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Annomayusn. Ilepexoonuku mpyoonpo8oOHsIX cucmem A6AAI0MCA 8eCbMAd BOCMPEOOBAHHBIMU OeMATAMU 8 Y31AX O8U-
eameinell. B mpy6onpoeoousix cucmemax, pabomaiowux 6 azpeccusHblx cpedax oanmvie, 0emanu mpebyiom npumeHenus cneyu-
ANIbHBIX YEEMHBIX CNAABOS, OMAULAIOUWUXCS 8bICOKOU NpoyHOCmbIo. Mx uzeomosnenue eecoma 3ampyonumensvro. OOnum u3z éa-
PUAHMOB UX NOLYUEHUS ABTIAEMC I 20PAYAS WMAMNOBKA JIeMEHMO8 mpyo 6 YCI08USLX MeOeHH020 popmousmenenus. B cmamove
uccnedogana onepayus Gopmoodopaz0e6anus HYMpeHHe20 YMoaueHuss Ha MOHKOCHEHHOU KOHUYEeCKOU KOPNYCHOU 3d20MOo8Ke.
Lenvio hopmuposanus ymonwenus A6asemcsi HOO20MOBKA MOPYa nepexooOHuKa 0 mpybonpoBOOHbIX CUCHEM, NPedCMAassio-
wezo u3 cebs yceueHHblll MOHKOCMEHHDBII N0 OANbHEUULYIO C8APKY C OPYSUMU dNeMeHmamu mpyoonpogoonvix cucmem. Pop-
MUpOBanuUe MOIUEHHO20 KPasi NPpeonoazaemcs npou3eo0Uums YacmuiHol 0caokoll mopya 3a20moeku. Buinoaneno mooenupo-
samnue oanHou onepayuu 6 npozpammuom komniekce DEFORM, ¢ xo0e Komopo2o npousgedeHa OYeHKa GIUAHUS PEeHCUMO8 00-
pabomxu u 2eomempuu paboyezo UHCMPYMENma Ha IHeP2OCULo8ble napamempel npoyecca. Ilpeononrazaemces, yumo mamepua-
JIOM 3a20MO6KU Aeasiemcs: mumanossiii cniag BT6. [pumensemulii mamepuan npeononazaem peanu3ayuio npoyecca 8blcaoku 8
20PAYUX YCAOBUAX 8 CKOPOCTNHBIX YCI0BUAX (POPMOOOPA308aHIs, 0OeCNeyUsarOwux MUHUMAIbHbIE CUTLL U ONMUMATbHOE HANPS-
JHcénHOe cocmosnue 3a20mosku. Ilpu evicadke 8axcHo yuumvleams napamempsl npoyeccd, maxue Kax 0asienue, memnepamypa
U CKOpOCHb, YMOObl MUHUMUSUPOBATL ULU U3DENCAMb NOBPENCOCHUs 3A20MOBKU. Bblnonnen psaod onvimos, 6 xooe KOmopbix
YCMAHOBNEHO GNUAHUA YeNa KOHYCHOCMU, paboye2o X00a UHCIMPYMeHMd, CKOPOCMU 0eqh)OpMUPOBAHUS KOHMAKMHO20 MPEHUs.
Buisigneno, umo npu paccmampusaemoii cxeme oeghopmuposanus naubovulee eiuanUe OKA3bIGAEM U3MeHeHUe Yeana KOHYCHO-
Cmu 3a20MOBKU HA CUTY, YMO OYeBUOHO CBA3AHO C USMEHEHUEeM KUHeMamuKu MmeyeHus Mamepuanrd npu O0nbuux yenax
KOHYCHOCMU.
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TexHonorus u 060py1oBaHue 00pPaAGOTKH METAJJIOB JaBJIeHUEM
Technology and equipment of metal processing by pressure

Abstract. Pipeline system adapters are highly demanded parts in engine units. In pipeline systems operating in aggres-
sive environments, these parts require the use of special non-ferrous alloys characterized by high strength. Their manufacture
is very difficult. One of the options for their production is hot stamping of pipe elements under slow forming conditions. The
article investigates the operation of forming an internal thickening on a thin-walled conical body blank. The purpose of forming
the thickening is to prepare the end face of the adapter for pipeline systems, which is a truncated thin-walled one for further
welding with other elements of pipeline systems. It is assumed that the formation of a thick edge is produced by partial upsetting
of the end face of the blank. This operation was simulated in the DEFORM software package, during which an assessment was
made of the effect of processing modes and the geometry of the working tool on the energy-power parameters of the process. It
is assumed that the material of the blank is titanium alloy VT6. The material used assumes the implementation of the upsetting
process in hot conditions under high-speed forming conditions, providing minimum forces and an optimal stress state of the
workpiece. During upsetting, it is important to take into account the process parameters, such as pressure, temperature and
speed, in order to minimize or avoid damage to the workpiece. A number of experiments were carried out, during which the
influence of the cone angle, the working stroke of the tool, and the rate of deformation of contact friction were established. It
was found that with the deformation scheme under consideration, the greatest influence is exerted by a change in the cone angle
of the workpiece on the force, which is obviously associated with a change in the kinematics of the material flow at large cone
angles.
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@®opMHUpPOBaHUE BHYTPEHHETO YTOJIILEHUS
Ha TOHKOCTEHHON KOHMYECKON KOPITyCHOM 3aro-
TOBKE TIOCPEICTBOM orepauuil popmoodpazoBa-
HUS IPUMEHSETCS JUIS CO3JaHUsl YYACTKOB YBEIIH-
YEHHOUN KOHTAKTHOM IUIOIIAIbI0 HAa TPYOHBIX 3aro-
ToBKax. dopMupoBaHue yTOJILEHUNA HA KOpITyC-
HBIX 3aroTOBKax METOJOM H30TEPMHUUYECKOU
IITAMITIOBKH TIPEACTaBISET c000i 3(PPEeKTUBHYIO
TEXHOJIOTHIO, KOTOpasi MO3BOJSET CO3/1aBaTh Je-
Tl C HEOOXOJUMBIMU MEXaHUYECKHUMH CBOMi-
CTBaMU U (OPMOH, TOBBIIIAST HAIGKHOCTD U J0JI-
TOBEYHOCTh M3MEJIUI. DTOT METOJ YacTO MpHUMe-
HSIETCA B CIELMAIBHOM MAIlIMHOCTPOEHUU U aTOM-
HOH, r/1e TpeOyeTcst BHICOKask MPOYHOCTh MPU Ma-
JIBIX BecOrabapUTHBIX XapaKTePUCTHKAX.

BpInonHeHo MoenupoBaHue JAaHHOU Olle-
pauuu B nporpaMMmHoM koMmiuiekce DEFORM, B
X0J1€ KOTOPOro MPOU3BEACHA OLIEHKA BIUSHUSA pe-
KHUMOB OOpabOTKH M TeOMETpUH pabodero MH-
CTpyMEHTAa Ha 3HEPrOCUIIOBBIE IApaMETpPbl IPO-
necca. MccnenoBanve nmpoBOAWINCH IS CILJIaBa
BT6 ¢ nmocrostHHOI Temneparypoii npu nepopmu-
poBanuu 900 °C. Cxema uccieayeMoro mpoiecca
npeacrasiieHa Ha puc. 1. B mpouecce monenupo-
BaHUS MIPEIIOIArajioch UCIOIb30BaHUE TPYOHBIX
3ar0TOBOK c Hapy’XHbIMH  JIHaMeTpaMu
D = 150 wmm. Bseicota HenehopMupyeMoro
y4acTKa 3aroTOBKM  IPUHUMAJIACh  PaBHOU
H = 12 mM. YcinoBueM OCTaHOBKH pacyéra

NPUHUMAJIOCH JIOCTHKEHHE PAcCTOSHUS OT pabo-
4ero Topla MyaHCoOHa /10 MOBEPXHOCTH MAaTPHIIbI
h =5 mM. B mporiecce MOAenTUpoOBaHUS MEHSIICS
KOA(DPUIMEHT TpEeHHUs] MEXKIYy UHCTPYMEHTOM H
3aroTOBKOM

pn=0,3...0,7, ckopocTs nepeMenieHus aeGopmMu-
pytomiero myancona v = 25...100 mm/mMuH. Yron
3aroTOBOK BapbUpPOBAJICS B UHTepBasle o = 2...7 °.

D

Puc. 1. CxeMa BbICagKH YTOJIIEHUIl HA BHYTPEHHeEH 10~
BEPXHOCTH KOHHYECKHX 000/109KaX

Fig. 1. The scheme of thickening on the inner surface of
cone shells

[Ipu BbICaKe Ba)XHO YYHMTHIBATH Mapa-

MCTPEL rmpormnecca, TaKue KakK JaBJICHUC,
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TEMIIepaTypa U CKOPOCTb, YTOOBl MHUHUMH3UPO-
BaTh WU U30€XKaTh MOBPEKACHUSI 3arOTOBKH. BbI-
MIOJIHEH PsJ SKCHEPUMEHTOB, B XOJ€ KOTOPBIX
YCTQHOBJICHO BIUSHUS yIJIa KOHYCHOCTH, palo-
Yero xoJla MHCTPYMEHTa, CKOpOoCTU aedopmupo-
BaHMs KOHTAKTHOI'O TPEHUSI.

bblna BBINOJIHEHA OLIEHKA U3MEHEHUS HH-
TEHCUBHOCTH HAIPSIKEHUN JUISI XapaKTEpPHBIX TO-
YeK B CEUCHUH JICTATIN B TCUEHUHU BpeMEHU Jedop-
MupoBaHusa. CXeMbl ¢ WUTIOCTPUPOBAHUEM TOUYEK

JUIL  KOHTPOJS WM3MEHEHHsS HHTEHCHUBHOCTEU
HaIPsDKEHUH IPECTaBIECHbI HA PUC. 2.
I'padukn  uU3MEHEHHS] HMHTEHCHUBHOCTH

HaHpH)KeHI/Iﬁ B OTHUX TOYKax B TCUCHHHU ITPOLECCa
BBICAAKHU [JIsI YIJIOB KOHYCHOCTHU 3arOTOBKHU
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Fig. 2. Sketch of the blank with the indication of the con-
trol points
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Puc. 3. I'paduk 3aBHCHMOCTH HHTCHCUBHOCTH HATNIPSI’KEHUH VI KOHTPOJIbHBIX TOYeK (o =2 °):
a—vy = 25 mm/MuH; 6 — vy = 50 mm/MuH; 6 — Vg = 100 Mmm/MuH

Fig. 3. Graph of stress intensity dependence for control points (a=2 °):
a—vy = 25 mm/min; b — vy = 50 mm/min; ¢ — vy = 100 mm/min
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Puc. 4. 'padpuk 3aBUCMMOCTH MHTEHCUBHOCTHU HANIPSKEHUH 1J151 KOHTPOJIbHBIX To4YeK (a0 =5 °):

a—vy = 25 mm/mMun; 6 — vy = 50 MM/MuH; 6 — vy = 100 MmM/MuH

Fig. 4. Graph of stress intensity dependence for control points (a=5 °):
Vo = 25 mm/min; b — vy = 50 mm/min; ¢ — v, = 100 mm/min

Kak BuiHO U3 rpadiKOB BETUYHHBI HHTEH-
CHBHOCTEHN HAINPSKEHUI TOCTUTAIOT MAKCUMYyMa B
KOHEYHBIN dTan nedopMHUpOBaHMs, U IS Bcex 4
KOHTPOJIbHBIX TOYEK B TOT MOMEHT BPEMEHH Je-
dbopMupOBaHUS WX 3HAUYECHHUS BbIpaBHHUBAIOTCS. B
TEYCHHUH BCETO BPEMEHH Je(OPMUPOBAHUS 3HAYEC-
HUSI UHTEHCUBHOCTEHN HaIPSIKEHUH B KOHTPOJIb-
HBIX TOYKaX OTJIMYAIOTCS B 3aBUCUMOCTH OT YCJIO-
Buil (popmousmenenus Ha 10...40 %. B nenom
MO’KHO CKa3aTh, YTO YMEHBIICHHE CKOPOCTH Je-
dbopMUPOBaHUS TO3BOJISIET JAOOUTHCS CHIDKEHUS
HEPABHOMEPHOCTH HAIPSHKEHHOTO COCTOSIHUSI B
3aroToBKe. BonpmIMM yriaM KOHYCHOCTH 3aro-
TOBKH COOTBETCTBYIOT OOJIbIITNE 3HAUCHHUSI MHTCH-
CHBHOCTEHN HaNpsSHKEHUH.

I'paduk 3aBUCUMOCTH MaKCUMATbHBIX Be-
JUYUH UHTEHCUBHOCTU HAMPSKEHUU OT yria Ko-
HYCHOCTH JUIsl pa3HbIX CKOpocTel nedopMupoBa-
HUS HA HECTAIIMOHAPHOM CTaJIMU TMpoliecca mpe-
CTaBJICH Ha pHC. 3.
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Puc. 5. TI'padux 3aBHCHMOCTH MHTEHCUBHOCTH

HaMNpPsiKeHU# 0T ckopocTH AeopMUpPOBaHUS

Fig. 5. Graph of stress intensity
deformation rate

dependence on

YcTaHOBIEHO, YTO HA HECTALMOHAPHOMN
CTaJNH TMpOIEcca POCT yIila KOHYCHOCTU BEJET K
pPOCTY HHTEHCHBHOCTH HampsbkeHuid Ha 40 %.
YBenuueHue cKopoctu aehOpMUPOBAHHS TIPHBO-
JUT K POCTY HUHTEHCUBHOCTU HAIPSOKCHUN IIPU
BBICazke Ha 28 %.
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BrinosiHeHa OnEHKA BIUSIHUSA CKOPOCTEMN
nehopMUPOBaHUS, YTIIOB KOHYCHOCTH M KOHTAKT-
HOT'O TPEHHUSI Ha CUITY BBICA/IKU U YAEIBHOE JAaBJie-
HUE.

I'paduk 3aBUCHMOCTH JaBlEeHUS OT yrjia
KOHYCHOCTH JIsl pa3HBIX CKOpOCTe nedopMHpO-
BaHUs IIPEJICTaBIIEH Ha puc. 6.
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Puc. 6. I'padux 3aBHCHMOCTH NaBJEHHSI OT CKOPOCTH
JaeopMHpPOBaHHSA

Fig. 6. Graph of pressure dependence on deformation
rate

BBIHBHGHO, YTO MAKCHUMAJIBHOC BJIUAHUC
Ha JIaBJICHUE OKa3bIBaeT U3MEHEHHE CKOPOCTHBIX
pexumoB nedopmupoBanusi. Poct yria koHycHO-
CTH BEZIET K POCTY JaBJICHUs Ha KOHTAKTHBIX I'pa-
Hunax Ha 20 %. YBenuueHnue ckopoctu aedopmu-
pOBaHUS IPUBOJUT K POCTY CUJIBI IPU BBICAIKE HA
55 %.

I'padux 3aBUCUMOCTH CHUJIBI OT yTria KO-
HYCHOCTH ISl Pa3HBIX CKOPOCTeH nedopMupoBa-
HUSI IPEICTABIICH HA puUC. 7.
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Puc. 7. I'paduk 3aBHCHMMOCTH CHJBI OT CKOPOCTH
JaeopMHpPOBaHUSA

Fig. 7. Graph of force dependence on deformation rate

BreisiBIEHO, 4YTO IIpU paccMaTpuBacMoOM
cxeme aedopMHUpOBaHUS HAOIIOTAETCS 3aMETHOE
BIIUSIHUE yIJla KOHYCHOCTH 3arOTOBKM Ha CHILY,
YTO OYEBHJIHO CBSI3aHO C MHTEHCU(UKAIIUEH Tpo-
1ecca OOKOBOTO BbIIABIMBAHMs CTEHKH, CBSA3aH-
HOT'O C U3BMEHEHUEM XapaKTepa TEUEHMs] MaTepH-
ana mpu OOJIBIIMX yriax KOHYCHOCTH. Y CTaHOB-
JICHO, YTO yBEJIMYEHHUE yIJla KOHYCHOCTH BEZECT K
pocTy cuiIbl B 4 pas3a, 4TO CBS3aHO C U3MEHEHHEM
cXeMbl AegopManuil Ipu pocTe o. YBEIUYEeHUE
CKOpOCTH J1e()OPMHUPOBAHUS MPUBOAUT K POCTY
CHJIBI pu BBICAJIKE Ha
40 %.

I'paduk 3aBUCUMOCTH CHJIBI OT KOHTAKT-
HOTO TPEHUS JJIS pa3HbIX CKOPOCTeH nedopmMupo-
BaHUs MpEJCTaBieH Ha puc. 8. B cpenHem BbIsB-
JICHO, YTO YyBeJIWYeHHE KOd(p(UIMEHTa TpEeHHUs
IIPUBOJUT K POCTY CHJIOBOM HArpy3Ku Ha UHCTPY-
MeHT Ha 12...15 %.
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Fig. 8. Graph of the force dependence on the coefficient
of contact friction

[TomyuyeHHbIE pe3ynabTaThl MMO3BOJISIOT BbI-
MIOJIHUTh PErpeCCHOHHOE MOJECIMPOBAHHUE CHUJIIO-
BBIX PEKHMOB BBICAJIKU KOHUYECKOW 3aroTOBKU. B
KaueCTBE OCHOBHBIX BapbUPYEMBIX NapaMeETPOB
MPUHUMAIIUCh CKOPOCTHh Je()OPMUPOBAHUS Vo,
MM/MUH; yTOJI KOHYCHOCTH 3arOTOBKU 0 M KO3(-
(UIMEeHT TpeHus L.

CdopmupoBana Tabmuna (HaKTOPHOTO
MPOCTpaHCTBA Il olleHku cun (tadm. 1) [12]. B
TabauIe 2 1aHa MaTpHIla iaHupoBanus [12].
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1. ®akTOpHOE MPOCTPAHCTBO OLEHKH CHJIBI

1. The factor space of force assessment

dakTopbl YpoBHU BapsupoBaHus (HaKTOPOB
HaumenoBanue Hatypanbnoe | Koanposannoe
dbaxropa 3HAYEHUE o0o3HaUYeHNE Xi min Xio Xi max
dbaxropa ¢axTopa
VYToJ1 KOHYCHOCTH " X, ) 4 6
3arOTOBKH
Cropocrs Vo X 25 62,5 100
JnegopMUpOBaHUS
Koaddurment u X 0.3 0.5 0.7
TpEHUs
2. MaTpuua nJiaHMPOBAaHUSA IKCIIEPUMEHTA
2. The design experiment matrix
Ne Xo X X2 X3
OIbITa

1 + — — — 1050

2 + + — — 2400

3 + - + — 1400

4 + + + - 2900

5 + - — + 1312,5

6 + + — + 3000

7 + - + + 1750

8 + + + 3625

OIHOPOIHOCTH OLIEHWBACTCA C MOMOIIIBIO
kputepust Koxpana (0,29). IIpoBepka agexkBaTHO-
CTH TIOJTyYEHHBIX MOJIEeH BBIOIHSIOCH C TIOMO-
mpto kpurepust Gumiepa (0,55). [To pesynpraram

CTaTHUCTUYECKOTO MOJICIHPOBAHUS OBLIO TOMY-
YeHO ypaBHEHHE PErpeccud B KOJIMPOBAHHBIX U
HaTypalbHBIX 3HAYEHUSAX (PAKTOPOB COOTBET-
CTBEHHO:

Y =2179+801X1+239X2+242X3+89X1- X3, (1)

P = 1800 - p+ 302,60 + 256p — 23,41 + 7,35v. (2)

BrInonHeHo MoenpoBaHue BBICAJAKH KO-
HUYECKOH 3arOTOBKH, B XOJI¢ KOTOPBHIX yCTaHOB-
JICHO BJIMSHHUE YTJIa KOHYCHOCTH, pabodero xoxaa
MHCTPYMEHTA, CKOPOCTH J1e(hOPMHUPOBAHUS KOH-
TaKTHOTO TpeHUs. BBIsBIECHO, 4TO IpU paccMaTpu-
BaeMOi cxeMme aedopMupoBaHUs HauOoJbIlee
BIIMSHUE OKa3bIBAaCT M3MEHEHHE YIJIa KOHYCHOCTH
3arOTOBKHM HA CHITy, YTO OYEBHIHO CBS3aHO C M3-
MEHEHHEM KMHEMAaTUKU TE€UYEHUs Marepuaja Mpu

OonpIIMX yriiax KoHycHocTH. [IpuMmenenue 3aro-
TOBOK C YIJIOM KOHYCHOCTH 0oJjiee 3 ° IpHBOJNT K
KpaTHOMY POCTY CHJI J1e()OPMHPOBAHUS U MOXKET
notrpeboBaTth 0oyiee MOIIHOTO 000pYyIOBaHMUS.
YcTaHoBneHo, 4TO peanusalus mnpoiecca nedop-
MHUpPOBaHMS MpU 00Jee HU3KUX CKOPOCTSIX MO3BO-
JISieT CHU3UTH CUJIOBBIE Harpy3Kyd Ha MHCTPYMEHT
Y HEpPaBHOMEPHOCTh HAIPSHKEHHOTO COCTOSIHUSI B
3aroTOBKE.
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