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HCCJIEJOBAHHUE NPONECCA BOJIOYEHMSI KPYIJIOM BBICOKOYTJIEPOJACTOM IMTPOBOJIOKH
B OBAJIbHOM MOHOJIMTHOM BOJIOKE

Annomayun. Bonouenue 6 MOHOTUMHBIX 80IOKAX ABNAEMCA OCHOBHBIM U YACMO De3albmMepHAmMUHbIM Cnocobom obpabom-
Kku memanna oaenenuem (OM/), npumensembim npu u320MoGIeHUY NPOBOIOKU PA3IUYHOL0 HAZHAYEHUA KAK Y HAC 8 CMpaHe, maK u
3a pybescom. OOHUM U3 HEOOCMAMKO8 SMO20 CNOCODA ABNACMCA CLOHCHOCHL U YACHO HEBOIMONCHOCb NOLYYEHUs. PABHOMEPHOU
Odepopmayuu no cevenuro npoeonoku. OOHUM U3 6APUAHINOE PEUeHUs IMO020 60NPOCA ABNAEMCS NPUMEHEHUEe 08AIbHbIX MOHOIUM-
Holx 8010K. O0HaKo smom eonpoc asnaemca manousyuennvim. C npumeHenuem Mamemamuiecko20 MoOenuposaHus NPoseoeH cpas-
HUMENbHYI AHATU3 0ePOPMUPOBAHHOLO COCMOAHUA U YCUNUA B0TOYEHUS NPOBOIOKU 6 KPY2IbIX U O8ANbHIX MOHOIUMHBIX 80I0KAX.
Jlna amoeo 6110 cMOOenUpo8ano 08a mapuipyma eonodeHus. B nepsom sacomosxa xkpyenoeo ceuwenuss ouamempom 16,00 mm 6vina
npomAHyma uepe3 mpaouyuoHHvle Kpyaiible MOHOIUMHbIE 80I0KU. Bo 6mopom mapwpyme 60104eHUs Kpy2adas 3a20moeka ouamenm-
pom 16,0 mm npomseusanace 6 08anbHOU MOHOIUMHOU 601I0Ke, a4 3amem 6 Kpyaiou. Pasencmeo evimsoicex 6 paccmampusaemvix
Mapwpymax 010 obecneueno uepes pashvle naowjadu no npoxodam. Koweuwwii ouamemp 6 0bOuUX Mapupymax coCmasui
12,80 mm. Ilokazarno, umo npu 6onouerul Kpyanol NPOSONOKU 8 08ANLHOU B0IOKE HO CPABHEHUIO ¢ MPAOUYUOHHOU KPY2IOll RPOUCXO-
Oum UHMEHCUBHASL NPOPADOMKA YEHMPALLHBIX CLOE6 NPOBOJIOKU, YMO CHUNCAEM HEPABHOMEPHOCMb 0eopMayuil no ceyenuio npo-
80JI0KU. YCunue 60104eHUs npu SMom pacmenm.

Knrouesvie cnosa: nposoioka, 60104eHue, MOHOIUMHAS BONOKA, MOOEIUPOSAHUE, HAKONIEHHAA CMeneHb Oedopmayuu,
08ANLHAA U KPYeNas MOHOIUMHAS 800K, YCUAUE BONOUEHUS, CPABHEHUE.

VYBennuueHne eIUHUYHOTO O0XKATHS M YMEHbIICHHE
3Ha4YeHUs: pabovero yriia BOJOKH CHHXKAeT BEPOSITHOCTB
paspyueHus. Ho npu 3ToM MOBBIIIAIOTCSA 3HEPro3aTparsl U
CHI)KAeTCd YCTOMYMBOCTB IIpolecca BosiodeHus. Kpome

BBeaenue

Belcokoyrnepoaucras IpoBOJIOKa MaCCOBO MPUMEHS-
€TCsl B IPOMBIIIJIEHHOCTH IIPY U3rOTOBJIEHUM METaJIIOKOP-
Jla, KaHAaToB, NPYXHUH, apMaTypsl Ul MPENBAPUTEIBHO-

HaIpsHKEHHOTO Kene300eToHa U T.J1.

KauecTBo NpOBOJIOKH XapaKTepH3YIOT CIIeIYIOIIIe
OCHOBHBIE IOKAa3aTell: 'eOMETPHYECKUE pa3Mephl U Mpe-
JIETBHO JIONTYCTUMbIE OTKJIOHEHHUS OT HOMHHAJIBHBIX 3Ha-
YeHWH; MEXaHWIECKHe CBOICTBA (Ipezien MpOYHOCTH, Mpe-
JIeTl TeKy4ecTH, OTHOCHUTENIBHOE YIJIMHEHHE U CY)XKEHHE,
yllapHasi BSI3KOCTb, TBEPAOCTb, H3MEHEHHUE MEXaHWYECKUX
XapaKTEPUCTHK T10 CEYESHHIO U JUIMHE); CTPYKTypa MeTaia
(popma u BenmumHa (6aymn) 3epHa, OJHOPOIHOCTH CTPYK-
TypBI); YYUTHIBAIOIIUMHI OCOOEHHOCTH Pa0OTHI MPOBOJIOKU
B U3JeNuu (YUCI0 THOOB, YHCIO CKPYYMBaHUH, penakca-
[IMOHHASI CTOMKOCTh, CIETIEHHE ¢ OETOHOM); Ompenaesie-
MBIMH OCOOBIMH YCJIOBUSIMHU JKCIDTyaTaluu (yCTaJIOCTHAS
MPOYHOCTb, KOPPO3HOHHAsI CTOMKOCTB, MOPOT XJIaTHOJIOM-
koctH) [1].

OcHOBHOI1 onepanyeli Ipu NPON3BOACTBE POBOJIOKH
SIBJIICTCS. BOJIOYEHHE IPOBOJIOKM B MOHOJIMTHOH BOJIOKE,
XapakTepu3yeMoe 3HauMTeNIbHOW HEepPaBHOMEPHOCTBIO Jie-
(opMaliy 1O CEYEHHIO U CKJIOHHOCTBIO MPOBOJIOKH K pa3-
PYLICHHIO, OCOOCHHO B ee LeHTpaibHOi#l yactu [2, 3]. U3
MPaKTUKH XOPOIIO U3BECTHO, YTO C YBEINYCHUEM JIHAMET-
pa XOJIOMHOTSHYTOH MPOBOJIOKM KOMIUIEKC €€ MeXaHhue-
CKHX CBOWCTB 3aMETHO IIOHM)KAETCsl. BO3HMKAeT Tak Ha3bl-
BaeMblii MacmTabHeiii addexr [4, 5], npossisiommiics B
YMEHBIICHUH €€ MPOYHOCTHBIX CBOWCTB M CHM)KEHHUH TEX-
HOJIOTHYHOCTHA C YBEJIMYEHHEM XapaKTepHOTro pa3Mepa,
NOZIpa3yMeBasl MO/l TEXHOJIOTHYHOCTBIO YPOBEHb ILIACTH-
YECKMX CBOWCTB MeTajula M CTabMIBHOCTH Je)OpMUpOBa-
HHS [IPH BBICOKUX CyMMapHbIX ookatusx [6].
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TOTO, HEPaBHOMEPHOCTH JlehOpMaIii pacTeT C yBeIHde-
HHEM CKOPOCTH BOJIOYEHHS U KOHTAKTHOTO TpeHHs. Takium
00pa3oM, 3TOT BOIIPOC SIBISIETCS aKTyalbHBIM AJIS TCOPHU
1 TIPAKTHKH MPOU3BOACTBA IPOBOJIOKH BOJIOUCHHEM.

OnHMM U3 BapHaHTOB PELICHHs STOTO BOIIPOCa SIBIIS-
€TCsl OPUTHHAJIBHBIN CIIOCO0 MOCIIEI0BATEIBHON MPOTSIKKA
prFJ'IOﬁ TMPOBOJIOKA B MOHOJIMTHBIX BOJIOKaX C OBaJIbHbIM
HOTEPEYHBIM CEYEHHEM M TPaIMIIMOHHBIX Kpyribix [7]. Ha
OCHOBE OLICHKH CTPYKTYPBI I MEXaHWYECKUX CBOMCTB IIPO-
BOJIOKM OBIJIO TTOKa3aHO, YTO JAHHAs TEXHOJIOTHSI MOXKET
OBITH TTOJIE3HA TPH MPOU3BOJCTBE IPOBOJIOKU C BBICOKOM
IUTACTHYHOCTBIO (HAa KpYdeHHE) U ¢ OOJIbIIel MPOYHOCTHIO
0€3 JIOTOTHUTENHHOTO JIETUPOBAHUS M TEPMOOOPAOOTKH IO
CPaBHEHUIO C OOBIYHBIM BOJIOYECHHEM.

OnHako MpH 3TOM HE OBUTH MCCIIEJOBaHBI 0COOSHHO-
cTH 1e(OPMHUPOBAHHOTO COCTOSIHUS M YCHIIMSI BOJIOYEHHMS
MIPOBOJIOKH, TOJy4eHHOH HOBBIM CIIOCOOOM, YTO 3aTpyn-
HSIET OICHKY er0 3(PEKTUBHOCTH.

Henbio nanHoi paGoThl ABISICTCA CpaBHHUTEIbHAS
OLICHKa 1e(OPMUPOBAHHOTO COCTOSHUSL M YCHIIUSI BOJIO-
YCHUA IMPOBOJIOKKU B KPYIJIbIX U OBAJIBHBIX MOHOJIUTHBIX
BOJIOKaX Ha OCHOBE MaTEMaTHYECKOTO MOAEINPOBAHUSL.

MoaeaupoBanue

MopenupoBaHue NOPOBOAMIOCH B MPOrPaMMHOM
komiuiekce Deform-3d. McxomHast 3aroroBka W3 Crajd
Mapku 80 (ympyrorwiacTUueckass MOJAETb) JIHAMETPOM
16,00 MM u ammuHO# 50 MM IPOTATHBANACH C O0XKATHIMH,
3HAYCHUS KOTOPBIX MPHUBEICHBI B Ta0I. 1.
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Tabuuma 1

Pexxumbl o0xatuit

CedeHue, MM

Hcxonnas 1-s npoTsikka 2- sl IPOTSDKKA
3arOTOBKa (oOxaTme 20%) (oOxatme 20%)
Kpyr 16,00 Kpyr 14,31 Kpyr 12,80
Kpyr 16,00 Osai 16,50x12,40 Kpyr 12,80

[Tpu BOJIOYECHUH O CXEME «KPYTr-OBaI-KPYyI» OTHO-
IICHHE TIaBHBIX OCeW oBaila mpuHATO paBHBIM 1,33. Hc-
XOJHas 3ar0TOBKa pa3duBanack Ha 72340 KOHEYHBIX 3Je-
MeHTa. CkopocTh BomoueHHus | m/c, kodhummeHT tpe-
HUS TpHHAT 110 3akoHy Kymona paBHeiM 0,08. Paboumii
YroJl MOHOJIUTHBIX BOJIOK cocTaBiisieT 12 rpas.

Mopgenb mpoliecca BOJOYEHHST B OBAIBHOH MOHO-
JIUTHOM BOJIOKE MOKa3aHa puc. 1.

Puc. 1. Monens npoiecca BOJIOUEHHUS B OBAJIbHOM
MOHOJIUTHOM BOJIOKE

AHau3 pe3yJbTaTOB

B pesynerate MopenmpoBaHHUS OBLIO HCCIIEAOBAHO
HM3MEHCHHE HAKOIUICHHOH cTerneHu aeopMaliny mo ceye-
HUIO MTPOBOJIOKH.

Jnst 5TOro Ha MCXOJHYIO 3arOTOBKY B IONEPEYHOM
cedyeHuu Ha paguycax 0, 2, 4, 6 u 7,9 MM HaHOCHIOCH 360
TOYEK, 9YTO COOTBETCTBOBajo | rpam (puc. 2, a). Hdus
OoJbIIEH TOYHOCTH JAaHHBIE TOYKU OBUTH HAHECEHBI B IIf-
TH pa3HBIX CEYCHUAX IO JUTMHE 3aTOTOBKH (puc. 2, 0).

3areM oOmpenaensanach BEJIMYMHA 3HAYCHUS HAKOII-
JICHHOH cTemeHn aedopManuu I KaKIOH TOYKH Kak
cpemHee U3 IATH 3HAUYCHUH M OBLUTH IMOCTPOEHBI rpaduku
(puc. 3). I'paduku npeacTaBisroT U3 cedst pa3BEpPTKU C
marom B 1 rpan.

Ha rpaduxax 3nauenue 0 u 180 rpaj cooTBETCTBY-
0T Majnoi ocu oBana, a 90 u 270 rpag — GONBIIONH OcH
oBaja.

BuaHo, 4TO 1pH BOJIOYEHUH B KJIACCHYECKOW MOHO-
JIUTHON BOJIOKE HAKOIUICHHAs CTENCHb AeOpMaIuu pac-
TIpeAenseTcs M0 KOHIEHTPUYECKHM OKPY>KHOCTSAM C MU-
HUMaJIbHBIM 3HAQUYEHHEM Ha OCH M MaKCHMaJbHbIM Ha I10-
BEPXHOCTH.

IIpu BojOYeHMHM B OBajJbHON MOHOJMTHOM BOJIOKE
TaKke HAOMIOJAeTCsl HEPaBHOMEPHOE —paclpeiesicHue
HaKoIUIEHHOW crereHn aedopmarmu. Ho B orimume ot
KPYIJIOW MOHOJIUTHOW BOJIOKH, B OBAJILHOM HJIET OoJjiee WH-
TEHCHBHas MPOPabOTKa MeTaJIa Ha OCH TIPOBOJIOKHU, O YeM
TOBOPHUT BBICOKOE 3HAUCHHE HAKOIUIEHHOW JedopMariyu.
Ha pamuyce 2 MM Takxke HaOII0aeTcsi paBHOMEPHOE pac-
npenenenue. C paguyca 4 MM U 10 TIOBEPXHOCTH TIPOSIBIIS-
€Tcs SIBHO BBIPAKEHHAsi HEPAaBHOMEPHOCTh. Tak, Mo Maioi
ocr oBana (90 u 127 rpax) HaOmromaeTcss MakCHMallbHOE
3HaYCHHE HAKOIUICHHOH cTemeHM paedopmanud, a Ha
6omproif ocu (0 m 180 rpax) — MUHHMAIBHOE.

3areM MOJeNMPOBaIM BOJIOYEHUE JAHHOH 3arOTOBKU
B KpYyIJIOM MOHOJIMTHOH BOJIOKe Ha auamerp 12,80 mm.
Pacnpenenenne HakoIUIEHHOH cTeneHH aedopMalyu Mo
CEUYCHHUIO PUBEJCHO Ha puC. 4.

W3 puc. 4, a BUAHO, YTO NPH BOJIOYCHUH B MOHO-
JIMTHOM BOJIOKE XapakTep pacrpelelieHHsi HaKOIUICHHOW
creneHu aedopMaly COXpPaHsETCs, IIPH 3TOM yBEJINYH-
BaIOTCS 3HAYCHUS €€ BEJIMIHHBI.
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Puc. 2. Cxema HaHEeCEHHUs TOUEK B MOTIEPETHOM CEUYCHHUH (a) U 1O JJIMHE 3aroTOBKH (0)
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Puc. 3. Pa3BepTku rpadMKoB HAKOIUICHHOH CTETIeHN edopMauy mocie 1-if mpoTsKKH:
a — KpyrJiasi MOHOJIMTHAsI BOJIOKA; O — OBaJIbHAsi MOHOJIUTHAS BOJIOKA
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Puc. 4. Pa3BepTku rpaMKoB HaKOIJIGHHOI cTeneHH AeopMauH nocie 2-i NpoTsHKKH B MOHOJIMTHOM BOJIOKE:
a — KpyrJiasi MOHOJIMTHAsI BOJIOKA; O — OBaJIbHAs MOHOJINTHAS BOJIOKA

[ocne oOxaTwst oBana B KPYIiod MOHOIUTHOH BO-
JIOKE MAaKCHMAaJIbHOE€ 3HAYCHHE HAKOIUICHHOH CTENeHH
nedopmanuy coxpaHseTcs Ha ocH 3aroToBku. Ha paany-
cax 2, 4 ©1 6 MM OTYETIMBO NPOSBISIETCS HEPABHOMED-
HOCTb, OINpejenseMasl OBAJIbHbIM CEYEHHEM BOJIOKH, C
MUHIMYMOM B Toukax 0 u 180. B otnnume oT Bojo4eHUs
B KPYIVIOM MOHOJIUTHOM BOJIOKE 3HAYEHUE HAKOIUICHHOH
nedopMali B MOBEPXHOCTH UMEET MEHBLIYIO BEJTUUUHY,
YeM Ha OCH 3aT'OTOBKH.

Pe3ynbTaThl ONEHKH M3MEHEHUS YCHIIUS BOJOYEHHUS
B PACCMOTPEHHBIX cII0co0ax MPHUBEIEHHI Ha pHC. 5.
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Puc. 5. U3MeHeHue ycunus BOJIOYEHUS

Kax BugHO M3 puc. 5, mpu BOJOYEHUH B KpYTriou
MOHOJIUTHOH BOJIOKE, yCHUJINE BOJIOUEHMS HUKE, YEM IIPH
BOJIOYEHNH B OBAIbHOW MOHOJIMTHOW BOJIOKE, a 3aTeM
OBaJIGHOH 3arOTOBKH B KPYTJIOH BOJIOKE.

3axioueHue

Boinouenue kpyrioil IpoOBOJIOKK B OBAJIbHOW MOHO-
JIUTHOM BOJIOKE MPUBOIUT K W3MEHECHUIO PACIIPEICIICHHS
HAKOIJICHHOW CTEMEHHU Ie(OPMAIIUH [0 CEUCHHIO MTPOBO-
JIOKH. MakcHMajbHOE €€ 3HaueHHE HaOJII0IaeTCs Ha OCU
MIPOBOJIOKH, B OTJIUYHE OT BOJIOUCHHSI B MOHOJHTHOW BO-
JIOKE, Tlle OHO MMeeT MUHUMAJIbHOE 3HaueHne. Ha masoi
ocu oBana (90 u 270 rpax) HabMFOACTCS MaKCUMAIbHOE
3HaYCHWE HAKOIUICHHOW CTENeHW JeopManuu, a Ha
6oubinoit ocu (0 u 180 rpax) — MUHMMAaNIBHOE.

Bosnouenue oBanbHOW MPOBOJIOKH B KPYIJION MOHO-
JUTHOM BOJIOKE COXpaH’ICT MaKCHMallbHOE 3HAYCHUE
HAKOIUICHHOHW Je(OpPMAaIlMH Ha OCH M IPH 3TOM CHHIKAET
HEPaBHOMEPHOCTb, BBI3BAHHYIO OBAIBHBIM CCUCHHEM.

BosodeHue OBaJIbHOW IMTPOBOJIOKH MPHUBOAUT K I10-
BBIIICHHIO YCHJIHS BOJIOYCHHUSI, [T0 CPABHEHHIO C KPYIJIOH.

Takum 00pa3om, IPUMEHEHHE B MapIIpyTe BOJOYE-
HUS KPYTJIBIX MOHOJIUTHBIX BOJIOK U OBAJIbHBIX MOHOJIHUT-
HBIX BOJIOK Ja€T BO3MOXKHOCTH YIIPABIATH XapaKTepOM
pacmpeneneHusl HAKOIUICHHON CTermeHW JedopMaiuu
MIPOBOJIOKH, TIOBBIIIAsi TEM CAMBIM €€ KaueCTBO.
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RESEARCH OF ROUND HIGH-CARBON WIRE DRAWING IN OVAL ONE-PIECE DRAWING DIE

Kharitonov Veniamin A. — Ph.D. (Eng.), Professor, Departament of material processing technology, Nosov
Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: hva-46@yandex.ru

Usanov Mikhail Yu. — Cand. Eng., Associate Professor, Department of metallurgy and standardization, Nosov
Magnitogorsk State Technical University - Branch in Beloretsk, Russia. E-mail: barracuda_m@mail.ru

Abstract. Drawing in one-piece drawing dies is the primary and usually single-option method of pressure metal
treatment used in manufacturing of various wires both in Russia and abroad. One of the drawbacks of this method is
complexity and almost no capability of achieving regular deformation across the wire cross-section. One of the options
to solve this issue is using oval one-piece drawing dies. However, this issue is understudied. Mathematical modeling
was used for comparative analysis of the deformed state and wire drawing forces in round and oval one-piece drawing
dies. Two drawing routes were modeled for this purpose. In the first route, a round workpiece 16.00 mm in diameter
was drawn through conventional round one-piece dies. In the second route, a round workpiece 16.00 mm in diameter
was first drawn through an oval one-piece die and then through a round one-piece die. The equality of drawings in these
routes were ensured over equal areas by passes. The final diameter in both routes was 12.80 mm. It has been shown that
as compared to the conventional round die, drawing in a round die results in intensive treatment of central wire layers,
which reduces deformation irregularity across the wire cross-section, and in this case the drawing force rises.

Keywords: wire, drawing, one-piece drawing die, modeling, accumulated deformation degree, oval and round
one-piece drawing die, drawing force, comparison
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