro
BUJABIIOBAHHS KOHIYHUX jeranei (puc.l, 0) € HaWOUIBII EHEProEMHUM MPOILIECOM, IO
00yMOBJIEHO IHTEHCUBHOIO OJHOCIIPSIMOBAHOIO TE€UIEI0 METaly B YMOBaxX BC€OIUHOTO CTUCHEHHS Ta
3HaYHOTO KOHTakTHoro tepts [2, 3, 5]. o ¢axTopiB, 110 0OMEXYIOTh MOKJIMBOCTI 3BOPOTHOIO
BUJIABJIIOBaHHS, MOKHA BIJIHECTH, KpPIM BHUCOKHUX HHUTOMHUX CHJI J1e(hOpMYyBaHHS, HEPIBHOMIPHY
Tedilo MeTany npu nedopMyBaHHI Ta BigxuiaeHHs (opmu neraneit [3, 5]. ]. Jo toro x y npomy
MIPOLIEC CTIMKICTh 3arOTOBKM HEAOCTATHSI, IO 3YMOBIIIO€ MOSIBY PI3HOCTIHHOCTI aeranei [1, 2, 5].
[lepcneKTUBHUM METOJIOM ILITaMITyBaHHS KOHIYHMX JieTajeid Moke OyTH KOMOIHOBaHE 3BOPOTHO-
npsiMe€ BUIABIIOBaHHS, IO JO3BOJSIE TOMITHO 3HHM3WTH €HEPrOCHIIOBI BHTpAaTH Ha TIPOIEC
negopMyBaHHs, JOCATTH HaWOUIBII TOYHMX PO3MIpPIB Ta MOKPAIIUTH SKICTh BHUPOOIB, IO
oTpuMytoThes [6, 7]. Jlns HOBOI cxeMu KOMOIHOBAHOTO BHJIABIIIOBAHHS XAPAKTEPHO PO3MIILIEHHS
BUXIJIHOI KOHIYHOI 3aroTOBKM Yy BepXHill YacTWHI MopokHMHM MaTpuui (puc.l,r) [8]. Buximxa
3aroToBKa | BCTAHOBIIOETHCS B MaTpull 2, B SIKIM pO3MILIEHUI BHUIUTOBXYBad 3 1 BUKOHYETHCS
nehopMyBaHHs 3 JIOKJIAJaHHAM 3ycHWIUId MyaHCOHOM 4. B pesymbrari BIUmMBY iHcTpyMeHTiB. [lpu
nepopMyBaHHI TaKOi 3aroTOBKM OTPUMYIOTh MOPOXHUCTHHA BHUPIO 5, BepXHId TOpelb AKOi
(bopMyeThCs 32 PaxXyHOK po3/adi.

Meto10 poG0TH € BH3HAUEHHS 3a JOMOMOTOK METOy CKIHUEHHHX €JIEMEHTIB IapaMeTpiB
nporecy KOMOIHOBaHOT'O PSMO-3BOPOTHOTO BUAABIIOBAHHS KOHIYHOTO MOPOKHUCTOTO CTAKaHYy.

12 ®OPYM IHXEHEPIB MEXAHIKIB
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Puc. 1. Cnnoco6i BUuaaB/110BaHHS KOHIYHUX NOPOKHUCTUX AeTajleil
[Tpu MCE — mopnemtoBanHi y QForm-2D mporecy KoMOiHOBaHOTO BHIABITIOBAHHS MPUHHATHIA
BapiaHT 3 PO3TallyBaHHSM 3arOTOBKH Yy BEpXHIN "yacTuHI MaTpuli (puc. 2). Sk 3B'I30K HaNpyru 3
aedopMalli€ro BUKOPUCTaHa alpOKCHMAllid 3aleXHocTl O, — & anda cmaBy AJll. 3HaueHHs

KoedilieHTa TepTs Ha MOBEPXHIX MATPHIIL Ta ITyaHCOHY 3a/1aHi 3TiTHO 13 3aKOHOM 310e1st 1 PiBHI gy
= 1 = 0,08.

= L] 1
=l B B

Puc. 3. Xapakrtep 3mMinu cuiau BuIaBIIOBaHHA P mo

Puc. 2. 3mina cu1 BUIABIIOBAHHS B 3aJI€2KHOCTI BiJ X0,
X0y myaHcoHy § A VI X0y

npouecy i yMoOB KOHTaKTHOro Tepts: 1 — pg, = 0,36, py, =
05083 2- Msm = Hsn = 0908

VY  pesynpTaTi MOpPOBEACHHUX JOCHIIKEHb MPOLECY KOMOIHOBAaHOIO 3BOPOTHO-IPSIMOIO
BUJIABJIIOBAHHS OYyJI0 BCTAHOBJICHO, 110 3MiHA CUJIM BUIABIIOBAaHHS HEPIBHOMIpPHO (1uB. puc. 2). Ha
rpadiky MOXHa Ha3BaTH TPU OCHOBHI CTajli mporecy BuaaBmoBaHHsA. Ha mepmniii cramii
Bi/I0yBa€ThCS 30UTBIICHHS CHJIM BUIABIIOBAHHS 332 PaxyHOK PO3MPECYBaHHS BHUXITHOI 3arOTOBKHU.
Ha npyriit, mceBmocTarioHapHoi CTajii TpOIECy CIOCTEpIraeThes IIaBHE 1 Oe3mepepBHE
301TBIICHHS CHJIM KOMOIHOBAaHOTO BHUAaBIIOBaHHS. [Ipu IIbOMY CHIIM TepTs, M0 BUHHUKAIOTH MiX
MTyaHCOHOM 1 3arOTOBKOIO, CIPHUSIFOTH MPSMOMY BHJIABIIOBAHHIO, & CHJIM TEPTS MK MaTPHICIO Ta
3arOTOBKOI0 — 3BOPOTHOMY. Tpers crafis, sKa TOYMHAETHCS 3 JIOTHKOM HIDKHBOTO TOPIIS
HaniBpaOpuKaTy 3 KOHTPIIYaHCOHOM, XapaKTepPU3YeETbCA PI3KUM CTPUOKOM CHIIOBUX IapaMeTpiB.
Ha miif cragii xomOiHOBaHE BHUIABIIOBAHHS 3aMIHIOETbCA OUIBII EHEPrOEMHUM 3BOPOTHHUM
BUJIABITIOBAHHSIM.

BusiBnenns koeimieHTIB TepTs, SKi NPU3BEAYTh [0 BUKIIOYCHHS KIHIIEBOT CTamii
3BOPOTHOTO BHYABJIOBaHHS TpPH OOpaHid CXeMl TEXHOJIOTIYHOTO IMPOIECY, MPOBEIH ILIIXOM
MOCIITOBHOTO Tepebopy 3 OMiHKOK ()OPMO3MIHM Ta 3MIHM CHJIM BHYABIIOBAHHS. AHaNi3 3MiHU
CIJIM BUJABIIOBAHHS B TMPOIECI 3BOPOTHO-NPSMOTO BHABIIOBAHHS MOPOKHUCTUX KOHIYHHX
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JeTaNIe TMOoKa3aB, 110 31 30LIbIIEHHAM KoedilienTa TepTs Ha Matpuill 10 0,36 KiHIIeBE 3HAYCHHS
CHJIM BHJABJIIOBaHHA MEHIIE, HiK mpu koedimienti teprs Ha Matpuui 0,08. Lle mosicHIO€ThCS
BIICYTHICTIO KIHIIEBOI CTaail SK 3BOPOTHOro BuAaBiatoBaHHSA (puc. 3). Ilpm mpomy anami3z
(opMO3MIHM 3aroTiBii MOKa3aB, IO HPOTIKaHHSA MpPOIECY B PEXUMI KOMOIHOBaHOI Tewii mpu
«GaJMMNaHHI» 30BHINIHBOI CTIHKM CKJISIHKM (32 paxyHOK CHJI TepTsS) Ha TOBEPXHI MaTpHIll
CYIIPOBODKYETHCS 3pPOCTAaHHAM 3CyBHOI KOMIIOHEHTH JiehopMaIlii.

BB gopmu BuxigHOT 3aroToBKH (IMIIHAP, KyJs, KOHYC) IMOKa3ajo INepeBary KOHIYHOI
dopmu [7]. KyTu Haxuiay TOpIs MyaHCOHA BIUTMBAIOTh HA CHJIOBMH PEKUM HE3HAYHO, a BIUIMB
KYTiB IHCTPYMEHTIB, III0 YTBOPIOIOTh, HA CHJIOBI ITapaMETPH BUMAarae rmoriuoJIeHOro BUBYCHHS.

BucHoBku. B pesynprari aHamizy nporecy KOMOIHOBAaHOTO — 3BOPOTHO-TIPSIMOTO
BUJABJIIOBAaHHS KOHIYHMX CTaKaHIB BCTAaHOBJIEHO, IO peaii3allis Mpoiecy KOMOIHOBaHOTO
3BOPOTHO-TIPSIMOTO BUIABIIIOBAHHS MOJMJIMBA 0€3 KIHIEBOT CTaJlii 3BOPOTHOTO BUIABIIOBAHHS TPU
301bIIEHOMY KOE(III€EHTI KOHTAKTHOTO TepTs Ha Marpuili. OCHOBHUMU MapaMeTpaMu BIUIUBY B
JTAHOMY TIPOIIECi € KYTH HAXWIy TBIPHUX MATPUIll Ta TyaHCOHA, YMOBU KOHTAKTHOTO TEPTS, @ TAKOK
¢dbopma Ta po3Mipu 3aroTOBKH, 1110 BU3HAYAIOTH il BUX1JIHE ITOJIOKEHHS Y IIOPOKHUHI MAaTPHIII.

Force parameters of combined extrusion of hollow conical parts

L.S. Aliiev', V.L. Kaliuzhnyi, V.M. Levchenko’, O.G. Malii'
'Donbass State Engineering Academy, Kramatorsk, Ukraine
?0.Ya. Usikov Institute for Radiophysics and Electronics NAS of Ukraine, Kharkov, Ukraine

Abstract: The aim of the work is to determine the features of the power mode of combined extrusion of conical parts.
MSE modeling established the stepwise nature of the change in the force of the combined reciprocating extrusion
during the deformation process and the influence of friction conditions on the contact surfaces of the punch and die.
The possibility of reducing the most energy-intensive final stage of reverse extrusion with a sharp increase in power
parameters is revealed. It has been established that the main parameters of the impact are the friction conditions, the
deformation scheme and the value of the inclination angles of the generating tools.

Key words: combined extrusion, hollow conical parts, finite element method, force parameters.
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Study of the stamp for cutting bar sections with a differentiated clamp

S. G. Karnaukh
DSEA, Kramatorsk, Ukraine

Abstract: The goal of the work is the development and research of a stamp with a differentiated clamp of a rolled stock
for cutting by shear. A new design of a stamp with a differentiated clamp of the rolled stock has been developed. In
terms of their technical and economic indicators, these stamps meet or exceed the modern samples of similar punch
tools. At the same time, in the process of vertical cutting, a constant position of the rolled stock axis is ensured. The
transmission of force to the clamp through the rolled stock is excluded. The design of the stamp ensures its sufficiently
high rigidity and relatively small overall dimensions. Based on the analysis of the mathematical model of a stamp with
a differentiated clamp, the effective angles of force transmission to the clamp and the cutting of the rolled stock between
the stamp parts have been established. The resulting model was used to optimize the angles of force transfer to the
clamp and the cutting rolled stock, respecting the force from the side of a buffer and minimum required press force. At
the same time, the vertical stroke of the moving parts is reduced, the overall dimensions of the stamp are decreased, and
the buffer also has a minimum size. To reduce the required force of the press, it is necessary to reduce the value of a
frictional slipping coefficient by using antifriction materials on contact surfaces and ensuring good lubrication
conditions. The results of the conducted experiments confirm the adequacy of the mathematical model. The value of the
required force on the press slide available from experiments is slightly higher than the values obtained by the developed
analytical model. The results of the stamp implementation show that: the stamps are efficient and reliable in
exploitation; the quality of the cutoff workpieces corresponds to the quality indicators of the workpieces cut on similar
modern equipment.

Keywords: cutting by shear, differentiated clamp, stamp, wedge, rolled stock, workpiece, quality.

Mechanical engineering plays the leading role in social and economic development and is
considered a foundation of the industry [1]. A great contribution to the finished cost of engineering
products is made by the efficiency of workpieces production [1, 2]. The cutting of rolled stock into
cut-to-length is the most demanded operation in the engineering industry, since the result of this
operation is the production of workpieces, both for further metal forming and cutting [3]. The
quality of workpiece faces influences the precision and surface quality of forged pieces [1].
Therefore, the need to increase the efficiency of the shearing operations is obvious, since it directly
affects the cost of the finished product.

In production, more than ten methods of cutting rolled stock into cut-to-length are used. The
most perspective is waste-free methods for cutting of the rolled stock. Waste-free methods include
the cutting by a shear method, which is highly productive and economical [1, 3].

Considering the fact that millions of workpieces are produced every year, the task of the
improvement of techniques and equipment used in rolled stock production is actually. This explains
the scientists’ and industrialists' interest in improving the method of cutting with a shear.
Comprehensive studies of the waste-free methods for cutting rolled stock were widely carried out
by many scientists in England, Germany, Japan, Ukraine, etc. [1, 2]. During this time, a large
amount of information about the nature, mechanisms, and facture criteria was accumulated.

One of the main problems of equipment used for cutting processes is its work under conditions
of a sudden drop in load. This effect leads to the press frame destruction and lay-up of the
foundation and is accompanied by hydraulic impact initiation in the hydraulic system of the press,
which is connected with cavitation [3]. It leads to choosing the high-power equipment.

Of the known schemes for cutting rolled stock by shear with an active cross clamp, the most
advanced is a scheme of cutting with a «differentiated clamp». The fundamental difference between
such cut-off schemes is that in them the clamping power of the rolled stock in knives is variable by
value, and changes proportionately with the cutting force. At the moment of shearing cracks
formation, the cutting force decreases to a minimum and, therefore, the cross clamp force decreases
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proportionately with it. The workpiece gets the opportunity to move in the axial direction from the
rolled stock, which excludes of defect formation at workpiece faces [1, 2].

Mathematical models for the selection of rolled stocks were developed in the work [3]. New
technologies for the manufacture of the workpiece by cutting in stamps were proposed in the [3].
The main directions of process improvements to obtain the geometric accuracy of the workpieces
are considered in the works [1]. The main directions of scientific research [2] were: creation
favorable of metal stress state in the cutting zone; development of new designs of stamp and cutting
tool.

Thus, the equipment and punch tools, where a differentiated clamp of rolled stock is
implemented, provide a higher quality of cut workpieces. At the same time, there is a certain
disproportion between the theoretical advances in the technology of cutting of the rolled stock with
a differentiated clamp and the improvement of equipment for its implementation. This is caused by
the disadvantages of design studies. First of all, because of the excessive overall dimensions of the
stamps, it is necessary to choose the press not according to the required force, but according to the
dimensions of the stamp space. Also, the low rigidity of stamps construction is a disadvantage
[1,2].

To simulate the processes of separating rolled stock into dimensional workpieces, various CAE
systems are used, they are based on the finite element method: ANSYS, LS-DYNA, DEFORM 3D,
QFORM. The mathematical modeling of multi-parameter destruction processes differs from real
processes. The obtained results of finite element analysis allow the researcher to understand the
main trends of the separation process and to obtain fairly accurate quantitative data concerning the
distribution of temperature-velocity fields and tensor’'s components of stress-strain state [4].

Fig. 1 —Photo of the stamp with the Fig. 2 — Workpieces of 37Cr4 steel cut in the
differentiated clamp of the rolled stock stamp of new design

The goal of the work is the development and research of stamps with a differentiated clamp for
cutting rolled stock by shear.

There are stamp designs with a differentiated clamp, which are developed, investigated, and
introduced into production for cutting rolled products with a diameter of 50 mm (Fig. 1, 2) [5]. As
compared to the known designs, in the proposed stamp, the cross dimensions and weight are
reduced on average by 25% and the height of the open stamp space — by 10%.
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The simulation process of cutting rolled stock according to the scheme of incompletely closed

cutting with a differentiated clamp was carried out using the specialized software DEFORM 3D.
The simulation was conducted for the rolled stock with a diameter of d = 28 um and a length of
l=75+£05mm from steel 37Cr4 (ISO). To simulate the cutting process, the following
parameters were set: knife movement speed — 0.65 m/s; rolled stock temperature — 20°C; material
model — elastic-plastic (Normalized C&L); a number of elements — 300 000 pieces; Siebel friction
— 0,35. The simulation results are shown in the Fig. 3.

The calculated maximum force of the rolled stock cutting was F, = 265 kN, which corresponds

to the stroke of the upper knife h = 7,2 mm.

a b

Fig. 3 —Cutting force vs the stroke of the knife (a) and the distribution of stresses elongate cross-section of
rolled stock from steel 37Cr4 (b)

Conclusions.

1. According to their technical and economic indicators, the stamps of the new design are not
inferior to modern samples of similar stamp equipment. Compared to known designs, the transverse
dimensions and weight are reduced by an average of 25%, and the height of the open stamp space —
by 10%. In the process of separation in the vertical plane, a constant position of the rolled axis is
ensured. The transmission of force to the clamp through the rolled stocks is excluded. The stamp
has high rigidity.

2. Based on the mathematical model analysis of a stamp with a differentiated clamp, the
effective angles of force transfer to the clamp and the rolled segment between the stamp parts are
established. At the angles of force transfer to the clamp and cutting of the rolled stocks:
a=27% B= 339, the force from the side of the buffer has a minimum value Ry, = 10kN at the
required press force Fp. = 300kN. Reducing the angle B is impractical due to a significant increase
in the vertical stroke of the press, which predetermines the large overall dimensions of the stamp. In
this case, the minimum value of the force Ry determines the minimum overall dimensions of the
buffer. To reduce the required force of the press F,, it is necessary to reduce the coefficient of
sliding friction by using anti-friction materials on the contact surfaces and ensuring good lubrication
conditions.

3. The adequacy of the mathematical model has been confirmed experimentally. The 10%
discrepancy is due to the fact that for theoretical calculations, the rolled material was selected from
the Deform 3D steel base, which is as close as possible in mechanical properties to 37Cr4 steel but
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still differs from it. Besides, it is necessary to more accurately take into account the value of the
friction coefficient and its dependence on the relative velocities on the contact surfaces of the stamp
parts.

4. The results of the stamp introduction at the Odessa Production Association
«Stroigidravlika» show that: the stamps are efficient and reliable in operation; the quality of cut
blanks corresponds to the quality indicators of blanks cut on modern similar equipment. In this case,
it is necessary to ensure a zero gap between the knife's inserts.

5. The recommendations for designing stamps with the differentiated clamp of rolled stocks
have been developed.

JocaigxeHHs: miraMna JUisi po3AlJIeHHs NPOKaTy 3 AudepeHuiiiHuM 3aTHCKOM

C.T. Kapnayx

JlonOachKa aepkaBHa MammHOOYMiBHA akaneMis, M. Kpamaropcek, Ykpaina

Annomayin: Memoio pobomu € po3podka ma OOCHIONCEHH WMAMNY 3 OUpepeHyitiHuM 3amuUcKkomM npoxKamy O0Jis
giopisannsa 3cyéom. Pospobreno nogy xomcmpykyilo wmamna 3 ougepenyiiinum samuckom npoxamy. 3a ceoimu
MEXHIKO-eKOHOMIYHUMY NOKAZHUKAMY Yi WMAMAY He ROCMYRAIOMbCA abo nepesepuiyions Cy4acHi 3pasku aHan02iuHUX
wmamnis. Ilpu yoomy 6 npoyeci 6epmMuKaIbHOZO PO3JiNEHHA 3a0e3NeUyEMbCs NOCMIliHe NOLO0JCEHHS OCi NPOKAmy.
Ilepeoaua 3ycunna na 3amuck uepe3 nmpokam eukiiouena. Koncmpykyis wmamna 3abesneyye 1020 00Cums GUCOKY
arcopemkicms 1 8IOHOCHO Hegenuki e2abapumui posmipu. Ha ocnoei awanisy mamemamuunoi mooeni wmamna 3
OughepeHyiiHuM 3amMUCKOM 8CIMAHOBNIEHO eDeKmMUHi Kymu nepeoayi 3yCULis Ha 3aMUcK i po3pi3aHHs NPOKAMY Midc
yacmunamu wmamny. Ompumany mMooenb UKOPUCMO8Y8aAnU Osi ONMuMizayii Kymie nepeoaui 3yCUmisi Ha 3amMuck i
pidcyuuil npoxam, 6paxogyioyu cuny 3 oKy oygepa ma minimanoHo HeoOXiOHy cury npeca. IIpu ybomy 3menuyemocs
BEPMUKANLHULL XI0 PYXOMUX YACMUH, 3MEHWYIOMbC 2A0APUMHI PO3MIPU WMAMNA, A MAKONIC MIHIMATbHUL PO3MID
oygepa. Llo6 3smenwumu HeoOXiOHe 3yCUnla npecd, HeoOXIOHO 3MEeHWUMU 6eauduny KoeQiyicHma Ko83aHHs npu
mepmi WAXOM 3ACHOCYSAHHA AHMUPPUKYIUHUX Mamepianié Ha KOHMAKMHUX NOGEPXHAX | 3a0e3neyenHs XOpouux
ymoe 3mawyeanns. Pezynbmamu nposedenux excnepumenmie niomeepodicyioms adeKeamHuicmo MamemMamuyHol
Mooeni. 3HaueHHs cunu giopisKu, OmpuMane 3 eKCnepumMenmis, 0euwjo nepesulyye 3Ha4eHHs, OMpUMani 3a po3pooIeHoI0
ananimuynoio mooeanio. Pesynomamu enposaddicenns wmamna nokazyiomo, wo: wmamnu egexmueni ma HaoilHi 6
excnayamayii; sKicms GIOPIZHUX 3A20MOB0K 8I0N08I0AE NOKAZHUKAM AKOCMI 3A20MOBOK, SUDI3AHUX HA AHALOSIYHOMY
CYUACHOMY OONAOHAHHI.

Knrouoei cnosa: 6iopiska 3cysom, ougepenyiinuil 3amuck, Wmamn, KiuH, npokam, 3a20MmoeKa, sAKiCmb.

References

1. Lisunets, N. L.: Usage of physical and mathematical simulation for improvement of the processes of metal shear
cutting, CIS Iron and Steel Review, No 17, pp. 34-38, 2019.

2. Huang, G., Wang, J., Hsu, M., et al.: Application of mold trough design to blanking technology, The International
Journal of Advanced Manufacturing Technology, No 88, pp. 1025-1034, 2017.

3. Karnaukh, S. G., Markov, O. E., Aliieva, L. I., et al.: Designing and researching of the equipment for cutting by
breaking of rolled stock, International Journal of Advanced Manufacturing Technology, No 109, pp. 2457-2464,
2020. doi: 10.1007/s00170-020-05824-7.

4. Zagirnyak, M., Zagirnyak, V., Moloshtan, D., et al.: A search for technologies implementing a high fighting
efficiency of the multilayered elements of military equipment, Eastern-European Journal of Enterprise
Technologies, No 6 (1-102), pp. 33-40, 2019.

5. Pat. 25552 A (Ukraine), MKI V 23 D23/00. Stamp for driving rolled products with a differentiated
clamp / Roganov, L. L., Tarasov, O. F., Karnaukh, S. G.— Applied. 03.06.1997, Publ. 30.10.1998. -4 p. (in
Russian).

18 ®OPYM IHXEHEPIB MEXAHIKIB



Cekuis 1. TeopeTUYHi Ta NPakTUYHi Npo6nemMn NNacTUYHOro (hopMOYTBOPEHHSI KOHCTPYKLIIN
MalMHoOGyAyBaHHA

YK 621.77.01

Experimental study of the influence of the temperature factor on the rolled's
microrelief formation during the implementation of the warm deformation

T. O. Kulik, O. M. Kulik
DSEA, Kramatorsk, Ukraine

Annotation: In the work by physical modeling of indentation of a unit microroughness to the workpiece the influence of
the temperature factor on the mechanism of rolled microroughness formation, in particular, on the printability
coefficient was investigated. The experimental researches obtained made it possible to estimate the influence of
temperature, material, indenter shape and a number of other factors on the resulting indices of rolled surface
roughness during implementation of the process of warm deformation.

Keywords: rolling, temper rolling, surface, quality, microrelief, indenter, temperature, experimental study.

Background. In modern conditions, product quality is extremely important, because it
determines the development of production processes and their efficiency. The quality level of rolled
products is determined, among other things, by the state of the surface, because it is the microrelief
that determines the technological features of further processing and operation, as well as the
presentation of the product [1]. In particular, the microgeometry of the surface of sheet steel strips
significantly affects the quality and strength of paint coatings, the limiting degree of drawing during
stamping, the reflectivity of the metal, etc. [2]. Theoretical and experimental studies have shown
that in the process of temper rolling, as at the final stage of the process, under certain conditions, the
roughness of the rolls is almost completely imprinted to the strip.

The objective of this work is the study of
factors affecting the printability coefficient
(Fig. 1) to improve product quality during the
implementation of the warm temper rolling
process.

Methods. Experimental studies of the
mechanism of surface roughness formation and the
factors that affect it were carried out using a
special device (Fig. 2), which provides physical
modeling of the process of warm indentation of a
complexprofile indenter into a workpiece [3].

Constructively, this installation included a
lower fixed 1 and an upper movable 2 punches,
interconnected by a guide bush 3. In the upper
movable punch 2, a complexprofile indenter 4 was Fig. 1. Model of imprintability of the microrelief of the
placed, which was introduced into the workpiece roll (1) on the strip (2)

5. A total of 12 indenters, different sizes and types
(Fig. 3) with different configurations of the deforming surface, were used. Using lever 6, the upper
movable punch 2 was connected to a linear displacement sensor 7 of a rheostat type.

The indentation force F, was fixed with the help of a mesdoza 8, connected by the end
surfaces of its annular element with the upper movable punch 2 of the considered device and the
power punch 9 of the hydraulic press GP 70-5278, which ensured the movement of the upper punch
2 and the creation of this force.
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Fig. 2. External view (a) and principal drawing (b) of the device for experimental study of the complex-profile
indenter's indentation process into a warm workpiece

The entire installation was placed
on a single stand 10, which during the
experiment was installed in the workspace
of the aforementioned hydraulic press.
The workpieces 5 were heated to the
required temperatures in an oven
immediately before their warm plastic
deformation. The results obtained for
workpieces made of steel 20 and steel 45
are shown in fig. 4.

In that option, the indentation force
F, was considered as an argument, which
is created by the hydraulic press through
the power punch 9, and the indentation

Fig. 3. Appearance and model of indenter's various types

depth h, was taken as a function, which was measured by a linear displacement sensor 7 of a

rheostatic type.

The results showed that with increasing force F,, the indentation depth h,, of the indenter
grows almost linearly. An increase, other things being equal, takes place in the case of an increase
in the heating temperatures of the initial workpiece. In particular, with a force of h,, = 30 kN and an
increase in temperatures from 20°C to 350°C, the indentation depth of the conical indenter increases
from 3.13 mm to 4.05 mm, that is by 29%, for workpieces made of steel 20 and from 2.26 mm to

3.48 mm, that is 54%, for steel 45.
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a) steel 20 b) steel 45

Fig. 4. Empirical depth h,, distributions depending on the indentation force F,, of a pyramidal indenter into a flat
workpiece of steel 20 (a) and steel 45 (b), preheated to a temperature t,,

Conclusions

An experimental study of the effect of temperature on the printability coefficient by physical
modeling of the unitary microroughness's indentation was carried out . The results showed that with
increasing force, the penetration depth of the indenter increases almost linearly. At that, when the
heating temperature of the initial workpiece rises, the indentation intensity also increases. The
above confirms the possibility of using the temperature factor in order to control the inprintion
coefficient of the roughness of the work rolls, that is, in order to control the resulting surface
roughness of the rolled product during the warm tempering process.
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ExcnepuMeHnTa/IbHE JOCTIIKEHHS BILUIMBY TEMIIEPATYPHOIro pakTopa Ha
(popmyBanHsa Mikpopebedy NpoKkaTy Npu peaJisauii npouecy TenJjioro
nepopMyBaHHH

T. O. Kyuik, O. M. Kynix

Anomauin: Y pobomi winsxom @izuunoe0 MOOeN08aHHI BNPOBAOICEHHS OOUHUUHOT MIKPOHEPIBHOCMI Y 3420MiBKY
00CIOHCEHO 6NIUE MEMNEPATNYPHO20 YUHHUKA HA MEXAHI3M (OPMYBAHHA MIKPOHEPIGHOCMI NpoKamy, 30Kpema Ha
Koegiyicum giooumms. Ompumani eKCnepuMeHmMaibHi 3aAeHCHOCMI 00360NUNU OYIHUMU 6HIUE MEeMNepamypu,
Mmamepiany, hopmu iHOeHMOpY i POy THWUX YUHHUKIE HA Pe3YTbMYI0Y] NOKA3HUKY WOPCMKOCMI NOBEPXHI NPOKAMY npu
peanizayii npoyecy mennozo opecupysanisi..

Kniwouoei cnosa: npoxam, Opecupysanms, NOBEpPXHs, SAKICMb, MIKpOpervbed, IHOeHmop, memnepamypa,
EeKCNepUMEeHMAlbHe 00CTIONCEHHSL.
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I[OCJ'IiIDKEHHH nmpoumecy oCaa’K€HHI MaCHUBHUX IIpO(l)iJIbOBaHI/IX 3aroTOBOK IIPpH
BHUI'OTOBJIEHI IleTaJIeﬁ Bi):[HOBiI[aJIbHOI‘O NMPU3HAYCHHA

O.E. Mapkos, B.1IO. Ctankos, A.C. XBammHcbKuii, A.B. Mycopin, B.B. Mosogenbkuii,
A.A. JluceHko
JlonbaceKka aepikaBHA MAIIMHOOYAIBHA akaaemisd, M. Kpamaropcerk, Ykpaina

Anomauyin: Y pobomi npoedeHo 00CHIONCEHHSI HOB020 CNOCOOY OCAOICEHHS KPYIHUX 3/IUMKIG NICJIL IX NPOQINIOGaAHHS.
Ha 6a3i memooa ckinuenux enemenmis (MCE) Oys eusnauenuti po3nooin iHMeHCUSHOCMI 1o2apu@miviux degopmayiti
6 NO0B3006JCHLOMY NEpepizi  NICAsL 0CAONCEHHS NPOPINbOBAHUX HA  HOMUPURPOMEHESUll nepepi3  3d20MmOBOK.
Mooenwsanus MCE 0ozeonuno ecmanogumu QOpMO3IMIHEHHA ma pO3nooil HanpydxceHv i Oepopmayiti 8 06 'emi
3020MOBKU Y NpOYeci 0CAOHCEHHS HOMUPUNPOMeHesux 3a2omoeok. CKiHYeHO-eleMeHmHe MOOent08AHHA 003600
BUSHAUUMU, WO eheKmUsHa 21ubUHA y8icHymux epauel nosunHa cmanosumu 15% 6i0 diamempa 3acomosku. IIpu
MaKii enubuHi ygicHymux epametl 6i00Y8aA€mMbCsl MAKCUMATbHE 3aKPUMMS 6HYMPIUHb020 0edheKkmy.

Knrwuosi cnosa: xysanws, ocadscents, @HympiwiHilu depexm, yomupunpomenega 3azomoska, ysienymi epani, MCE,
HANPYCeHHsL W0 CIMUCKAIOMb.

B ocraHHI poKH KUTBKICTh MAaCUBHHX TMOKOBOK, BUTOTOBJICHHX 31 3JIUTKIB, 301bHIyeThCS. Le
CIPUYMHEHO 30UIBLICHHAM IOTYXKHOCTI B@XKMX MamuH. OJHaK SKICTh IOKOBOK HE 3aBXIU
BiJITIOBiJJa€ BUMOTaM 3aMOBHUKA. HU3bKa SAKICTh MAaCHBHUX ITOKOBOK MOSICHIOETHCSI HU3BKOIO SIKICTIO
BuxigHuxX 37MUTKIB [1]. Ilpu KyBaHHI MacUBHUX MOKOBOK Opak ynbTpa3BykoBoro koHTpoiio (Y3K)
nocsirae 10% [2]. bpak nmo Y3K mosicHIOETBCSI TTPOIIECOM OCAKEHHS 3JUTKIB 3 HEOIHOPIIHOIO
CTPYKTYpOI0. Y pe3yibTaTi ISl CTPYKTypa ONpalbOBYEThCS HEPIBHOMIPHO Ta HEJOCTaTHHO. binbI
TOTO, MPU OCAHKEHI NMUJTIHIPUYHUX 3arOTOBOK IUIOCKUMH IUTMTAMH BiJIOYBA€THCS 301IBIIECHHS
PO3MIpiB OCHOBOi PHUXJIOCTI 3JMBKA. AHali3 MpOLECiB KyBaHHS 3aroTOBOK 13 3aCTOCYBaHHSIM
orepariii 0Ca/JP)KEHHs J103BOJIMB BCTAHOBUTH, 110 0a30Ba cXeMa KyBaHHS HE TapaHTye MOAPIOHEHHS
CTPYKTypU 3/1MBKa Ta 3a0e3NedeHHs 3aJaHuX BiacTuBocTeill oTpumanux netaneit [3]. Ilpum
BUPOOHUITBI MACHBHMX IOKOBOK BIANOBIJAJIBHOIO IMPU3HAYEHHS YK€ BAXKIUBO 3a0€3MEeUUTH
BUCOKY SIKICTh OJIEPKYBAHUX 3aroTOBOK. SIKICTh MAacHMBHMX IOKOBOK BH3HAYa€ThCS BIACYTHICTIO
BHYTPILIHIX Ta 30BHIIIHIX Je(EKTIB, a TaKoX PIBHOMIPHICTIO MeXaHIYHMX BiactuBocTeil. Lli
BUMOTH BUKJIMKaHI TUM, 110 3arOTOBKOI0 € MACUBHUHN KOBaJIbCbKUN 37MBOK [4]. MacuBHI 3JIUBKU
XapaKTepU3yloThCsl JepeKTaMHi METaJyprifHOro MOXO/UKeHHsS (0ChOBa pPHXJICTh, YyCaJo4yHa
paxkoBHHa Ta iH.). L1i nedexTH BU3HAYaI0Th HU3BKY SKICTh KOBAIbCHKUX 3JIMBKIB.

MeTtor poOOTH € MiABUIICHHS SIKOCTI JeTajei BiAMOBIIATBbHOIO NMPU3HAYCHHS 332 paXyHOK
3aBaprOBaHHs BHYTPINIHIX Je(EKTIB Ha OCHOBI BJOCKOHAIIOBAaHHS OMeparii OCaKEeHHS
YOTHUPUIIPOMEHEBUX 3JIUTKIB.

MopnentoBaHHsl TMpoOIeCY OCaKEeHHS NpodIIbOBAHUX HAa YOTHUPUIIPOMEHEBUN Mepepi3
3aroTOBOK MPOBOJWIOCS MeTofoM ckiHueHux enemeHTiB (MCE). 3a pe3ynbrataMu MOJETIOBaHHS
BcTaHosmtoBayucst po3nonin HJAC nokoBku i ¢opMo3MiHa OChOBOTrO JeeKTy Micis OCaJKEeHHS
(puc. 1). ITicns npodintoBanHs BCi 3aroTOBKU ocakyBanucs Ha 50 %. PiBHSHHS 3B'I3Ky KOMIIOHEHT
HarpyXeHb 1 MIBUIKOCTEN nedopmartiit
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MalIMHOGYAYBaHHSA
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e Y, Y - KOMITOHEHTH
MIBUIKOCTEH 1eopMartiii 1 HanpyKeHb;
Y —  KOMIOHEHTH JeBiaTopa
HAIPy>KCHb.

KpuBa Tewii Marepianmy 3amaHa

piBHﬂHHﬂMO- =o(e,&,7) ,
Ie €,8,1 —  IHTEHCHBHOCTI
nedopmariii 1 MBUAKOCTEH aedopmartiid;

17 — TeMIeparypa.

3aroToBKH s CKIHYEHO-
€JIEMEHTHOTO MOJICJIIOBAHHS MaJlld TaKi
po3Mipu (puc. 1): 30BHIIIHIA giaMeTp
3arotoBku D = 1,5 M, BuCOTa 3aroTOBKU
H=3,75™, giamerp otBopy nedekty
npuiiMaBcst 10 % Big  30BHIIIHBOTO
niamerpy 3arotoBku (0,15 M), KyT
rpaHeii 3arotoBku craHoBuB 150°.
I'muOuna yBirHyTux rpaneit (h =d /D)
JOoCHiDKyBamacs B aianazoni 15 %, 20 %
125 % BiJ iameTpa 3ar0TOBKH.

Marepian — cranp 70X3THMO®,
TEeMIIepaTypa HarpiBaHHs  3arOoTOBKU
1150 °C, Temneparypa iHCTpyMEeHTa —
20 °C, xoedimient tepta 0,45, ciTka
mictuth 75 000 emeMeHTIB, MIBHUIKICTH
nedopmyBaHHs 35 MM / c.

Ha 3akoByBanHa JnedekTiB Yy
MpoIIeCi OCaKEHHSI YOTUPUITPOMEHEBOT
3arOTOBKM YWHUTHh BIUIUB TJIMOWHA
YBITHYTUX TpaHell. VY  JocCHiKeHH1

Puc. 1. 3D-mopeab npoijiboBaHOI 3ar0TOBKA HA
YOTHPUNIPOMEHEeBMIi epepi3

'd:."ji- —
._|l' -I-l-‘-
i
& 4 . 7
!
'}
155 4 i
!
03 4 4
4% 1 - ¥ ]
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Puc. 2. 3anexnicTh BiTHOCHOT0 IiamMeTpa 0TBOpY B
npoueci ocaKeHHs] YOTHPUIIPOMEHEBUX MoJeeii 3
Pi3HOI0 BiTHOCHOIO ITHOUHOIO TPaHeii

BUKOPHUCTOBYBAJIMCS BBITHYTI rpaHi 3 kKyroM 150° 1 BigHOCHOIO iXxHBOIO TnMOuHOW d/D, sika
cranoBuna 25%; 20% 1 15%. CtyniHb 3aKOBYBaHHS OTBOPY MICJIs OCAPKEHHS MPOQLILOBAHUX
YOTUPHUIIPOMEHEBUX 3aroToBOK Ha 50 % mokaszane Ha puc. 2. 3a pe3yinbTaTaMu MOJIEITIOBaHHS 0YJI0
BUSIBJICHO, 10 JJIS1 PO3IJISIHYTHUX MapaMeTpiB INIMOMH IpaHel BiAOyBaeThCsl 3aKOBYBaHHS OTBODPY B
cepenHiil yacThHiI MOKOBKHM. CTyIMiHb 3aKOBYBaHHS OTBOpPY OuIblIe Ui 3pa3KiB 3 BIJHOCHOIO
rnubunoro rpaneit 15%. 3arotoBku, mpodinboBaHi Ha TIMOUHY 25%, MOKa3aaM TipiI pe3yabTaTu
M0 3aKpUTTIO OCHOBOrO Je(eKTy. AHami3 OTpPUMaHUX pEe3y/ibTaTiB JO03BOJUB YCTAaHOBUTH, IIO
BiTHOCHA INMOMHA rpaHedl Outbmie 15 % He nmpuBOAWUTH 10 30UTBIIEHHSA CTYMEHS 3aKOBYBAaHHS
nedexty. Ilicns ocamxeHHs yoTupunpomeHeBux 3arotoBok 3 d/D=15% na 50 % BinOyBaeTbcs
3aKoByBaHHs Aiametpa aedexty Ha 50 % (puc. 2).
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Posnonin norapudmivanx aedopmariii 'y MEpUAIOHAIBHOMY Iepepi3i IMOKOBKH ITICIS
nedopmanii Ha 50% mpe3eHTOBaHO HA PUCYHKY
3. Jledopmariii 3 MakCHUMajabHOK BEIHYUHOIO
pPO3TAIIOBYIOThCSI B LEHTpaNbHIA  YacCTHHI
MOKOBKHM, a 3 MiHIMAJIBHOIO — Ha IUIOCKUX
TOpUSAX TMOKOBKH. Posmoxmin medopmariit st
pi3HUX rnapameTpiB 3aroTOBOK 13
YOTHPUIIPOMIHHUM  TIEPEpi3oM  Ma€  CXOXIi
pe3yJbTaTy. Aue npu OcajKeH1
YOTHPUIIPOMEHEBUX 3aroTOBOK 13 TJIMOMHOIO
rpaneit d/D=15% mmoma nedopmamii 3
MaKCHMaJIbHOK  BEJIMYMHOK  Oijbllle  Ha

35...45 % y nopiBHSHHI 3 IHIIMMH TapaMeTpaMu
Puc. 3. Po3nogin norapudpmivnux

nedopmauiii y npoueci ocagkeHHs1
YOTHPUIIPOMeHeBHX 3aroToBok (d / D = 0.15)

3aroToBoK (puc. 3).
JIoCIiJDKEHHST  3aKOBYBAaHHS OTBOPY IIpHU
OCa/DKEHHI YOTHPUIIPOMEHEBUX 3aroTOBOK Ha
CBUHIIEBUX 3pa3kax NepeBIPsSUIUCH
nedopmyBaHHsIM 3paskiB 31 crani 70X3IHMO® y
rapsyomMy cTaHi. HarpiBaHHs cTajeBUX 3pa3KiB
NMPOBOAMNOCA 10 TeMIepaTypH 1150 °C 3 Puc. 4. E";gi‘;‘:‘;::;g‘;‘; li‘::“im“e“""
MOJIJIBLITNM X HPOTATYBAHHAM Ha
YOTUPUIIPOMEHEBUM Tepepi3 1HCTPYMEHTOM 3
KJIMHOBUM TMpodineM 3 kyrom 150 © 31 cTyneHem
nedopmanii 20% Ta kaHTyBaHHAM Ha 90 °
(puc. 4). Ilicns mogaTKOBOTO MiAITpiBaHHS 3arOTOBKH 3/IMCHIOBAIOCH OCa/pKeHHs. Jlam 3pasku
OXOJIO/DKYBAJIUCS Ta PO3PI3aJIUCS 10 MICIS po3TalllyBaHHs edekTy (puc. 4).

BucHoBku

VYcTaHOBIIEHUI BIUIMB KyTa TpaHed YOTHPUIPOMEHEBUX 3aroToBok 150° Ha po3momin
nedopmariiii, Halpy>KE€Hb 1 3aBaplOBaHHS BHYTPIMIHIX JAe(EKTIB MICIS OCaHKEHHS. 3aKOBYBaHHS
oTBOpy TmounHae BiaOyBatucs mnpu Jnedopmamii 10%. MakcumanbHe 3aKOBYBaHHS OTBOpPY
B1IOYBA€ETHCS MICIs OCa/pKeHHS Ha 65% mpu BiAHOCHIM ramOuHi Tpanen 15...20% Bim miamerpa
3aroTOBKHM. YBITHYTI rpaHi riaubOuHoo 15% Bix aiamerpa 3aroToBKM MicHs ocaJkeHHsS Ha 55%
MPUBOJATh J0 BUHUKHEHHS B TUIl 3arOTOBKM CTHUCKAIOUMX HampykeHb. Po3poOieHuil HOBHA
HAyKOBO-OOIPYHTOBaHMI CHOCIO OCa[KeHHsST YOTHPUIIPOMEHEBUX 3arOoTOBOK, KU MiJBHUILYE
SKICTh MaCHBHHX TIOKOBOK. Ha OCHOBI TpoOBeneHHX KOMIUIEKCHHX TEOPETHYHUX OCHTiKECHb
po3poOiieHi pexoMeHAalii s TPOEKTYBAaHHS TEXIPOIECiB KyBaHHA 10 HOBHX CXeMax
nedhopMyBaHHSI. Po3pobieno HOBUW  HAayKOBO-OOTPYHTOBAHHI crocio OCaKCHHS
YOTUPUIIPOMEHEBUX 3aroTOBOK, SIKMH MiJBUIIYE SKICTh KpyIMHOrabapuTHUX MOKOBOK. Ha ocHOBI
MPOBEACHUX KOMIUIEKCHUX TEOPETHYHHX 1 EKCICPUMEHTAIbHUX JIOCHIDKEHb PO3pO0JIeH]
TEXHOJIOT14YHI Ta KOHCTPYKTOPCBHKI PeKOMEHallii 3 MPOEKTYBAHHS TEXIPOLIECIB KyBaHHS 32 HOBUMHU
cxemamu JaeOpMYBaHHS 1 IHCTPYMEHTY Jist TpoQiTFOBaHHS 37TUTKIB.
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Study of the process of upsetting of massive profiled workpieces in the
manufacture of important parts

0. Markoyv, V. Stankov, A. Khvashchynskyi, A. Musorin, S. Rovenskiy, V. Molodetskiy, A. Lisenko

Abstract: 4 study of a new method of upsetting large ingots after their profiling was made in this work. On the basis
of the finite element method (FEM), the distribution of the intensity of logarithmic deformations in the longitudinal
section after upsetting of billets profiled on a four-beam section was determined. The FEM simulation made it possible
to establish the shape change and distribution of stresses and strains in the workpiece volume during upsetting of four-
beam workpieces. Finite element modeling made it possible to determine that the effective depth of the concave faces
should be 15% of the workpiece diameter. With such a depth of concave faces, the maximum closure of the internal
defect occurs.

Keywords: forging, upsetting, internal defect, four-beam workpiece, concave faces, FEM, compressive stresses.
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3MiHa ekcmuyaTamiiHUX  BJACTHBOCTEl NPOOMBHHUX IYaHCOHIB i3
IBUAKOPi3anbHOI cTajiai POMS micjist 00poOku B iMIYJIbCHOMY MATHITHOMY 1OJIi

MLI. Kingenko
JIMA, m. Kpamatopcek, Ykpaina

Anomauyin: Poboma npucesauena 00CrioHcenHo RUManb, N08'a3aHuxX 3 NiOBUWEHHAM eKCHIYAMAayiliHux 81acmugocmett
IHCMpPYyMeHmi6 13 WeUOKOPI3AIbHUX CIAJell WSXOM MACHIMHO-IMNYbCHOT 00pobKku. Bcmarnosneno, wjo 6 pesyivmami
6NAUBY IMNYNIbCHO20 MASHIMHO20 NOJISL 8I00Y8AEMbCS 3MIHA (DI3UKO-MEXAHIYHUX 61ACMUBOCMEN WEUOKOPI3ALIbHUX
cmaneu, 3pOCmMae Xon00HA I 2apsaya meeplicmv I IHCMPYMEHMAIbHUL mMamepial cmae Oitbl OOHOPIOHUM 34
cmpykmypor. Biosnaueno, wo nepuionputuuHol0 NONINUWEHHS eKCHTYAMAYiuHUX XapaKxmepucmux iHCMpYMeHmY,
nio0an02o MacHimHuiu 00pobyi, € 3MIHA 61ACMUBOCMEl IHCMPYMEHMATbHO20 MAMEPIANY, WO 6i00Y8aAEMbCsl 3a PAXYHOK
MAHIMOCMPUKYILIHO20 3MIYHEHHs weuoxkopizanvnoi cmani. [lleuokopizanvna cmane P6M5 3a3uac 06'emmoco
3MIYHEHHs, OUCNepCIliIHO20 MEePOIHHs, CMAE DLIbUL OOHOPIOHO 3d CIPYKMYPOI Ma NOKPAuye coi (izuxo-mexaniuui
81ACMUBOCTI, WO NPU3BOOUMb 00 NIOBUWEHHS eKCHIYAMAYIUHUX 61aCmMUsocmell NPOOUBHUX NYAHCOHI8 01 0OCIYHUX
mMampuyp.

Knrwuosi cnoea: npobusnuii nyancoH, weUOKOpi3anibHA CMAb, MASHIMHA 0OpoOKa, Hanpysjcewicmv, meeplicmy i
MeNnI0EMHICIb, MASHIMOCMPUKYIA.

[IpyurHM BIAMOB IHCTPYMEHTIB HalyacTillle MOB'sI3aH1 HE 3 iX MOJIOMKOIO, a 3 BTPATOI0 HUMU
CBO€1 IOYATKOBOT MMOBEPXHEBOI 3MIHM BHACIIIJIOK 3HOCY, CKOJIIB, 3MUHAHHS, PO3TPICKYBaHHsI, TOOTO.
y 3B'SI3Ky 3 pyHHYBaHHSAM 4H JedOpMaIli€r0 TOHKAX TTOBEPXHEBHX IIapiB MeTary [1].

IIpobnema 3HOCOCTIMKOCTI Ta JOBrOBIYHOCTI I1HCTPYMEHTY HaOyna B MalIMHOOYAyBaHHI
HAJ3BUYAITHO BEJIMKOT0 3HAYEHHS. AKTYaJIbHICTh 3HOCOCTIMKOCTI 1 JIOBIOBIYHOCTI IHCTPYMEHTY
3pocTaE B CydaCHMX YyMOBaX, KOJM B MAaIIMHOOYAyBaHHI OCOOJIMBY pojib HaOyBae SKIiCTb
IHCTPYMEHTIB, y TOMY YHCJIi BUCAJJKOBUX 1 MPOOUBHUX, 1110 BU3HAYAIOTh 0arato B YoMy HaJ1HHICTh
MPOLIECIB, IPOAYKTUBHICTh 00J1aiHAHHS 1 COOIBapTICTh 0OPOOKH B IIoMYy [2].

OnHak, SKIIO IPYHTYBATUCS Ha 3MiHI (P13MKO-MEXaHIYHUX BJIACTMBOCTEH 1HCTPYMEHTAIBbHOTO
MaTepiajgy SK OCHOBHOI INMPHYMHU MiJIBUIIEHHS CTIHKOCTI IHCTPYMEHTY, HEOOXIJHO MOPIBHATHU
KOHKPETH1 BJIACTUBOCTI IMIBUIKOPI3aJbHUX CTaje 1o oOpoOKu 1 micis Hei, mpudoMy, B MEpIIy
4yepry, Taki BIACTUBOCTI, sIKi BA3HAYAIOTh CTIMKICTh IHCTpyMeHTa [3].

Meta poGoTu — IOCHiPKEHHS 3MIHM €KCITyaTallifHUX BJIACTMBOCTEW MPOOMBHUX ITYaHCOHIB
Ui OOCIYHMX MaTpullb 13 MIBHUAKOpi3anbHOI cTani POMS micis oOpoOkM B IMIYJIBCHOMY
MarHiTHOMY IOJIi.

TexHosOr1uH1 HaNpsAMU JOCHIIPKEHb y Taiy3l TeXHOJIOr1l MarHiTHOI 0OpOOKM 1HCTPYMEHTY B
IMIYJIbCHUX MarHiTHHUX IOJIAX MOB'S3aHi 3 BIUIMBOM MarHiTHOI 0OpOOKH Ha CTIMKICTHI 3aJIe)KHOCTI

IHCTPYMEHTY.
[Ipu MarHiTHOMY BIUIMB PEUOBHHA 3MiHIO€ CBOI (pi3WUHI Ta MEXaHIYHI BIIACTHBOCTI.

[HCcTpyMeHTanbHa cTanb, K Oyab-sSKe TBEpJE TUIO MAa€ BHYTPIIIHI IPYXKHE T0JIe, 00YMOBIICHE
peaIbHOI0 JIUCIIOKAIIIHOIO CTPYKTYpOI0. 3 HaKJIaJeHHSIM MAarHiTHOTO IOJS Ha MaTepian Ha Le
BJIaCHE TMpPYXKHE TMI0J€ HAKIAJaeTbCsd MPYXKHE [oJie, BUKIMKAHE MAarHITHOCTPHUKIIIIHOIO
nedopmartiero.
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[lepmonpuYMHOI0 MOKPAIIEHHS EKCIUTyaTalliiHUX XapaKTepUCTHK IHCTPYMEHTY, IiJAaHOTO
MarHiTHii 00poOIli, € 3MiHA BJACTUBOCTEH 1THCTPYMEHTAJILHOTO MaTepiay.

Ha puc.l momano pe3yiabTaTH BHUKOHAaHUX EKCIIEPUMEHTIB. JlOCTIDKEHHS IOKa3alu, IO
BIJIHOCHO CJIa0Ki MardiTHi MOJIsl HE MPHU3BOATH 10 3MIHM 3HAYEHb TBEPIOCTI Ta TETUIOCTIAKOCTI.
3anexxnocti HRC=f(H) i HRCT=f(H) matots MakcumyMm 3a Hampyxenocti nmonst H=1,2-105 A/m.
[Tomanpie 30UTBIICHHS HANPYXCHOCTI TOJNS TNPU3BOAWUTH 1O 3HWKCHHS TBEPIOCTI Ta
TerocTikkocTi 1 mpu H=1,6-105 A/m 1i mapameTpu NpakTUYHO HE BiIPI3HAIOTHCS BiJl TBEPJOCTI Ta
TEIUTIOCTINKOCTI 3pa3KiB Y BUX1THOMY OJIOKEHHI.

HRC,%
101,4 HRCT,%
101,2 1.Hcp=1 7~105A’/M 91,75

G=0,11610°A/m
101 W=0,097 91,5
// \ 2.Hcp=1,21+105A/m
C = 105
100,8 H)\B(// HRCT §=0,103*105A/m 91,25
100,6 \ 91
100,4 90,75

100,2 / \\\\% N
100 - 90,25

99,8 T T T T T T T IH'105A/M
0,8 0,9 1 1,1 1,2 1,3 1,4 1,5 1,6
Puc. 1 — 3anexHicTb 3MiHM TBepaocTi Ta TenocTiikocTi crani P6MS Bin Hanpy:KeHOCTi MarHiTHOI0 MOJIs MicJas
24 roIMHHOI BUTPUMKHM iHCTPYMEHTY

Bumnpo6yBanus ctani POMS Ha TemnocTifikicTh (puc. 2) mokas3aju, 110 BOHA IiJBUILYETHCH,
MOPIBHSIHO 3 BUX1IHUM CTaHOM.

HRC%

103 HRCt%

102,5 ® 78

102 77

101,5 e HRC(24rgauHn) 76

101 75

100,5 74

\ S cameo - /
100 \ *  HRCrT / 73
99,5 ~— e — ~—_ 72
HRCI(AronuH)
99 T T T T T T L 71
0,6 0,8 1 1,2 1,4 1,6 1,8 2 H-105A/m

Puc. 2 — 3anexnicTs 3MiHN TBepaocTi Ta Temnocriiikocri ctani POMS Bix Hanpy:KkeHOCTI Mo/ Ta 4yacy cTapiHHsA

301UIbIICHHST KITBKOCTI KapOiliB Ta 3MEHIICHHS iX 3JaTHOCTI MO KOAryJsiii Mpu 3pOCTaHHI
TEeMIIepaTypH B 30H1 0OPOOKH BUSBIISETHCS Y MIABUIIEHHI TEMJIOCTIMKOCTI MIBUAKOPI3aIbHOI CTAJII.
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Y To#t ke uac MarHiTHa O0OpoOKa MPHU3BOAUTH 10 30UIBIICHHS XOJOIHOI TBEPAOCTI
MIBUIKOPI3AIbHOI CTaii, a OUIbII piBHOMIpHA CTPYKTypa MaTepially 3MEHIIYE PO3KH] 3HA4YCHb
TBEPJOCTI B 00CsA31 OJTHOTO 1 TOTO kK IHCTPYMEHTY.

BcranoBieHo, 1mo Hai0uiblIe MiABUIICHHS CTIHKOCTI MarHiTHOOOPOOJIEHOTO 1HCTPYMEHTY Ta
HaWOIIbIIe TMIJBUIICHHS 3HAY€Hb TBEPAOCTI Ta TEIUIOCTIMKOCTI OTpPHMaHi MpPU THX CaMHUX
3HaueHHsX podouoro noist (H=1,2-105 A/m).

MakcumanbHe TiABUIIEHHS TBEPAOCTI Ta TEIUIOCTIHKOCTI IMBUIKOPI3AJBbHOI CTall TIpH
HanpyxkeHocti moinst  H=1,2-105 A/mM BigOyBaeTbcsi  paxyHOK  MarHUTOCTPUKLIHHOTO
CyOCTPYKTYPHOTO 3MIiITHEHHS.

[MoninmeHHs BIacTUBOCTE MPOOWBHUX MYaHCOHIB I OOCIYHMX MaTpHullb i3 cTaini P6MS, mio
MPOUIUIM MAarHITHO-IMITYJIbCHY OOpOOKY, JOCATa€TbCS 3a PaxyHOK CIPSMOBAHOI OpieHTarii
BUIBHUX €JIEKTPOHIB PEYOBUHH 30BHIIIHIM I[OJIEM, BHACIIJOK YOro 30UIBIIYETHCS TEIUIO- Ta
€JIEKTPOTPOBIAHICTh MaTepialy.

VY Micusx KOHLEHTpAIil 3aJUIIKOBUX a00 BTOMHHUX HaIpPYy>KEHb, MOB'I3aHUX 3 TEXHOJIOTIEO
BUPOOHUIITBA, 00poOKH ab0 eKcruTyarallii iHCTpyMEHTY, HaBeJleHa TEIIOTa BUXPOBUMHU CTPYMaMHU,
YaCTKOBO 3MEHIIYE HaJMIPHY €HEPTil0 CKJIAZOBUX KPHUCTANIITIB 1 3€peH CTPYKTYPU OCOOIMBO B 30HI
KOHTAKTy HallPy>KCHUX JJISTHOK.

[Iporiec MarHiTHO-AMCHEPCIHHOTO TBEPAIHHS CTajl B PE3y/ibTaTi BIUIMBY MAarHiTHOTO TIOJIS
JI03BOJISI€ OTPUMATH OLIBII OJHOPITHY CTPYKTYpPY Matepiaiy.

BucHoBkH

BHacnijok BIUIMBY IMITyJIbCHOTO MAarHiTHOTO TOJIS BiAOYBaeThCsl 3MiHa (Pi3MKO-MEXaHIUHMX
BJIACTMBOCTEN MIBUAKOpi3aibHOI cTaimi POMS, 3poctae xonogHa Ta rapsya TBEpHAICTh Ta
IHCTpYMEHTAJIbHUI MaTepiall cTae OiIbIll OJHOPIIHUM 3a CTPYKTYpPOIO.

[IBuakopizansHa ctans P6MS 3a3Hae 00'eMHOr0 3MIITHEHHS, AUCTIEPCITHOTO TBEPIHHS, CTA€E
OUTBII OJHOPIJHOIO 3a CTPYKTYpPOIO Ta TMOKpallye CBOi (i3UKO-MEXaHIYHI BIACTUBOCTI, ILIO
MPU3BOAUTH JI0 MIABUILEHHS €KCITyaTallliHUX BIaCTUBOCTEW MPOOUBHUX MyaHCOHIB JUIsl OOCIYHUX
MaTpHllb.

Change of operating properties of aggressive puncheons from quickly-
cutting steel of R6MS after treatment in the impulsive magnetic field

MLI. Kindenko

Abstract: The real work is devoted research of questions, related to the increase of operating properties of instruments
from bystrorezhuschikh staley by magnetic-impulsive treatment. It is set that as a result of influence of the impulsive
magnetic field there is a change of fiziko-mechanical properties of bystrorezhuschikh staley, cold and hot hardness and
instrumental material increases becomes more homogeneous on a structure. It is marked that primary cause of
improvement of operating descriptions of instrument, exposed to magnetic treatment, is a change of properties of
instrumental material, which takes place due to the magnetostriction work-hardening of high-speed steel. High-speed
steel P6M5 undergoes volume hardening, dispersion hardening, becomes more homogeneous in structure and improves
its physical and mechanical properties, which leads to an increase in the operational properties of punches for cutting
dies.

Key words: aggressive puncheon, high-speed steel, magnetic treatment, tension, hardness and heat capacity,
magnetostriction.

Cnucok Jgiteparypu
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JlocaiaxeHHS MOAOBKEHHA Pecypcy IMJIACTHYHOCTI KOHCTPYKUIMHMX MaTepiaJiiB
MeTOaMHU TePMOMeXaHiYHOI 00pOOKHU NMPU BUTOTOBJICHHI AeTaJjiei

B.A. Tiros, B.O. KopeBa, O.B. Tumomenko
KIII im. Irops Cikopcekoro, M. KuiB, Ykpaina

Anomayia: B Oaniti pobomi 00CniOxHceHO NOO08ICEHHS pecypcy NAACMUYHOCI KOHCMPYKYIUHUX Mamepianie
MepMOMEXAHIUHOIO 00pPOOKOIO 3 BUKOPUCIAHHAM RPOMINCHUX 8i0nanie 8 npoyeci Oegopmysanus. Hasedeni
pesyrbmamu  00CaioxceHb O0Jid KoepiyicHma SUKOPUCMAHHA pecypcy naacmuyHocmi Ha i-my nepexoodi k = 0,5.
IIposodunuce eunpobyeanns Ha 3paskax 3a cxemolo Ha posmse. B pesynemami, ecmanoeneno, wjo naodinma
epexmueHocmi  NPOMIHCHO20 — 8iONANY NOACHIOEMbCA  HAKONUYEHHAM NOWKOOMNCEHb Memany npu nonepeouii
Oepopmayii. Byno eusnaueno noooexcenus pecypcy NAACMUYHOCTI anioMiniegoeo cniagy AMe6 mepmomexaniynoio
006pobK0oI0 npu 6UNpobysanHax Ha po3mse. Bemanosneno, wo 3a 00nomMoz010 NPOMIdCHUX 6I0NANIE 3a6e3neuyemoes
3pocmanms pecypcy niacmuynocmi mamepiany 6 1,5...1,6 pazu. Taxooic nobyoosana spanuina noGEPXHs 3aaeHCHOCI
nracmuyHoCmi mamepiany 6i0 MepMOMeXaHiuHoi 0OpoOKU ma KitbKocmi nepexooié 3a pesyibmamami NO8HO20
00CTiONHCEH S,

Kuaro4oBi ciioBa: pecypc nracmuunocmi, KOHCMpPYKYitiHI Mamepianu, mepmomMexaniyna oopooKa, npomiscHutl 8ionai,
poszmsz.

BukopuctanHss HOBHX KOHCTPYKLIMHHX MaTepiajiB Ta TEXHOJOTIYHHUX MPOILECIB
BUTOTOBJICHHSI BUPOOIB  MAalIMHOOYIYBAaHHS  JO3BOJSE  MIABHINATH iX  eKCIDTyaTaIliiHi
XapaKTepUCTHKH, 3a0€3MeUyl0Yr BUCOKI MEXaHIYHI BIACTUBOCTI Ta SIKICTb €IEMEHTIB KOHCTPYKIII.
EdexTuBHICT BUTOTOBJICHHS CKJIAIHUX JETalel OCATAETHCS 3aBMASKA BUCOKIM IUIACTUYHOCTI
METajiB, a iX SAKICTb KOHTPOJIIOETHCS 32 PAaXyHOK BHUKOPUCTAHHS PErIaMEHTOBAHOTO Pecypcy
m1acTuyHOCTl. OCTaHHIM YacoM CIIOCTEpIraeThCsl aKTUBHUM PO3BUTOK IPOIECIB, K1 30UIbIIYIOTH
pecypc IJIACTUYHOCTI HUISXOM 3aCTOCYBaHHS TepMoOMexaHidHOi oOpoOku. Lleit MeTton Bkiovae
OJIHOYACHY a00 TOCIIIIOBHY J1F0 HABAaHTAXXEHHS Ta TeMIiepaTypHuid BIutuB [1-6]. Jlo Takux MeToliB
BITHOCATh BHKOPHCTAHHS TNPOMDKHMX BIANANIB, a TaKOX BHCOKOTEMIIEpPAaTypHE 130TE€pMiUHE
(GOpMOYTBOpPEHHS 31 CKIAQJAHMX KOHCTPYKLIMHHUX MaTepiaiiB. BaXiauBUMHU peoNOriYHUMU
XapaKTepUCTUKAMHU MO)KHAa BB@XaTH TIpaHUYHE TMOJIOBXKEHHS Ta iX OCOOJIMBOCTI OMOpPY
nedopMmyBaHHIO. Y 3B’S3Ky 13 MOSBOI HOBUX BaXKOJAS(hOPMIBHUX MaTepiaiiB Ta CIUIaBIB,
noynHarouu 13 70-X pOKiB MHUHYJIOTO CTOJITTS, 33/Ja4er0 Teopil MIACTUYHOCTI CTa€ BU3HAUCHHS
MO>KJIMBOCTI 3[{IHCHEHHS TEXHOJIOTTYHUX ONepaliil MIacTUYHOro (JOpMyBaHHS 3arOTOBOK 13 PI3HUX
MmatepianiB 6e3 pylHyBaHHA. [Ipu oMy, OIliHKA pecypcy MJIACTUYHOCTI CTAHOBUTHCS BAXKKOIO Ta
1HO/I1 HEBUPIIIAJILHOIO 33/1a4€l0.

Metow poOOTH € JOCHIIKEHHS IOAOBKEHHS pecypcy IUIACTHYHOCTI KOHCTPYKIIHHHX
MaTepiajiB TEPMOMEXaHIYHOIO OOpOOKOI0 3 BHUKOPHCTAHHAM IPOMDKHHUX BIAMaiB B MpoIleci
nepopMyBaHHS.

Metoauka poOOTH BU3HAYAE MOPSAJOK MPOBEIEHHS €KCIIEPUMEHTIB Ha OJHOBICHUN PO3TAT 3
npoMibKHUMH Biananamu. CymapHe MOJOBXEHHS 3pa3KiB B MpPOIEC MPOBEACHHS EKCIEPUMEHTIB
BH3HAYAETHCS Y BIAMOBITHOCTI IO HABEJACHOTO aJITOPUTMY.

[Topsiok MpOBEAECHHS EKCIIEPUMEHTY HACTYITHUI:

1. Po3moain 3pa3kiB Ha FPYyNH, iX MapKyBaHHS.

2. BumiproBaHHS TOYHHMX pO3MipiB 3pa3KiB €JIEKTPOHHUM IITAHT€HIIUPKYIIEM.

3. [IpoBeaeHHs Biamamy BCiX TPYIl 3pa3KiB.

4. BunpoOyBaHHS Ha pO3TAT 10 PyHHYBaHHS KOHTPOJBHOI IPYIH 3pa3KiB Ta BU3HAYCHHS iX
MaKCHUMAJILHOTO PECYPCY IUIACTUYHOCTI €y, -

5. BunpoOyBaHHs Ha PO3TSAT PEUITH TPYM 3pa3KiB 10 BeUUnHU aedopmarttii e; = ke, . (1)

30 ®OPYM IHXEHEPIB MEXAHIKIB
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6. IIpoBeneHHs Binaty monepeanso 31e(oOpMOBaHUX 3pa3KiB.

7. BunpoOyBaHHs Ha PO3TAT 110 PyHHYBaHHS i-0i IPYIH 3pa3KiB Ta BUSHAYEHHS iX €y, -

8. IToBTOpeHHs 1. 5, 6 Ta 7 10 BCTAHOBIIEHOI KIJIBKOCTI TIEPEXOIiB.

Tyr:

€max, — MakcuManbuui PII BuxigHOro marepiaiy 3aroTOBKH ICJIA NPOBEICHHS TEPMIYHOI
00poOKu — BiAmany;

e; = keygx G- Bukopuctanuii PI1 Ha i-mMy mepexoi;

)
k — xoedimieHT BUKOPUCTAHHS peCypCy IJIACTUYHOCTI Ha i-My MEPEXO/Ii;
€max; — 3ammmkoBui PII ma i-my mepexomi micns mpoBeNEHHsS TEPMiYHOI 0OPOOKH it
BigHOBIeHH: PII.

Cymaphuii pecypc mIacTUYHOCTI OyJ10 BU3HAYEHO 332 HACTYIHOIO 3AJIEXKHICTIO!
n

ey = Z e; + emax; 1)
i=e;

Leit pecypc muracTHUHOCTI BigoOpa)ka€ BIUIMB NPOMDKHUX Omepamiii TepMooOpoOKH
(Biamany) Ha MJIACTUYHICTD CIUIABY MICIS MEXaHIYHOI 00poOKH nedopMalli€ro.

Huxue HaBeeHi pe3ynbraTu ekcrepuMenTiB uist k = 0,5.

TemnepaTypHi pe:KuMu TepMidHOi 00poOKH (BiNany) IS MPOBEACHHS EKCIIEPUMEHTY:

- Temrmeparypa HarpiBy 3arotoBok — 325 °C;
- 4ac BUTPUMKH B Harpitomy cradi — 30 XBUJIMH;
- BHJI OCTaTOYHOT'O OXOJIOJKEHHS — Ha TIOBITPI.

Metoauka npoBe/ieHHs] BUMPOOyBaHb HAa OJHOBICHMN po3Tar BukoHyBasacs 3rigHo ['OCT
11701-84 «Metamibl. MeToabl UCIBITAHUI Ha pacTsKeHUE TOHKUX J1ucToB U JeHT» Ta OCT 1497-
84 «Mertanmiabl. MeToabl UCTIBITAHUI Ha PACTSIKEHHUE.

Bnacminok oOMexeHHS KITBKOCTI Marepially Oyno BHOpaHO KOPOTKI 3pa3Kul JJis
MIPOBE/IEHHS €KCIIEPUMEHTAIbHUX JOCIIKEHb.

Jist ipoBeieHHs eKCIIEPUMEHTATLHOTO JOCIKEHHS TI0 BU3HAYEHHIO TTOJ0BKEHHS PEeCypCy
IUTACTUYHOCTI TEPMOMEXAHIYHOI 00OPOOKOI0 BUKOPUCTAHO 15 3pa3kiB 13 JTUCTA TOBIIMHOIO 2 MM i3
anoMiHieBoro craBy AMroé g BunpoOyBaHb Ha OTHOBICHUN PO3TAT.

Ha puc. 1 moka3zaHo po3MipH eKCIIEpUMEHTAIbHUX 3Pa3KiB Ha OJTHOBICHUIN PO3TSIT.

CymapHuii pecypc MJIaCTUYHOCTI MiCJs MPOBEACHHS EKCIEPUMEHTY OyjJo BHU3HAUEHO 3a
3HAYEHHSIMHU BUKOPHCTAHUX PECYPCIB MJIACTUYHOCTI HA KOKHOMY MEPeXOo/i:

es =eiteytestemans =13,1+10,6+79+9,7=413%

Otxe, s > epmaxo B 1,58 pasis.

I'padix 3amexxkHOCTI MaKCHMAIbHOTO 3HAYEHHS BIHOCHOTO TOJOBXKEHHsS (pecypcy
IJIACTUYHOCTI) BiJ] KIIBKOCTI B1JIMAIIB OKa3aHO Ha puC. 2.

B pesynbTari, BCTaHOBJIEHO, L0 MomepenHs IulacTuyHa nedopmanis 50 % Bix pecypcy
IJIACTUYHOCTI Ja€ MiJBUIIEHHS PeCypCy IIaCTUYHOCTI HACTYIIHI:

a) Ha [I-my nmepexoi:

- 3AJIMIIKOBUI pecypc MIaCTUYHOCTI cTaHOBUTH 13,1 %;

- BITHOBJICHUH pecypc MIaCTUYHOCTI CTaHOBUTH 21,3 %.

OT1xe, pecypc mIacTUYHOCTI OyB miaBUIIIEHUH B 1,6 pa3iB.

6) na IlI-my nepexoni:

- 3aJIMIIKOBUI pecypc IIacCTHYHOCTI cTaHoBUTH 10,7 %o;

- BIIHOBJICHU pecypc MJIaCTUYHOCTI CTaHOBUTH 15,9 %.

OTxe, pecypc IUIacCTUYHOCTI OyB miBUIIEHUH B 1,5 pasis.

B) Ha [V-my nepexoni:
- 3AJIMIIKOBUH pecypc MIIaCTUYHOCTI CTaHOBUTH 7,9 %;
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- BIIHOBJICHUI pecypc MJIaCTUYHOCTI CTaHOBUTH 9,7 %.
OTxe, pecypc IIacTHUHOCTI OyB migBuIIeHUH B 1,2 pasis.

N
50
R15
/ 4 paduyca ‘
—
© : : Bl e |
L r U
0
Puc. 1. Kpecienns 3pa3ka Puc. 2. I'pagik 3a/1€:kHOCTi MAKCHMAJIBHOTO BiTHOCHOI'O MO10BKEHHS

BiJ KijibKoOCTI BianamaiB

BBenemMo Juis  BiTHOIIGHHS BiHOBJICHOTO pPECypCy IUIACTUYHOCTI /O 3aJUIIKOBOTO
koedirient K — koedimieHT BiTHOBICHHS pecypCy IIIaCTUYHOCTI.
- @
(1 - k)emax(i_l)
TYT ey, — CyMapHuii PeCype IIACTHYHOCTI TCIIs {-T0 MEPEXOLY;
1- k)emax(i_l) — 3anmumkoBuil PIT Ha i-My mepexojii 10 MPOBEICHHS TEPMIYHOT 00pOOKH

K =

utst BigHoBienHs PII.

3anexHicTh koedinienta K Bi KiTbKOCTI BiJNAJIiB MOKa3aHa Ha puc. 3.

['pyna 3pa3kiB 5 cBIAUUTH IpO Te, 110 HA PeCcypc IUIACTUYHOCTI HE BIIMBAE KUIBKICTh
BiAIAIIB, TaK SK:

emaxo = 26,2 % = emgxs = 26,1 %

OTxe, MOXXHa JIMTM 10 BHCHOBKY, L0 €(EKTHBHICTb BiAmamxy MpH Koe]ilieHTi
BUKOPUCTaHHA pecypcy miaactudHocTi k = 0,5 mnajae yepe3 HaKONMWYEHHS MOMIKOPKEHb MeTaly
IpU NomnepeaHii qegopmartii.

Takox Oynau TPOBENEHI JOCHIKEHHS 13 Koe(dillieHTaMu BUKOPUCTAHHS pPECypCy
mwiactuaHocTi k = 0,25 ta k = 0,75. 3a pe3ynpratamu skux OyJI0 OTPUMAaHO TPAHUYHY MTOBEPXHIO
3aJIe)KHOCT] TUIACTUYHOCTI MaTepiaity BiJl TEpMOMEXaHIYHOI 0OpOOKH Ta KUIBKOCTI MEPEXOJIiB, SKY
MOKa3aHo Ha puc. 4.

[
1
"
Puc. 3. 3anexnicTs koedinienta K Bin kiibkocri Puc. 4. I'paHuYHA NOBEPXHS 3AJ1€KHOCTI IJIACTHYHOCTI
Binanis. MaTepiajy Bill TepMOMeXaHi4HOT 00pPO0KH Ta KiIBLKOCTI

nepexoxuiB.
BucHoBkH
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B Xxoxi BHKOHaHHS EKCHEPUMEHTAJIBHHUX JIOCHIIKEHb OYJIO OCATHYTO HACTYITHHX
pe3yIbTaTIB:

BusnaueHo MmoOBKEHHS pecypcy IJIACTUYHOCTI aJlFOMiHI€BOTO criaBy AMro6 3a paxyHOK
TepMOMEXaHIYHOI 0OpOOKH MpH BUIPOOYBAHHIX HA PO3TAT. B pe3ynbrari, BCTaHOBIIEHO, 110 MICTIsS
OJTHOTO BiJiAJIy CyMapHUI pecypc IIaCTUYHOCTI cTaHoBHB 26,2 %, micis qBox Binnamis — 34,4 %,
micas Tphox BigmamiB — 39,6 %, micis wotupbox BimnamiB — 41,3 %. Otxe, 13 30UIBIICHHIM
KUTBKOCTI BiJIIaJIiB CyMapHUil pecypc IIIAaCTHYHOCTI i IBULITYETHCS.

HcciaenoBaHue MNOBBINIEHUSI pecypca IJIACTUYHOCTH KOHCTPYKIMOHHBIX
MATEpPHUAJIOB METOJAMH TEPMOMEXaHMYEeCKOil 00padOTKM NpPH HM3rOTOBJICHUU
aerajen

B.A. Turos, B.O. Kopena, O.B. Tumomenko

Annomayua: B Ooannoiti pabome ucciedosano yonunenue pecypca HiACMUYHOCU KOHCMPYKYUOHHBIX MAMEpUanos
mepmoMexanudeckoll oopadbomKol ¢ UCNONL306AHUEM NPOMEHCYMOUHBIX OMIUCU208 8 npoyecce 0ePoOpMUPOSAHUs.
Ilpusedenvt pesyrbmamul UCCIE008aHUN KOIDDuYUeHma UCNONb30BAHUS pecypca RAACMUYHOCIU HA i-OM nepexode
k=0,5. Ilposoounuce ucnvimanua na odpasyax no cxeme pacmsaxicenus. B pesyibmame ycmanoeneno, umo naderue
appexmusHocmu  NPOMEICYMOUHO20 — OmdICU2d  OOBACHAEMCA  HAKONJIEHUEM  NOBPENCOCHUN  Memanid  npu
npeosapumenvhol deghopmayuu. Buino onpedeneno yonunenue pecypca NAACMUYHOCIU ANOMUHUe8020 cniasa AMe6
MepMOMEeXanuieckol 00pabomKkoll Npu UCHBIMAHUAX HA PACMAdNCEHUe. YCmanogieno, 4mo nocpeocmeom
NPOMENCYMOUHBIX OMMAHCU208 0becnedusaemcs pocm pecypca niacmuunocmu mamepuana 6 1,5...1,6 pasa. Taxoce
NOCMPOEHA SPAHUYHAS NOBEPXHOCTL 3AGUCUMOCTIY NAACTHUYHOCIU MAMEPUAna om mepmomexanuieckoti oopabomxu
U KOU4eCcmea nepexo006 no pe3yibmamam NoJIHO20 UCCIe008aAHUS.

Kniouegvie cnosa: pecypc niacmuyHocmu, KOHCMPYKYUOHHbIE MAmMepudanvl, mepmomexanuieckas obpabomka,
NPOMEIHCYMOUHBL OMIICUS, PACMAICEHUE.

Investigation of increasing the plasticity resource of structural materials by
methods of thermomechanical treatment in the manufacture of parts

V. Titov, V. Koreva, O. Tymoshenko

Abstract: In this work, the elongation of the plasticity resource of structural materials by thermomechanical treatment
with the use of intermediate annealings in the process of deformation was studied. The results of studies of the plasticity
resource utilization coefficient at the i-th transition k=0.5 are given. Tests were carried out on samples according to the
tensile scheme. As a result, it was found that the decrease in the efficiency of intermediate annealing is explained by the
accumulation of damage to the metal during preliminary deformation. The elongation of the plasticity resource of the
aluminum alloy AMg6 was determined by thermomechanical treatment during tensile tests. It has been established that
by means of intermediate annealing, an increase in the plasticity resource of the material by 1.5-1.6 times is ensured.
The boundary surface of the dependence of the plasticity of the material on thermomechanical processing and the
number of transitions is also built according to the results of a complete study.

Keywords: plasticity resource, structural materials, thermomechanical treatment, intermediate annealing, stretching.
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Cekuif 1. TeopeTU4Hi Ta NPaKkTUYHI Npo6rieMn NNacTU4YHOro hopMOyTBOPEHHA KOHCTPYKLiN
MalMHOOYyAyBaHHA

VK 621.7;621.983

IIpy:XuHiHHA TOBCTOCTIHHOI TPY04YaCTOI 3ar0TOBKH NMPH PaAialbHOMY 00THCKY
0oiikaMM N0 NMJIIHAPUYHIN Ta npodinboBaHiil onpaBui

B.A. Tiros, .M. MakcumiB
KIII im. Irops Cikopcekoro, M. KuiB, Ykpaina

Anomayin: Pozensnymo 3adauy 3 U3HAUEHHs GCIUMUHU NPYICUHIHHSL MOBCMOCMIHHOL 3A20MO6KU NICAS 3HAMMs
HABAHMAICEHH S, 30 CXEMOIO PadianbHO20 8CeDIUH020 0OMUCKY. BUKOHAHO anani3 HANpy’ceno-0eghopmosano2o cmamy
mamepiany, wo 0ae Kpawe po3yMiHHL MEXAHIZMY HOGEPHEHHs. 8UPOOY 00 C80€I NOUAmMKo8ol hopmu nicis nAACMUYHOL
Odegopmayii.

Kniouosi cnosa: padianvnuti 06muck, npysCcHi XApakmepucmuKu, NPYjiCUHIHHI, mpybyacma 3a20mMosKd, ONnpaeKd,
HAanpysiceHo-0eqropmMoeanutl Cman.

[Iponiec mpodinoBanHS BHYTpimHBOI mToBepxHi [1] MeromoMm pamianbHOrO OOTHCKY
OolikaMM LWIIHIPUYHHUX 3aroTOBOK MOXKE€ MAaTH CBOK AaKTyalbHICTh Yy PI3HHX Taiyssx
BUPOOHHMIITBA, OCOOJIMBO TaM, J€ HEOOXiJIHO CTBOPUTH TOTYXHI MEXaHiuHi 3B’S3kH abo0 naTu
3arotoBli neBHy ¢opMy [2]. YV BuUpOOHMUTBI JITakiB Ta pakeT, paaialbHUA OOTUCK
BUKOPUCTOBYETHCS JUISl 3'€JHAHHS PI3HUX KOMIIOHEHTIB, HANpHWKJIal, KpWiI, Imaci ta criiok. Llei
IpoLeC O3BOJSIE CTBOPUTH 3'€THAHHA 3 BHCOKOK MIIHICTIO, K€ MOXKE BUTPUMATHU BEIMKI
HaBaHTAXCHHS Ta 3a0€3MeUnTH 0€3MeKy BUKOPHCTAHHS.

MeTto10 po0GOoTH € aHaJli3 MPOLECY NPYKUHIHHSA, 1110 AACTh 3MOTY Kpallle pO3yMITH MOBEIIHKY
Marepiany Ticns rmactudHoi Aedopmariii Ta mporHo3yBatu ii. lle BaxkimmBO Ui po3poOKu
0e3MeyHMX Ta HalIHHUX KOHCTPYKIIH, SK1 MMiIal0ThCS HABAHTAXKEHHIO.

Puc.1 — cxema nmpouecy pagiaabHOro 00THCKY 0olKamMu:
1 — 3aroToBKa; 2 — onpaBka; 3 — 0oiiok
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Jlnis BUB4YEHHS niporecy (popMOYTBOPEHHS BHYTPIIIHBOT MOBEPXHI HWIIHIPUYHOI 3aTOTOBKH,
OTpUMaHOi BCEOIYHMM pagiaibHUM OOTHCKOM Ooiikamu, Ta BH3HaueHHs mapamerpiB HJIC,
BHKOPHUCTOBYBaBCs makeT npukiaaaux nporpaMm DEFORM na ocaoBi MCE [3].

Byno BukoHaHO MOENOBaHHS OOTHCKY TpyO4YacToi 3aroTOBKHM Ha IWJIIHAPUYHIA OIpPAaBIIi.
[TocTaHoBKa 3amadi BUKOHYBajacs B IIOCKO-I€(OPMOBAHOMY HANPYKEHOMY CTaHI 13 PI3HUMH
BHYTPIIIHIMU JiaMeTpaMH TPyO4acToi 3aroTOBKH.

BuxigHi gaHi 1uisi MOACITIOBAHHS:

e wmarepian 3arotoBku — AISI 4340;

® 30BHIIIHIN AiaMeTp 3aTOTOBKH —D,p, = 20MM;

e BHyTpimHi giameTpu - Dy, = 9,1mM; Dy, = 9,2MM; Dy, = 9,3MM; Dy, = 9,4MM;
e jiamerp onpaBku Dy, = IMM;

e koedimient Tepts - ¢ = 0,01 mo Kynony;

® KUIBKICTH eJIEMEHTIB CiTKHA — 0yim3bk0o 7000.

B pesynbraTi MOJeNIOBaHHS IOKa3aHO, 110 B 3aJIeKHOCTI B MOYATKOBOTO 3a30py MiX
3arOTOBKOI0 Ta ONPABKOIO 3MIHIOETHCS BEIMYMHA MPYKUHIHHS 3aroToBKM. BoHa 3alexuTh BiX
PO3BHUTKY HampyXeHb B CTiHKax. Ha puc.2 moka3aHO 3pOCTaHHS BEIMYMHH IHTEHCHBHOCTI
HaNpy>KEHb 31 30UTBIICHHM 3a30pY MK BHYTPIIITHBOIO IMOBEPXHEIO 3arOTOBKH Ta OMPABKOIO.

Stress - Effective (MPa)

Stress - Effective (MPa) Stress - Elective (MPa)
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Puc. 2 — Po3noain o; npu pagiaibHOMYy 00THCKY 00iikaMH TpPy04YacToi 3aroTOBKH B MOMEHT 3alI0BHEHHS 3a30py i
HAaBAHTAKEHHSIM MOYATKOBUX JiamMeTpiB: a — 9.1MM; 6 — 9.2MM; B — 9.4MM

[Ipu MopemoBaHHI TMpolecy Micisg PO3BAHTAXKEHHS

3aroToBKM OyJi0  OTPUMAaHO

XapaKTEPUCTUKH 3aJIMIIKOBOTO HAINPYKEHO-IE(POPMOBAHOIO CTaHy, IO MOKa3aHl Ha puc. 3 s

BHYTpilIHbOro aiamerpa 9,1Mm. AnanoriyHo Oylio MpPOBEIEHO MOJENIOBAaHHS Ui JliaMeTpiB
9,2..9,4vm:
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a — iHTEHCHBHICTh HANIPYKEHb 0;; O — cepeHi HANPYIKEHHSI O, ; B — HANPYIKEHHS 05 T — HANIPYXKEHHS Oy,

Puc. 3 — 3annukoBuii Hanpy:keHuii cTaH TPy04ACTOi 3ar0TOBKH i3 BHYTpimuHiM giamerpom Dy, = 9,1 MM micas 3HATTS
HABaHTAKEHHS

ITicnsa xoxxHOi onepanii 0OTHCHEHHS 0yJ10 MPOBEJIeH] 3aMipy PO3MIpiB BHYTPILIHBOTO JiaMeTpy
3aroTOBKM Ta MOPIBHAHO 3 pPO3MIpaMHU JI0 MOYAaTKy €KCIIEPUMEHTY. 3HAau€HHS NpPYKUHIHHS

MaTCpiaJ'Iy BCTAHOBJIIOBAJIU 32 3aJIC)KHICTIO:

AR = 0.5(Dy, — Dgyp),

ne Dy, niametp 0TBOpY Npy*uHiHHSA, Do — niameTp onpasku.

Ha ocHoBI oTpuMaHuX AaHuX MoOya0oBaHa 3ajJ€KHICTh BEIMYMHM MPYKUHIHHS B1Jl 3a30py MIXK
IIOBEPXHEIO 3arOTOBKHU Ta OIIPABKOIO, SIKA HABE/IEHA Ha puc.4.
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3anexHicTb NPYXUHIHHA BiA 3a30py
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N’
® 0,02
= \\
. 0,015
z N
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: ’ v\\

0 T T
0,1 0,2 0,3 0,4 0,5
3a3zop (Mm)

Puc.4 — 3anexHicTh NpyKUHiHHA BHYTPIIHBOIO JiaMeTpy 00THCHEHOI TPyOUacToi
3ar0TOBKH Bi/l 3230pPy MisK 3ar0TOBKOIO T2 ONPABKOI0
3ayIexHICTh HA pUC.4 TIOKa3ye, M0 UMM OLIBIIHMIA MOYATKOBUN 33a30p THM MeEHINa BenmdnHa AR
npykuHiHHs. Lle MOSCHIOEThCS THM, IIO 13 3pOCTAaHHIM BEIUYMHHU 3a30py B Marepialli 3aroTOBKU
3pOCTarOTh 30HA Ta BEJIMYUHA TIACTUYHOI Aeopmallii.
B po6oTi TakoX BCTAHOBJIEHO, IO MPH OTPUMAHHI OTBOPIB MpOodiar0BaHOI (HOPMH MOBEpPXHI
(HampuKJIaa MOJITOHANIBHO1) 3aJIEKHICTh Ha pUC. 3 MOXKe OyTH TakoK €(h)eKTHUBHO BUKOPUCTAHA.

BucHoBku

[IpyXUHIHHS MOK€ HETaTMBHO BILTUBATH HA TOYHICTH BUPOOY, TOMY BaXKJIMBO, 1100 BETUYHHA
Oyna MiHIManbHa. SIK MOKa3aHO Ha Tpadiky 31 30UIBIICHHSIM 3HAU€HHS 3a30pYy, NPYXUHIHHS
3MEHIIYEThCA. BcTaHOBIEHA 3alEXHICTh BETWYMHU TPYXKUHIHHS BIJ 3a30py JIO3BOJISIE
MIPOTHO3YBATH TEXHOJOTIYHI IMapaMeTpH MPOIEeCy paaiadIbHOTO OOTHUCKY 3arOTOBKH IO OMPABIN JIJIS
OTpUMaHHS JieTanel HeoOX1IHO1 SIKOCTI.
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Study of the springiness of the material of a thick-walled tubular workpiece
during radial crimping with punches on a cylindrical mandrel

V. Titov, I. Maksymiv

Abstract: The paper considers the problem of determining the amount of springiness of the workpiece material after
removing the load, according to the scheme of radial all-round crimping. An analysis of the stress-strain state of the
material was performed, which provides a better understanding of the mechanism of returning the product to its
original shape after plastic deformation.

Keywords: radial crimping, elastic characteristics, springing, tubular workpiece, mandrel, stress-strain state
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VIIK621.7;621.983

IsoTepMque mraMiImyBaHHA I[eTaJIeﬁ 3 TOHKOCTIHMMH eJIeMeHTaMH

Bypran M.A., Titos A.B.
KIII im. Irops Cikopcbkoro, M. KuiB, Ykpaina

Anomayia: B pobomi Oyno npoananizoéano o0cobausocmi i30mMepmiuHo20 GOPMOYMEOPEHHs MOHOKOIIC npu
memnepamypax eapauoi naacmuynoi  Odegpopmayii.llposedenti po3paAXyHKU HUCETbHUMU MemoodmMu 2apayoco
I30MEePMIYHO20 WUMAMNYBAHHA 3 MOHKOCMIHHUMU eleMEeHmamMy 3 aIOMIHHEGUX CNAABI8,6CIMAHOBIEHHI eHep20 -CUNO6I
napamempu npoyecy ma Hanpysjceno2o-oegpopmosanozo cmany( H/[C ) npu ¢hopmoymeopenni
Kniouogi cnosa: izomepmiune wmamnysauHs, MOHOKOAECA, MEeMOO CKIHUEHHUX eNleMeHmis, 2a30MmypOiHHULl O8USYH,
CUNLOBI pencUMU, HANPYHCEHO-0eDOPMOBANULL CINAH, ATIOMIHIEE] CRAABU, 2apAYe WIMAMNYBANHS

Ha cporojHi, MOHOKOJIECA, SIK MPABUIIO, BUTOTOBIISIOTECS METOJIaMU MEXaHIYHOI 00pOOKH, B
pesyabTari yoro 50-80% Meranmy BHUXOAUTH B CTPYXKKY. TakoX HOpu MexaHiuyHiH oOpoOui
MOHOKOJIECA HE€ BJAETHCS OTPUMATH OJIATONOIYYHHH pO3MOIUT METaly, L0 CHpUsUIO Ou
MaKCUMaJIbHOMY OIIOpY BUHHMKAIOUMM B XOJ1 €KCIUTyaTallii HaBaHTaXXEHHSAM, BIOpOHABAHTA)KEHHSAM
i T.1. [lepcriekTHBHUM c1ocOOOM OTpHMAaHHS MOHOKOJIIC € rapsiye 00’ emue mrammyBanss (I'OLL),
BUKOPUCTaHHA SIKOi JJO3BOJISIE OTPUMATH OJyiaronoiydHe (opMyBaHHS TEKCTypH MaTepiany B Tuli
JUCKY Ta JIONATKH, 10 3abe3rnedye MiABUINCHUN OMip HABaHTAKEHHSM, IO BUHUKAIOTH B XOJIi
eKcIUTyaTallii, 3a0e3neuye 30UIbIICHHS pecypcy JAeTaji, 3MEHIIye BUTPATH Marepialy, a TaKox
3HAYHO 3MEHIIYE TPYIOEMKICTH ii BUrotoBneHHs Ha 50-60 %

Meta po6otu € OrniHKa €HeprocHJIOBUX MapaMeTpiB Ta HAIMPYKEHO-1e(OPMOBAHOTO CTaHYy
(HAC) mpu QopmMOyTBOpEeHHI MOHOKOJIC 13 aKClaJbHUMH TOHKOCTIHHUMH €JeMEHTaMH 13
AIIOMIHIEBUX CIUIaBIB B YMOBax 130T€PMIYHOrO IUTAMITyBaHHSA 13 PI3HUMH HIBUJIKOCTAMH
nedopMyBaHHS Ta TEOMETPISIMU BUX1THOI 3arOTOBKU. TOHKOCTIHHUMHU aKClaJIbHUMU €JIEMEHTaMHU.

a) 0)
Puc. 1 — Po3paxynkoBa cxema npoiiecy i30TepMiyHoro ¢opMoyTBOpeHHs MOHOKOJIeca i3 akciaJbHUMH TOHKOCTIHHUMH
enemeHTamu i3 mporpamu DEFORM:
a — Ha MOYATKY IUTAMIYBaHHs, 6 — B KiHIi IITAMIyBaHHS

Jlis oliHKM BITMBY Ha TEXHOJIOTIYHI MapaMeTpH IITaMIyBaHHS JaHUX MapaMmerpiB Oyio
MIPOBEIEHO YHCENIbHE MOJENIIOBaHHS IPOLECY 130TEPMIYHOTO INTAMIIyBaHHS MOHOKoJeca i3
BUKOpUCTaHHSAM mporpamHoro komiuiekcy DEFORM, a came ioro monyns DEFORM-3D, sikui
JI03BOJIIE  BIJICIIJIKOBYBAaTH MEpPEMIIIEHHS MarepiaJlbHUX YAaCTHHOK 3aroTOBKM TPU 3allOBHEHI
MMOPOKHUHU pydas mTamiy. Lle mae MOKITMBICTh ONTUMI3YBaTH TEXHOJIOTIUHI MTapaMeTPH MPOIIECY,
Taki AK MBUAKICTh nedOpPMYBaHHS, HEOOXIAHE 3yCUIUIA Je(OpPMYBaHHS, TEMIIEPaTypy HarpiBaHHS
Ta TEOMETPII0 pydasl.
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Tao0muns 1
ITapaMeTpH TEXHOJIOTIYHOT0 MPOLECY JJISI MATEMATUYHOT0 MO/IEJIIOBAHHS i130T€PMIYHOTI0
IITAMIIYBAHHSI MOHOKOJIECa

No [TapameTpu TEXHOJIOTIYHOTO MPOIIECY [Toka3zHuk

1. Martepian 3aroTOBKH 6061 (AZ133)

2. Temnepatypa 3arotoBku, C 480

3. Temneparypa ocHamenns, C 480

4. Marepian iHCTpYMEHTY aOCOJIIOTHO YKOPCTKHMA
5. 3MalieHHs Pinke

6. Koediuient teprs 0,3 mo 3ibemnto

7. KUTBbKICTh CKIHUCHHUX €IIEMEHTIB 200 000

8. [IIBUIIKICTH ITyaHCOHA, MM/C 0,0001-100

[Ticns mporecy po3paxyHKy OyJa0 OTPUMAHO HACTYIHI XapaKTePUCTHKH HarpyKeHO-
ne(OpPMOBAHOTO CTaHY

a) 0)
Puc. 2. — Po3noain inTencuBHocTi 1epopmaniii &; B 31epopMoBaHOMY BUKOBI MOHOKoOJIeca:
a — Mo BCbOMY 00°€MY 3aroTOBKH, 0 — B XapaKTepHOMY Tepepi3i 06.1acTi nepa JonaTku

a) 0)
Puc. 3. — Po3noais iHTeHCHBHOCTI HANIPY KeHb 0; B 31e()opMOBAHOMY BHKOBi MOHOKO.JIeca:
a — [0 BCbOMY 00’€MY 3aroTOBKH, 0 — B XapaKTepHOMY Iepepi3i 06J1acTi nepa JonaTku
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Puc. 5 — Po3nonin xoedinieHra BHKOPUCTAHHS pecypcy
IJIACTHYHOCTI 110 00’ €My 31e()OPMOBAHOr0 BHKOBY
MOHOKOJIeca

Puc. 4 — Po3mozisn cepeanix HANPYKEHb O e, O 00’ €My
31e()OpPMOBAHOI0 BUKOBY MOHOKOJIECA

3a pe3ysbraTaMu MOJICITFOBAHHS TIPOIIECY 130TEPMIYHOTO IITaMITyBaHHS BUKOBY MOHOKoOJIECa 13
amominieBoro cruaBy 6061 (AJ[33) 3 pi3HuUMHU HBUAKOCTAMU Ae(opMyBaHHS MOOYI0BaHO
rpadik 3aJeKHOCTI TEXHOJOTIYHOTO 3YCHJUIA Bif Jorapupmy IIBHIKOCTEH NepeMillleHHS

MyaHCOHA.
3anexHictb 3ycunna gepopmysaHHsa P (Tc) Big norapudpmy wsmnakocti
AedopmyBaHHsa log v
1500
1200
900
e 0
-5 -4 -3 -2 -1 0 1 2 3

Puc. 6 — I'padix 3a/1€5KHOCTi TEXHOJIOTTYHOr0 3yCHIIIA i30TepMiYHOr0 IITAMIIYBAHHSI BUKOBY MOHOKOJ1eca i3 a/Il0MiHi€BOTro
cniiaB 6061 Bin orapugmy mBHAKOCTEH NMepeMillleHHs IIyaHCOHA

B pe3ynbrari 4rcenhbHOr0 MOJCTIOBAHHS METOAOM CKIHUYEHHHX EJEMEHTIB MPOIeCy rapsdoro
130TepMIYHOTO IITAaMITyBaHHS MOHOKOJeca 13 aKCialbHUMHM TOHKOCTIHHUMH €JI€eMEHTaMH B
nporpamMHomy cepenoBuiili DEFORM 6yno orpumano rpadik 3anexHOCTI 3ycuiuis AepOpMyBaHHS
BiJ mepeMmilieHHs myaHcoHy. ['pagik mokaszaHo Ha puc. 5. Sk Gaunmo, i3 puc. 5 pizke 3pOCTaHHS
3ycuiuis 1eopMyBaHHS BiOYBAETHCS B KIHII poOOYOro Xoy ImyaHcoHa. I{e MokHa MOsSICHUTH THM,
110 B LIeif MOMEHT BiI0yBa€ThCS 3aIIOBHEHHS MOPOKHUH MAaTpHIll B MICISIX Iep Jonarok. B manomy
BUIA/IKy MAaKCUMaJIbHE 3yCHIUIA Ae()OpMyBaHHs MpHU MEPEMILICHHI IIyaHCOHA Ha 22 MM CTaHOBUTh
P, =240 kH
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BucHoBku

3po06iieHo 1 MOoKa3aHO PO3IMOALT IHTEHCUBHOCTI AedopMmariiil & Ta po3MOIial IHTCHCHBHOCTI
Hampy>XeHb 0; BIANOBITHO B 31e()OpMOBaHOMY BHKOBI MOHOKosieca. SIk Oaummo, HaiOiIbIIa
IHTEHCHUBHICTH JedopMalliii & BIAMOBIAAE MICISIM paglyCHOTO MEPEX0ay BiJ IUCKa MOHOKOJIECa JI0
niepa Jionatku. HaitOipIa iHTEHCUBHICTh HANPYKEHb 0; BIAMOBIIAE 1M K€ 30HAM.

XapakTep po3MouTy iIHTeHCUBHOCTI Aedopmarliii & Ta po3moil IHTEHCUBHOCTI HApPy>KEeHb
0; BIAMOBIAHO B 31epopMOBaHOMY BHKOBI MOHOKOJIECA B XapaKTEpHOMY Iepepi3i o0JacTi mepa
nonaTku. Sk 6aynMmo, HaWOIMbBIN 3HAYEHHS IHTEHCHBHOCTI Aedopmamiii & Ta IHTEHCHBHOCTI
HamNpy>KeHb O; BIANOBIAAIOTH 30HAM paJiyCHOTO MHEpexXoay BiJ JHCKa MOHOKOJEca 10 mepa
nomatku. Ilicist Toro, sk MeTal MPOXOAWUTH PaIiyCHUN Tepexia BinOyBaeThCcs (pOpMYyBaHHS Iepa
JIOTIATKH, /1€ 3HA4YCHHS & Ta 0; TMPAKTUYHO OJHAKOBI MO0 00’eMy mepa Jomatkd. Pesympratu
pPO3paxyHKy IIOKa3ylTh, IO MNpPH MPOEKTYBaHHI MpPOIECIB HEOOXiJHO BpPaxOBYBATH peECypC
IUTACTUYHOCTI B HEOE3MEeUHUX 30HAaX 130TEPMIYHOTO IITAMITyBaHHS, Ki CHIBIAJAOTh 13 MICHEM
nepexoay BiJ AMCKa MOHOKoOJIeca J0 Tina mepa jonaTkd. lIpu oMy 3MeHIIeHHS KoedimieHTa
BUKOPUCTAHHS PECypCy IUIACTHYHOCTI JOIUIBHO JOCSIraTH 3a PaxyHOK 3MiHH (DOPMHU BHXITHOT
3arotoBku. Ha puc. 10 moka3aHuii po3moaisn KoedilieHTa BUKOPUCTAHHS PECYPCY MIACTUYHOCTI 110
BCbOMY 00’eMy 31e(hOpMOBAHOTO BUKOBY MOHOKoJieca B KiHII nedopmyBaHHsA. Sk Oaunmo,
Haii0OibIIe 3HaYeHHS Koe(illieHTa BUKOPUCTAHHS PECypCy IUIACTUYHOCTI € B TUJIi Mepa JIOMATOK Ta
He niepepuiye 0,3, 110 € JOMYCTHM Ta HE TPU3BEJIC 10 PYHHYBaHHS.

Cnucok Jitepatypu
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nsurareneii / A. C. Aaunienko // Bicauk IIpna3oBCchbKOro aep:kaBHOIO TEXHIYHOIO VHIBEPCUTETY : 30. HAYKOBHX
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Isothermal stamping of parts with thin-walled elements

M.Burtan , A.Titov

Abstract:. : The analyzed the features of isothermal molding of unicycles at temperatures of hot plastic deformation.

Calculations were carried out using numerical methods of hot isothermal stamping with thin-walled elements made of
aluminum alloys, energy and force parameters of the process and stress-strain state (VIS) during molding were
determined

Keywords isothermal stamping, monowheel, finite element method, gas turbine engine, power modes, stress-strain state,

aluminum alloys, hot stamping
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YK 621.7

HaniBrapsiue ta rapsiue 380poTHe BUIABJIOBAHHSA 3 P0O3/1a4010
BiCECHMETPHUYHOIO MOPOKHUCTOr0 HANMiBpadpukarTy i3 MajoByrjaeneBoi crai

B.JI1. Kamoxkuamnii, C.B. CuTHuK
KIII im. Iropst Cikopcrkoro, M. KuiB, Ykpaina

Anomauia: 3a 00nomoz2010 Mmemooy CKiHUEHHUX eleMeHmis O00CNIONCeHO Npoyecu HANieeapau020 ma eapa4o2o
360POMHO20 BUOABNIOBAHHA 3 PO30AUO0I0 BICECUMEMPUYHO20 NOPOACHUCIMO20 6Upoby i3 Manosyeneyesoi cmani 3
sucmynamu Ha OOHHIU yacmuni. Temnepamypa 3a20moeKu 018 Hanigeapayoeo euoaeniosanus cxkraoara 700°C, ons
eapsyoeo 1000°C. Ilposedero po3paxyuKu 6udaslio8aHHs MA BUUIMOBXYBAHHA 6upody i3 mampuyi. Busnaueno
3AN€AHCHOCMI  3YCUNb  BUOABNIOBAHHA MA  GUIUIMOBXY8AHHA Hanieghabpuxamy i3 mampuyi 6i0 nepemiujeHHs
degpopmyrouoeo incmpymenmy. Busaeneno kinyesi oopmy ma posmipu Haniegpabpuxamy.

Kniouosi cnoea: memoo ckinuennux enemenmis, eapsaue i nanieeapsaue 360pOMHe GUOABNIOBANHSA, NOPOICHUCUL
naniegadbpuxam, 3ycuiis, memnepamypd.

BupoOHHUILITBO apTHIIEPIMCHKUX T11Ib3 CEPEIHBOTO KaliOpy BIAHOCUTHCS O KPYIMHOCEPIHHOTO
Ta MacoBOr0 TUIy BHpPOOHHITBA. lIpyM NpOEKTyBaHHI TEXHOJOTIYHOTO IMPOIECY BUTOTOBJICHHS
BUILEBKA3aHUX BHPOOIB HA MEPIINX MEPEexXo1ax MITaMITyBaHHS 3a3BUYail BAKOPUCTOBYIOTh CIIOCOOU
rapsuoro 3BOPOTHOTO BHJIABIIOBAaHHs HamiBpaOpHKaTiB MiJ MOJANbII orepamii BUTATYBaHHS 3
MOTOHIICHHSIM Ta OOTHCKY. TOMY JTOCHTh BaKIMBUM 3 TOYKH 30pYy 3MEHIIECHHS BHTPAT METaly i
MiABUIIEHHS TOYHOCTI (opMH 1 po3MmipiB HamiBpaOpHKaTiB € BUKOPUCTAHHS HAIIBrapsIoro
BUIABIIIOBAHHS 3aMICTh Iapsyoro.

Metoro poOOTH € BCTAaHOBJIEHHS 1 MOPIBHSAHHS IapaMeTpiB HAMIBraps4yoro Ta rapsdaoro
3BOPOTHOTO BHJIABJIIOBaHHS 3 PO3JauOl0 BICECUMETPHUYHOIO MOPOKHHUCTOro HamiBhadpukaty i3
MaJIOBYIJIELIEBOI CTaJl.

JUis oTpUMaHHS MOPOKHUCTUX BICECUMETPHUUHUX BUPOOIB Pi3HMX (GOpM Ta po3MipiB i3
BYIJICNIEBOI CTali BUKOPUCTOBYIOTH CIOCOOW TapsSdoro 3BOPOTHOTO BHUIABIIOBAHHS 3 PO3JAuOl0.
Taxi criocobu onucani B mxepeni [1], e HaBeeHO peKOMEH allii 0 MPOEKTYBaHHIO TEXHOJIOT1i Ta
IITaMIIOBOTO OCHAIICHHS, ajieé HEJAOCTATHBO JAHWUX MO MPOCKTYBAHHIO TEXHOJIOTIi HAIiBrapsIoro
3BOPOTHOT'O BUJIABJIIOBAHHS 3 PO3JauOl0 MOPOKHUCTUX BUPOOIB i3 MAJIOBYTJIELEBOI CTalll, 30KpeMa
13 cram 25.

Bukopucranus merony ckiHueHHuX eneMmeHTiB (MCE) s BU3HaueHHs mapameTpiB
MPOIIECY Tapsiuoro IMTAMITYBaHHS JTO3BOJISIE CYTTEBO CKOPOTHUTH Yac Ha IMiIrOTOBKY BUPOOHHMIITBA
pi3HUX BUPOOIB MporecamMu 0OpoOkM MeTaniB THCKOM [2,3]. Jlns BCTaHOBIIGHHS IMapaMeTpiB
rapsyoro mMTamIlyBaHHs BUPOOIB 3 MOTPIOHMM MPOIPAIIOBAHHAM CTPYKTYpU MeETally MJIaCTHYHOIO
nedopmariiero B HEOOXiTHUX yacTHHAX abo MO BChOMY 00’e€My BHpOOIB JOCUTH CPEKTUBHUM €
takoxx BukopuctanHs MCE, mo BimoOpaxkenHo B mkepenax [4-8]. 3 T0MOMOrorm Takoro
NPONPAIIOBaHHS MOXJIMBO 3 JOCTaTHbOI TOYHICTIO TPOTHO3YBAaTH HEOOXiJHI MeXaHiuHi
BJIACTUBOCTI B 3/1eopMoBaHOMY MeTami. [|Jis MOKpamieHHs! TpOTpAIfOBaHHS CTPYKTYPH METaIry
MO>KHA 3aCTOCYBaTH KOMOIHOBaHHMI MPOIIEC 3BOPOTHOTO BUJIABIIOBAHHSA 3 PO31aU0I0.

[IpoBeneHo po3paxyHKH Takoro mporecy nusixom mozaemtoBanHda MCE 3 BHKOpucCTaHHSIM
cKiH4eHHO-enieMeHTHO1 nporpamu DEFORM. Po3mipu muniHapruHOi BUXiTHOT 3arOTOBKH 13 CTall
25: nmiamerp Do=120 mm, Bucora H,=27,2 mm. IlIBuakicte aepopmyBaHHS (TepeMIlIEHHS
myaHcoHy) cknamana V,=50 wm/cek. Temmeparypa BHXiIHOI 3arOTOBKM CTaHOBWJIA IS
HamiBrapssuoro BumasmoBanHs 700°C, a mis rapsgoro - 1000°C. Jlepopmyroumit iHCTpyMEHT
BBaXKaBCSI A0COJIIOTHO XKOPCTKUM Ta MaB TemnepaTypy 20°C. TepTs Ha KOHTaKTYIOUHX ITOBEPXHIX
BpaxoBaHO 10 3i0enro 3 BennuuHow Koedimienty tepts u =0,25.
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Ha puc. 1 BimoOpaxeHO MON0KEHHS Ie(hOpPMYHOYOro IHCTPYMEHTY B PO3pi3i Ha PI3HUX
erarnax BHUIABIIOBaHHS 3 po3aavoio. [lonokeHHS OePOpPMyIOHYOro IHCTPYMEHTY Ha IOYaTKy
BHJIaBJIIOBAaHHS HaBEICHO Ha puc. la. BuxigHa 3aroTtoBka 1 po3ramoBaHa B Marpuli 2 3
HEHTPYBAaHHSAM M0 LWIHIPUYHIA YacTuHi. BumroBxyBau 3 Mae cremiajgbHy Te€OMETpi0, IO
HEOOXI1THO Il OTPUMAaHHS BUCTYITy Ha TOPI JOHHOI YacTWHM HamiBdadpukaty. BumaBiroBaHHS
3MIWCHIOETBCS 3a Jomomoror myaHcony 4. Ha pwuc. 10, moka3aHO TOJIOKEHHS B KiHII
BHJIaBIIIOBaHHS. [10J10)KeHHS TTicis BUMMaHHS ITyaHCOHY 13 HamiBpaOpHKaTy IPEICTaBICHO HA PUC.
1. Ha puc. Ir moka3aHo MOJIOKEHHS Iicis BHINTOBXYBAaHHS OTpUMaHOro HamiBdaOpukary 5 i3
MaTrpuiii 2.

a 0 B r

Puc. 1. Ilosio:xeHnst 1epopMy040ro iHCTpyMEeHTY Ha Pi3HMX eTanax BHUIABJIOBAHHSA:
a — MOJIOKEeHHsI Ha M0YaTKy BH/IABIIOBAHHSA; 0 — M0/I0:KeHHA B KiHIli BHIABIIOBAHHS; B — MOJI0KeHHSI Mic/Js BUHMAaHHS
MYyaHCOHY i3 HanmiB(aOpuKaTy; I — MOJI0KeHHs Mic/Jsl BUIITOBXYBaHHs HamiBdadpukary i3 MmaTpuui

Ha puc. 2 npuBeneHo rpadikyu CHUIOBHUX PEXHMIB BUAABIIIOBaHHS. 3aJIEXHOCTI 3YCHIIb
HaMiBrapsiuoro i rapsyoro BUIABIIOBAHHS BiJl MEepeMIillleHHs MTyaHCOHIB 300pa)XeHO BiAMOBIIHO
Ha puc 2a 1 puc. 26. MakcumanpHa BeJIMYMHA 3yCUIUISL HAMIBrapsyoro BUJABIIOBAHHS CKJIa/lae
P,=7370 xH, a rapsgoro — P,=3670 xH. Ha puc. 2B HaBemeHO 3aJeXHICTh 3YCHILIS
BUIITOBXYBaHHS P, HamiBdaOpukaTy 13 MaTpuill BiJ NEpeMIlIeHHS BUIITOBXYyBauya MicCIs
HaMIBrapsiuoro BHUJABIIIOBAHHSA, a Ha PUC. 2I — TICHA Tapsuoro BHIABIIOBAHHA. 3YCHUIUISA
BUIITOBXYBAHHS JOCSTa€ MAKCUMAaIbHUX 3HAYCHD HA TIOYATKY MPOIIECY BUIITOBXYBaHHS.

Ha puc. 3 nokazano ¢opmy Ta po3Mmipu MOJOBUHH HamiBpaOpHKaTy, sSiKi OTpUMaHi 10
po3mipax AepopMyr0UOro iIHCTPYMEHTY.
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MeTonoM CKiHYEHHHX €JEMEHTIB JOCHIPKEHO IIPOIECH HAIiBrapsyoro Ta Trapsyoro
3BOPOTHOTO BU/IABIIOBAHHS BICECUMETPUYHOT'O TIOPOKHHUCTOTO HamiBpaOpHKaTy i3 MaJOBYTIIEEBOT
cram. Jlns 1BOX BapiaHTIB BHIABIIOBaHHS BU3HAUCHO 3yCHIUIA Je(GOpMYyBaHHS, 3YCHIUISA
BUIITOBXYBaHHSA HamiB()aOpUKaTiB 13 MaTpHllb Ta BCTAaHOBJIECHO KiHIEBI (opMy 1 po3mipu
HamiBpabpuKaTy.

Cnucok Jirteparypu

1. Koska m mrammoBka. CropaBounuk B 4-x. T. T.2. I'opsuas ob6vemHas mrammoBka. [loxg pex. E.M1. Cemenoga.
Mocksa: MammHOcTpoeHune. 1986. 592 c.

2. Jlanuenxko B.H., Munenma A.A, Ky3smenko B.M. KowmmbioTepHOE MOAETHpOBaHHE IPOIECCOB 0O0PabOTKH
MeETaJJIoB aBieHueM. Yuciaenusle Metoasl. JJHenponerpoBek: Cucremuble TexHoaoruu. 2008. 448 c.

3. Cuurko C.A., Kamoxusiii B.JI. KoHeuHo-311eMeHTHOE MOJIETMPOBAaHHE MHOTOIIEPEXOJHOTO (POPMOU3MEHEHNUS TIPH
MIPOU3BOJICTBE IKEIE3HOAOPOKHBIX Kosec. Becmuux HTYY «KIIH». Mawunocmpoenue. Kues: HTYY «KIIN».
2011. Ne 11. C. 106-112.

4. Ammes U.C., MapkoB O.E., XK6aukos S.I'. BausHue omeparyu BBIBOPOTa MOKOBKM KOHMYECKHMH IUTUTAMU Ha
pacnpenenenue aedopmaruii. Obpabomra mamepuanos dasienuem. Kpamaropek: JITMA, 2010. Ne3 (24). C. 64-
69.

5. Ammes U.C., )K6ankos f.I'., Taran JI.B. Yrpapnenue HanpsokeHHO-Ie(hOPMUPOBAHHBIM COCTOSIHUEM 3aTOTOBKH B
mpoIieccax KOBKH KPYIHBIX MMOKOBOK. Obpabomxa mamepuanog oagrenuem. Kpamatopek: JTMA. 2013. Nel (34).
C. 50-59.

6. Mapkos O.E., Hlapyn A.O., Kocumor M.C. CoBpeMeHHbIE CHOCOOBI TOJXYYECHHS TOHKOCTCHHBIX IHHII
OTBETCTBCHHOTO Ha3HaueHUs1. Oopabomka mamepuanos oasnenuem. Kpamatopek: JITMA, 2017. Nel (44). C. 115-
123.

7. Kamoxuuii B.JI., Aniesa JLI., Spmonenko O.C., Cutauk C.B. I'apsue BUIaB/IIOBaHHS 13 BUCOKOBYTJICIICBOI CTAl
KOHYCHHX TIOPOKHUCTHX BUPOOiB. Mech. Adv. Technol. Vol. 6, No. 3, 2022, pp. 302-308.

8. Kamroxusiit B.JI., Anuesa JI.U., Anmues U.C., Topuocraii B.H. I'opsiuas o0beMHast mTaMIOBKa MOJIBIX M3AETUH 13
BBICOKOIIPOYHOTO ~aJIFOMMHHEBOTO CIUIaBa C 3aJaHHBIMM MEXaHWYECKUMHU CBOICTBaAMHU. 3acomogumenvroe
npousgoocmao. Mocksa. 2018. Nel12. C. 18-25.

Semi-hot and hot reverse extrusion with distribution of axisymmetric hollow
semi-finished product from low-carbon steel

V. Kaliuzhnyi, S. Sytnyk

Abstract: Using the finite element method, the processes of semi-hot and hot reverse extrusion with distribution of an
axisymmetric hollow product made of low-carbon steel with protrusions on the bottom part were investigated. The
temperature of the workpiece for semi-hot extrusion was 700°C, for hot 1000°C. Calculations of extrusion and ejection
of the product from the matrix were carried out. The dependence of the forces of squeezing and pushing out the semi-
finished product from the matrix on the movement of the deforming tool was determined. The final shape and
dimensions of the semi-finished product are revealed.

Keywords: finite element method, hot reverse extrusion, distribution, hollow product, force, temperature.
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MalMHoOGyAyBaHHA

VK 621.983

ButsAryBaHHsi 3 HOTOHIIIEHHSM Yepe3 OJJHY MaTPHII0 3 BUKOPUCTAHHAM
MYaHCOHA CNEeHIAJIbHOr0 NMPOo@ijito MOPOKHUCTUX 3AT0TOBOK i3 JIATYHI

0.B. Kamwxunii, O.C. SIpmoJieHko
KIII im. Irops Cikopcekoro, M. KuiB, Ykpaina

Anomauia: 6 poboomi 6yn0 po32NAHYMO MOOENOBAHHA MEMOOOM CKIHYEHUX elleMeHmi8 npoyecy GUMAZYS8aAHHs 3
NOMOHWEHHAM Yepe3 O0O0HYy MAmpuylo 3 3ACMOCYBAHHAM MNYAHCOHY CReYidnbHo20 RNPoQinio 01 OMPUMANHA
HOPOJACHUCIO20 BUPOOY 3 MOHKOIO CMIHKOIW 3MiHHOI moswunu. Ompumano @opmy eupoby, po3noodil HOPMATbHUX
Hanpyicenb Ha NOBEPXHI OePopMYI0U020 IHCIMPYMEHMY, CUTOGI PEJCUMU NPOYEC).
Kniouoei cnoga: memoo ckinuenux enemenmie, UMASY8AHHA 3 NOMOHUEHHAM Yepe3 00HY MAMpPUylo, CUIO8i pelcumi,
PO3N00IN HOPMATLHUX HANPYIICEHb, NYAHCOH 3 NOBEPXHEIO CReYianrbHo20 NPoQinio.

ButsaryBaHHs 3 MOTOHIICHHSM 4Yepe3 OJHY MATPHII0 BUKOPUCTOBYETHCS MPH OTPUMAaHHI
MMOPOKHUCTOTO BHPOOY 31 3MIHHOK TOBIIMHOKO CTIHKM BEIUKOI JTOBXHUHU. [[sl TiABUIICHHS
MPOJYKTUBHOCTI MPOLIECY BUKOPUCTOBYETHCS IyaHCOH 31 creuiaabHuM mpodiigem [1-3], mpu
3aCTOCYBaHHI SIKOTO CTBOPIOETBCS JIOJATKOBE TATHYdYE 3YCHIUIS 3a CTIHKY 371e(pOopMOBaHOL
3arOTOBKM 1 3MEHIIYEThCS 3YCHJUISA, SKE MPHUKIANAETHCS N0 JOHHOI 4YacTuHH [Ipu 1pomy
3MEHIIYIOThCS OCHOBI1 PO3TATYBAIbHI HANPYKEHHS, AKi JIFOTh B MICIi MEPEXOAY CTIHKH Yy JOHHY
YaCTUHY.

MeTtorw poOOTH € BUKOPUCTAHHS METOAY CKIHUYEHHHX €JEMEHTIB JJIsl BCTAHOBJICHHS
TEXHOJIOTIYHHUX MapaMeTpiB BUTATYBAHHS 3 TOTOHILIEHHSIM.

3acTocyBaHHs IyaHCOHY 31 CHEliaJbHUM MpodigeM Oi4HOT MOBEpPXHI MOXKHA JOCATTH
301IBIIEHHS CTYTIEHIO lehopMallii Ta 3MEHIIEHHS KIJIbKOCTI epexoiB pu BUTAryBanHi. Ha puc. 1
300pakeHO (parMEeHT KOHYCHOI YaCTMHH, fKa PO3TalllOBaHA BMIIE PAJiyCy 3a0KpYyIJIeHHs Oi14HOT
MOBEPXHI 3 TOPLIEM TAKOI0 MyaHCOHY. /ledopMyroda MoBepXHs IyaHCOHY YTBOpPEHA MEPETUHOM KiJ
AiamMeTpoM d, 110 po3TalloBaHi 3 HOCTIHUM KpokoM t. [Ipu BUTATYyBaHHI MeTall 3all0BHIOE BIIAJUHU
014HOI1 MOBEPXHI MyaHCOHY, 32 PaXyHOK YOr0 CTBOPIOETHCS TATHYYE 3a CTIHKY 371e(OpMOBaHOI
3arOTOBKH 1 B1JI0OYBA€TbCs PO3BAHTAXEHHS JOHHOI YAaCTMHHU Ili€i 3arOTOBKH, & TAKOX 3MEHIICHHS
PO3TATYBaJIbHUX HANPYKEHb Y CTIHL, SIK1 € IPUYUHOIO B1IPUBY JJOHHOT YaCTUHU B1J CTIHKH.

Puc. 1. ®parMeHT KOHYCHOI YACTHHHU MYaHCOHY CHeNiaJbHOro npodiaro

Ha puc. 2 nokazano ¢opMmy i po3mipu B MUTIMETpax BUXIJHOI 3aroToBkH 13 natyHi JI70.
[TouaTkOBUM JTaHUMU Ui MOJIEJIIOBaHHS METOJOM CKIHYEHHUX eneMeHTiB y mporpami DEFORM
BUTATYBaHHS 3 MOTOHIIEHHSIM BHXiJHOI MOPOXKHUCTOI 3arOTOBKM 3 PO3MipaMH, IO HaBEACHI Ha
puc. 2, Oynu HACTYIHI: MBUAKICTh TIEPEMIIICHHS THCTPYMEHTY V,=7 MM/CEK, TePTS BPaXOBYBaJIOCS
3a Kynonowm 3 koedinienrom tepts 4=0,08. Po3mipu myaHcoHY BUKOHAHI IO pO3Mipax 3aroTOBKH, a
KOHYCHa YaCTHMHA MOT0 YTBOpPEHA MEPETUHOM Kin miamerpoM d=6 MM, sIKi po3TaiioBaHi 3 KpOKOM t=3
MM.
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Po3paxyHKOBI MMOJI0KEHHS B PO3Pi3i 1ehOpMyHOYOro iHCTPYMEHTY 1 3arOTOBKH Ha MOYaTKy
Ta B KiHIIl BUTATYBaHHS MpeacTaBiieHo Ha puc. 3. [lonoxeHHs Ha MOYaTKy BUTATYBAHHS TOKAa3aHO
Ha puc. 3a. BuxigHa 3arotoBka 4 BCTAaHOBJICHA B MaTpHIll 2, sika po3MilieHa Ha o0oiimi 3. O6oiima
3 HeoOXigHa A MIATPUMKH TATHYYOrO 3yCHJUIS 3@ CTIHKY 3arOTOBKM Ha TPOTA3i Mporecy
BUTATYBaHHS. BoHa TakoX BUKOPUCTOBYETHCS MPHU BUTJIAKyBaHHS BUCTYIIIB, K yTBOPHUIIUCS Ha
BHYTpIIIHIN MOBepxHi 31e()OpMOBaHOT 3aTOTOBKH, IIPU 3BOPOTHOMY IepeMilleHHi myancony 1. Ilpu
[[bOMY 3arOTOBKa YTPUMYETHCSI 3HIMauaMU 3a BEPXHii TOpelb CTIHKU. BUTATyBaHHs 3MiHCHIOETHCS
myancoHoM 1. TlonoxeHHs iIHCTpyMEHTY B KiHIII BUTSATYBaHHS 3 OTPUMaHHSAM HamiBpadpukaTy 5 300pakeHO
Ha puc. 36. Burmsg B po3pisi HamiBpaOpukary micisi BUTATYBaHHS IOKa3aHO HA pHC. 3B. 3aCTOCYBaHHSA
MyaHCOHY 3i CHeliallbHUM mpodineM 3a0e3neynsio (OpMOYTBOPEHHS BUTSTYBaHHSIM 3 MOTOHLICHHSIM 0e3
BUKPHUBIICHHSI TOHHOI YaCTHHH 31e(OPMOBAHOI 3arOTOBKH, SK€ 3a3BHYail Ma€ MiCIle TpU BUTATYBaHHI
3arOTOBKH 3 BHILC HABEJICHUMH PO3MipaMH.

i a 1] B

Puc. 3. Ilos10:keHHsI B po3pi3i iHCTPYMeHTY i 3aroTOBKH Ha Pi3HHUX cTAxifgX
BUTSATYBAHHS TA BUIJISIA OTPHMAHOro HamiBgadpukaTty: a — I0J105KeHHS Ha IOYATKY
BUTSATYBaHHSA, 0 - M0/10KeHHs B KiHIi BUTATYBaHHs, B — BULJISAA HaniBgaldpukarty

Puc. 2. ®opma i po3mipu BuxigHoi
MOPOKHUCTOI 3aT0TOBKH

3aJeKHICTh 3yCUJUI BUTATYBAHHs BiJl HEepeMillleHHS MyaHCOHY HaBeJeHO Ha pHc. 4.
[lepmmit MakcUMyM 3yCWJUIS Ma€ Miclle B MOMEHT BHUXOIY 3/1€(OpMOBAHOTO MeETaly 3
KajgiOpyroyoro mosicky warpuui. Jpyruii wmakcumym 3 BenumuumHoro 3ycwuis 1,17 MH
CIIOCTEPIraeThCsl B KiHIIl BUTATYBaHHS MPU 3aTATYBaHHI TOpLA 3/1e€(OpMOBaHOT 3arOTOBKU B 3a30p
MIDX MaTPHUIEIO 1 O1YHOIO TTOBEPXHEIO MTyaHCOHY.

Po3noain HOpManbHUX HampyXeHb Ha KOHTAKTYIOUMX IOBEPXHAX NPU MaKCHUMaJIbHOMY
3yCWJUII BUTATYBaHHS MpeACTaBieHO Ha puc. 5. HailOinplii BETMYMHU TaKuUX HarpyXeHb
BUHUKAIOTh MPU MaKCUMAJIIbHOMY 3YCHJUII BUTATYBaHHA 371edopMoOBaHa 3aroTOBKa pO3JiIeHa I10
BHUCOTI Ha TP YacTUHU. bisig moBepXxHI MaTpulll HANpy)eHHS JocaraioTh 0,=810-1350 MlIla (puc.
5a). Ha moBepxHi MyaHCOHY B CE€peiHii YacTUHI OTpuMaHo d,=41+66 Mlla (puc. 56). bins qoHHOi
YacTUHM (pUC. SB) HOPMaJIbHI HalPY)KEHHS HA MOBEPXHI MyaHCOHY JIOCATAIOTh BEMTUYUHU 0,=529
MIla, Ha KOHYCHI MOBepXHI MyaHCOHY - 0,=109 MIla (puc. 5B).
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MalUnHOGyAyBaHHA
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Puc. 4. 3anexxnicTs 3ycH/UIsi BUTATYBaHHSA a 0 B
Bi/l epeMillleHHsI IIyaHCOHY Puc. 5. Po3nogiiu HopMaabHUX HANPYKEHb G, a —y BepXHiil yacTuHi 0ins
MaTtpuui, 0 — mo cepeauHi, B- B JOHHiH yacTuni
BucHoBku

[IpoBeneHo MonenrOBaHHS METOJOM CKiHYEHUX €JEMEHTIB TMpOLECy BUTITYBaHHS 3
MNOTOHILIEHHSM Yepe3 OJHY MaTpHI0. 3aCTOCOBAHO IYaHCOH 3 OIYHOIO MOBEPXHEIO CIELialbHOIo
npod IO B HWKHIA YacTHHI. BCTaHOBIEHO 3alIeXKHICTh 3yCHIUIS BUTATYBAHHS BiJ] TEPEMIilICHHS
IyaHCOHY. BHKOpPUCTOBYIOUM OTpUMaHi AaHi MO 3YCHJUIl MpPOIECy Ta MO PO3MOJLTY HOPMaJIbHUX
HampykeHb Ha TOBEpPXHI Je()OpMyIOUYOro I1HCTPYMEHTY MOKHA CIPOEKTYBaTH IITaMIIOBE
OCHAILlEHHS Ta BUOpaTH HEOOXiJHE pecoBe 00IaIHaHHS

Cnucok JiTepaTtypu

1. Kamoxnuit O.B., Cokonoscbka C.C. BusHaueHHs NapaMeTpiB BUTATYBaHHS 3 NOTOHIIEHHSM 3MPOQiIbOBAaHUM
MyaHCOHOM TMOPOXKHUCTUX 3aroToBOK micias BumaBimoBanHsa. Bicauk HTY «XIIl»: Cepis «lHHOBaIiHHI
TEXHOJIOTIT Ta 00JIaiHaHH 00pOOKK MaTtepialliB y MalinHOOyAyBaHHI Ta MeTanyprii», Xapki: HTY «XIII». 2017.
Ne36 (1257). C. 21-28.

2. Kamoxunit O.B., Kamoxumit B.JI. IHTeHCH(IiKALiA (HOPMOYTBOPIOIOYMX TMPOIECIB XOJOTHOTO JIHCTOBOTO
mramnyBaHHs. Kuie: TOB «Cik ['pyn Ykpainay. 2015. 292 c.

3. Kamoxuuii B.JL, Spmonenko O.C. IareHcudikailis mporecy XONOAHOTO OOTHCKY TOPOXHHCTHX
HamiBpaOpuKaTiB JUII OTPUMaHHS BHPOOIB 31 3MiHHOIO TOBIKHOIO CTiHKH. Bicamk KIII iM. Irops Cikopcekoro.
Mechanics and Advanced Technologies. — Kuis: KIII im. Iropst Cikopcrkoro, 2019, Nel (85). C. 111-117.

Drawing with thinning through one die using a punch of a special profile of
hollow brass billets

O. Kaliuzhnyi, A. Yarmolenko

Abstract: the paper considered finite element modeling of the drawing process with thinning through one matrix using a
special profile punch to obtain hollow products with a thin wall of variable thickness. The obtained shape of the
product, distribution of normal stresses on the surface of the deforming tool, force modes of the process.

Key words: drawing with thinning through one matrix, force modes, normal stress distribution, punch with a special

profile surface, finite element method.




Xl MHTK “TeopeTu4Hi Ta npakTU4Hi npob6rniemu B o6po6Li maTepianiB Tuckom”, 2023

YK 621.7

I'apsiye Ta HamiBrapsiue BUIABJIIOBAHHS MOPOKHUCTOr0 HanmiB(adpukary i3
BHCOKOBYTIJIEIIEBOI CTAJI

B.JI. Kanw:xuuii, A.€. Turapenko
KIII im. Irops Cikopcekoro, M. KuiB, Ykpaina

Anomauyia: B pobomi npogedeno mMo0eno8anHs 3a 00NOMO2010 Memody CKIHUEeHUX eleMeHmi8 npoyecy 2apa4o02o ma
HANIB2APAY020  360POMHO20  UOABTIOBAHHS NOPOANCHUCMO20 Haniegadpuxamy. bByno ecmanoeieno 3ycunis
8UOABTIOBANHS, PO3NOOLT NUMOMUX 3YCUTL HA 0eQOPMYIOHOMY THCMPYMeHmi, deghopmosanutl cman i memnepamypHuii
PO3n00in y 30epopmosaromy memaiui Hanieghadbpukamy.

Kniouogi cnosa: memoo ckinyennux enemenmis, eapaye i nanieeapsaue 6UOANIO8AHHSA, ROPOICHUCTIUL Hanigghadbpuram.
Temnepamypa, 3ycunisa , RUMOMI 3YCUTIA .

B rtenepimmHiii uYac TpU BUTOTOBICHHS IOPOKHUCTUX HamiBpaOpuKaTiB 13 crajei
BUKOPHUCTOBYIOTh XOJIOAHE [1] Ta rapsiue 3BOpoTHE BUJaBItOBaHHsA [2]. JlJi1 BUTOTOBJIEHHS TaKUX
HariBpaOpHuKaTiB i3 BHCOKOBYIJICLIEBUX CTaJel 3aCTOCOBYIOTH rapsiie BHIaBiIrOBaHHs [lepeBaru
HaMiBrapsiuoro BUJABIIIOBAHHS IOJATAIOTh B 3MEHILIEHHI BUTPAT MeTaly Ta IMiJBUILEHHS TOYHOCTI
¢dbopmu i po3mipiB HamiBhaOpUKaTiB.

MeTtow poOOTH € MOJENIOBaHHS TPOIECY Trapsyoro Ta HAamiBrapsdoro 3BOPOTHOTO

BUJABIIOBaHHs MeTojqoM ckiHueHux enemeHTiB (MCE) Ta BCTaHOBJIEGHHsSI MapameTpiB JUis
- - MIPOCKTYBAHHS TEXHOJIOT1H.

e 3 Cxema BUJIABIIIOBAHHS Ta €CKi3

t HamiBpalOpukary HaBeieHO Ha puc. 1. Ha

cxemi BuAaBIOBaHHS (puc.la) 300paxeHo

3arotoBKy 1 13 ctam AISI 1060 niamerpom

D,=95 mm 1 Bucororw H,=285 Mm, sKy

PO3MIIIIEHO B MaTpUIli 2 Ha BUILTOBXYBayi

3. HedbopmyBanus 3M1MCHIOIOTH
- - IyaHCOHOM 4.
Temneparypa 3arOTOBKH npu

— o rapsyoMy  BHIABIIOBaHHI  CKIajaia

. | f T=1000°C, a mpu HamiBrapsdoMy -
T=700°C. IIBuakicTs nepeMileHHS

R A nyarcoHy 6yna ¥, =100 mm/cek. Teprs Ha

B Tl iy 1 KOHTaKTyIOUHMX IIOBEPXHSAX BPaxOBYBaHO

b | o 3ibemto 3 koedimientom Tepts u =0,25.

. . Hedopmyrounit IHCTpYMEHT pu
MOJICITIOBaHHI a0COIOTHO >KOPCTKHMA Ta
maB Temneparypy 20°C.

Po3paxyHKOBI MOJIOKEHHSI B PO3pi3i
THCTPYMEHTY B IIPOIIEC] Ha PI3HUX CTAJIsIX BUAABIIOBAHHS 3 0CAPKyBaHHSIM TMOKa3aHo Ha puc. 2. Ha
MOYaTKy BIAaBIIOBaHHS (pHc.2a) 3aroToBKY | BCTaHOBJIEHO B MaTpuill 2 Ha BUINTOBXYyBaul 3.
HedopmyBanHsT BiIOyBaeThCs 3a MOMOMOTor0 myaHcoHy 4. [lonokeHHs Ha MPOMIKHIA cTasii
300pakeHo Ha puc. 20. [Ipm BHM3 myaHcoHY 4 BimOyBaeThCcsi (POPMOYTBOPEHHS MOPOXKHUHU 1
OcaJpKyBaHHs 3aroToBku. [lomokeHHs B KIHII BUAABIIOBaHHS HaBelneHO Ha puc. 2B. llpum

a 0
Puc. 1. Cxema BuaBIoBaHHs (2) Ta ecki3 HaniBpadpukarty (0)
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3BOPOTHOMY TEpEeMIillleHHI yaHCOHY 4 371eopMOBaHa 3arOTOBKA 3aJHINAETHCS B MATPUIll 2 (pHC.
2T) Ta BUJAISIETHCS 3 Hel BUIITOBXYBavyeM 3 (puc. 21).

a 0 B r il
Puc. 2. Po3paxyHKkoBi 10/10:keHHsI B po3pi3i AedopMyI040ro iHCTpyMeHTY NP BUAABJIIOBAHHI 3 0CAI)KYBaHHIM: a
— HA MOYATKY BU/AABJIIOBAHHS, 0 — HA MPOMIKHili cTafil BUAaB/IIOBaHHS, B — B KiHIi BUIABJIIOBaHHS, I' — Mic/Isl BUHMaHHS
IYaHCOHY, 1 — MicJIs BUIITOBXYBaHHs HaniBgadpukary

Ha puc. 3 300paxkeHo 3aleXHOCTI 3yCHJIb BHJIABIIOBAHHS BiJ MEPEMIIICHHS IMyaHCOHIB MPHU
rapsyoMy Ta HamiBrapsuomy (opMoyTBOpeHHI. MakcuManbHe 3yCHWUIS TMpH  Trapayomy
BUJIABIIIOBaHHI ocsrae 3HadeHHs 2410 kH (puc. 3a), npu HamiBrapsuomy - 3378 kH (puc. 306).

[TuToMi 3ycHiUIsi Ha KOHTAKTYFOUMX MOBEPXHSX BU3HAYEHO IO PO3MOALIAX HOPMAaTBHUX

HanpyxeHb o, (puc. 4). Haii0inpi BenTMYMHM HOpPMAllbHUX HANpPYKEHb OTPUMaHiI Ha TOpII
IIyaHCOHY.

--:I

beprm pras poessnpn b
-- —
=
! 2

i
£ 13 158 E 2d
| BTy T WM
a 0
Puc. 3. 3anexuicTs 3ycnIsi BUIABIIOBAHHS Bij MepeMillleHHsI IIyaHCOHA: a — IPH rapsi4oMy BH/IABJIIOBaHHi, 6 — mpu
HANiBrapsiuoMy BHAABJIIOBaHHI
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a 0 a 0
Puc. 4. Po3noainiu HopMaIbHUX HANPYKEHb: Puc. 5. Po3noainu remneparypu: Puc. 6. Poznoain
a — MpH rapsi4oMy BUIABJIIOBaHHI, 0 — npu a — MpU rapsiyoMy BH/IaBJIIOBaHHi, iHTeHcHBHOCTI
HaniBrapsi4yomMy BHIABJIIOBAHHI 0 — npu HAmiBrapsiyoMy BH/ABJIIOBAHHI nedopmaniit

Ha puc. 5 mnpenacraBieHo po3NOAUIM  TeMmepaTypu y  31ehOpMOBaHOMY  MeTali
HaniBaOpukatiB. Ilpu rapsuyomy 1 HamiBrapsuyoMy BHJABIIOBaHHI BHOpaHa IIBUIKICTb
nedopmyBaHHS 3a0e31euy€e BUTPUMKY TEMIIEpaTypPHUX 1HTEPBAJIIB IITAMITYBaHHS.

[IponpairoBaHHs CTPYKTYpH MeETally IUIACTHYHOK JeQOpPMAIi€l0 MOXKHA OLIHUTH IO
po3moaiy iHTeHCHBHOCTI AeopMartiii €;. Temmneparypa He BIUIMBA€E Ha BETUYUHH &; (pHC. 6).

BucHoBku

MeTooM CKIHUEHHMX €JIEMEHTIB CTBOpEHa MaTeMaTW4yHi MOJENIl Ta MPOBEAEHO
KOMIT IOTEpHUI aHaJIi3 MPOIIECIB 3BOPOTHOTO BUJIABIIOBAHHS 3 OCA/)KyBaHHSIM B YMOBaX Irapsdoi 1
HamiBrapsyoi IutacTuyHoi naedopmarnii. Bu3HaueHi 3aneXHOCTI 3yCWJIb BUIABIIOBAHHS Bij
MepEeMIIIeHHs TyaHCOHIB, BCTAHOBJICHO PO3MOJIUIH MTUTOMHX 3YCHJIb Ha KOHTAKTYIOUMX TTOBEPXHSIX
31eopMOBaHOrO HamiBpaOpHUKaTy 3 IHCTPYMEHTOM Ta PO3MOJUIM TEMIIEpaTypH 1 1HTEHCUBHOCTI
nedopmartiii.

Cnucok Jitepatypu
1. B.JL Kamoxnanii, O.B. Kamoxanii, Xomogae 00’€eMHe IMTaMmITyBaHHSA HMOPOXHHUCTHX 1 CTEPKHEBHX BHPOOIB,
HaBuanbuwmii mocionuk, Kuis. KUT, 2020. 248c.
2. KoBka m mramnoBka: CrpaBoyHHK B 4-X. T. MockBa: Mammuocrpoenne. 1986. T.2. I'opsiuas oObemHas
mramnoBka. [Tox pen. E.M. Cemenona. 1986. 592 c.

Hot and semi-hot extrusion of a hollow semi-finished product from high-
carbon steel

V. Kalyuzhny, A. Tytarenko

Abstract: The paper simulates the process of hot and semi-hot reverse extrusion of a hollow semi-finished product using
the finite element method. The extrusion force, the distribution of specific forces on the deforming tool, the stress-strain
state and the temperature distribution in the deformed metal of the semi-finished product were determined.

Key words: finite element method, hot and semi-hot extrusion, hollow semi-finished products, forces, specific forces,
deformations.
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VK 621.7.043

KoHCTPpYKTOPCHKO-TEXHOJIOTIYHMI KIacHpikaTOp TeXHIYHUX pillleHb

KOHCTYpKILii JionaTku BeHTWiIsTOpa I'T /]
I'apanenko T.P.
KIII im. Irops Cikopchkoro

EdexTuBHUM BHpIMIEHHSIM aKTyaJbHUX JAJs JBUIYHOOYIyBAaHHS 3aBJaHb € CTBOPEHHS
ciMelicTBa MUPOKOXOPAHUX JIOMATOK BEHTHIIATOPIB TYpOOPEAKTHBHUX JIBOXKOHTYPHHUX JBUTYHIB
(TPIJI) i3 3acTocyBaHHSM HOBHUX MaTepialliB 1 TEXHOJOTIM, IO BKJIIOYAIOTh OPHUTIHAJIBHI
KOHCTPYKTOPCHKO-TEXHOJIOTIYHI pilieHHs. B maHuii yac 3aBIsSKM BUKOPUCTAHHIO HIMPOKOXOPIHUX
jgonaTok B BeHTWisATOopax TPJIJl migBuiiyerbcs CTYHiHb CTHCHEHHS Ha OJAHIM CTymeHI npu
OJTHOYACHOMY TIiJBUIICHHI aepoJUHAMIYHIA CTIMKOCTI 1 CTiiikocTi mo BiOparmii. IligBuimeHHS
ra3oMHaMi4yHOi e(eKTUBHOCTI MpPU 3aCTOCYBaHHI JIOMATOK TaKOi KOHCTPYKIII Ja€ MOKJIHBICTh
MOMITHO 3MEHIIINTH 3arajbHE YHCIIO JIOMATOK B BEHTUIIATOPI.

BiamoBa Big aHTHBIOpaliMHUX TIOJNHMIL 1 BHKOPHCTAHHS TOPOKHUCTHX METAJICBUX
koHcTpykuin (Rolls-Royce, Pratt-Whitney, General Electric), THTaHOBUX CIUIaBiB 1 KOMIIO3UIIITHIX
MarepiajgiB Ha IMOJIMEpHIH OCHOBI B Jjomnarkax BeHTWwiIsiTopa TP/l 103BOJSAIOTH TOJICTHIMTH
JIOTIATKH 1 BCIO CTYIiHb B HIJIOMY, 3HU3UTH IIBUAKOCTI KOJIOBI JJIsl 3MEHILICHHSI PIBHS IIyMY.

AHani3 mokasye, 10 BiIMOBAa TUIbKH BiJl aHTUBIOpALliMHUX TOJUIL CHpPHUSE: IiBUIICHHIO
ra30JMHAMIYHOI €(QEeKTHBHOCTI BEHTHIATOpAa a0 6%; 3HIKEHHS IUTOMUX BUTpPAT MaJNBa,
HanpuKiajl, Ha KpelcepehbKUX pexxuMax Ha 4%; 30UIbLICHHS BUTPAT MOBITPS Yepe3 BEHTUIIATOP.

Benuky ponb y BupillieHHI 3aBJIaHHS TIOIIYKY HOBUX METOJIB BUTOTOBJICHHS €JIEMEHTIB
MOPOKHUCTUX JIOMATOK TIpae Kiacu@ikalis TEXHOJOTIYHUX pilleHb. 3aBAaHHSA OyAb-sKOi
kiacudikamii mojsrae He TUIBKM B CHUCTEMATH3YBaHHI ICHYIOUMX (DOpM, KOHCTPYKLINH ane 1 B
IIPOEKTYBAaHHI HOBUX IIPOIIECIB Ta €JIEMEHTIB, SIKI HE 3aCTOCOBYIOTHCSI U€pe3 BIJICYTHICTb HOBHUX
TEXHOJIOTIYHUX PILICHb.

OCHOBHOIO 3a/lau€l0 YAOCKOHAJECHHS BEHTHIATOPHHMX JIOMATOK € 3HIDKEHHS Macu Iepa
JIOTIATKH 3a PaXyHOK KOHCTPYKTHBHO - TEXHOJIOTTYHUX PIIIEHb MPH 30€pEKEHHI eKCITyaTalliHuX
napameTpiB (BIaCTMBOCTEH CTATUYHOI Ta AMHAMIYHOT MILIHOCT1).

Jlomatku 3 HaOOpOM JIOHXEPOHIB CKJIQJAIOTBCA 3 METaleBOi OOIIMBKH 1 HECYYuX
HaBaHTAXEHHS CTPWXKHIB 3 OJHOCIPSIMOBAaHMX-apMOBAHOTO KOMIIO3UIIITHOrO Matepiainy, TOOTO
00'eIHaHHA METaJIeBUX CIUIaBIB 1 KOMIO3MIIMHUX CIUIaBiB. B SIKOCTI MaTepially HECYUMX CTPH)KHIB
BHUCOKOMIITHI 1 BHCOKOMOJYJbHI KOMIIO3UIINHI Martepianu (BYIJIEIUIACTHK, BYIJICAIOMIHIH,
OoporiacTik, OopadroMiHIN, aMOMIHIH apMOBaHUN KEPHOBUMH BOJIOKHAMHU KapOiqy KpEMHIIo,
TUTaH apPMOBaHMI BOJIOKHAMU KapOiay KPEMHiI0).

[TopoxHHCTa MeTaeBa JlonaTka XapakTepU3yeThCsl IBOMA KOHCTPYKTHBHAMH €IIEMEHTaMU -
«HATIOBHIOBAaY» 1 «0OmuBKa». KiIbKICHI 3MIHM OJHOTO 3 KOHCTPYKTHBHHX EJIEMEHTIB 3MIHIOE
dbopmy 1 QyHKII, M0 Crpusie 10 NMPUAOAHHS HOBUX SIKOCTEH. 3MiHA KOHCTPYKTUBHHUX E€JIEMEHTIB
6e3mocepeIHbO BIUIMBAE HA XapaKTEPUCTUKH MILHOCTI J€Taji, HAa OCHOBY TE€XHOJOTIYHOTO MPOLECY
1 Ha MeToU (POPMOYTBOPEHHSI.

Ha ocHOBI y3arajgbHEHHs €TamiB €BOMIOLII KOHCTPYKIil BEHTHJIATOPHOI JIOMATKU
PO3po0sIeHNIT KOHCTPYKTOPCHKO — TEXHOJOTTYHUN KJIacH(IKaTOp TEXHIYHHUX PIII€Hb KOHCTPYKIIi
nonatku BeHTHiasTopa I'TJ[ (Tabdn. 1.). KnacudikaTtop mae B3a€MO3B’SI30K CXEM IONEPEYHOIO
nepepizy JOmaToK 3 OCHOBHMMH KOHCTPYKTHBHUMH O3Hakamu. [loka3zaHo, IO MakCHMaJbHY
e(pEeKTUBHICTh 3HM)KEHHS MacCH KOHCTPYKII MalOTh TIOPOXKHUCTI JIOMIATKM 3 JIUCTOBUM
HaroBHIOBa4YeM (4 kimac). BcTaHOBIIGHO, IO MOPOXKHUCTI METAJIEB1 JIOMATKH KOMIpPYacTOTO THUITY
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OUTBIII CKJIQIHINI B TEXHOJIOTIYHOMY acIeKTi Ta MalTh OUIBINY Bary, HiX JIOMAaTKH To(poBOro

THILY.

MertaseBa MOpOKHUCTA JIONATKa B 3aJISKHOCTI BiJl HATOBHIOBAYa PO3Pi3HAETHCS HA roQpoBUid
abo xomipuacTuii Tun. Jlonatka roppoBoro TUIy Moke MaTH pedpa >KOpCTKOCTI MPsiMi, MOXHMITi 00
s — oOpazui. Kondirypariss roppoBoro HamoBHIOBa4Ya 3aJCKHTh BiJl MIUPUHU 3’ €IHAHHS
HAIOBHIOBaYa 3 OOLIMBKOIO Ta BIJICTAaHHIO MK 30HAaMH 3’€IHAHHSA. 30UIBIIYIOYM BiJICTaHb MIX
30HAMH 3’€JJHAHHS Ta 3MCHINYIOYM 30HY 3BaproBaHHs peOpa Ourbm moxwii. HamoBHroBau
ropoBoro Tuiry Moxke OyTu 3 0JTHOTO a00 TBOX JIUCTIB.

Ta0mums 1.

Kaacudikanisi TexHiYHMX pillleHb KOHCTPYKIII BEeHTHWIATOPHUX JIONATOK

Ne | Tunose Tunose TexHiuHE pilIEHHS OcHoBHa Bignocha maca
KJIacy | TeXHIUHE KOHCTPYKTHBHA KOHCTPYKIIii
pileHHS O3HaKa

0 Benrtunstopna AnTHBiOpamiiini 110%
JomnaTka 3 MOJIKU 3HUKYIOTb
aHTHUBIOpaniiH BIOpOHAIIPY)KEHHS
UMM T10JIKAMHU

1 CyuinbHa JlonmaTku MarOTh 100%
Jonarka BEJIUKY JKOPCTKICTh
(IMpOKOXOpaH
a)

2 ITonermiena - Bucoka BigHoCHa 85-
JIOTIaTKA 3 ~ _ / TOBILMHA PO, 90%
KaHaJaMH NN Y N~ o sika OOMexeHa
(XaOTUYHUMH, pobounm
MO3/0BKHIMH) IHCTPYMEHTOM Ta §

TEXHOJOT1ER0 p=
BUTOTOBJICHHS =

3 [Tonermena Bukopucranus 60- 5
Jomarka 3 OKpPEMUX 70% §
HabopoM MOTIEPEYHHX Ta 5
JIOH)XEPOHIB TTOB3/I0BXKHIX

CHJIOBHX €JIEMEHTIB
MPUBOANTE JI0
301IbIIEHHS MAacH Ta
TPYAOMICTKOCTI 3a
PaxyHOK 3’ €JTHAHHS.

4 [ToposxHucra Koncrpykuis, sika 50%
JonaTka 3 MICTHUTb JIUCTOBUN
JMCTOBHM HATIOBHIOBAY, €
HaIlOBHIOBAYe HaO1IbII
M ONITUMAITEHUM

BapiaHTOM, 11O
3abe3mneuye
CTaTUYHY Ta
JUHAMIYHY MIITHICTh

54

®OPYM IHXEHEPIB MEXAHIKIB
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JUIs  TIOPOKHUCTUX JIOMATOK KOMIPYAacTOr0 THUNY BapiaHT 3’€IHAHHS HAMOBHIOBaYa 3
0007IOHKaMU OOIMMBOK OUTbIN CKIAMHIMUNA. [IOpOXKHUCTI JIOMaTKM KOMIpYacTOro THITY O1IBII
CKJIaJHIIII B TEXHOJOTIYHOMY acmekTi. HeoOXigHi MOMOMiKHI OTBOPHM Ui MOJA4i THUCKY MIX
KOoMipkamu. SIKIIO KOMIPKHM HE OJHAKOBOTO pO3Mipy, HEOOXIAHO peaii3yBaTd IOjady pPi3HOTO
TUCKY 10 HHUX. Y TMOPOXHHCTIN JOMATKA KOMIpYacTOro TUIY IUIONIA 3’€HAHHS HAIOBHIOBAauYa 3
OOIIMBKOIO 30UTBIIYETHCSA, IO MPUBOAUTH 10 3OUIBIIEHHS MIIHOCTI Ta HAAIMHOCTI, aje
30UTBIITYETHCS Maca.

BcTaHOBUTH B3a€MO3B'SI30K MiXK ICHYIOUMMH TEXHOJOTIYHUMH TPOIIECAMH BUTOTOBJICHHS
MOJIETHICHUX BEHTWISATOPHUX JIOMATOK CKJIAJHO, BHACHIJOK PI3HOMAHITHOCTI BUKOPHCTOBYBaHHX
MeToiB 1 MarepianiB. OAHUM 3 OCHOBHUX HANpPSMKIB BUTOTOBJICHHS MOPOXHUCTUX JIOMATOK €
3HAaXOPKEHHS CrocoOy 3'enMHaHHS OOMIMBKU 1 HamoBHIOBaya. B ocHOBI kimacumoikarii croco0iB
BUTOTOBJICHHS TIOPOXXHHUCTHUX JIOMIATOK BHCTYIAIOTh MpoecH (GopMyBaHHs OOIIMBKH 1 BHYTPIIIHIX
MTOPO’KHHH JIOTIATKH.

Po3pobrnennii kiaacudikaTop € OCHOBOIO AJisi BUOOPY KOHCTPYKTUBHO-TEXHOJIOTTYHUX PIllIEHb
IpU TpOeKTyBaHHI Jomatku. KoskeH 3 KiaciB Mae CBOI PI3HOBUAHOCTI (OpM Ta €JIEMEHTIB
KOHCTPYKIIi.
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YK 621.73.011.001.5

Ouinka 1e)0opMOBHOCTI IPU 3MiLIHEHHI 3ar0TOBOK 0aHIAKHUX Kijlelb
TypOoresneparopa

N 1 2
Capuuncbkmii I. I'.", CuBak P. 1.

1 — BiHHUIIbKHIA HAI[IOHATILHUHN TEXHIYHHUI YHIBEPCUTET, M. BiHHULIA
2 — [lonicekuii HaIlIOHAJILHUIA YHIBEpCUTET, M. JKUTOMHUD

Bangaxkui kinmpusg TypOoreHepaTopa NpU3HAYEHI IS YTPUMaHHS JOOOBUX YacTUH
SJIIEKTPUIHOI OOMOTKHM Ha poTopi. MaTepian 3aroToBOK OaHIJaKHUX KiJICIb MMOBUHEH MAaTH BHCOKY
MIIHICTD (Cpp = 1150 MIIa), mocratHio miuactuuHicts (0 = 20 %, y > 35 %). TexHonoris 1
Marepiall, MO0 3aCTOCOBYIOTBCS B JaHMW Yac /JalOTh MOXIIMBICTH OTPUMYBAaTH 3arOTOBKU
OaHI@KHUX KUIEeLb 3 HEIOCTaTHhO BHUCOKOK MilHICTIO (Gppr = 900 Mlla). Tomy HeoOxinHa
po3pobka crmoco0y OTpUMaHHs 3aroTOBOK OaHIaXKHUX Kulelb TypOoreneparopa IiJABHIIEHOT
MIIHOCTI NUISXOM iX IUIacTHYHOI aedopmarii B yMOBax YCECTOPOHHBOTO CTHCKY PiJIHHOIO
BHUCOKOTO THCKY. JledopMmariisi B yMOBaX yCECTOPOHHBOTO CTHCKY JTO3BOJISE€ HE TUIbKU 301IBIIUTH
TPaHUII0 TEKY4dOCTi, aje 1 CYTTEBO IMOKPAIIUTH CTPYKTYpy nedopmoBanoro metamy [1]. s
MiJBUIICHHS MIIIHOCTI Martepialy 3aroToBOK OyB po3poOsieHHMi croci® 3MIIIHEHHS 3aroTOBOK
OaHIQKHUX KUIeHb TiApopo3TsaroM. s mporo Oyiu CIpOEKTOBaHI 1 BUTOTOBJICHI MPEC 3YCHIUISIM
300 MH 1 ycranoBka ajisi 3MIIIHEHHS 3aTOTOBOK OaHIaKHUX KiJIelb PiIMHOI0 Mia TuckoM 10 300
MIla. [ng miABUILNEHHS KOPO31MHOI CTIMKOCTI MpH 30€pekeHi BHCOKOi MIITHOCTI 3aroTOBOK
0aHaKHUX KUIEIb MPOMOHYEThCS BUTOTOBIIATH iX 13 a3otucToi ctam 12X18AT 18I [2].

HoBi oOmamuanHs 1 crooci0 3MIIHEHHS [OAJdd MOKIWBICTE BUTOTOBJIATA 3arOTOBKU
OaHIaXHUX KiJellb, MaTepiall IKUX MaB HEOOX1HUH piBeHb MILIHOCTI (Go2>1150MI1a).

TexHosorist MICTUTH JBI TMOCHIAOBHI omeparii aepopMaiiifHOro 3MIIHEHHS METOI0M
riipaBaiqHoOro po3Tary. [Ipu npomy 3pocTae BiJTHOCHA TOBIIMHA CTIHKM KUIBIEBOI 3arOTOBKH Iepe
MEepIIUM 3MIIHEHHSAM 1, BIAMNOBIIHO, HEOOXiMHUN s aedopMallii THCK poOOuOi pIIUHU MOXKE
nepeBumuty 3HaueHHs 300-350 MIla. B nipomy Bumnaaky HeoOXiqHO Oyne abo BUTOTOBISTH HOBY
HAaCOCHY YCTaHOBKY 3 MakcuMmaibHUM TuUCKOM 400 MIlla, a6o po3pobutu crnocidé Oe3HacocCHOi
riipopo3/adi KiJIbIIEBUX 3aTOTOBOK.

[IporoHyeThCst pOOUTH 1110 OTepallito 0e3 3aCTOCYBaHHS HAcOCa BUCOKOTO THUCKY IUIIXOM
BIIPOBA/KEHHSI y BHYTPIIIHIO MOPOKHUHY 3aTOTOBKH, MONEPEAHBO 3alI0BHEHY POOOYOIO PiIHHOIO,
JIBOX  O/IHAKOBUX KOHi'-IHI/IX TIT 3 TaKolo YTBOPIOKOH010 KOHIYHO{ HOBerHi AKa 3a6e3neqye
nabopaTopHe JOCIHipKEHHS mpHu Aedopmariii Mojeell 3aroTOBOK IO TakKi CXeMi IMOKa3aid, IO
¢dopma yTBOPIOIOUOi KOHIYHOT TOBEPXHI IHCTPYMEHTa 3aJeKUTh BIJl CTYNEHIO HEOOXiaHOT
nedopmMariii 1 BIJHOIIEHHS BUX1HOI BUCOTH 3arOTOBKH J0 ii BHYTPIIIHBOTO AlameTpy. st KoxxHOi
KOMOIHaIii IuX MapameTpiB Moke OyTH BHOpaHUIl CBilf KyT KOHYCHOCTI IHCTPYMEHTa, SIKUH
3a0e3neyye OTpUMaHHS MPAMOJIHIAHOT 1 UWIHAPUYHOI (OPMHU 3aroTOBKM TICHS 33JaHOl
nedopmariii.

Ha ocHoBi mabopaTopHUX AOCTIHKEHB PO3POOJICHO IPUCTPIH 71t 6€3HACOCHOT T1Ipopo3aadl
3aroTOBOK OaHJaXKHUX KUIelb TypOoreHeparopiB B xonogHoMy ctaHi Ha 20 - 30% mo BHyTpilIHIN
noBepxHi 1 Ha 15 - 20 % - mo 3oBHImHINA. Taka nedopmariis 3a3BU4ail BUKOPUCTOBYETHCS IS
HakJemny 3arotoBok i3 ctani 12X18ATI'18I1I nepen pekpucTamizaiifHo0 TePMIYHOI0 00pPOOKOI0, 10
3aCTOCOBYETHCSI JJISl 3HIDKEHHS BEJMYMHU 3€pHA 1 MOKpAllleHHs CTPYKTypu 3arotoBku. Ilepen
nedopmariiero Taki 3aroTOBKM 3a3BMYail MalOTh BHYTpIIIHIN aiamerp Oinbine 550 MM i Bi,Z[HOCHy
BHCOTY (BITHOIICHHS BHCOTH 3aroTOBKH 10 ii BHYTPIIIHHOTO JiaMeTpy) B Mexax 1,9 + 2.3. VYV

56 ®OPYM IHXEHEPIB MEXAHIKIB
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3B’S13KY 3 TAaKUM 3HAYEHHSM BIJHOCHOI BUCOTH BUKJIFOUAETHCS MOKIIMBICTD HAKJICTy IIMX 3aTOTOBOK
CIoco0OM KOBaJIbChKOI PO3KAaTKHM Ha ompaBii. IlpucTtpiii s Oe3HacocHOi Tipopo3aadi
BCTaHOBIIIOEThCA Ha Tipeci 300 MH.

Hedopmaris 30% Ha BHYTpILIHIN MOBEPXHI Oy TOCTATHBOIO AJISi BCHOTO 00’ €My KUTbIS 1
HEOOXITHUX CTPYKTYPHHX IEPETBOPEHB B 3arOTOBIII MPH PeKpHCTaNi3aliiiHiii 00poOili, a 3HAYCHHS
BIIHOIIIEHHS CEPEIHBOI 0CeBOi Aedopmartii 10 MaKCUMaJIbHOI TaHTeHIIAIbHO1 AedopmMariii Kbl 3
= 0,35 npwuiiaiaTo 13 mocBigy nedopmartii Kijgenp Ha BUPOOHHUIITBI MPHU PO3Jadi 3aroTOBOK 3a
JIOTIOMOT'0I0 HACOCa BUCOKOTO TUCKY [3].

IIpu Oe3HacocHil rigpopo3fadi jaedopmaliisi 3aroTOBKHM BiIOYBAa€EThCA 3a PaXyHOK
BIIPOBA/KEHHSI y BHYTPIIIHIO TOPOXKHUHY 3arOTOBKH, TOMEPEIHHO 3aIIOBHEHY POOOYOI0 PiTUHOIO,
JIBOX KOHIYHUX TiT 3 TaKMM KYTOM KOHYCHOCTI, SIKU 3abe3mneuye 30epeskeHHs MpSMOIIHIHHOI
YTBOPIOIOYO1 B IeOPMOBaHiil Ha 3aJ]aHy BEITMYMNHY 3arOTOBIII.

3arotoBka mepes Aedopmaili€ero BCTAaHOBIIOETHCS MIXK BEPXHIM 1 HI)KHIM KOHYCaMH, SKi
HEHTPYIOTHCS MK COOOI0 32 JOMOMOTOIO OTIPABKH, IO KPIMHUTHCS HA BEPXHBOMY KOHYCI, 1 BTYJIKH,
BCTAHOBJICHOT HAa HWKHHOMY KOHYCi. OmpaBka 1 BTylKa € 3MIHHUMHU JAETalNsIMU 1 iX JOBXKUHU
3aliekarh Bil PoO3MipiB  AedopmyeMux Kinemb. Jlepopmariis Kijnenp HAa 3aJaHy BEIUYHHY
3MIIACHIOETHCS 32 OJIUH X1 mpecy. Pe3ynbraTtu po3paxyHKiB MOKa3ylOTh, [0 MaKCUMallbHa BIAKPHUTA
BHCOTA IIITaMIIa A0PiBHIOE 2634 MM, a MaKCUMAJIbHUH poOoumii Xix - 745 MM.

Jns orinku AepOPMOBHOCTI 3arOTOBKU PO3PAaXyHKHU BUKOHAHI B HACTYIHIN MOCIIAOBHOCTI:

l. Bu3HaueHHS KOMIIOHEHT TEH30pa IIBUAKOCTEeH aedopMmaliiii 3 BHUKOPUCTAHHAM
3MillIaHUX eHJIepeBUX 1 JIarpaHKeBUX KOOPAMHAT Ta alpOKCUMAIlii eKCIIepUMEHTaTbHIX
JTaHUX KyOIYHUMH CIUTaiHAMH.

2. Bu3HaueHHsA XapaKTEpHCTHK MaTepialy IUIAXOM I0OyJIOBM KpUBOi Tedli Gp(eu),
BU3HAYeHHs (QYHKIIIT, 0 XxapakTepusye epekt baymmunrepa B(e,) 1 cmaakoBoi GyHKITIT
ple, —el).

3. BusHadyeHHs KOMIIOHEHT JeBlaTopa HampyXeHb 3 BUKOPUCTAHHSIM MOJIENb aHi30TPOITHO
3MII[HIOBAHOTO TiJIa.

4. Bu3HaueHHS BEIMYUHU BHKOPUCTAHOTO PECypCy IUIACTUYHOCTI Ha OCHOBI TEH30pHOT
MOJIeNI1 Mpoliecy HAKOMMYEHHS MOUIKO/KEHb, KA BKJIIOYA€ B MIAIHTETPAIbHY (QYHKIIIO
KOMIIOHEHTH HAaIpaBJIIl0OYOro TEeH30pa MpUpOIIeHb jAedopMalliii BHUpakeHI uepes
napamerp Hapnai-Jlone 1 TakuM 4MHOM BpaxoBY€ BIUIMB TPETHOTO 1HBapiaHTa TEH30pa
HanpyKeHb Ha MJIACTUYHICTS [4, 5].

B pesynbTaTi OLIHKK 1€(POPMOBHOCTI 3arOTOBKHM 32 BKa3aHOIO TMOCIIIIOBHICTIO PO3PaxyHKIB

MakCcUMajbHE 3HAYCHHsI BEIIMYMHU BUKOPHCTAHOTO pECypcy IUTACTUYHOCTI cepell oOpaHuX B
MepHII0HAIbHOMY TIepepi3i ToUoK ckiano y=0,42.

BucHoBku

Ha ocHOBI eKclepuMEHTaTbHUX 1 TEOPETUYHUX JIOCHTIDKEHb TIIPOPO3TATY 3aroTOBOK
O0aHQXKHUX KiJelb TypOoreHepaTopiB 0e3 BHUKOPHUCTAHHS HAacoca BHUCOKOTO THUCKY BCTaHOBIIEHI
o0nacTi 3 BHYEpPHaHHSIM pecypcy macTuyHocTi. [Ipu po3paxyHKy BHUKOPHCTaHOTO pecypcy
IUTACTUYHOCTI HANpYXXEHWH CTaH BH3HAUEHO 3 YpaxyBaHHSAM BIUIMBY edekry baymmnrepa i
CHaJKOBOTO BIUIMBY 1CTOpii HaBaHTaXeHHA. KOMIOHEHTH TeH30pa MIBUIAKOCTEH Aedopmariiit
BH3HAY€HI 3 BUKOPUCTAHHSAM 3MIIIAHUX JarpaHkeBHX 1 einepoBux koopauHart. [Ipu po3paxyHkax
BUKOPHUCTAHOTO PECYPCY MIIACTUYHOCTI |/ 3aJIeXKHICTD MJIACTUYHOCTI BiJl CXEMU HANPYKEHOI'O CTaHy
3aJjaBajii MOBEPXHEI0 TpPaHMYHHX JedopMaliid, a iCTOpiI0 HABaHTAXEHHS TPAEKTOPISIMH B
KOOpAMHATaX 0€3p03MipHUX MOKA3HUKIB HAIIPYKEHOTO CTaHy 7], i, Ta HAKOMMMYEHOI nedopmartii e,
10 J03BOJIMJIO BpaxyBaTH BIUIMB 00 €MHOCTI CXEMHU HAIPYKEHOIO CTaHy.
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VIIK 621.7

TexHoJ10Tii BUrOTOBJIEHHSI MPO(iTbOBAHNX BUPOOIiB METOIaMHU X0JI0IHOTO
IVIACTUYHOIO0 1eGopMyBaHHS

1 . 1 . 2 .

I.A. CeniBepcroB, [1.0.Imurpies, ' I.M.Makcumis

1 9 . . A

XepCOHChKMI HAlllOHAJIbHUI TEXHIYHUM YHIBEPCUTET

2y qon . o N . . . IV
HamioHanpHuil TeXHIYHMM yHIBEpcUTET Y KpaiHu « KMIBCBKUH MOJITEXHIYHUN YHIBEPCUTET)

CyyacHa TPOMHCIOBICTh YKpaiHM 1 CBiTY mNOTpeOye yIOCKOHAJEHHS ICHYIOUHMX Ta
PO3pOOKM HOBHX TEXHOJIOTIH Ta OTpUMaHHsS Jaeranei HaackmanHoi (gopmu. OcobnuBe Mmicie B
bOMY 3aiiMalOTh MpPodIIHOBaHI BHPOOM OTpPUMaHi METOJaMU XOJOJHOTO TUIACTUYHOTO
nedopMyBaHHS 3 MPO(UTLOBAHOK BHYTPINIHBOKO MoBepxHE. Cepen Takux BHPOOIB pO3PI3HAIOTH
TpyO4YacTi e1eMeHTH, AeTall HMIHAPUYIHOI (GopMHU, CKIaaHI podinboBaHi Bupoou [1].

JlOoCUTB MEepCIEKTUBHOIO TEXHOJIOTIEI0 OTPUMAHHA TpyO9acTuX BUPOOiB 3 MpodisIbOBaHOO
BHYTPIIIHBOIK  TOBEPXHEKD €  30BHINIHE OOTHCHEHHS  HENPHBOJAHUMH  POJIMKAMH 3
MPOIITOBXYBAHHIM JeTalli Ha npodimeHiid ompasmi [2]. g IbOro BUKOPUCTOBYIOTHCS TPHU- 200
YOTHUPUPOJIMKOBA BOJIOKA, MpodiibHA ONpaBKa BKJIaJicHA B IMJIIHAPUYHY TpyO4acTy 3aroToBKY
MOJIAETHCS 3 JTOTIOMOTOI0 TPECY KPi3h HWIIHAPUYHUN OTBIp, IO YTBOPIOIOTH HEMPUBOIHI POJIUKU
Ha peryJibOBaHHX ornopax Oe3ctanuHHOro THMy (puc 1). Taka TexHoJOris mependavae 3HAYHUX
3yCHJIb TIPOTATYBAaHHS a00 INTOBXaHHS 1 CYTTEBHX 3yCHJIb JIFOUYMX HA POJHUKH € IMOBIPHICTh
HEPIBHOMIPHOTO TUCKY MO KOHTAKTHIN MOBEPXHI Y30BX mpodimto [3, 4].

Puc. 1 - a) CAD-monens NpuCTpoIo; 6) ciTka KiHIEBHX eJleMEHTIB; B) CHIIOBEe HABAHTAKEHHS HA POJIMKH

Ha nanuit yac KOJIEKTUBOM aBTOpIB MPOBOAUTHCS poOOTa MO YIOCKOHAIEHHIO 1 pO3poOI
ICHYIOUHX 1 HOBUX TEXHOJIOT1M OTPUMAaHHS JieTajlel 3 BHYTPIIIHBOIO PO 1Ib0BAHOIO TOBEPXHEIO.

3amponoHoBaHa cxema NpoduUIOBaHHA BHYTPILIIHBOI TOBEPXHI J€Talli METOJIOM
MOB3/I0BXKHBOI TMPOKATKU. JIJIT IhOTO BHKOPHCTOBYBABCS JIBOBAJIKOBWH IPOKATHWHA CTaH 3
NPUBOJAHMMH BaJKaMH sKI MalOTh CIeLialbHI KadiOpoBaHI piBYaKM Ha 3O0BHILIHIN MOBEpXHI.
BuyTpimHs nonironansHa (mpodinabHa) OmpaBKa TaKOoX IONEpPeIHbO BKIajalachk B TpyOyacTy
LWITIHPUYHY 3arOTOBKY.

B pesynbrari 00poOku oTpuMaHi JAeTajqi Majld BHCOKY pPO3MIpPHY TOYHICTb, 3HA4HE
MOB3/I0BXKHE BUTATYBAHHS, 110 € TPAJUIIMHUM Ul IAHOTO CIOCO0Y, a JUIsl OTPUMaHHS TMOBHOTO
00TUCKYBaHHS OyJIO TOCTaTHBHO ABOX 200 TPHOX MPOXO/IiB.

He3Baxaroun Ha MpOCTOTY 1 IepeBaru 3arpornoHOBAHOT TEXHOJOT — 3MEHIIEHHs 3yCHIIb 1
MOTY)KHOCTI, 30UTBIICHHS MPOAYKTHUBHOCTI TPOIECY, ICHYIOTh CYTTEBI HEIOJIKU. B mporeci
00pOOKH criocTepiraeThesi 3HaYHa Jeopmallis Bici 3arOTOBKH B MIOB3I0BXKHOMY HAaNPSAMKY ( BUT1H
BiCi), IO HaJaNl MPU3BOAMWTH 10 3HAYHUX 3YCHUJIb BUJIYyYEHHS MPOQiIbHOI OMpaBKH 13 TOTOBOL
JeTal.
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Jlns ycyHEeHHsT BKa3aHUX HEJIOJIKIB 3alPOIIOHOBAHO MPOQiIIOBaHHS BHYTPIITHBOIT MOBEPXHI
JeTali METOJOM IIONEpPEeYHO - TMOB3JI0BXKHBOI MPOKATKM HAa TOKApPHOMY BepCTaTi, A YOro
npodiTboBaHa ONMpaBKa BCTAHOBIIOETHCS B MATPOH BepcTaTa 1 3ajHii IEHTP, a peryJbOBaHUH
MPUCTPii OOTUCKYBAHHS 3 HEMPUBOJIHUMHU BaJKaMU MOHTYETHCS Ha CYMOPTI TOKAPHOTO BEpCTaTy
(puc.2). O0THCKYBaHHSI 3aTrOTOBKH IPOBOMIIOCS OJHUM BAJIKOM 3 BJIACHUM TBHHTOBHM ITPHBOIOM
IHIIMH BaJlOK BUKOHYBaB (DYHKIIO MiAMIpHOTro. 3aBASKH TaKWi CXeMi 3aroToBKa 3 OIPABKOIO
3aBX/IM repedyBae Ha Bici o0epTaHHs ToMy nedopMarltis Micis MPOKATKH BiJICYTHSI.

Hignipanit
BaJIOK

3aroToBK

Onpaska

ITatpon A
TOKapHOIo é E—
BepcTaTa . \

anuii

Puc. 2 — CxeMa 00THCKYBaHHS 3 BUKOPHCTAHHSAM TOKAPHOT0 BepcTaTy

B po6oTi BUKOPHUCTOBYBAJIM LIECTUTPAHHI OMPABKU JiaMeTpoM 13 MM. 3 IPSMUMHM TpaHAMHU
Ta TBUHTOBUMH TpaHSMH 3 KpokoM 350MM, y SIKOCTI 3arOTOBOK — TpyOdacTi 3aroTOBKH 3
BHYTPILIHIM JliaMeTpoM 13 MM 1 TOBIIMHOIO CTIHOK 2,5 MM, MaTepiain ctaib 20.

3a pe3ynbTaraMu JOCIII)KEHb OTPUMaH1 MOMNepeH] pe3ynbTaTi, BU3HAYEHO, 110 TEXHOJIOT1s
oOKaTyBaHHS Ha TOKapHOMY BepcTari TpyO4yacTHX BHpOOIB 3 MpOQiTbOBAHOI BHYTPIIIHBOIO
MOBEpXHEI 3abe3nedye JOCTaTHIO  PO3MIpPHY SKICTh (puc.3), s JOCSITHEHHS pPe3yJabTary
JOCTaTHBO 5-6 MPOXO/1iB, BUTH BiCl BIICYTHIH, 1110 MPU3BOJUTH JIO MiHIMAJIbHUX 3yCUJIb BUITYYEHHS
onpaBku Ha piBHI 150-300H. ITonepennbo y Bcix cxemax aedOpMyBaHHS BWIYYEHHS OIPABKU
BifOyBasloch Ha  BUMNpoOyBaibHIM MamuHi PM-5 31 crnenianbHO po3poOJeHUM MPUCTPOEM ISt
TBHHTOBHX OIPABOK.

a) 0)

Puc. 3. leransb niciasi 00po0ku: a)3aranbHuii BUIIs] , 0) nonepeyHuii BUrIsA

Jnst gocnmimpKeHHsT TPOIECiB  IIacTUYHOi jaedopMartii, Oynu BUTOTOBIEHI  3pa3Ku 3
Binmnanenoi cram 20 TBepuictio 83HRB, BcraHoBieHo: HampsiMok aedopmariii BiiOyBaeThCs
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MEPEBAKHO TEPICHIUKYISIPHO Bici oOepTaHHS 3aroToBku (puc.4), CHOCTEPIraeThCsi CYTTEBE
IJIBUIICHHS TBEPAOCTI 3 83HRB nmo 89HRB mo BchoMmy mepepidy Jneraidi 1 BiJIIOBIIHO
301IbIICHHIO MEXAHIYHOT MII[THOCTI.

Cning 3a3HaYMTH, TPH BCIX IIepeBarax JJaHOrO METOJYy, HEIOJIKOM € 3aCTOCYBaHHS
WITIHAPUYHAX BaJIKIB HE3HAYHOI TOBIIMHU (20MM), 110 BUKJIMKA€E 3HAYHI KOHTAKTHI HANpyKEHHS
Ha TIOBEPXHI BHPOOIB 1 BIAMOBIAHO MPHU3BOIUTH JO YACTKOBOTO BiIIAPOBYBAHHS 30BHIIIHHOTO
MOBEPXHEBOTO 1Iapy, 0COOIMBO B YMOBax 0araropa3zoBUX MPOXOIIB .

a) 0)
Puc. 4. MikpocTpyktypa craui 20 micas Binmanay 920C x 500: a) nepepi3 10 niiacTuuHoro aedopmyBanHs . 0) nepepis micJst
IJIACTHYHOTO 1e)OPMYBaAHHSA

BucHoBku. 3a pe3ynbraraMy aHalizy TEXHOJOTIH OTpUMaHHS MPOQiIbOBaHUX OTBOPIB,
BCTaHOBJICHO, 1[0 HA AKICTh OTPUMAHUX BUPOOIB BILUTUBAE CXEMa peastizallii Mmporecy, TeXHOIOT1uH1
PEKUMHU, (bopMa BaJIKIB. TOMy HAaCTyITHUM €TallOM I[OCJ'IiI[)I(eHHH IUIaHYETBCA BUKOPUCTAHHA
BaJIKIB CKJIaJJHOI (pOpMH 3 peaii3ali€lo TOro K NPUHIMIY Ha TOKapPHOMY BEpCTaTi, BUTOTOBJICHHS
NPUCTOCYBaHHSA JUId TPOLECIB  XOJOAHOI IUIACTMYHOI Jedopmamii s TONEPeyHoro i
MOB3JIOBXKHBOI'O TPOKAaTyBaHHsS pOJMKAMU Ha OIpaBlll, BUBYCHHS BIJIACTUBOCTEW MaTepiajis,
nedopmarlii 3epeH Mo nepeTUuHax HaJACKIATHUX BUPOOiB.

Chnucoxk Jitepatypu
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YK 539.3

Moae/iioBaHHSI IpoLeCy IHKPEMEHTHOT0 (pOPMYyBAHHSA JMCTOBHX JIeTaJIel
HaniBcepruuHoi (popMHU B IPOrpaMHOMY KOMILIEKCI Abaqus

A.J. JlaBpinenkoB, M.O. ABepkoB, H.K. 3;104eBcbka
KIII im. Irops Cikopcbkoro, M. KuiB, Ykpaina

Anomayia: B pobomi pozenanymo npoyec iHKpeMeHmMHO20 QOopMy8anHsa Oemani HaniecghepuyHoi ¢opmu 3 aucmosoi
3020MOBKU. 3a HAABHOKN MEmoOuKoio 0OYI0 pO3PAX08AHO MPAEKMOPIo pyxy Odegopmyiovozo incmpymenmy. Byno
NPOBEOCHO MOOENIO8AHH NPOYECy IHKPEMEHMHO20 (OPMYSAHHA MEMOOOM CKIHYEHUX elleMeHmie ONsl GUSHAYEHHs
3YCULA OehpOpMY8aAHHS, MOBWUHIY CIIHKU NICTA POPMYBAHHS, HANPYHCEHO 0eOPMOBAHO2O CINAHY.

Knrouosi cnosa: inkpemenmue popmysants, Memoo CKiHueHUX eleMeHnmie, HanpylceHo-0eqopMOSaHUll CMaH

@®opmyBaHHsS HamiBC(hepUUHUX JAeTajeil € JOBOII CKIAQIHUM MPOLECOM IS KIACHYHOTO
IITAMITYBaHHS, BUTSDKKH. TOMY TIPOBEACHO MOJICIIOBAHHS OUIBII Cyd4acHUM  METOIOM,
OJTHOTOYKOBUM 1HKpEMEHTHUM (QopMmyBaHHAM. [IpUHIMI 1HKpEMEHTHOTO (OpMYBaHHS MOJSATAE B
TOMY, IO 32 JIOTIOMOTOIO JIOKAJIbHOT'O HAaBAaHTAXXCHHS MaTepialy iIHCTPYMEHTOM, SIKHH PyXa€eThes 3a
MIEBHOIO TPAEKTOPI€I0 BiI0OYBa€ThCS Aeopmarris.

Jlst monenroBaHHs Oyiia oOpaHa miBcepuyuHa IeTanb i3 ¢uanmeM pagiycom 50 mm (puc. 1).
MonentoBanHs Oysio IPOBEIEHO B MPOrpaMHOMY KoMmIuiekci Abaqus. Cxema mpoliecy moka3zaHa Ha
puc. 2.

Mertoro 11i€i poOOTH € OIIHKA HAMPYyXEHO-Ae(OPMOBAHOTO CTaHY JI€Talli Ta TOBIIMHU CTIHKU
neTam michs  JAepOpMyBaHHS MOJCIIOBAHHSA TIPOLIECY IHKPEMEHTHOTO (opMyBaHHS JAeTall
niBchepruyHoi GOpMH.

R

..... - el g

Puc 1. [liBcdepuuna gerain Puc. 2. Cxema nponecy:
1 — nedopmyrounii incTpyMeHT; 2 — 3aroToBKa; 3 —
NMPUTHCKAY; 4 - MATPULS

[TapameTpu MOIEITFOBAHHS:

- lIBuakicts Gpopmyrouoro iHcTpymenty Vo = 30 MmM/c;

- Koedimient teprs u = 0,15;

- Marepian - ALUMINUM-7075, ToBuHoto 2 MM (ananor B9S5);
- Moayns FOura = 70 I'Tla;

- Koedimient [lyaccona = 0,33;

- IlinbHicTs = 2,7 T/cM?

Ha puc. 3 300paxkeHO TpaekTopiro pyxy aeGopMyrodoro iHCTpyMEHTY (BiH aOCOIOTHO
KOPCTKE TiNIO), KU OyB po3paxoBanuii B mporpami MathLab. Tak sk mporec MoJentoBaHHS
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KOHTAKTHOI 3a/a4i JOBOJII TPUBAJIMH, OyllO MPHIHATE PIIIEHHS B SKOCTI THIYy CKIHUCHHOTO
eIeMEeHTY 00paTtu MeMOpaHy 13 aHATITHYHUM PO3PaxyHKOM TOBIIMHM Matepiany (puc. 4).

Puc. 3. Tpaexropisi pyxy iHCTpyMeHTY Puc. 4. CkiH4eHo ejleMeHTa MOojieJIb HA oYATKY JieopMyBaHHSA

B pe3ynbrari MmoienroBaHHs 0YyJI0 BCTAaHOBIICHO, IO HAKOUIBITI 3ycHIUIS Ha (DOPMYIOUOMY
IHCTPYMEHT1 CTaHOBJISITh:

o oci X mokazaHo Ha puc. 2, F=4032 H;

1o oci Z mokasaHo Ha puc. 3, F=7293 H;

o oci Y mokazano Ha puc. 4, F=4132 H;

Ha puc. 5 ta puc. 6 mpencraBieni rpadiku 3MiHM 3ycwuiss AeQOpMYyBaHHS I dac
nedopmyBanHs. 3ycriuis qeOpMyBaHHS MPUIIMae MaKCUMaJIbHI Ha CepelnHI MPOTiIKaHHS MpoIiece,
MOTIM TIOYMHAE 3MCHIIYBAaTHCS. 3MEHIICHHS 3YCHIUIS Je(QOpPMYBaHHS MOXKHA IIOSICHUTH
MMOCTYTIOBHM ITOTOHIICHHSIM CTIHKH 3aTOTOBKH

Puc. 5. HapanTaskeHHs1 Ha iHcTpyMeHTi 1o oci X Ta Y

Puc. 6. Hanpy:xenHs Ha iHcCTpyMeHTi 1o oci Z

[ToTonmenns ctinku BigOymnocs mo 1 MM puc. 7. Ha BigMiHy BiJ mporiecy OTpUMaHHS JaHO1
JeTani B LITaMIi 3a OAMH XiA c(hepruyHOro IMyaHCOHY, /i€ MOTOHIIEHHS CTiHKH BiIOyBaeThCS B
HIWKHIA Todli HamiBchepuuHoi pgeTami (MakcuMajabHE TOTOHIIEHHS — 1,57 ™M), mpu

63




XIll MHTK “TeopeTuyHi Ta npakTU4Hi npobnemu B 06po6ui maTtepianiB Tuckom”, 2023

IHKpEMEHTHOMY IITaMITyBaHH1 Bi/I0yBa€TbCA MOTOHILIEHHS O pajiycy MaTpHIll 1 10 HUXKHBOI
TOYKH JICTANI MOYHHAE 30UTBIIYBATHCH IO 2 MM.

O e L

Puc 7. Po3noais TOBIIMHM CTIHKH JeTaji

Ha puc. 8-11 nmokazano po3noain HJIC marepiany merai.

Puc 8. Poznoain inTeHcuBHOCTI Hanpy»keHb mo Mizecy Puc 9. Posnonin nanpyxenn O,

F . bme rflan= Fria
S, Dt [P A

Puc 10. Po3noain MakcuMalIbHUX IMIACTHYHHUX Aedopmaniii

Puc 11. Po3noaia niactuunux aepopmaniii &,

Smax

BucHoBku

PylinyBaHHS 3arOTOBKH HE BiIOyBA€THCS, HAMOUIbIIIE MOTOHIIICHHS BIJOYBA€THCSI HA OOKOBIN
YacTUHI JeTaji, a HaliMeHlle B JOHHIA 4dacTHHI. IHKpemMeHTHe (opMyBaHHS € JOCHTH
NEepPCIIeKTUBHUM TIPOIECOM, 3a JONOMOTOI0 SKOTO MOXKHAa OTPUMYBAaTH J€Tajli CKJIaJHOI
KoHpirypamii i3 JaucroBoro marepiany. OTpuMaHi pe3ynbTaTd OyayThb BUKOPUCTAaHI IIpU
MIPOEKTYBaHH1 Ja00OPaTOPHOT YCTAHOBKH IS peaizallii mporecy iHKpeMeHTHOTO (popMyBaHHS

Modeling of the process of incremental forming of hemispherical sheet parts in
the Abaqus software complex
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Cekuif 1. TeopeTU4Hi Ta NPaKkTUYHI Npo6rieMn NNacTU4YHOro hopMOyTBOPEHHA KOHCTPYKLiN
MalMHOOYyAyBaHHA

A. Lavrinenkov, M. Averkov, N. Zlochevska

Abstract: The paper examines the process of incremental forming of a hemispherical part from a sheet blank.
According to the existing methodology, the trajectory of the deforming tool was calculated. Modeling of the incremental
forming process using the finite element method was carried out to determine the deformation force, the wall thickness
after forming, and the stress-deformed state.

Keywords: incremental forming, finite element method, stress-strain state
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UDC 621.77.043

Research of different deformation schemes for
obtaining a fine-grained structure of the material

Nataliia Zlochevskaya, Anton Lavrinenkov, Oleksandr Us
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine

Abstract: The task of modeling was to establish the degree of filling of the matrix channel. The most complete filling
occurs with the screw widening pressing scheme. The percentage of filling is 90-95%. With the polygonal pressing
scheme, the filling of the matrix channel was 50-60%. With the screw widening pressing scheme, we can talk about the
plastic deformation of the workpiece material along the entire cross section of the workpiece. The smallest plastic
deformation corresponds to the middle of the workpiece. For the maximum processing of the workpiece material in
order to obtain a crushed microstructure, pressing requires work in two passes.

Key words: screw widening pressing, polygonal pressing, multi-angular pressing, shear deformations, plastic
deformation, workpiece

The use of materials with a fine-grained structure in modern machinery and aircraft
construction is promising due to the improvement of mechanical properties after processing.
Currently, the methods of intensive plastic deformation (IPD) are known all over the world, they
include equal-channel angular pressing [1], torsion under pressure [2], screw extrusion [3], screw
widening pressing [4], etc.

Depending on the pressing scheme, the amount of plastic deformation of the material will
be different. Accordingly, working out the structure of the material of the workpiece will be
different, which in the real process will affect the microstructure of the workpiece.

The goal of the work research of different deformation schemes for obtaining a fine-
grained structure of the material.

a) b) ©)
Fig. 1. Schemes of pressing
a) — SWP; b) - PP; ¢) - MP

The following pressing schemes were selected for modeling: screw widening pressing
(SWP), polygonal pressing (PP) and multi-angular pressing (MP) (Fig. 1). In fig. 1 shows cross-
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Cekuis 1. TeopeTUYHi Ta NPakTUYHi Npo6nemMn NNacTUYHOro (hopMOYTBOPEHHSI KOHCTPYKLIIN
MalMHoOGyAyBaHHA

sections of areas of the matrix where intense plastic deformations occur. Modeling was carried out
using the finite element method (FEM) in the QForm program. Parameters of the modeling process:
type of operation - deformation taking into account thermal processes; workpiece material - VT-22;
workpiece temperature - 920°C; equipment - screw press hammer with a force of 250 tons; the
number of blanks (except for angular pressing) is two (the second acts as a counter-pressure).

The task of modeling was to establish the degree of filling of the matrix channel. For better
filling of the matrix channel, the blanks are pressed continuously(the previous blank acts as a
counter pressure). The most complete filling occurs with the SWP scheme. The percentage of filling
is 90-95%. With the PP scheme, the filling of the matrix channel was 50-60%. With the BP scheme,
it was not possible to implement the scheme of continuous pressing. Plastic deformation occurs at
the first corner transition. To fill the second corner transition, it is necessary to apply back pressure
with a hydraulic cylinder, since the previous workpiece does not create the necessary force. Given
this, the most effective pressing scheme is the SWP itself. According to the simulation results (Fig.
2), it can be said that the pressing scheme in which plastic deformation of the maximum volume of
metal occurs corresponds to the scheme of SWP.

lE 1.90

r 1.70
r 130

5.0

4.5 . 3.4
4.0 . 3.0
3.5 2.6
3.0 2.2
2.5 I 1.8
2.0 1.4
1.5 10
1.0 F I 06

r 130

1.10
0.90

r 070

0.50
E 0.30
0.10

a) b) c)

Fig. 2. Distribution of effective plastic deformation er in the deformation cell:
a) — SWP; b) — PP; ¢) - MP

0.5

It was established that with the PP scheme, effective plastic deformation of the material
occurs near the surface of the workpiece. The depth of deformation propagation is 1.5-2.5 mm.
With the SWP scheme, we can talk about the plastic deformation of the workpiece material
along the entire cross section of the workpiece. The smallest plastic deformation corresponds to
the middle of the workpiece. The depth of propagation of plastic deformation is 6-9 mm. But
due to the peculiarities of the matrix channel, intense plastic deformation occurs with the SWP
scheme(changing the cross-section of the matrix circle-ellipse-ellipse (90°C rotation)-circle) the
working of the material takes place on both sides of the workpiece, and at an angle
corresponding to the angle of change in the cross-section of the matrix (Fig. 3). For the
maximum processing of the workpiece material in order to obtain a crushed microstructure,
pressing requires work in two passes. Also, in order to prevent repeated deformation of the same
parts of the workpiece, at the entrance to the matrix, the workpiece must be turned by 90 ° in
relation to the first pass of the workpiece. If this condition is met, the processing of the
workpiece material during pressing according to the SWP scheme will be maximum. The same
condition must be observed when pressing according to the MP scheme (Fig. 1, c).
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According to the SWP scheme, the depth of plastic
deformation is 3-6 mm. But if two corner transitions of the
matrix are completely filled with material, then the depth and
magnitude of plastic deformation of the material will be

increased. If we compare pressing schemes by the amount of EIE
plastic deformation, the most effective is the scheme of multi- 5'0
angle pressing, followed by screw widening pressing. The least 4'5
effective pressing scheme is the polygonal pressing scheme. 4'0
Conclusions 32
1. It was established that with the PP scheme, effective plastic 20

deformation of the material occurs near the surface of the 2.3

workpiece. The depth of deformation propagation is 1.5-2.5 20

mm 1.5
2. The smallest plastic deformation corresponds to the middle of ;':

the workpiece. The depth of propagation of plastic
deformation is 6-9 mm.

3. For the maximum processing of the workpiece material in
order to obtain a crushed microstructure, pressing requires
two passes. Also, in order to prevent repeated deformation of Fig. 3. Plastic deformation of the
the same parts of the workpiece, at the entrance to the matrix, workpiece according to the SWP
the workpiece must be turned by 900 in relation to the first scheme
pass of the workpiece.
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JocaikeHHs pi3HUX cxeM J1e()OpMYBaAHHS JAJI1 OTPUMAHHS JAPiOHO3epPHUCTOL
CTPYKTYpH MaTepiay

3aoueBckas H.K., JlaBpinenkon A./l., Yc O.B.

Anomayin 3adauero moodeno6anHs 0YI0 6CMAHOBIEHHs CMYNEHs 3AN08HEeHHA Kauany mampuyi. Haibinew nogue
3anognenns 6iodysacmocs npu cxemi I'VII. Ilpoyenm 3anosuennsn cxnadae 90-95%. Ipu cxemi I111 3anosuenns kanany
mampuyi ckaano 50-60%. Ipu cxemi I'VII mosicna 208opumu npo niacmuuny oegpopmayiro mamepianry 3a20moeKu no
8CLOMY nonepeuHomy nepepizy 3aeomoexu. Halimenwa niacmuuna oegpopmayia eionosioac cepeduti 3a2omoexu. Jnsa
MAKCUMATBHO20 NPONPAYIOBAHHA MAMepiany 3a20MmoeKu 3 Memor OMmpUMAHHA NOOpPiOHeHOI MIKpOCMpPYKmMypu,
npecysanms nNompiono pobomu 3a 08a NPOXOOU..

Knwuosi cnosea: 2e6unmoge ywupsroue npecy8amHs, NONICOHANbHE NPecy8aHHA, OA2amoKymose NpecyBaHHs, 3CY6HI
deopmayii, niacmuuna oegpopmayis, 3a20MoeKa.
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VIK 621.73.16, 621.983.07

Moae/iloBaHHSI POLeCY BUTATYBAHHS 3 MOTOHIIEHHAM HanmiB(paOpukarty micJast
IITAMITYBAHHSI 00KOYyBAHHIM

, B.A. Muponenko, A.Jl. JlaBpinenkoB

KIII im. Irops Cikopcekoro, M. KuiB, Ykpaina

Anomauia: B oaniii podomi posenanymo npoyec 6umacy8anHs 3 NOMOHUEHHAM HAniehadpuxamy nicis Wmamny8anHs
obkouyganuam. LLmamnysanuam obkouysanHam Oyio nonepeoHbo cqhopmosano OOHHY YACTMUHY CINAKAHYUKA. 3a80aKU
MOOENIBAHHA BUMAZYBAHHA 3 NOMOHWEHHAM OYI0 NPOAHANIZ08AHO 3MIHA Gopmu OOHHOI wacmuHu nioyac
BUMACYBAHHSL.

Knrouogi cnoea: wmamnysanus 0OKOUYBAHHAM, SUMACYBAHHS 3 NOMOHWIEHHAM, MOOETO8AHHI, MEMOO CKIHUEHHUX
eneMeHmie

B nonepenniii poOOTI PO3MISIHYTO MOXIHMBICTH OTPHMAHHS CKJIaJHOI OHHOT YacTHHU
mTaMIlyBaHHAM O6K0‘-IYB3,HH$IM HiI[ HAaCTYIIHC BUTATYBAHHS 3 IOTOHIICHHAM.

Ha puc.l. npencraBieHO KpeciaeHHS BHUXIJHOI JeTani Ta €cKi3y 3 MPUIYCKOM Ha
00pi3yBaHHSM.

a 0

Puc.1. a - kpecieHHs AeTaji; 6 — KpecJeHHs JeTaJi 3 MPUILYCKOM Ha 00pi3yBaHHS

BpaxoBytoun Te wmio KiHueBa ¢opMma JeTtani Oyae OTPUMYBATHUCh BUTATYBAHHSAM 3
MOTOHILIEHHAM, MOTPIOHO TOJaTH HPUITYCK Ha oOpi3yBaHHA sSKuiM ckiagae 4,5 mm [1], po3mip
BHXIJTHOT 3aTOTOBKH 68,64 MM, TOBIIIMHA 3aroToBKU 5 MM. Po3mMipu HamiBaOpukary miag HacTyImHe
BUTATYBaHHS € HACTYITHUMHM JllaMeTp OTPUMAaHOI 3ar0TOBKM 84 MM Ta ii TOBIIMHU 3,1 MM.

Jlis  momanpIioro MOZETIOBAHHS TPOIECY BUTATYBAaHHS 3 TOTOHIIEHHSIM PO3PAXyeEMO
KUTBKICTh MePeX0/1iB, MPUOIU3HUH TiaMeTp Mmicis po3KouyBaHHS 84MM. 3HaI0UM JllaMeTp 3arOTOBKU

Ta KIHIIEBOI JAETajl, po3paxyeMo KOe(DilieHT BUTSKKH.

d 396
M™=D, " 84

m = 0,46 — 0,50

KoeoinieHT BUTSATyBaHHS 3HAXOAUTHCA B JIOMYCTUMOMY Jlalla30Hi, BHUXOASYM 3 IIHOTO
JiaMeTp micis mepuioro nepexony craHoBuTh d=0,47-84=39,48 MM, aerans MOXHA OTpUMATH 3a
OJIMH Tepexi/l BUTATYBAHHS 3 OTOHIIEHHSIM.

Jlns BU3HAUCHHsS MapaMeTpiB BHUTATYBAHHS 3 IMOTOHILEHHSM, OYlO 3IIHCHEHO YHCEIbHE
MoJIeNIIOBaHHs B mporpaMHOMy Komiuiekci «DEFORM-3Dy.

[TapameTpu siki Oys10 3aJaHO IPU MOJICTTIOBAaHHI:

- wmarepian — AISI 1035 (anamnor craii 35);

= 0,47
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- koediuient Tepts p=0,12;
- Temneparypa npouecy — 20 C;
- IIBUJKICTb MEPEMILIEHHS IHCTPYMEHTY 2 MM/C.

Ha puc.2. npeacraBneno HamiBaOpukat micis mTaMITyBaHHS OOKOYYBAaHHSIM IIiJI HACTYITHE
BUTSTYBAaHHS 3 OTOHIICHHSM.

Puc.2. HaniBgadpukar micjsi liTaMnyBaHHs 00KOYYBAHHAM
PeByJ'ILTaTI/I MOACIIOBAHHA BUTATYBAHHA 3 IIOTOHIICHHAM HpeI[CTaBJ'IeHi Ha pI/IC3

FRirais - Effartnoe fmmommi

05z Maz 07a% Max

B r
Puc.3. Pe3yabTaTn Mo/1e/IlOBaHHS: 2 — IHTEHCUBHICTH Jedopmanii; 0 — kpuTepiii pyliHyBaHHSI; B — HANIPYKEHHS HA
iHCTPYMEHTI; I — 3yCHJLISi BUTATYBAHHS

70 OOPYM IHXEHEPIB MEXAHIKIB
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OTtpumani pe3yibTaTH TMOKa3ajdd, OO B 30HI JOHHOI YacCTUHU NOOIU3Y C(HOPMOBAHOTO
OypTHKa MOJIMBA pyHHAIlis 3arOoTOBKH. TakoK MOJENIOBaHHsS IMOKa3ajo BIPOTiIHICTh pyHHAIi
OypTHUKa, SKIIO MOPIBHATH PE3yAbTaTH Ta BHUXiJHY 3aroTOBKY TO JOHHA YAaCTHHA CTa€ IUIACKOIO
X0ua MMOBMHHA HE BTpavyaTH cBo€i popmu 1 Bianosinatu Gopmi KiHIIEBOT A€TaIi.

3 OTpUMaHHX pE3yJIbTaTiB MOXEMO 3pOOMTH BHUCHOBOK, IIO TaKa CXeMa BHUTATYBaHHS,
KUIBKICTh TIEPEXOJiB HE MJAXOAWTHh JJII OTPUMAHHS SKICHOI MpoMiKHOI aetam. s Toro, mo6
MOXKHa OyJ0 OTpUMATH TaKy JeTajb 1 3MEHIIUTH 3YCHJUIA BUTATYBaHHS, 3017IbIIYEMO KUIBKICTh
Mepexo/IiB 3 OIHOTO HAa TPU, THM CaMHM 3MEHIIYEMO HABAaHTA)KCHHS Ha JIOHHY 4YacTUHY. llepmmii
nepexi BUTATYBaHHs Oyjae BigOyBaTHCh IUIACKMM ITyaHCOHOM, JIBa iHINI MAaTHUMYTh C(HEpUUHY
dbopmy.

Ha puc.4. npencraBineHo iHTEHCUBHICTD Jeopmallii Ha KOXKHOMY 3 IePEXO/IiB.

Orep 400
Bram Eflermrs mees e

Lt
S0TE Wn

DT e

Puc.4. IntencuBHicTh aedopmanii:
a — nepuInii mepexia; 6 — Ipyruii mepexia; B — TpeTiii mepexin
Ha puc.5. npencraBieHo KpuTepiil pyiiHYBaHHS Ha KO)KHOMY 3 TIEPEXO/IiB.

ELo

[ ]
OD000T TR [
DOODOT S M NS M nLes) Wm
A ki SATT Mas QR e
a 0 B

Puc.5. Kpurepiii pylinyBanus:
a — nepuuuii mepexia; 6 — Apyruii nepexia; B — TpeTiii nepexin

Ha puc.6. mpeacraBiieHo HaNpy>KeHHS Ha IHCTPYMEHTI Ha KOKHOMY 3 TIEPEXO/IiB.
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Biep 1500

Frem - Eferdee ikl

BT NI

a 0 B
Puc.6. Hanpy:xkeHHs1 Ha iHCTPYMeHTi:
a — nepluuii mepexia; 6 — Apyruii nepexia; B — TpeTiii nepexin

Ha puc.7. npencraBineHo 3yCHIUIs BUTATYBaHHS Ha KOXKHOMY 3 TIEPEXOJIiB.

a 0 B
Puc.7. 3ycunnst BATATYBAHHS:
a — nepLuuii nepexia; 0 — Apyruii nepexina; B — TpeTiii nepexin

BucHoBkH

OTtpumani pe3yabTaTd MOKa3ald, SKIIO 30UTBIIUTH KUTBKICTh NEPEXOMdiB Ta 3MIHUTH (OpPMY

MyaHCOHA Ha MEPIIOMY MEpPexoJi Ha IUIAcKy, JOHHAa YacTWHA MEHINE BTpavae CTiWKicTh. Lle
MOSICHIOETHCS TUM, 1110 3MEHIIYETHCS 3yCUIUIS BUTSTYBaHHS Ta HABAaHTA)KCHHS Ha JOHHY YacTHHY.
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Modeling of the drawing process with thinning of the semi-finished product
after rolling stamping

, V. Myronenko, A. Lavrinenkov

Abstract: In this work, the process of drawing with thinning of the semi-finished product after stamping by rolling is
considered. The bottom part of the cup was preformed by rolling stamping. Thanks to the simulation of drawing with
thinning, the change in the shape of the bottom part during drawing was analyzed.

Key words: rolling stamping, detail drawing, sketch, process diagram, trimming allowance, drawing with thinning,
modeling.
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YK 621.7

TexHoJI0Tisi BUTOTOBJIEHHSI KOPILYCY I'PAHATH MiIBUILEHOI 0CKOJIKOBOCTI
Kajgiopom 40mMm

Mimanos B.B. ', OpJok M.B.!, CaBuenko I[.B.z.
1. KIII im. Irops Cikopcekoro, M. Kuis
2. AT «Yxpobopoucepsic» M. Kuis

Onnumu 3 epeKTUBHHMX BHJIIB OOEMpHITAciB JJIS BEICHHsS BOTHIO Ha Bijactani Big 400 meTpiB
10 2000 meTpiB € rpaHaTOMETHI OCTPUTH. HallOibII pO3MOBCIOIKEHUMH Cepesl HUX € OOEnpHacu
crangapty HATO ockonkoBo-(hyracHoi Ta KymynsaTuBHOI aii kaniOpom 40mM. Taki Ooenpunacu
MOXYTh 3aCTOCOBYBaTHCS HE TUIBKM B aBTOMATHYHHX, a 1 B PYYHHX YH TiJCTBOJIBHHUX
rpaHaToMeTax.

3aranpHa KOHCTPYKIIiSI OO€MpUNacy CKIaa€ThCs 3 TPAaHATH, 0 MA€ IMIPUBHUK, Ta TUTH3U 3
MeTanibHUM 3apsaoM [1; 2]. IlimpuBHUK € HaiOUIBII CKIAJAHOK OJWHHUIICI0 BHUpOOy, ane Ha
e(eKTUBHICTD Jii rpaHaTH TaKOX BIUIMBAE KiTbKICTh BUOYXOBOI pEUOBHHH Ta KOHCTPYKIIisl KOPIYCY
rpanartu [3]. EdpekTuBHICTH A1l caMOi rpaHaTH 3aJeXUTh BiJl MapaMeTPiB OCKOJIKOBOIO MOJIs, Macu
ta popmu ockonkiB [4]. Cnig BiIMITHTH, IO y PI3HUX KpaiHaxX Ta y pi3HUX BUPOOHUKIB € CBOI
KOHCTPYKTUBHI OCOOJIMBOCTI, SIK1 JIy’K€ 3aJieXKaTh Bl TEXHOJOTIYHUX MOKJIMBOCTEH BUPOOHUIITBA
[4; 5]. € mocuTh BeMMKa KUIBKICTh PI3HUX TEXHOJIOTIH, 110 TO3BOJISIOTH OTPUMYBATH 3aTrOTOBKH 200
HaBiTh FOTOB1 KOPITYCH I'paHar [6].

Ha crorognimHiit 1eHb OUIBIIICTH BUPOOHUIITB BUTOTOBIISIIOTH KOPITYCH TPaHAT MEXaHIYHOIO
00poOKoI0 3 Kpyrioro mpokaty i3 ctami 35...50 abo crami 40X Ha TOKapHUX aBTOMAaTax, sKi
3a0e3MeuyloTh BUCOKY MPOAYKTUBHICTh. Take BUPOOHHUIITBO € MACOBUM 1 MOTPEOye BIIPOBAKEHHS
HOBHMX a00 BJOCKOHAJIEHMX TEXHOJOTIH, SKI JIO3BOJATH HE TUIBKM MIABUIIUTH E€KOHOMIYHICTbH
BUPOOHUIITBA, a 1 XapaKTEepUCTUKU BUPOOY B LIUIOMY. Y BUIAAKY OTPUMaHHS JeTajlell MeXaHIYHUM
pi3aHHAM 3 NpyTa HEHOJIKOM € Maluid KoedillleHT BUKOPUCTaHHS MaTepialy, OCKIJIbKM 3HayHa
Horo yacTMHa Hae y BIAXiA y BUIVIANI CTPYKKH. B maniii poOoTi 3amporoHOBaHWN BapiaHT
BUTOTOBJICHHSI KOPITYCIB METOJJaMH ITACTUYHOTO (HOPMOYTBOPEHHS.

MerToro po0OoTH € 3a gornomororo nporpamuoro kommiekcy DEFORM po3pobutu TexHonorio
BUTOTOBJICHHSI KOpPIIyCy TIpaHaTtu KaimiopoM 40MM. 3 NIpPOTHO30BAaHUM YTBOPEHHSM €JIEMEHTIB
YpakeHHSI.

Jlnist IpoBEZICHHS TOCTIKEHb OyJl0 00paHo AiI0uy KOHCTPYKIIIO KOPIYCY TpaHaTH KajJiopom
40MM 110 rpaHaToMmetHoro noctpity 3paska HATO (puc. 1, a) Ta BBeIeHO KOHCTPYKTHUBHI 3MIHU
(puc. 1, 0), 3 ypaxyBaHHAM TEXHOJIOTii BHMI'OTOBJIEHHS, JUIs TIiJBUIIEHHA e€(EeKTUBHOCTI
OCKOJIKOBOCT1 BKa3aHOI I'PaHaTH.

OcCo0OUBICTIO JAHOTO KOPIYCY € Te, L0 BiH Ma€ Ha BHYTPIIIHINA MOBEpXHI KOHLEHTPATOpU
JUIsi OUTBII PIBHOMIPHOTO JAPOOJIEHHS KOPIYyCy 3 €(EeKTUBHOI Macol0 OCKOJKY. 3a paxyHOK
HaHECEHUX KOHIIEHTPATOPiB MOXKIIMBO MIPOTHO3YBATH KIJIBKICTh, (POPMY Ta Macy OCKOJIKIB.
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Puc. 1. Ecki3u xopnycis

TexHoJOTisl BUTOTOBJICHHSI KOPITYCY 3arOTOBKH Iepeadayae OTpUMaHHS KOHIEHTPATOPiB Ha
HOro BHYTPIIIHINA MOBEPXHI MIIIXOM (POPMOYTBOPEHHS IJIACTUYHOIO JIe(hOpMalli€ro.

Jns orpuMaHHsL Kopirycy rpaHaTé a0 40 MM TrpaHaTOMETHOTO IHOCTPITYy 3alpONOHOBAHO
HACTYIHUN TEXHOJIOTTUHUHN JIAHLIOT: BUPYOKa 3 JIUCTA Y 31 CMYTU IUIOCKOT 3aroToBKHU (puc. 2, a),
rapsiae mpoQUTIOBaHHS JIOCKOT 3aroTOBKH (pHC. 2, 0), TpaBieHHS BiJ OKaduHH Ta (ochaTyBaHHS
MOBEPXHI 3aroTOBKM IiJi HAHECEHHS 3MalleHHs, KapOyBaHHS Ha IUIOCKIM CTOPOHI 3aroTOBKHU
KOHIIEHTPATOpiB (pHC. 2, B), XOJOIHE BHUTATYBAHHS 3 TIOTOHIIECHHSM 3aroTOBKH (pHC. 2, T),
MexaHiuyHa 00poOKa 0 KiHIeBO1 (hopMH Ta po3MipiB (puc. 2, ).

JIJist BUTOTOBIICHHS JIeTai OyJi0 3amporoHOBaHO BUKOpHcTaTh ctanb 10 [7]. Bukopucranus
MaTepialy 3 MEHIIOK MEXEI MIIHOCTI 1 OilbIl BUCOKOK IUIACTUYHICTIO, HIX TpaaulliiHi
MaTepiajau JJisi BUTOTOBJIEHHS KOPITYCIB T'paHaT, J03BOJIIE CKOPOTUTH KIJIBKICTh IMOOIEpAIiitHUX
NepexoiB BUTATYBAHHSA, 3MEHIIIUTU 3yCHIUIS POLIECIB, MIABUILUTH CTIHKICTh IHCTPYMEHTIB, 1, IpU
IbOMY, OTPHMYBaTH BHPOOHM 3 MPOTHO30BAHMMH MEXaHIYHHNMH BJIACTUBOCTSIMH 32 PaxyHOK
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Puc. 2. Iloonepauiiini nepexoqu GpopmMo3MiHIOIOYHX onepaniii OTPpUMAHHS AeTaJi

3MIITHEHHS B MPOIIECi XOJIO0IHOI IIIaCTUYHOI Aedopmartii [8].

@opmy Ta po3Mmipu mpo(iIbOBAaHOI  3aroTOBKM  MiAIOpaHO  eKCHEepUMEHTAIHHO
po3paxyHkoBuM TusixoM [9] B mporpamHomy komruiekci DEFORM [10]. IIporpamMuunii KoMIuieke
DEFORM 2D/3D no3Bonsie MozaentoBaTd (pOPMO3MiHHI Omeparii, 1a€ MOXKIUBICTh MIPOTHO3YBAaTH
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OTpUMaHHS BHPOOIB HE0OXimHOI (GopMU Ta pO3MIpiB, JJ03BOJISIE BU3HAYUTH CHEPrOCHIIOBI
napaMeTpu MpOIECiB, a TaKOX HaNpPyKEHO-Ie(POPMOBAHHIA CTaH, SKUH XapaKTepu3ye SKiCHI
BJIACTUBOCTI BUPOOIB.

Byno mnpoBeneHe umcenbHE MOJENIOBAHHS IS TPOILECIB rapsdoro mnpodiroBaHH,
KapOyBaHHS KOHLIEHTPAaTOpIB Ta BUTATyBaHHA. JlJi1 MOJENIOBaHHS BHUKOPHUCTOBYBAJIM MaTepial
AISI-1010 (3axopmonnwmii ananor craii 10). Moaens marepiany miactuuna. Kpurepiit pylinyBaHHs
Brozzo. B mpomeci BIiAMOBIAHO 1O TEXHOJIOTIYHOTO IIEPEXOJy BPAXOBYBAIM TEPTS MIXK
neopMyOUUM IHCTPYMEHTOM Ta 3aroToBkoro 1o 3ibemro 3 koedimieatom 0,12, Takox mis
raps4yoro IpoLecy BpaxOBYBaJM TEIUIOBLJauy HArpitoi 3aroTOBKM MK HaBKOJIMIIHIM
cepeloBHILEM Ta pobounM iHCTpyMeHTOM. LIIBUIKICTh epeMillleHHs ITyaHCOHa — 5 MM/C.

[apsiue npoduItoBaHHS 3IIHCHIOETBCS 3a PAaxXyHOK OCAKEHHS (UIaHIEBOI YacTUHU
3arOTOBKM MEPEMiHHHM IepepizoM (KOHYCHOIO (OpMOI0), BUXIOHI pO3MipH sIKOi TOKa3aHi Ha
puc. 2, a. PozpaxyHkoBa cxema npoiiecy npo¢iaroBaHHs 3ar0OTOBKM HaBeJIeHa Ha pucC. 4.

[lpu MomemoBaHHi Oyia 3ajaHa [OYaTKOBa Temreparypa 3arotoBku 860-750°C, a
temneparypa aedopmyrodoro incrpymenty 300°C. PoGoumii Xix myaHcoHa CTaHOBHB 1,8 MM,
sycwinis geopmyBanHs ckianae 2,78 MH.

a 0
Puc. 4. PozpaxyHkoBa cxema nmpouecy rapssyoro npogiioBaHHs 3aT0TOBKH:
a) y BUXiIHOMY MOJI0:KeHHi; 0) Y KiHIIeBOMY M0JIOKeHH]

B npoueci moaentoBaHHs 0yJ0 BCTAaHOBIIEHO 3MiHY TeMIlepaTypu B 00’eMi 3/1eopMOBaHOL
3arotoBku Big 800 mo 650. Ilpm mpoMy MakcHMallbHI 3HaY€HHs KpHUTeEpil0 pyhHyBaHHA K,
cknagaroTh A0 0,1 y micii MiHiMalibHOI TeMrepaTrypd. Y HaHTOHIIOMY MiCLli KOHIYHOTO (hIaHLs
IHTEHCUBHICTb Aedopmarlii nocsrae 3HayeHHs 0,7. Ha miockiil yacTWHI MOTOHIIEHOTO KOHIYHOTO
¢naHIg, NP MakCUMaJIbHOMY 3ycuilIi npouecy 2,78 MH, mMakcuMaibHi 3HaYeHHS IHTEHCUBHOCTI
HanpyxeHb focsrarotb 350 MITa.

[Ticns orpuManHs cripoiIbOBaHOI 3arOTOBKM HAHECEHHS KOHIIEHTPATOPIB MPOMOHYETHCS
IPOBECTH KapOyBaHHAM y XOJOAHOMY CTaHi. Po3paxyHKoBa cxema mporecy kapOyBaHHS HaBeJeHa
Ha puc. 5. [Ipu nepemimeni myancona 0,45 mm 3ycums nepopmyBanHs ckiaio 2,3 MH.

a 0
Puc. 5. Po3paxyHkoBa cxema nmpouecy KapoyBaHHsI KOHIEHTPATOPiB HA 3aroTOBIi:
a) y BUXiTHOMY NOJI0KeHHi; ) y KiHIIEBOMY MOJI0KeHHI

3a pe3ynapTaTaMd MOJCIIOBaHHS KapOyBaHHS BCTAHOBJICHO, IO y MICIIX KapOyBaHHS
KOHIIEHTPATOpPiB, MaKCUMaJIbHI 3Ha4eHHA Kputepito pyiiHyBaHHA K, mocsaratots 0,15. B npomy x
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MICIIi MaKCHUMaJbHI 3HaUEHHsI HaNpyXeHHs ckinagaroTs 700 Mlla. Y HallTOHIIOMY MicCIli KOHIYHOTO
(dbnaHIs IHTEHCUBHICTH AedopMalrii nocsrae 3nadeHHs 0,65.

HactymHoro omepaiii€o € BUTSATYBaHHS 3 TIOTOHIICHHSM Y JBOXKOHYCHY MAaTPHIIIO.
Po3paxyHkoBa cxema mpoIiecy BUTATYBaHHS HaBeJeHa Ha puc. 6.

a 0
Puc. 6. Po3paxyHkoBa cxema npouecy BUTATYBAHHSI 3 OTOHIIEHHSIM:
a) y BUXiIHOMY NOJ10:KeHHi; 0) Y KiHIIeBOMY M0JIOKeHH]

[Tpu mMopentoBaHHI IpolieCy BUTATYBaHHS MakcumanbHe 3ycwiuid ckiano 250kH. Takox
BCTAQHOBJICHO, 10 3HAYEHHS KpuTepito pyiHyBaHHs K, B 00’emi aedopmMoBaHOi 3aroTOBKU
nocsratote 0,8 B 30BHIMIHIA pajiycHIH 4YacTUHI Ta B MicUAX KOHILEHTpaTopiB (puc. 7).
MaxkcuMaibHe 3Hau€HHS IHTEHCUBHOCTI Jedopmanii ckianae 1,1 (puc. 8) y BepxHi yacTHHI
LWTIHAPUYHOT 3arOTOBKHU.

Puc. 7. 3nayennst kputepiio pyiinysanns K, B 00’ emi Puc. 8. Po3noxin inTencuBHoCTI 1edpopmanii B 06’ emi
nedopMoBaHOI 3ar0TOBKHU 31e¢opMOBaHOI 3ar0TOBKHU

Bkazani mapameTpu J03BOJISIOTH MPOTHO3YBAaTH SAKICHI XapaKTEPUCTUKHM Marepiajay Micis
nepopmyBaHHs, sKi OyIyTb BUKOPUCTOBYBATHUCH B MOJAIBLIMX JOCIKEHHSX 110 BIUIMBY
TEXHOJIOTIYHMX MapaMeTpiB Ha OCKOJIKOBICTh KOPITYCY I'paHaTH.

BucHoBku
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3a pe3yiabTaTaM INPOBCACHUX I[OCJ'Ii,Z[}KeHL MOXHa 3pO6I/ITI/I BHCHOBOK, IIIO 3a BKa3aHOIO

TEXHOJIOTIEI0 MOXKHAa OTPUMATH 3arOoTOBKY KOPIIyCY JJIsi OCKOJIKOBOI TpaHatu KamiOpom 40mMm
3pazka HATO 3 mporHO30BaHMMH €JIEeMEHTaMU YypakeHHs. B pe3ynbTari MOjeOBaHHS OYJ10
OTPMMaHO TPOTHO30BaHI MEXaHI4HI BJIACTHBOCTI Marepiajdy KOpIyCy TIpaHaTH, siKi OyayTb
BUKOPHUCTOBYBAaTUCh B MOJAJIBIIMX JOCHIKEHHSX IO BIUIMBY TEXHOJIOTIYHMX HapaMeTpiB Ha
OCKOJIKOBICTh KOPITYCY TpaHaTu.
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VK 621. 983.07

OcobsmBocTi Bukopuctanus deform 2d aj1s1 MoJieII0BAHHSA BUTATYBAHHA 3
NMOTOHIIECHHSIM Yepe3 OJHY Ta ABI MATPUILi

Opaox M.B.!, Ilimanos B.B.!, CaBuenko JI.B.2, Cainbxo H,0.', Mosroa O.B.!, Jly6inina
HM'.

1. KIII im. Irops Cikopctkoro, M. Kuis

2. ATT «YxpobopoHucepsic» M. Kuis

CepiitHe BUTOTOBIIEHHS TOPOKHUCTUX TOHKOCTIHHUX BICECUMETPUYHUX BHUPOOIB 31 3HAYHUM
CIIBBITHOIIICHHSM TOBIIWH CTIHOK Ta JHA, 10 SKUX BIIHOCATHCS U TUTB3H CTPUICIBKUX Ta
apTuiepiicbkux HabOiB, HE MOXUIINBE 0€3 3aCTOCYBAaHHS BUTATYBAHHS 3 MOTOHIIEHHM [1-3].
He3Baxxaroum Ha MPOCTOTY CXEMH BUTATYBAHHS 3 IIOTOHIICHHSM KiHIIEBUI PE3yJIbTAaT BUTATYBAHHS
3aJIe)KUTh BiJl BEJMKOI KUTbKOCTI (hakTopiB [4, 5], TaKUX K T€OMETPis MyaHCOHA Ta MAaTPHIII,
MEXaHIYHUX BJIACTUBOCTEU MaTepiaiy, o AepopMyeThCs, reOMETpii BUX1HOI 3arOTOBKHU, CIIOCO0Y
BUTSTYBaHHA (Yepe3 OJIHY MaTPUIIIO, OJHOYACHE a00 MOCHIIOBHE BUTATYBaHHS Yepe3 JB1 MaTpHIll,
MOCIIIJOBHE BUTATYBAHHS Y€pe3 JIB1 B PI3HUX IITaMnax 0e3 mpoMi>KHOI TepMI4HOT OOpOOKH) Ta iH.

Po3pobka HOBHX a00 BIIOCKOHAJIEHHS ICHYIOUMX TaKuX 0araTo()akTOpHUX TEXHOJIOTIH Ha
Cy4aCHOMY €Talli PO3BUTKY MallTMHOOYTyBaHHS HE MOXKIIMBE 0€3 BUKOPUCTAHHSA MTPOrPAMHUX
KOMIUICKCIB IS aHai3y mporeciB 00poOku metaniB TuckoM (QForm, Deform Ta in.). OnHak i
MpPOrpaMHi KOMIUIEKCH HE yHIBepcaibHi 1 IX BUKOPUCTAHHS I MOJICTIOBAHHSA Ta aHAJ3y TOTO YU
1HIIOTO Ipolecy AeGopMyBaHHs MOTpeOye MonepeaHbOI OIIHKY €(pEeKTUBHOCTI Ta BIAIOBIAHOCTI
OTpUMaHUX pe3ynbTaTiB [6, 7].

Meta poOOTH — OLIIHUTH MOXJIMBICTh BUKOPUCTAHHS MporpamMHoro komiuiekcy Deform-2D
JUIsL aHaJIi3y MPOLECIB BICECUMETPUYHOTO BUTATYBAHHS 3 MOTOHILEHHIM Yepe3 OJHY Ta JABi MaTpHL
Ta BCTAHOBUTU OCOOJIMBOCTI MOJIEJIIOBAHHS, 1110 MIABULIYIOTh €()EKTUBHICTh HOT0 BUKOPUCTAHHS
JUIsL ONITUMI3AIII] ICHYIOUMX Ta pO3pOOKH HOBHX TEXHOJIOTTYHHX MPOLIECIB BUTATYBAHHS 3
MOTOHIIICHHSIM.

MojentoBaHHs MpoLeCy BUTATYBaHHS 3 MOTOHILIEHHSIM BUKOHAHO 32 TPhOMa CXEMaMHU - yepes
OJIHY MaTpHUIIIO, a TAKOXK OJHOYACHE Ta MOCIII0BHE BUTATYBAaHHS Yepe3 1Bl MaTpPHUIIl 13
BUKOPHUCTaHHAM SIK IUTACTMYHOI, TaK 1 IPYKHO-IIJIACTUYHOT Moziesiel maTepiany (puc. 1).

a 0 B

Puc. 1. CxeMH BUTSTYBAHHS 3 NIOTOHILIEHHSAM: Puc. 2. [lopoxkHuCTA 3ar0TOBKA
a — yepe3 OIHY MAaTPHII0; O — OIHOYACHO Yepe3 ABi MaTpULli; B - HOCTiI0BHO
yepe3 ABi MaTpuui

ECKiS 3aroTOBKHU JJI MMOAAJIBIIOTO BUTATYBAHHA 3 MOTOHIICHHAM MPCACTABJICHO HA PUC. 2.B
SIKOCT1 MaTepially IJisi MojeoBaHHs BuUKoprucTtano ctainb AISI-1010 (ananor cram 10).
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J1J1 BCTaHOBJIEHHS KPUTHYHUX 3HAYEHb KPUTEPiIO pyHYBaHHS (B HAIIOMY BUIIAAKY L€
Normalized Cockcroft-Latham) nocnimxyBanuce mporecu 3i cTyneHsmMu aedopmartii, O1u3bKUMH
70 MAKCUMaJILHO JonycTumMux [2-5]. s crani 10 mpu BUTATYBaHHI 3 MOTOHIICHHSIM Yepe3 OHY
Matpuio 1e 55%, gepes a8i — 70%. Kyt marpuns — 12°.

Cunu TepTs po3paxoBYBAMCH 32 3aKOHOM 310€J1s, IKHii pEKOMEH/I0BAaHO BUKOPUCTOBYBATH
JUTsl BpaXyBaHHS TEPTS B omneparlisix 0o0’eMHOTo mraMmiryBanss [8], dakrop tepts 3a 3idenem - 0,12.
IBuAKICTH epeMileHHs TyaHcoHa — 10 Mm/c.

Pe3ynbrat MozetOBaHHS BUTATYBAHHS 3 IIOTOHIIEHHSIM MOPOYKHUCTOI 3arOTOBKH Yepe3
OJIHY MaTpPHIIIO TpecTaBiieHi Ha puc. 3 Ta 4. Ctyminb qedopMarltii mpu nbomMy ctanoBuia 54,2%
(TOBILIMHA CTIHKH BUTSTHYTOTO HamiBdadpukary S1 = 2,3 Mm).

a 0 B
PI/IC. 3. Pesym,TaTn MOJC/JTIOBAHHA BUTATYBAHHSA 3 NOTOHIICHHAM Y€pe3 OAHY MAaTPUII0O

3 BUKOPUCTaHHSAM MPYKHO-IUTACTUYHOI MOJIEJl MaTepialy: a- po3Moall IHTEHCUBHOCTI JieopMallii;
0 - KapTUHA PO3MOALTY 3HaUeHb KpuTepito pyiiHyBanHs Normalizet C&L; B - aiarpama 3ycuiis

a 0 B
Puc. 4. Pe3yJibTaTH MOA€/IIOBAHHS BUTATYBAHHS 3 NOTOHLIEHHSM Yepe3 0JHY MAaTPULIIO
3 BUKOPHCTAHHAM IUIACTUYHOI MoJieJli MaTepiany: a- po3noain iHTeHCMBHOCTI aedopmanii;
0 - KapTHHA PO3NOJLTYy 3HAYeHb KpHTepilo pyiinyBanus Normalizet C&L; B - niarpama 3ycunis

Sk BuHO 3 puc. 3 Ta 4, TUII MOJIeNi MaTepiany (MpYXHO-TJIACTUYHA Ta TUIACTHYHA) B TAHOMY
BUTQJIKYy TIPaKTUYHO HE BIUTMHYB Ha KiHIEBI pe3ynbraTH. B 000X BHIagKaXx MaeMoO MPAKTHYHO
1IGHTUYHI KapTHHU PO3MOJUTY IHTEHCUBHOCTI jAedopMallii Ta 3HAYeHb KPUTEPil0 pyHHYBaHHS.
IaTencuBHiCTh AedopMarii y CTiHINI 3aepOopMOBaHOrO HamiB()aOpUKATy 3HAXOTUTHCS B MEXKax
0,85...1, MakCUMyM 3HAaXOJIUTbCA y AOHHOI YacTHHM HamiBgalOpukary i gopiBHioe 1,37. 3HaueHHs
KpUTEpIl0 pyHHYBaHHS Yy CTiHII HamiBdaOpukaty B 000X Bumagkax He mepesuirye 0,4.
MaxkcumanbHi 3Hau€HHs, PO3TalloBaHi y JAHa HamiBpaOpukary craHoBisATh 0,55 nmis mpyxHO-
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racTuaHoi mozeni marepiany ta 0,51 mis mmactuyHoi. TakoX MaeMo MPAaKTUYHO OJHAKOBE
MaKCUMaJbHEe TEXHOJIOTIuHe 3ycuiuts ButaryBanus (187 kH s npyxHo-muiactuuHoi 3amayi ta 181
kH s macTuyaHof).

Crnig 3ayBaXKWTH, M0 MaKCHUMajlbHI 3HA4YeHHS KPUTEPil0 pyHHYBaHHSA, OTpPHMMaHI 3a
pe3yabTaTaMi MOJICNIOBAHHS BUTATYBAHHS 3 MOTOHIIEHHSIM 4Yepe3 OJHY MAaTPHUIIO i3 CTYIEHEM
nedopmariii, OMU3BKMM OO0 MaKCHUMaJIbHO JOMYCTUMOTO, CIIBIAJAIOTh 3 AaHAJOTIYHUMH
3HAYCHHSIMH, OTPUMAHUMHU JIJIsl BUTATYBAaHHS 0€3 OTOHIIECHHS [6].

JonatkoBo OyB MpPOBENEHUN YHCETHHUIN EKCIIEPHUMEHT [0 BCTAHOBJIICHHIO MAaKCHUMAIIbHOTO
cTyneHio nedopmariiii (TEOPETUYHO MOXKIMBOTO crymneHto aedopmamnii B Deform), 3a sxoro B
Mpoleci MOJIETIOBAaHHS MOXKIIMBE BHUTATYBaHHS HamiBhaOpukary dYepe3 OIHY MaTpHIO Oe3
pylinyBaHHs. g TNpYyKHO-TJIACTUYHOT MOJAENI MaTepially 3a3HaueHUd CTymiHb naedopmarii
CTaHOBHTH 62,6% mpu 3Ha4YeHHI KpHUTepiro pyiiHyBaHHs 0,7 (3HAYEHHS KPUTEPIIO0 PYHHYBaHHS, 110
nepeayBano pyiHyBaHHI0, craHoBuio 0,8). [lng muiactuuHoi Mojeni marepiany - 64,7% ta 0,76
BiJINIOBITHO (3HAYEHHSI KPUTEPIIO pyHHYBaHHS, 1110 NEPEIyBajo pyiHyBaHHIO, cTaHOBUIIO 0,86).

[Ipu MonentoBaHHI BUTATYBaHHS 3 MOTOHIIEHHSIM MOPOXHUCTOT 3arOTOBKU OJHOYACHO Yepe3
nBi Marpumi (puc. 16) B AKOCTI BXiZHUX OyaW MPUIHATI HACTYIHI MapaMeTpy MpPOIECy: TOBIIWHA
cTiHKY HamiBhaOpukaty Ha BepxHid mMaTpuui S1 = 2,3 mm (ctynins aedopmarii 54,2%), Ha HIKHIT
—S2 = 1,6 MM (cTyminb gedopmariii 31,8%); 3araneHuii cTymnine aedopmarii - 68,8%

Pesynbratu MozentoBaHHS MPOLECY BUTATYBAHHS 13 3aCTOCYBAaHHSM MPY>KHO-TUIACTUYHOI
MOJIeITi MaTepiaily MpeacTaBleHl Ha pUc. 5

a 0 B
Puc. 5. Pe3y1bTaT MOJe/1I0BAaHHSI BUTSITYBAHHSA 3 IIOTOHILIEHHSIM OJHOYACHO Yepe3 ABi MaTpuui
3 BUKOPHCTAHHAM MPYKHO-MJIACTHYHOI Mo/IeJi MaTepiay: a- po3noAin iHTeHcHBHOCTI 1edopmanii;
0 - KapTHHA PO3MOIiTy 3HAYeHb KpuTepito pyitnyBanas Normalizet C&L; B - miarpama 3ycuiuisi

Ax BUIHO 3 puc. 5 IHTEHCHBHICTH Aedopmarlii y CTiHII 3aedhopMoBaHOr0 HamiBh)aOpuKaTy
3HaXoAMThCs y Mexax 1,3...1,5, 3HaueHHS KpuTepilo pyHHYBaHHS y CTiHLI HamiBhaOpukaty —
0,8...0,9 3a TOKaTLHOT'O MaKCUMYy B HIDKHIN 9acTUHI CTIHKH 1,1.

3 orjsiy Ha pe3ysibTaTH MONEPeIHbOr0 MOJENIOBAHHS (BUTATYBAHHS 4Yepe3 OJIHY MaTPHIIO)
MOKHa MPUIYCTUTH, L0 Marepian HamiBdaOpukaTy npu aedopMyBaHHI 3a JaHOKO CXEMOKO
ONMM3bKUN 710 pyHHYBaHHS HaBiTh 3a pe3yibTaTaMH MOJAETIOBaHHS y cepenoBuili Deform-2D.
BinnoBigHO y peanbHOMY MpoOIIECi 3a 1aHOT CXEMHU BUTATYBAHHS NPHU JaHOMY PO3MOJLT CTYNEHIB
nedopmariit Mixk MAaTpUISIMU Ae(OpMyBaHHS 3aBEPIIUTHCS PYHHYBAaHHSIM 3arOTOBKU.

MopnentoBaHHs JaHOTO TMpOIeCy MpH BUKOPUCTAHHI IJIACTMYHOI MOJENl Marepianry
HiATBEPANUIIO 3pO0JieHe MPUITYIIEHHS, OCKUIBKH IMPOLEC MOJEIIOBAaHHS 3aBEpIIMBCS PYHHYBaHHS
cTiHKK HamiBaOpukaty. [Ipu 3011bIIeHH] KiHIIEBOT TOBIIMHU CTIHKHM HamiBdadpukaty S2 mo 1,7
MM (3araJibHUM CTymiHb Jedopmariii 3MeHmuBCsS a0 66,8%) MonentoBaHHA BinOylnoch 0e3
pyiiHyBaHHs. Pe3ynbpTaTh eKCriepuMeHTY MpeICTaBlIeHI Ha puc. 6.
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a 0 B

Puc. 6. Pe3y1bTaT MOJ€/1I0BAaHHS BUTSTYBAHHSA 3 IIOTOHILICHHAM OJHOYACHO Yepe3 ABi MaTpuui
3 BUKOPHCTAHHSAM IUIACTHYHOI MO/IeJli MaTepiaiy: a- po3mojis inTeHcMBHOCTI Aedopmanii;

0 - KapTHHA PO3MOJLTYy 3HAYeHb KpHTepilo pyiinyBanus Normalizet C&L; B - aiarpama 3ycuiuis

3 puc. 6 BUIHO, IO iHTEHCUBHICTH nedopmarii y CcTiHii 31edopMoBaHOr0 HamiBhaOpUKaTy
TaKOX 3HAXOIUThCS y Mexkax 1,3...1,5, 3HaueHHs KpUTEpito pylHYyBaHHS y CTiHII HamiBdaOpukary
— 0,7...0,8 3a JTOKAIBHOTO MakKcWMy B cepenHiid ygactuHi crtinku 1,0. Taki Benuki 3HAYCHHS
KpUTEpil0 pyHHYBaHHS CBiAYaTh MpO Te, IO 3a JaHOi cxemH JaedopMyBaHHS BiIOyBaeTbcs 3
TEOPETUYHO MOXKIIMBUM CTYyIIEHEM Jedopmalii.

IIpu MopnentoBaHHI MpOLECY BUTATYBaHHA 3 IIOTOHUIEHHSM HOPOXHHUCTOI 3aroTOBKU
MOCTIIOBHO 4epe3 1Bi Marpuili (puc. 1B) B AKOCTI BXiZHMX OyJIM NMPHUHATI Taki X IapaMmeTpu
nporecy, K 1 y HONepeJHbOMY EKCIHEpUMEHTI: TOBIIMHA CTIHKM HamiB(paOpuKaTy Ha BepXHIN
Matpuui S1 = 2,3 mm (ctynine aedopmarii 54,2%), Ha HuxHIA — S2 = 1,6 MM (cTymiHb aedopMartii
31,8%); 3aranpHuit ctyninb aedopmariii - 68,8%

PesynpTaT MO/ENIOBaHHS TPOILECY BHUTATYBAHHS 13 3aCTOCYBaHHSM IPYXHO-TUTACTHYHOL
MOJIeJli MaTepiany MpeacTaBleH] Ha puc. 7

a 0 B
Puc. 7. Pe3yapTaTi MOI€eTIOBAaHHS BUTSTYBAHHS 3 MOTOHIIEHHSM MOCTiTOBHO Yepe3 ABi MaTpuui
3 BUKOPHCTAHHAM MPY:KHO-MJIACTHYHOI MO/IeJli MaTepiay: a- po3noaia iHTeHCHBHOCTI 1edopmanrii;
0 - KapTHHA PO3NOIiTy 3HAYeHb KpuTepilo pyiinyBanHs Normalizet C&L; B - niarpama 3ycuiis

Pesynmprati MoOzemOBaHHS MPOIECY BUTATYBAHHs 13 3aCTOCYBaHHSIM IUTACTHYHOI MOJEINi
Marepiany MnpejacTaBieHi Ha puc. 8
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] i ! Tap Dis

a 0

Puc. 8. Pe3yapTaT MOI€e1I0BAHHS BUTSTYBAHHS 3 NOTOHIIEHHSM MOCTiIOBHO Yepe3 ABi MaTpuui
3 BUKOPHCTAHHAM IUIACTUYHOI MoJieJli MaTepiaiy: a- po3moAii iHTeHCMBHOCTI aedopmanii;

0 - KapTHHA PO3MOJiTy 3HAYeHb KpHUTepilo pyiinyBaHHsa Normalizet C&L; B - niarpama 3ycuis

[TopiBHIOIOYM OTpHMaHI pe3yabTaTH CJiJ 3a3HAYMTH, IO 3HAYCHHS KPUTEPIl0 pyHHYBaHHS,
OTpUMaHi NpPU BUKOPHCTAHHI MPYKHO-IUIACTUYHOI Ta IUIACTHMYHOI Mojenell MaTepiany CYTTEBO
BIJIPI3HSIIOTHCA, X04a 3HAYCHHS IHTEHCHUBHOCTI JleopMallii Ta TEXHOJIOTIYHOTO 3yCHIIISL TPAKTUIHO
CHIBIIAIAOTh.

AHalni3 OTpUMaHUX pe3y/lbTaTiB TOKa3aB, IO TaKa 3HAYHA PI3HULS 3HAYEHb KPUTEPIIO
pyHHYBaHHS TOB’S3aHa 3 THUM, IO NPH BUKOPHUCTaHHI MPY)KHO-IUIACTUYHOI MOJEINI Marepiajly B
mporieci MOJICNIOBaHHs BijgOyBajach mepe0dyqoBa CITKM CKIHUCHHHX €JIeMEHTIB, a Tpu
BUKOPUCTAHHI TUIACTUYHOI MOJEeNi BigOYJIOCh 3HAYHE CIIOTBOPEHHS BHUXIIHOI CITKH 0e3 ii
nepedy10BH.

[Tpu noraTKOBOMY MOJETIOBAHHI MPOIIECY BUTATYBAHHS 13 MPUMYCOBOIO 1epe0yJOBOIO CITKH
JUId TUTACTUYHOI MoJeni Marepiany Oyna OTpUMaHa KapTHHa pO3MOAUTY 3HAaYeHb KpPUTEPI0
pYHHYBaHHS, 1IEHTUYHA IPY>KHO-TIJIACTUYHIN 3aaui.

3HaueHHs KpUTEpIl0 pyHHYBaHHA Yy CTiHII HamiBaOpukaTy 3HaXOASIThCS B MeEKax
0,55...0,57, nokaneHuii Makcumym — 0,63...0,64.

OTtpuMaHi 3Hau€HHS KPUTEPII0 PYyWHYBAaHHS CBII4aTh, L0 3a JIaHOI CXE€MHU JePOpMYyBaHHS
TEOPETUYHO MOXJIMBHHA CTymiHb Jedopmauii He OyB npocsarHytuil. Ilin wac momaTkoBHX
€KCIIEPUMEHTIB TEOPETUYHO MOXJIMBHM CTyHiHb Aedopmarii ckiaaB 78,9% (TOBIIMHA CTIHKM Ha

HIWKHIA Matpuui S2 = 1,1 mM). 3HayeHHS KpuUTepil0 pYHHYBaHHS 3HAXOJUJIOCh Yy MeXax
0,85...0,95.

BucHoBku

B poGoti mpoBeneHO MOPIBHSUIBHUN aHali3 KOMII'IOTEPHOTO MOJIEIIOBaHHSA TMPOIIECiB
BUTSATYBaHHS 3 TIOTOHIICHHSM TIOPOXXHHUCTOI 3aroTOBKM dYepe3 OJHy Ta JBI MaTpHIli Ta
eKCIIepUMEHTAIbHUX JJaHUX. BCTaHOBIIEHO, 110 IPUHIMIIOBOI PI3HULI Y pe3yJbTaTax MOJETIOBAHHS
MpoIlecy BUTATYBAaHHS 3 MOTOHIIEHHSM, OTPUMAaHUX TPU BHUKOPUCTAHHI MPYXHO-TUTACTHYHOI Ta
IUTACTUYHOI MOJeJIel MaTepialy HEe Mae, a MOJEIIOBaHHS IPOLECIB BUTATYBaHHS 31 CTYNEHSAMHU
nedopmariii, o nepeBuIryoTh 50%, 6axkaHO BUKOHYBATH 3 KOHTPOJIbOBAHOIO MEPEOyYI0BOIO CITKH
CKIHYEHUX €JIEMEHTIB.

[TinTBepmxeno, mo B Deform mnpu MonemoBaHHI (OPMO3MIHHHUX TPOIECIB MOKIIMBE
negopMyBaHHS MaTepialy 3aroTOBKM 0e3 pylHYBaHHsS 31 CTymeHsMH jaedopmariii, 1m0 3HAYHO
MEPEBUIIYIOTh MAaKCUMAJIBHO JOMYCTHMI Aedopmariii, BCTAHOBJICHI €KCIIEPUMEHTAIBLHO. ToMy ais
MIPOTHO3YBAaHHS HMOBIPHOCTI pYyHHYBaHHS B pealbHUX IpoIlecax HEOOXiTHO BUKOPHUCTOBYBATH
IPaHWYHI 3HAYCHHSI KPUTEPIl0 PYyWHYBaHHS. 3a pe3yiabTaTaMd IMPOBEACHHUX y POOOTI TOCITIIKEHb
MPONOHYETHCS SIKOCTI TPAaHUYHUX, 3a SKUX JeGopMyBaHHS BinOyBaeThcsi 0e3 pyHHYBaHHA,
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BHKOpHUCTOBYBaTH 3HaueHHs kputepito Normalized Cockcroft-Latham 0,54...0,55 B. 3HaueHHs
kputepiro 0,75...0,8 MOxKHA BBOXXaTH KPUTHYHUMH, TOOTO TAKMMH, 33 SKUX B PEATBHHUX MPOIECcax
BUTATYBAHHS 3 IOTOHIIEHHSIM rapaHTOBaHO BiA0YAEThCS pPyHHYBaHHS 3aTOTOBKH.
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E(l)eKTl/IBHiCTL 3aCTOCYBAHHA AKTUBHHUX CUJI TEPTH IIPH NMPSIMOMY Ta
3BOPOTHBOMY BI/lIlaBJIIOBaHHi

Caodoa C.®. k.1.H., boponiii I0.1I1, k.1.H., Hazapyk T.O., marictp.

HamionaneHuii TeXHIYHUE yHIBepcUTeT YKpaiHu « KHIBChKUH MOMITEXHIYHUN IHCTUTYT iMeH1 Iropst
Cikopcrkoroy, Kuis, Ykpaina.

Anomayin:Memorw pobomu € niosuujenHss eQekmueHoCmi 8USOMOGIEHH NOPOICHUCIUX SUPODIE 6 WMAMNAX HA
OCHOBI 3acmocCy6aHHs MEXHONO2IYHUX CXeM BUOABNIOBAHHA 3 QKIMUSGHUMU CUTLAMU mepms, uwo 3a6e3nel¢yf0mb
SMEHUIeHHST NUIMOMO20 3VCUNISL HA 0eOPMYIOUOMY THCMpYMenmi ma Rniosuwyoms toeo cmiukicme. B pobomi
npoeeOeHO MOOeJZiO@aHH}Z i’lpOl;@Cl.G npsAmozo i 360pPOMHOCO GMOaG‘JZIOBCZHHﬂ NOPOIUCHUCMUX 3Ad20MOB0OK 6 uimamnax 3
AKMUBHUMU  CUNAMU mepms 8 npogpamuomy cepedosuwyi Deform 2D. Ompumarno 3anedxchocmi 3ycuiiis  6i0
nepemiwenns poboyoco iHcmpymenmy. Posensmymo mpu  eunadxku 3 pisHUMU  WBUOKOCMAMU HepeMilyeHHs
degopmyrouoeo incmpymenmy. Ilpogedeno nopieHANbHUL AHANI3 8eTUYUHU 3MEHUEHHS 3YCUIb NPOYeCY 8 3AeHCHOCHIE
610 3HAUECHHS pPO3mAcY8AIbHUX HANPYIHCEHb 6UKTUKAHUX 0I€10 aKMUBHUX CUTL mepmis..

Knwuosi cnoea: xonoone 06’cMHe WMAMNY8AHHA, NpAMEe MAd 360PDOMHE BUOABTIOBAHHI, DISHOUMEHHA CcXemd
Hanpystcenoco cmany ; 8UOABTIOBAHHS NOPOIHCHUH,

Ha puc 1 moka3aHo cxemMH 3BOPOTHOIO Ta IpsSMOro BuiaBitoBaHHS. [IpaBa wacTtuHa sKOi
UTFIOCTpY€E TOJIOKEHHS IITaMITy JI0 TIOYaTKy Imporecy aedhopMyBaHHs (B TOYaTKOBOMY ITOJIOKEHHI),
a JliBa YyacTUHA IIOKa3ye IOJOXKEHHS LITaMIy Micis 3/iicHeHHs aeopMyBaHHS 3aroTOBKU.
[Tyancon 1 neopmye 3aroToBKy 3, siKa CIUPAETHCS Ha OMOPY 4, Ta BCTAHOBJIEHA MK MaTpUIIEO 2.
Martpuiist Mae 3MOTy MepeMilllyBaTUCsS Y BEPTUKAIbHOMY HallpsiMi B CTOPOHY Teuii mMarepiaiy, 110
nedopMyeThCs.

Puc. 1 Cxema npouecy 3BOPOTHOTO Ta MPSMOIO i BUAABJIIOBAHHS MOPOKHUHH 3 AKTHUBHOIO
Ji€10 CHJT TEPTHI.

[Ipn YoMy, B BUMAAKY KOJM IIBUJAKICTH TMEPEMIIIEHHS MATPUIll Oiibllla, HDK MIBUIKICTH
MepeMIIieHHsT MeTajny MmO AehOpPMY€EThCS, BHUHHKAIOTh AaKTUBHI CHJIM TEPTSA, SAKI 3MIHIOIOTh
MEXaHIUYHY CXEMY HalpyKeHO-1e(hOpMOBaHOTO CTaHy Tporiecy. Koiu Bka3aHi MBHIKOCTI OJTHAKOBI
- TepPTS Ha KOHTAKTHIW MOBEPXHI MaTpPHIIS- 3arOTOBKA BiACyTHE. B BUMaaKy Hepyxomoi MaTpuii
MaeEMO TDaHI/IHif/'IHe BUJIABIIIOBAHHSA

85




XIll MHTK “TeopeTuyHi Ta npakTU4Hi npobnemu B 06po6ui maTtepianiB Tuckom”, 2023

Po3paxyHOK 1 MojentOBaHHS TPOLECIB OyJIO 37iHCHEHO METOJIOM CKIHUYEHHUX EJIEMEHTIB Y
MIPOrpaMHOMY cepenoBHIIi koMiiekca Deform 2D

JI1s1 MOpIBHSUIBHOTO JTOCHIKEHHsI 010 00paHo 1 MPOBEIEHO TPU TUITA MOJICITFOBAHHS, KOJIH:

1. Marpuus He pyxoma

2. IIBuaKIiCTh pyXy MaTpHIll JOPIBHIOE MIBUAKOCTI TeUii METaly 3arOTOBKH.

3. HIBuakicTe MaTpuii y 2 pa3u OiIbIla, HiXK MBUAKICTh Je(OPMOBAHOTO METATY.

Cranp 20, 6 0,2=320 (MIIa). llIBuakicte neopMyr4oro iHCTpyMEHTa IMOCTIHHA 1 JOPIBHIOE
0.5mMm/c, xoedinieHT tepts 0,12
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— 1.Marpuus He pyxoma

—2.11IBUAKICTh pyXy MaTpHULli JOPIBHIOE MIBUIKOCTI T€Uii METally 3arOTOBKH

3.1IBuaKiCTh MaTpuLll y 2 pa3u LIBUJILIE

Puc.2 I'padik 3aekHOCTI 3ycCHIIIA Bil X00y MpH 3BOPOTHOMY BH/IABJIIOBAHHS.
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Puc.3 I'padik 3amexxHocTi 3ycuiuis Bi Xoay npu npsiMoMy BHAABJIIOBAHHS.

Ha puc.2 Ta puc. 3 npuBeneHo rpadiku 3ai1eKHOCTI 3yCHILIS BiJ MEPEMILIEHHS ITyaHCOHY JUIs
3BOPOTHOTO Ta MPSIMOTO BHJIABIIOBAHHS JISi TPHOX BHITAJKIB: HEPYXOMa MATpHIL, HIBHIKICTh
NepeMillleHHs] MaTpHLll Ta Je()OPMOBAHOTO MeTaly OJHAKOBI. IIBUIKICTh MEPEMIIICHHSI MaTPHIll B
7B pa3u OljIbIla BiJl IIBUIKOCTI IEPEMILICHHS METaIy 3arOTOBKH.

OTtpumani pe3yibTaTH JOCHIIKEHHS MOKa3aiH, 110 3yCHUIs JAedopMyBaHHS Ha poOOYOMY
IHCTPYMEHT1 — ITyaHCOHI, 3MEHIIY€EThCS I/ BIUIMBOM Jii aKTUBHUX CHJI TEPTS, SIKI BUKIWKAaHI
30UTBIIEHHAM LIBUAKOCTI pyXy MEpeMillleHHs] MaTPHIll B TOPIBHIHHI 31 IIBUIKICTIO CTIHKH BHPOOY,
0 BWAABIIOETHCA. llpm YoMy, mpu  NpsSMOMY BHIABIIOBAHHS €(QEKTUBHICTH BHUKOPHUCTAHHS
aKTUBHMX CHJI TE€PTS 3HAYHO BUINA, HIX IPU 3BOPOTHOMY. Tak mpu 3BOPOTHOMY BHIAaBIIIOBAHHI
MaKCHMaJbHE 3MEHILIEHHS CTaHOBUTH 6,43%, B TOi yac sk mpu npsimomy csirae 30,4%.
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