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Annomauus. B cmamoee paccmompena onepayusi NOAY4eHus YuruHOpU4eckux uzoenutl ¢ HakioHHbIM daanyem u3
mumanoeozo cniasa BT6. Onepayus 3axniouaemcsi 8 6030eUcmauu Ha npymKo8yio 3a20moeKy u3 mumanoeo2o cniaéa BT6
NYAHCOHOM CO CKOUleHHOU pabouell kpomkoiu. Ilpu nonyyenuu oemaineill ¢ HAKIOHHLIM QaaHyem u3 mpyoHoodedopmupye-
MBIX CNIAB08 He0OX00uMa opmyauposKa pexcumos mexronoauu. Tpebyemcsa ymouneHue ckopocmeil 0e@opMuposaHus
U 6030€licmeUs KOHMAKMHO20 MPeHUs HA KUHEMAMUKY MmedeHus Mamepuaila u cuivl opmousmenenus 0as OYeHKU 603-
moarcnocmeti npoyecca evinoaneno CAE-modenuposanue. Ilosmomy 8binoaneHo Mooeauposanis Onepayuu noiy4eHus yu-
JUHOPUHECKUX U30eNUll C HAKTOHHBIM (lanyem uz mumarosozo cniasa BT6 ¢ npoepamme ons mooenuposanus DEFORM.
Yemanosneno enusinue ckopocmuulx ycioguil onepayuy Ha usMeHeHue 8elUdUH UHMEeHCUBHOCMEN HANPAICEHUT 8 UOETUU.
Buisisnenvt 3asucumocmu 61uanus yenos u ckopocmeti 0e@opmuposanus Ha cuiy evicaoku. Pesynsmamer meopemuyeckux
uccne0o8aHull, NOLYYEHHbIX 8 X00e MOOeaUpoB8anus, Ovlau 0606uenvl. bvln svinoanen peepeccuoHHbI AHATU3 NOJYYEHHBIX
6 x00e Mooenuposarus pesyiomamos. I1o pe3yromamam MoO0eIupo8anus NoLyYeHbl 8blpAXCeHUs 018 OYEeHKU UHMEHCUB-
Hocmu Hanpsscenull. Pesyriomamel peepeccuonno2o Mooeauposanus Xopouto co2iacyiomes ¢ pe3yibmamamu KOMnvomep-
HO20 molenuposanus. Hcnonv3ys KonuuecmeeHuvie pe3yibmamsl MOOEIUPOB8AHUs, NPOBEOeHA pecpecCUOHHAA OYeHKd
cunvl. [lonyuensl ypagHenus pecpeccull 8 HAMYPAIbHbIX 3HAUEHUSAX OJisL OYeHKU 8IUAHUS KIH0Ye8blX NAPaAMempo8 npoyeccd
npu vicadke, KOMopwvle MO2Yym OblMb NONE3Hbl HENOCPEOCN8EHHO NPU HA3HAYEHUU MEeXHOL0SUYECKUX PeHCUMOB 8bICAOKU
3020MOBOK U3 MUMAHOBbIX CNIAB08. Pesynomamel mozym 6vimb UCnonIb308aHbl NPU PeANUIAYUL MEXHOTO2UL U320MO8Ie-
HUs demarneti ¢ GaanyesulMu YMoIWeHUSIMU, OMAULAIOWUXC HAUTYHUUMY NPOYHOCMHBIMU XAPAKMEPUCMUKAMU U 0014~
0arwux CmouKoCmbsio K Hacpy3Kam.
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TexHonorus u 060py1oBaHue 00pPaAGOTKH METAJJIOB JaBJIeHUEM
Technology and equipment of metal processing by pressure

Isothermal upset of titanium rod blanks using a punch
with a ruled surface
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Abstract. The operation of obtaining cylindrical products with a titling pad made of titanium alloy VT6 is viewed in the article.

The operation involves impacting a bar blank made of titanium alloy VT6 with the use of a punch having sloped edge. When obtaining
parts having titling pad made of difficult-to-form alloys, it is necessary to formulate the modes of technology. It is required to specify
the rates of deformation and the impact of contact friction on the kinematics of the material flow and the force of shape change to assess
the capabilities of the process performed by CAE modeling. Therefore, the simulation of obtaining cylindrical products with a titling
pad made of titanium alloy VT6 was performed in the DEFORM modeling program. The influence of the speed conditions of the
operation on the change in the values of stress intensities in the product was found. The dependences of the influence of the angles and
rates of deformation on the landing force are revealed. The results of theoretical studies obtained during the simulation were summa-
rized. A regression analysis of the results obtained during the simulation was performed. Based on the simulation results, expressions
for estimating the intensity of stresses are obtained. The results of regression modeling are in good agreement with the results of
computer modeling. Using quantitative modeling results, a regression assessment of the force was taken. Regression equations in
natural values are obtained for the assessment of the impact of key process parameters during setup, which can be useful directly when
assigning technological modes of titanium alloy blanks setup. The results can be used in the implementation of manufacturing technol-
ogies for parts with flange seals, characterized by the best strength characteristics and good load resistance.
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CrjomHele UUIMHAPUYECKHE JeTalId C
¢dmaHIleM pacmpoCTpaHEHBI B MAITUHOCTPOCHUHU.
TexHonoruu Ux MOJYy4YEHUS! AOCTATOYHO OTpabo-
Tanbl [1 — 4]. B OCHOBHOM HX MOJIy4arOT BbICA/-
koil. Ho mpu monydyeHuun netaneil ¢ HaKJIOHHBIM
bnaHeM U3 TPyIHOACPOPMHUPYEMBIX CILUIABOB
HEOOXOUMO YTOYHEHHE PEKHUMOB TEXHOJOTUU
usrorosienus [S — 8]. Tpebyercs yrouHeHHE CKO-
pocteli neopMHUpOBaHUS M BO3JCUCTBUS KOH-
TaKTHOTO TPEHHUs HAa KWMHEMAaTUKy TEUeHUsl MaTe-
puana u cuisl hopmousmenenus [9 — 12]. Becbma
yA0OHBIM HMHCTPYMEHTOM JMJIi 3TOTO SIBJISETCS
MOJICJIUPOBAHUE JTAHHOTO npoiiecca B
CAE-xommekce [13 — 15]. [loaToMy BBIIOJIHEHO
MOJICJIMPOBAHUSL OMNEpPALUHU TOJIYYEHUS IHIJIMH-
JPUYECKUX H3JENUN C HAKIOHHBIM (IIaHLeM U3
TuTaHOBOro cruiaBa BT6. BrisBiaeHo BIusHHE
yTJjia cKoca ITyaHCOHa, KOHTaKTHOTO TPEHUS U CKO-
pocteii popMOU3MEHEHUS HA CHITBI BHICAJIKH U KH-
HEMaTHKy T€YEHHS MaTepralia 3aroTOBKH.

UccnenoBana ocanka mpyTka AMaMETPOM
60 mm. Cxema mpoliecca npecTaBieHa Ha puc. 1.

[Ipu pacyerax cuntaeMm, 4YTO CBOOOHAS YACTh 3a-
TOTOBKY UMEET BBICOTY /1, pABHYIO ABYM JUAMET-
pam h=2d . Brusaue ckopoctu nedopMupoBaHUs
uccrenosanoch B uaTepBaie 1,0...200 mv/muH. Ma-
Tepual 3arotoBku — criaB BT6. [Iponecce paccuu-
TBIBAJICSI TIpU TeMmmepaType JaehOopMUPOBAHUS
900 °C. Yron KOHYCHOCTH MyaHCOHa o = 0...7,0".
X0 MHCTPYMEHTA pacCMAaTPUBAIICA B UHTEPBAJE

h=0..0,9hy-

Puc. 1. Icku3 ucesenyemoii onepanuu

Fig. 1. Sketch of the operation under study
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Cxembl mporecca BbICAJAKM Ha KOHEYHOM JlaHHBIE CXEMBI WLIIOCTPUPYIOT U3MEHEHUE HH-
JTarne npu HanOoJbIIEH BEIMYMHE CUIIBI TS Pa3- TEHCUBHOCTEH HAIPSDKEHUM JUIsI BapbUPYEMbIX
HBIX 3HAQYEHUH yIJIa o U C pa3HBIMU CKOPOCTSMU IapaMeTPOB.

neGopMHUpOBaHUS TPECTaBIeHbl HAa puc. 2 — 4.
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Fig. 2. Schemes of setup process using a titling pad with an obliquity angle 1,0°
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Fig. 3. Schemes of setup process using a titling pad with an obliquity angle 5,0°
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Fig. 4. Schemes of setup process using a titling pad with an obliquity angle 7,0°

YcraHoBNIEHO, YTO HA U3MEHEHHE WHTEH-
CHBHOCTEH HampsHKeHUH B o0beMe JeTanu
HanOOJbIIIECE BIMSHIE OKa3bIBACT U3MEHEHUE CKO-
POCTHBIX pEeXUMOB onepauuu. Poct ckopocrei
nehOpMUPOBAHUS MPUBOIUT K YBEIMYCHHUIO 3HA-
YEHU MHTEHCUBHOCTEH HAIpPSIKEHUI B JIBa pasa.
VBenuueHue yriia ckoca myaHCOHa BEJET K POCTY
WHTEHCUBHOCTEN HanpspkeHuit Ha 20...25 %.

BrisiBieHHbIE 3aBUCUMOCTU BIIUSIHUSL yT-
JOB o U cKopocTed nedOopMUPOBAHUS HA CUITY
npolecca BbICAIKM TPUBEICHBI HA PUC. 5 U puc. 6.

PxH
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Puc. 5. U3MeHeHne CHJIbI BLICAJKH B TeUeHUH
omepanum:
1—0=1,0%2—0a=3,0%53—0a=50%54—0a=7,0°

Fig. 5. Change in setup force during the operation:
/I—0=1,0%52—0=3,0%3—0a=5,0%4—0a=7,0°
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Fig. 6. Change in setup force depending on the
deformation rate
l1—0=1,0%2—-0=30%3—0=50%4—a=7,0°
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N3MeHEHHBIE CUITBI BBICAJIKM B 3aBUCUMO-
CTH OT CKOpOCTeH AeOopMUPOBaHUS U YIJIa KOHYC-
HOCTH HOCUT XapakTep MOXOXXUW Ha W3MEHEHUE
MHTEHCUBHOCTEW HampsbkeHui. Poct ckopoctu me-
peMelieHus MHCTPYMEHTA B MHTEpBaJIe
3...200 MM/MHUH MOKET TIPUBOIUTH K YBEIMUCHHUIO
CHJIOBOM Harpy3KH B U€ThIpE pa3a Jisl TyaHCOHOB C
OOJNBIIUMH yTJIaMU KOHYCHOCTH U B MAThH pa3 s
MyaHCOHOB C MEHBUIMMHU YIJIAaMH KOHYCHOCTH.
Poct yrna koHyca ImyaHCOHa BEIET K CHHUKEHHIO
cwiibl Ha 50 %. PazHuna B BeMUMHaxX yrioB KOHYC-
HOCTH CTaHOBHUTCSI 3aMETHOW B KOHIlE pabouero
X0J1a HHCTPYMEHTA.

Pe3ynbTaThl TEOpPETHUYECKUX HCCIIEI0BA-
HUH, TIOJTYYCHHBIX B XOJIe MOJICIIMPOBAHUS, OBLIH
0000111eHBl. A UIMEHHO OBbUI BBIIIOJHEH PErpeccu-
OHHBII aHAJIN3 TIOJYYEHHBIX B XOJ€ MOJICIHPOBa-
HUS pe3ysbTaToB. B KauecTBe BXOJIHBIX MapameT-
POB OBLIM TPHUHATHI CKOPOCTH AehOPMHPOBAHUS

X1, yron nmyaHcoHa X, ¥ K03p(UIMEHT TPEHUSA
X3. JlaHHBIE JUISl PErpecCHOHHOTO MOJEIHPOBa-

HUS NpHUBeleHbl B Tabn. 1. Marpuua niuaHuposa-
HUS TIpeacTaBieHa B Tadi. 2 [12].

1. ®dakTOpHOE MPOCTPAHCTBO OLEHKH CHJIbI BHITSKKH

1. Factor space for estimating the drawing force

DaxTops YpoBHU BappUpOBaHUSA
(hakTOopoB
HaumenoBanue HarypansHoe KoaupoBannoe Ximin Xio X max
daxTopa 3HaueHue pakropa | obo3HadeHme pakropa | (X;=-1)| (X;=0) | (X;=+))
Cropocth v X 5,0 17,5 30
negopMUpOBaHUS
VYrois nmyaHcoHa a X 1,0 4,0 7,0
Kos¢ppuunent - X; 0,3 0.4 0,5
TPEHHUS
2. MaTpuua njiaHupoBaHUs
2. Planning matrix
Ne _
OIIBITA Xo Xi X> X3 Y,
1 + - - - 2500
2 + + - - 5500
3 + _ + - 1400
3 N N ; i 3000
5 + - - + 1300
6 + + + 4600
7 + _ + + 765
8 + + + + 2300

Haykoémkue TeXHOJIOTHH B MaIIHHOCTpoeHuH, Nel0 (148) 2023
«Science intensive technologies in mechanical engineering», Ne10 (148) 2023



TexHonorus u 060py1oBaHue 00pPaAGOTKH METAJJIOB JaBJIeHUEM
Technology and equipment of metal processing by pressure

Ilo pe3synbraraM MOZCIMPOBAHUS IIOJY-
YEHbl BBIPAKEHMSA I OLEHKHM HMHTEHCHUBHOCTH
HaIpsSDKEHUN B KOAMPOBAHHBIX M HATypabHBIX
BEINYUHAX:

P=2670+1179X; —804X, —429X3 395X, X,;

P=10,5va+52,18v+83,6a—1231+4790m .

Pe3ynbraThl perpeccCMOHHOTO MOJEIHPO-
BaHMS XOPOIIO COTJIACYIOTCS C pe3ysbTaTaMu
KOMITBIOTEPHOTO MozenupoBanusa. Haubomnbiee
BIIMSIHAE Ha CHJIOBBIC PEKUMBI OKa3bIBaeT CKO-
poctb nedopmupoBanus. Takum oOpazoMm, mpu
HeoOxoauMocTH (OPMHUPOBAHMS CKOCAa Ha 3aro-
TOBKe ¢ yrinamu 6osnee 3,0 ° obecrieuenue cKopocT-
HBIX ycnoBuid B uHTEepBasie 3,0...30 MM/MHH 1M03-
BOJISIET 00ECIICUNTh CHUKEHUE CUIIOBOM Harpy3Ku
U CHU)XCHUIO HEPABHOMEPHOCTH HAIPSHKEHHOTO
cocrosiHus. [lomydeHHbIe pe3yabTaThl MOXKHO HC-
MOJIb30BaTh TIPU pa3pabOTKE TEXHOJOTHHA BBI-
CaJIKU M3JIETINI CO CKOIIEHHBIM (hJIaHIIEM KakK pe-
KOMCHJAIMK TSl Ha3HAYCHHS PEXHUMOB aedop-
MUPOBaHUS.
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Bknao aemopog: Bce aBTOPHI clenany SKBUBAICHTHBIN BKJIAJ] B OJTOTOBKY ITyOJIHKAIUH.
ABTOpBI 3a5BJISIIOT 00 OTCYTCTBUU KOH()JIMKTAa HHTEPECOB.
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