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COXPAHEHUE ®OPMbI rPAHULbI PASOENA
NP KY3HEYHOU OCAOKE BUMETAJIIMYECKOU 3AITOTOBKH
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Henpro paboTh ABNSETCSA OLCHKA BIHSIHUS KOHOUTYpAUU O000IOYKH HAa MCKAKCHHE TPaHHIIBI
paszena Mexay o0O0JIOUKOW M 3aroTOBKOW B Mpoliecce Ky3HedHou ocanku. Cama 000J0YKa B 3TOM
ClIydae BBICTYIIAaeT KakK 3JIeMEeHT cOOpKH, MO3BOJISIONICH MOBBICUTh YPOBEHB HAMPSKCHUH CHKaTHs U,
COOTBETCTBCHHO, YPOBCHDb INIACTUYHOCTU METAJLJIA. BrruucaurenbHbII OKCIICPUMEHT BKJIIOYaJI IIPpH-
MeHeHue nporpamMmmHoro kommiekca DEFORM, a B xauecTBe crocoba perieHnss IpuMEeHEH METOx
KOHEYHBIX JIEMEHTOB. 3a/1a4a Ky3HEUHOI OCa/lki pemragach ¢ IPUMEHEHUEM PazINYHBIX BAPHAHTOB
TEOMETPUYECKOT0 HCIOJIHEHUS 000JOYKH. B KauecTBe MaJOIUIaCTHYHOTO MaTepHaia paccMaTpH-
BaJICSI MarHUHA B JIATOM COCTOSIHMH, B KauecTBE MarTepuana O00OJOYKH ImpuMeHeHa Menb. OcoOeH-
HOCTBH KOH(QUTYpAIUH 000JI0YKH COCTOsIa B TOM, YTO OHA MMeJIa TPEYTOIbHYI0 (POpMY HOMIEPEIHOTO
cedeHus. B pe3ynbraTe MOCTaHOBKY U PEMICHHUS 3a7ad YAAIOCh MOCTPOUTH rpad)iIeCKHUe 3aBHCUMO-
CTH, XapaKTEePHU3YIOIIHEe CTEIICHh MPSIMOIMHEHHOCTH 00pa3yromell IIIMHAPIYSCKON 3aTOTOBKHU 110~
ClJie omepalyy Ky3HEYHOH 0CaaKH. DTO MOTJIO MO3BOJIHUTEH N30SKaTh YPE3MEPHBIX MOTEPh METallIa B
oIepalyy OTAEICHUS 00O0JOYKH OT 3aroTOBKHU. [IprMeHeHs! O6e3pa3MepHbIe TapaMeTpsl B BHIE OT-
HOIICHUA OUaME€Tpa 3aroToBKH IO 00UKe K JANaMETpy Ha KOHTAaKTHOM IMMOBEPXHOCTHU, OTHOLICHUSA
TOJIIIIUHBI CTCHKHU 000JIOUKH K JAaAMETPY 3aroTOBKU W OTHOIICHUA BBICOTHI 3arOTOBKH K €€ JTUAMET-
py. YCTaHOBJICHO, YTO YBEJIWYCHNE TOIIIUHBI 000JIOYKH MOXKET MPUBOAUTH K IOJIyUYECHHIO BOTHYTON
0G0KOBOI MTOBEPXHOCTH, OCOOCHHO €CIIM OTHOIICHHE BBICOTHI 3aTOTOBKHU K €€ JHaMeTpy OoJIbIle eau-
Hutpl. O01acThIO MPUMEHEHHS PEe3yIbTaTOB pabOTHI SABISIETCS 00pabOTKa JaBIEHHEM MajoILIacTHd-

HbIX METAJIJIOB U CIUIaBOB, HAIIPUMEP, TAKUX KaK Mariuii U ero CILIABBI.
Knrouesvie cnosa: KY3He4YHas OCG()Ka, naacmu4Hocms, HanpisdCeHHoe cocCmosHue, MazHull u e2o

cniaenl.

Onepanus Ky3HEUYHON OCaJKH MPHUMEHSETCS
JUI TUTACTUYECKOW aedopMaliii 3aroTOBOK C
LEJBI0 U3MEHEHUS UX (POPMBI W/MIIH MTOBBIICHUS
MEXaHMYECKHX CBOHCTB Ne(OpPMHUPYEMOTo Mare-
puana. OnpeneneHHyIo CI0KHOCTb MTPEJICTaBISET
opraHusainms mnporecca st aedopMaruyu Mano-
IUTACTUYHBIX MaTepUasioB, MOCKOJIbKY CBOOOTHAS
0OOKOBast TOBEPXHOCTh 3aTOTOBKH CTAHOBUTCA BBI-
IIyKJIOM U Ha HE MOTYT BO3HUKaTh HANPSKECHUSA
pactspkenus [1-3], mpuBoasIIMEe K TPEIIUHOOO-
pazoBanMI0. HeoqHOKpaTHO mpeiaranucs mpue-
MBI, C TIOMOIIIbIO KOTOPBIX YPOBEHB CKUMAIOIINX
HaIpsKEHUH B IpoLeccax, MOX0XKUX Ha Ky3HeEd-
HYIO 0CaJIKy, MOT ObI OBITH IOBBIILIEH [4, 5].

3agada TpeIOTBpAIICHHsS TOSBICHUS Tpe-
IIIUH HE CHUMAaETCS C IOBECTKU AHA. B kakou-To
Mepe OHa Aaxe 000CTpseTCs B CBSI3U C BOBJIEYE-
HUEM B TNPOMBIIUICHHBIH O0OPOT HOBBIX MarTe-
pHaNIoB, TAKUX KaK MarHUEBbIE CILIaBBI, KOTOPHIE
HAIlUTM OIMPOKOE NMPUMEHEHHE B MOOMIIBHOU Te-
neponnn u npomsBoacTBe OBM [6]. Maruuit

oTHocuTca K Merammam c¢ ['TIY pemerkoi, mo-
3TOMY IUIACTHYECKHE CBOWCTBA €r0 IMOHIKEHBI.
Pa3zpaboTke HOBBIX HpUEMOB OOpabOTKH JaBiie-
HHUEM MAarHHEBbIX CIUIAaBOB MOCBSIICHO 3HAYH-
TeJIbHOE KOJIMYECTBO Hay4HbIX pador [7, 8]. Cy-
HIECTBYET TaK)Ke CTPEMIICHHE K 00pabOTKe TaKHUX
MaTepHajJOoB UMEHHO B XOJIOMHOM COCTOSIHHU [9,
10], mOCKONIbKY MarHuii B OTJIMYUE OT ATFOMUHUS
He 00pa3yeT 3alIUTHON IJICHKH OKCHIOB, Ipe-
MSTCTBYIOIIUX B3aMMOJACHCTBHIO C aTMOC(EPOH.
OnHUM U3 MPOCTHIX MIPUEMOB CO3IAaHUS MOAIOPA
B CXeMe Ky3HEUHOW OCaJKH SIBIIIETCS NMpUMEHe-
Hue obomouek [11].

Lenbto paboThl SIBIISETCA OLIEHKA BIUSHHSA
KOH(QUTYpaluu 000JIOYKH Ha MCKAKCHUE TPAHU-
1Bl pa3zenia MeXIy 000JI0OUKOM U 3arOTOBKOIA.

Jnis OUeHKH HampsHKEHHO-IeOpMUPOBaH-
HOTO COCTOSIHWSI TIPUMEHWIM METOJ| KOHEYHBIX
3JIEMEHTOB, PpEANTU30BaHHBIA B TMPOTPAMMHOM
moayne DEFORM-3D. IlocraHoBka 3agauu
BKJIIOYaja B ce0sl ONMMCAHME TEOMETPUH odvara
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neopMany B UCXOJHOM COCTOSHHH, ONHCAHHUE
(U3NUECKUX U TUIACTHYECKUX CBOIMCTB HA OCHOBE
CIPaBOYHBIX JTAHHBIX, 33/IaHNE TPAHUYHBIX YCIIO-
BUI1 B IIEpEMEILICHUSIX.

Huskumu nmnactuueckumMu CBOWCTBaAMH 00-
JAJAI0T KaK CIUIaBbl MarHus, Tak U caM MarHW.
B nurepatype MMEIOTCS JOBOJIBHO OOLIMPHEBIC
JaHHBIC UCTIBITAHWI MarHUEBBIX CIUIAaBOB B TOPS-
4yeM cocTossHUH. OHAKO UCHBITAHUS 3THX Mare-
pHAIIOB B XOJIOJHOM COCTOSHHUU OCAJKOW WU
PacTsHKEHUEM C LENbl0 TONyYeHHs KPHUBBIX YII-
POYHEHHUSI OYCHb 3aTPyIHEHbl H3-32 MAaJOCTU
YPOBHS TIIJIACTUYECKOW JIeOpMaIuK, KOTOPYIO
BBIJICPXKUBAIOT O0Pa3IIBL.

Hcnonp3oBaHa cxeMa OCaJKH LMIMHAPHYE-
CKOW MarHMeBOM 3aroTOBKM C IOAMOPOM, oOpa-
30BaHHBIM KOJIBIIEBOW MeaHOW 00omoukoi. Menpb
BbIOpaHa B KadyecTBE MaTepHuajia, 00Jagarolero
MOBBIIIEHHBIM YPOBHEM IUTACTHYHOCTH [12].

B pacuerax wucronb30BaHBl JaHHBIE TIO
cBoiictBaM MarHus mapku MI'90, momydeHHble
corpynaukamu UOM VpO PAH B ucneiTaHusx
Ha pactsbkenue [ 13]. Onu 3amaHbl B uHTEpdEiice B
TaOJUYHOM BHJE KaK 3aBUCHMOCTH COIIPOTHBIIE-
HU gedopMmanuu OT cTeneHd AedopManuy HpH
MaJlbIX 3Ha4eHHsX nocienHeld. COOTBETCTBEHHO,
CONPOTHBIICHUE JieOopMaIy MpU OONBIINX Jie-
dopMalMAx MporpaMMma pacCuMThIBaja IyTeM
SKCTpanoysiuuy. s Meam HMCnosib30BaHbl Kpu-
BbI€ YNPOUYHEHHS, MPUBEICHHBIE B CIIPABOYHUKE
[14], u 3agaHBl TakkKe B TAOMUYHOM BUae. YTIpy-
IMe KOHCTaHThl B PA3IMYHBIX HCTOYHHMKAX HH-
(dopMaIu HECKOJIBKO OTIMYAIOTCS JAPYT OT JIpY-
ra, OHM 33J]aHbI C OMOPOM Ha CIIPaBOYHBIC JaHHBIC
cucrembl matweb.com (The Online Materials
Information Resource http://www.matweb.com),

Stress - Theta (MPa)
54.1
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RO

-16.2

o i 865

-122
-122 Min

54.1 Max

a)

COOTBETCTBEHHO, JII MarHUS MOJYIIb HOPMallb-
Hoi ympyroctn E = 44 TI'lla, xos¢p¢unuent
Ilyaccona p = 0,35, nnst mequ — £ = 110 I'Tla,
n=10,34.

MarnueBblii 00paser MpeICTaBIeH B BHIE
IWIMHApPA nuameTpoM Dy = 15 MM U BBICOTOM
Hy =15 mm (Hy/Dy = 1), nuamerpom Dy = 7,5 MM
u BeicoTor Hy = 15 MM (Hy/Dy = 2) u nuametpom
Do =30 mm u BeicoTOU Hy = 15 MM (Hy/Dy = 0,5).

YcraHOBIEHB KOHTAKTHBIE B3aHMMOJICHCTBUS
TpeX THIOB Ha KOHTAKTaxX: 3arOTOBKa — OOWKH,
000/104Ka — OOMKH, 3aroToBKka — obojouka. OT-
HocuTenbHoe obxatue — 50 %. Ilokazarens Tpe-
Hust 1o 3ubento paseH 0,1.

Ha puc. la npencraBneH BapwaHT pelIeHUsS
3a/1a4d TIPH OTCYTCTBHM 000J04YkH. BumHo, 4TO
OOKOBasi MOBEPXHOCTh IIJIMHIpPA TIOJBEPIIIacCh
004YK000pa30BaHUIO, IPUYEM B 3TOM MECTE Ha-
OioaeTcsl yXynIIeHHe HAMpsSKEHHOTO COCTOSI-
HUS W3-32 TOHWXKCHUS YPOBHA COKHUMAIOITUX
cpenHux HampspkeHH. OOBIMHO TOTEps TuIa-
CTUYHOCTH COTIPOBOXKIIAETCS MOSIBIICHHEM Ha 00-
KOBOM IOBEPXHOCTH TPEIIMH BEPTUKAIBHON Ha-
MPaBJICHHOCTH, YTO TOBOPUT O NEUCTBHM pacTs-
TUBAIONINX TAaHTCHIMAIbHBIX HanpsokeHuil. [lo-
3TOMYy Ha puc. 1 oToOpakeHbl YPOBHU HUMEHHO
TaHT€HIIMAIbHBIX HanpsikeHud. VX 3HaueHus Ha
00KoBO# moBepxHOCTH paBHbI 54,1 MI]a.

Ha puc. 16 noka3an BapuaHT pemieHus 3a1a-
YU TPU HATWYUH 000JIOYKU B BHJE TOSCKA Tpe-
yronbHOM (opmbl. TaHreHIMaNbHBIC HArpsKe-
Hus 31ech ctand paBHbl —111 MIla. Ilokasarens
HaIpPsHKEHHOTO COCTOSIHUSA B OTOM ClIydae yiIyd-
mwics. Ho mpu 3ToM MpOW30NII0 HCKKCHHE
0OOKOBOI1 MOBEPXHOCTH IWJIMHIPAa — OHA MPUOO-
pena Boruytyo Gopmy. Tenepb Ui yaaneHus

Stress - Theta (MPa)
347

255

164

-19.1

-111
-111 Min
347 Max

6)

Puc. 1. MNpaBasa nonoBuHa oyara gecopmauum Npu ocagke LMNUHAPUYECKOW 3aroToBku 1 6e3 o6onoyku (a)
M NpU UCNofib30OBaHMU OAHOIO0 U3 BapuaHTOB 000N0YKU TpeyrofibHou ¢hopMbl NonepevyHoro ceyeHus (6),
n3obpaxeHa ceTka KOHeYHbIX 3NIeMEHTOB U Norie TaHreHuUanbHbIX HanpsiXXeHUn

BecTtHuk KOYplY. Cepus «<Metannyprus».
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000JI0YKH € IOBEPXHOCTH HE yAACTCSl IPUMEHUTD
NPUEM BBIIIPECCOBBIBAHUS. B pa3nuvHBIX TEXHO-
JIOTUSIX B 3TOM Cily4yae MPUMEHSIOTCS pa3inyHbIe
MIPUEMBI, HalpuMep, MPUEM IePEBOJIa B CTPYKKY
MaTepuana OOOJOYKH TOKapHOW 00pabOTKOM.
EcTecTBeHHO, YTO [UIsl MOJYYEHUS POBHOM IIO-
BEPXHOCTH TIPUIETCS YAAIUTh U 9acTh MaTepua-
Jla 3arOTOBKH, YTO YXYAILIAeT MOKAa3aTelIn BBIXO-
na roauoro. [Toatomy 1ienecoo0pasHo Hoa00paTh
Takue napameTpbl 000J0YKH, KOTOPBIE IPUBELYT
K TIOJy4YeHHIO POBHOW IOBEPXHOCTH pasaesa
000JIOUKH U 3aTOTOBKH.

Jlanee pacueTsl BBIIOJHWIA TPU TEPEMEH-
HBIX 3HAYCHHUAX TEOMETPHUYECKHX IapaMeTpPOB:
HaYaJIbHOH BBICOTE 000JI0YKH /1y, HAYaIHHOH BbI-
COTE pPaBHOOEAPEHHOTO TPEYrONbHUKA S, Ha-
YaIIbHBIM BBICOTE U IUameTpe uuHapa Hy u D,
U3 3Tux pa3sMmepHBIX BEJIMYMH co31aH Oe3pas-
MepHBIH mapamerp so/Dy. B dyHKmmm sToro ma-
paMeTpa B pe3yJbTaTe PEeLIeHUs 3a1a4d MoIyda-
mu Oe3pasmepHblil mapamerp Dg/Dy, toe Ds —
HauOONBIIUK AuaMeTp IpuMHApa (1o Oouke),
D, — HauMEHbITUH JUaMeTp MUIUHApPA (II0 KOH-
TakTHOM moBepxHocTH). Ilpu Dg/D, < 1 momyua-
JIM BOTHYTYIO OOKOBYIO NMOBEPXHOCThH LMIMHIPA,
npu Dg/D, > 1 mony4anu BbINYKIYI0 OOKOBYIO
noBepxHocTh. [lomydenne 3HaueHus Dg/D, = 1,00
03Ha4yaJio JOCTHXCHHUE TOJIOKUTEIBHOTO 3 deK-
Ta — TMoJy4eHue (OpMBI MOBEPXHOCTH C 0Opa-
3yrouien B Buje npsiMoi nuHuu. [lo pesynbratam
pacueToB IMOCTPOCHBI 3aBUCUMOCTH TapaMeTpa
Dg/D, oT napameTpoB so/Dy u Hy/Dy (puc. 2).

Kak BumHO u3 rpaukoB puc. 2, JAOCTHYb
3Ha4yeHuil mapamerpa Dg/D OTHOCUTENBHO JIETKO
yIaeTcs IPHU MaJbIX 3HAYEHUAX mapameTpa So/Dy,

T. €. TIPH KCIIOJIb30BAaHUU OTHOCHUTEIIEHO TOHKO-
CTeHHBIX 000s04Yek. OnmnHaxko mpu S¢/Dg < 0,03
3¢dexkt BIUAHUS OOOJIOYKH CTAHOBHMTCS Ha-
CTOJIBKO MaJl, YTO TIOBEPXHOCTh 3arOTOBKH OCTa-
eTcs BhIMyKIold. Kpome Toro, obpamaer Ha cebs
BHUMaHHE TOT (PaKT, 4TO MPU HEOOXOJAUMOCTH
neopMaIiy IWUTHHIPUIECKAX 3arOTOBOK 0O0JIb-
moi BeICOTHI (Hy/Dy > 1) Benmka BEpOSTHOCTh
MOJYYHTh BOTHYTYIO OOKOBYIO ITOBEPXHOCTH,
0COOCHHO €CITM TONIIFHA CTEHKU OOOJOYKH CIIHUIII-
KOM Besiuka. [TonmydyeHHbIe YpaBHEHHS PErpecCuu
OIUCHIBAIOTCS CICAYIONIMMHA (DYHKIUAMHU IPH
BEJTHUMHE JI0CTOBEPHOCTH AIIPOKCHMAIIHH R:

wis HyDy = 0,5 Dg/D, = 0,963-5¢/Dy "
pu R*=0,899;

wist HyDy = 1,0 Dg/D, = 0,931-5¢/Dy "
npu R> = 0,918;

wis HyDy = 2,0 Dg/D, = 0,827-5¢/Dy "
pu R* = 0,960.

OO6macTh ompeneneHus aprymeHra 37ech
0 <s¢/Dy < 0,3, a moKazaTeNb CTEHEHU CHUXKACT-
Csl IO MOAYJIIO ¢ yBenuuenueMm Hy/Dy. Ilpu moka-
3aTelie CTeNeHU, paBHOM Hymo, GyHKuus Dg/Dy
MpeBpaIiaeTcs B KOHCTaHTy. T0 eCTh IIPH MallbIX
M0 MOJYJIO TOKAa3aTeNsiX CTEMeHH, YTO Xapak-
TEPHO JUIS HU3KUX LWIMHIPOB, 3aBUCUMOCTH
Ds/Dy = f (so/Dy) cranoButcst cnaboit. O6 3Tom
K€ TOBOPHUT NPUOIMKEHHE TIEPBOTO COMHOXHTE-
JIl K eIUHUIC. DTO COOTBETCTBYET MPEACTaBIIC-
HUSAM O TOM, YTO IPOLECC 0OYKOOOpa3OBaHUs
XapaKTepeH U1 OCaIKd BBICOKUX U YMEPEHHO
BBICOKHX 3aI'OTOBOK.

MOXXHO OTMETHTb, YTO IIOJIYYCHHBIC 3aBH-
CUMOCTH OITUCBHIBAIOT Je(OPMHUPOBAHHOE CO-
CTOSIHWE B HE OYCHb IIUPOKOI 001acTH mapaMer-

1,04
X\ Qo
AKX
1 A0 GF=DB—X
o MoaA K —R——x
Q (0] Q
= e o o X 05
Q 0,96 S A .
\\ A
~e A 2
0,92 A t
= -, - CreneHHas (0,5)
CrteneHHan (1)
0,88 74N
- . = (CreneHHasn (2)
0,84
0 0,05 0,1 0,15 0,2
50/Dy

Puc. 2. 3aBucnmoctb napametpa Ds/Dc oT napameTpoB so/Do n Hol Dy,
TOYKM — pacyeTHble BEeNNYUHbI, TMHUMU — aNNPOKCMMUpPYIOLLUE 3aBUCUMOCTH
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Stress - Theta (MPa)
324

238

153

66.9

-187

W

-104 T

-104 Min
L

324 Max

Puc. 3. NMpuemnemas cpopma 60KkOBON NOBEPXHOCTU LUNIMHAPA NOCIe ocagku (NpaBasi NONIOBMHA
ouara aecdopmanumm), nsobpakeHa ceTka KOHEYHbIX INIEMEHTOB U MoJie TaHreHUnanbHbIX HanpPskeHUn

POB, TaKk Kak OHH IIOJyYEHBI HPU OIMHAKOBBIX
3HAYCHMSIX OTHOCHUTEIILHOTO OOXKATHs M TOKa3a-
TEJAS TPEHUS M TPH OJUHAKOBOM COUYCTAHHHU
CBOICTB MaTepuaioB 3arOTOBKM H OOOJIOYKH.
[TockonmbKy BO3MOMKHBIX COYETAaHHI MapaMeTpoOB
B peaJbHOW IPAaKTHKE 0OpPabOTKH OKa3bIBACTCS
CJIMIIIKOM MHOTO, TO PE€Yb MOXXET HIATH O TOM,
4TOOBl OOpamaTtbcs K pacdyeraM IpU YCIOBUHU
MPEIBAPUTEILHOIO BHIOOpPA XOTS OBl YacTH Ma-
pameTpoB.

Ha pwuc. 3 noka3ana BO3MOXHOCTb JTJOCTHIKE-
HUSL POBHOW OOKOBOW TOBEPXHOCTH ITMIIMHAPA
0€3 BOrHYTOCTH HJIH BBITYKJIOCTH.

BriBog

B xome peiieHus 3ajadd Oocaakd OMMeETal-
JIMYECKON 3aroTOBKM B PA3IMYHBIX BapHUaHTaX
MTOCTaHOBKY BBISIBJICHO BIHMSIHHE Ha opMy OOKO-
BOM MOBEPXHOCTH TaKHUX MapaMeTpoB, KaK OTHO-
IIICHUE TOJIIIUHBI CTCHKH O0OJIOUKH K JAMAMETPY
3arOTOBKH M OTHOIIICHMS BBICOTEI 3aIOTOBKH K €¢
IMaMeTpy. YBEIWYCHHE TONIIUHBI O00OJIOYKU
MOJXKET MPUBOAMTH K MOJYYCHHUIO BOTHYTOH 00-
KOBOI1 TTOBEpXHOCTH, OCOOEHHO €CITH OTHOIICHUE
BBICOTHI 3aTOTOBKH K €€ JuaMeTpy OoJble emu-
HHIIBI.
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The aim of the work is to assess the influence of the shell configuration on the deterioration of
the interface between the shell and the billet during upsetting. The shell itself in this case acts as
an element of the assembly, which allows to increase the level of compression stresses and the level
of ductility of the metal, respectively. The computational experiment included the use of the DEFORM
software package. The finite element method was used as a solution method. The forging draft was
solved using various options for the geometric design of the shell. Magnesium in the cast state was
considered as a low-plastic material, copper was used as a shell material. A feature of the configura-
tion of the shell was that it had a triangular cross-sectional shape. It was possible to build graphical
dependencies characterizing the degree of straightness of the generatrix of the cylindrical billet after
the forging operation as a result of setting and solving problems. This could avoid excessive metal
losses in the operation of separating the shell from the billet. Dimensionless parameters are applied
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in the form of the ratio of the diameter of the billet on the barrel to the diameter on the contact sur-
face, the ratio of the shell wall thickness to the diameter of the workpiece and the ratio of the height
of the workpiece to its diameter. The fact that increasing the thickness of the shell can lead to a con-
cave side surface, especially if the ratio of the height of the billet to its diameter greater than one has
been established. The scope of the work results is the pressure treatment of low-plastic metals and al-
loys, for example, such as magnesium and its alloys.

Keywords: forging upsetting, ductility, stress state, magnesium and its alloys.

References

1. Strugov S.S., Ivanov V.A., Sherkunov V.G. Comparison of Methods of Stress-Strain State Esti-
mation in the Upset of a Cylindrical Workpiece. Bulletin of the South Ural State University. Ser. Metal-
lurgy, 2016, vol. 16, no. 4, pp. 140-146. (in Russ.) DOI: 10.14529/met160416

2. Dmitriyev A.M., Vorontsov A.L. [Stress-strain state during the upsetting of a cylindrical billet].
Proizvodstvo prokata [Production of Rolled Products], 2003, no. 10, pp. 2—13. (in Russ.)

3. Loginov Yu.N., Ershov A.A. [The influence of the shape of the hardening curve on the localization of
deformation during the upsetting of titanium billets]. Titan [Titanium], 2012, no. 1 (35), pp. 22-28. (in Russ.)

4. Kamenetskii B.I., Loginov Y.N., Kruglikov N.A. Possibilities of a new cold upsetting method
for increasing magnesium plastification. Russian Journal of Non-Ferrous Metals, 2017, vol. 58 (2),
pp- 124-129. DOI: 10.3103/S1067821217020079

5. Vorontsov A.L. [Draft of non-plastic materials in belts]. Kuznechno-shtampovochnoe proizvod-
stvo. Obrabotka materialov davileniem [Forging and Stamping Production. The Pressure Treatment of
Materials], 2007, vol. 8, pp. 3-8. (in Russ.)

6. Rokhlin L.L. [Actual problems of metal science and the use of magnesium alloys]. Tsvetnyye
metally [Non-Ferrous Metals], 2006, vol. 5, pp. 62—66. (in Russ.)

7. Zhi C., Ma L., Huang Q., Huang Z., Lin J. Improvement of magnesium alloy edge cracks by multi-
cross rolling. Journal of Materials Processing Technology, 2018, vol. 255, pp. 333-339. DOL:
10.1016/j.jmatprotec.2017.12.022

8. Kamenetsky B.I., Loginov Yu.N., Volkov A.Yu. [Methods and devices for increasing the ductili-
ty of brittle materials during cold draft with lateral support]. Procurement in Engineering, 2013, vol. 9,
pp. 15-22. (in Russ.)

9. Yamashita M., Kuwabara K. Punchless drawing of magnesium alloy sheet under cold condition
and its computation. International Journal of Automation Technology, 2016, vol. 10, no. 1, pp. 87-93.
DOI: 10.20965/ijat.2016.p0087

10. Matsumoto R., Kubo T., Osakada K. Fracture of magnesium alloy in cold forging. CIRP Annals —
Manufacturing Technology, 2007, vol. 56 (1), pp. 293-296. DOI: 10.1016/j.cirp.2007.05.068

11. Moguchiy L.N. Obrabotka davieniyem trudnodeformiruyemykh materialov [Pressure treatment
of difficult to deform materials]. Moscow, Mashinostroyeniye Publ., 1976. 272 p.

12. Loginov Y.N., Demakov S.L., Illarionov A.G., Popov A.A. Effect of the strain rate on the pro-
perties of electrical copper. Russian Metallurgy (Metally), 2011, vol. 3, pp. 194-201. DOL:
10.1134/S0036029511030098

13. Komkova D.A., Volkov A.Yu. [The structure and texture of magnesium after low-temperature
megaplastic deformation]. 7SU Science Vector, 2017, vol. 3 (41), pp. 70-75. (in Russ.)

14. Tretyakov A.V., Zyuzin V.1. Mekhanicheskiye svoystva metallov i splavov pri obrabotke davie-
niyem. Spravochnik [Mechanical properties of metals and alloys during pressure processing]. Moscow,
Metallurgiya Publ., 1973. 224 p.

Received 5 January 2020
OBPA3EIl HUTUPOBAHMUS FOR CITATION
Jlorunos, 10.H. Coxpanenne hopMbl TpaHUIBI pa3- Loginov Yu.N., Zamaraeva Yu.V. Retention of
Jiena Mpu Ky3HEYHOH ocaike OMMETaJUIMYeCKON 3aroTOB- the Section Border Form when Upsetting of Bimetallic
ku / FO.H. Jlorunos, }0.B. 3amapaesa // Bectauk IOYpI'Y. Article. Bulletin of the South Ural State University.
Cepust «Metamnyprusi». — 2020. — T. 20, Ne 1. — C. 54-59. Ser. Metallurgy, 2020, vol. 20, no. 1, pp. 54-59. (in Russ.)
DOI: 10.14529/met200106 DOI: 10.14529/met200106

BecTtHuk KOYplY. Cepus «<Metannyprus». 59
2020. T. 20, Ne 1. C. 54-59



