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Conducted a three-phase finite-element simulation of the process of bending sheet metal up to 180 °
through the software package Deform 3D. Received distributions of stresses and strains, as well as the force
curves on the instrument. Analysis of deformation zone geometry is performed. Mathematical description of
deformation zone is gained.
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YIIUPEHUE TOJICTBIX Y3KUX JIUCTOB IIPU ITIPOKATKE
C KHHEMATHYECKOU ACUMMETPUEN

B nmabopaTopHbIX ycrmoBHsX Ha 00pa3iax W3 CBHHIIA M3ydald XapakTep IUIACTHYECKOTO TEYECHUS METaia B
MOTIEPEYHOM HAIpPaBIEHNH TPHW ACHMMETPHYHOM TIPOIECCE€ IPOKATKH TOJICTHIX JIMCTOB. ACHMMETPHIO
CO3/laBaJIM Pa3HULEN CKOPOCTEM BpallleHUs! BaJKOB. Y CTAHOBJICHO, YTO NP MPOKATKE C KUHEMATU4YECKOH
ACUMMETPHUEN YUIMPEHUE CO CTOPOHBI BEAYILIErO Bajika BBIILIE, YEM CO CTOPOHBI BEIOMOTO. Pe3ynbpTarhl
WCCIIEIOBAHUS TIO3BOJIAIOT PEKOMEHIIOBaTh IPHMEHSATh KHHEMAaTHYECKYI0 AaCHMMETPHIO IIPH IPOKATKE
TparenreBUAHbBIX Mpod el Ha riagKon Oouke.

KiroueBble cjioBa: YmiupeHue, TOJICTBIN JIUCT, KHHEMATUYCCKasl aCUMMETPHA.

B nacTosiee Bpems A MOBBIIEHUS KOHKYPEHTOCIIOCOOHOCTH COPTOBOIO
IpoKaTa 3a CUYET CHIKEHHUS pacxojla BaJKOB BCE OOJbIIE BHUMAHUA YIEISIOT
TEXHOJIOTHUHU MPOKATKH Ha Ii1aaKoi 6ouke [1].

OaHuM W3 HampaBleHWW pa3BUTUSA JTHUX TEXHOJOTUH MOXKET OBbITh
aCUMMETpPHUYHAsI POKaTKa COPTOBBIX Mpoduieit Ha raaaKoit 0ouke [2].

JIJ1st acMMMETPUYHBIX TTPOLIECCOB MPOKATKM XapaKTEPHO HE TOJBKO CHHKEHUE
cwibl TipokaTku [3, 4], a U mepepacmpeneseHue OO0XKaTUK MEXAY BEIyIIUM U
BEJIOMBIM BaJKaMH, KPYTSAIIMX MOMEHTOB [5] W JApPyrux mapameTpoB Mporiecca
MIPOKATKHU.

Opnako XapakTep IUIaCTUYECKOrO TEUYEHHMs MeTajyla B  IONEPEYHOM
HaIpaBJICHUM MO BBICOTE pacKara MpPU aCUMMETPUYHOM MPOKATKE TOJICTHIX JIMCTOB
M3Yy4YeH HEJ0CTAaTOYHO.

[lenbto maHHOM pabOTHI SABISETCS M3YUEHUE BIUSHUS O0XKATHS B MPOITYCKE U
IIMPHUHBI MTOJKATa Ha IUIACTUYECKOE TEYEHUE METaula B MONEPEYHOM HaIpaBJICHUHU
MIPU TIPOKATKE TOJICTHIX JIUCTOB C KHHEMATUYECKON aCUMMETPUEH.

UccnenoBanust TedeHWs MeTalla B IIONEPEYHOM HANPABICHUH ObLIA
MpoBeNeHbl Ha oOpasmax w3 cBuHIA. [locie ornuBku oOpasibl (pesepoBanu Ha
TpeOyeMblii pa3Mep B TOPU3OHTAIBLHO-(PE3EPHOM CTAaHKE UUIMHAPUYECKUMHU
dbpeszamu.

Bnusnue nedopmanuu B mpomycke Ha YUIMPEHHE CO CTOPOHBI BEIYIIEro M
BeJoMOro uccienoBaiu Ha odpasmax 30x30 mm. Iyt aToro oOpasibl IpoKaTalid Mo
TpeM pexumam o0xaTusi (10 MEepeMElIEHUI0 HAKUMHBIX BHHTOB) B IPOIYCKE —
3,6 MM, 1,8 MM 1 0,9 MMm.
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JIist u3ydeHus BIWSHUAS ITUPUHBI PacKaTa Ha YIIUPEHUE ObLTH TOTOTOBICHBI
IpyIIbl 00pa3IoB C OTHOIICHUEM IIUPHUHBI 00pasiia k ero tomuue 1 (B/H=30/30),
1,25 (40/32), 1,57 (44/28) u 2 (32/16).

[TpokaTky 00pa3ioB MpoBenu Ha JlabopaTopHOM cTaHe nyo kadeapst OMJ]
HouHTY (mymna 6ouku Banka — 170 mm, MakcuManbHblil nuametp — 100 mwm). s
POKATKK OBbLIM TOJ0OpaHbl BajJKU PABHOrO JUaMeTpa. ACUMMETPHUIO CO3/aBaliu
pa3HUIIEM CKOpPOCTEM BpallleHus JABUTarelied TriiaBHoro mnpuBoga. Ckopoctu
BpallleHUs JBUTATEJIe TJIAaBHOTO MPHUBOJA M3MEPSIU TaxoreHepatopamu. CurHan c
TaXOT€HEpaTOPOB  PETHCTPUPOBAIM mpu  momou  ocuwmiorpada H-143.
CooTHolIeHHE CKOpPOCTEH BpaICHUS MPUBOIHBIX JBUTATENEH MPH MPOBEICHUH

UCCJIeIOBaHUN OBLIO HEM3MEHHBIM M COCTAaBIISLIIO (TI€pe1 MPOMYCKOM) /N2 = 9,2.

[Ipy mnpoBeneHHHM HCCIEIOBAaHUSA C MCIOJb30BAaHUEM aHAJIOr0-LU(PPOBOTO
npeobpazoBarenss (AIIL]) wu3Mepsnum Ccuily MPOKAaTKH, HW3MEHEHHE KOTOPOM
peructpupoBanu Ha [1K. Cxema noakmouenust narunkoB k AL (puc. 1) nmo3Bossier
PErHCTPUPOBATh OBICTPONPOTEKAIOIIME MPOLIECCHl MPU NEPUOAE H3MEHEHHS 10
10 mxc, auckpetHocTd — 10 0,667 MKC, 4acTOTHI U3MepeHus — 10 22,9 I'm.

WccnenoBanust MOATBEPAMSIM, YTO MPU CHUMMETPUYHOM TMPOKATKE cuja
MPOKAaTKU MO JJIMHE packaTa He Hu3MeHsercs (puc. 2a), a IUIABHOE HU3MEHEHUE
paccoriiacoBaHue CKOPOCTEM BaJKOB NPUBOAUT K YMEHBIIEHUIO CHJIBI MPOKATKU
(puc. 20).
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Puc. 1 — [IpuHIMnuaneHas cxema U3MEPEHHUS CUIIOBBIX MAPAMETPOB MPOLIECCA MPOKATKH:
1 — u3MepuTeNbHBIN MOCT; 2 — 0€3yCHUIUTENbHBIN OJI0K; 3 — yCUIIUTENh; 4 — aHaOoroBO-1IU(POBOI
npeoOpa3oBareib; 5 — NePCOHAIbHBIA KOMIBIOTED
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' Bpems, cex a Bpensi, cex 0

Puc. 2 — MI3meHeHue cuibl IPOKATKY 110 AJIMHE packaTa: a — TP CUMMETPUYHOM
1 0 — aCUMMETPUYHOI MpOKaTKe
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HccnenoBanre MoNepeyHOro T€YEHUsl MeTalla MOATBEPINIIO, YTO YIIMPEHUE
IpyU CUMMETPUYHOM MPOKATKE OJWHAKOBO KaK CO CTOPOHBI BEPXHEro, TaK U CO
CTOPOHBI HKXKHEro BaJIkoB (puc. 3a). Ilpu acuMmeTpuyHON NMpOKATKE YUIUPEHHUE
HOCHUT JIPYTOM XapakTep — CO CTOPOHBI BEIYIIEro Bajka OHO OOJIbIIE, @ CO CTOPOHBI

BEJIOMOT0 — MeHbIIIe (puc. 30).
[Tpu 3TOM cieayeT OTMETHTh, YTO WHTCHCHBHOCTh M3MEHCHHSI YIIUPECHHS CO

CTOPOHBI BEIYIIErO BajKa BBINIE, YeM MPU CUMMETPUIHON MPOKATKE, a CO CTOPOHBI
BEZOMOIro — HIXKe (puc. 4).

Puc. 3 — [Nonepeunsiii npoduib 00pas3LoB: a — Moc/ie CAMMETPUYHON
u 0 — mocje aCHMMETPUYHON TPOKATKH

OT0 BBI3BaHO clieayromuM. IIpy acUMMETpUYHON MPOKAaTKE Ha KOHTAKTE
METAJIJI C BEAyLIMM BAJIKOM B pacKaTe BO3HUKAIOT HAIPSHKEHMsS CXKaTusd, a Ha
KOHTaKTE€ C BEIOMBIM — paCTSDIKEHUA. OJTO NPUBOJUT K TOMY, YTO CO CTOPOHBI
BEJIOMOI'0 BaJIKa BIWSHUE IOANUPAIOIIMX HANPSIKEHUM MEHBILE, YEM CO CTOPOHBI
BEIYLIEr0 M, CJIEAOBATEIbHO, MEHBIIE COINPOTHUBIICHUE TEYCHUIO METaUla B
MIPOJIOJIBLHOM HAIIPABICHUH.

HccnenoBanus mokaszaiv, 4YTO HauOOJbIIAs pasHULA MEXAY YUIMPEHHEM CO
CTOPOHBI BEIYILIETO ¥ BEAOMOIO BAJIKOB IPU 00XaTUU B Iiporycke 1,8 MM.

[upuna packara, MM

Howmep npomnycka

Puc. 4 — 3menenune mupunsl 00pa3noB 19x54x150 MM o mpomnyckam: a — Ipu CUMMETPUYHOM
MpOKaTKe; O — CO CTOPOHBI BEYILIETO U B — BEAOMOI'0 BaJIKOB IPU aCUMMETPUYHOMN MPOKATKE
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OT0, MO HamleMy MHEHHIO, BbI3BaHO ciaeaywomuMm. Ilpu  OGonbimx
NnepeMeIeHUsIX Ha)KUMHBIX BUHTOB (Ha 3,6 MM) B TEpBBIX MPOIYyCKaX 3a CYET
nedopMaliui  MOBEPXHOCTHBIX CJIO€B BO3HHUKAET JABYXCTOPOHHUN «HAIUIBIBY,
KOTOpBIM HMCKaKaeT HWCTUHHYIO KapTUHY YUIMPEHUS MNpU JAHHOM IEpEeMEIICHUU
HaKUMHBIX BUHTOB. [Ipr HEOOIBIITNX TIEpeMENIEHUIX HAKUMHBIX BUHTOB (Ha 0,9 MM)
M3-32 MaJICHBKOTO 00aTus OOJjbIlas 4acTh MeETala MEpeTeKaeT B IPOJ0JILHOM
HaIpPABJIEHUM U, CIIEAOBATEIIBHO, YIIUPEHUE U3MEHSIThCA MEHBIIIE.

Hcxons W3 MOMyYEHHBIX BBIIIE PE3YJbTaTOB, BIWSHUS IIMPUHBI packara Ha
YIIMPEHUE CO CTOPOHBI BEIYyLIEr0 M BEAOMOIO BaJKOB HCCIEAOBAIN IIPHU
MEPEMENICHUY HAXKUMHBIX BUHTOB Ha 1,8 MM 3a IpoXoI.

YBenuyeHne MUPUHBI pacKaTa YMEHBIIACT BIMSHHUE  IOJNUPAIOIIAX
HAaNpSDKEHWM CO  CTOPOHBI BEAYIIETO BaJKa, YTO MPHUBOAUT K CHIKEHUIO
nepepacnpeeseHus yumpenus (puc. S)
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OTHoIIIeHHe MAPUHEI JIUCTa K Tommuae B/H

OTHOIIEHHE IUPUHBI CO CTOPOHBI BEYILETO BaIKa
K OIMPUHE CO CTOPOHBI BeoMoro Banka B,/B,

Puc. 5 — 3aBucumoctu nepepacnpezeneHus MUPUHBI
CO CTOPOHBI BEAYUIETO U BEIOMOIO BaJIKOB OT UIMPUHBI pacKaTa

BoiBoabl. Takum 00pa3oM, Mpu MPOKATKE TOJICTHIX JIUCTOB ¢ KWHEMATHYECKOM
ACMMMETPHUYHON YIIMPEHUE CO CTOPOHBI BEAYIIEro Bajka OOJbIIIE, YeEM CO CTOPOHBI
BEIOMOr0. JTO IIO3BOJIIET INPHU IPOKATKE COPTOBOrO IMPOKATa TPANECHUEBUIHON
(dbopMbl THUIIA peccop, MAaHTOrpaPoB, TOKOCHEMHBIX YCTPOIMCTB, HOXKEH I'pelepoB U
T.J. 3aMEHUTh MPOKATKy B psAAe KanuOpOB Ha MPOKATKY Ha Trajgkod Oouke ¢
KWHEMATUYECKOW aCUMMETPHUEH.

[lepepacnpenenenne yimmpeHus MEeXIy BaJIKaMd B 3aBUCHUMOCTH OT 00KaTus
HOCHUT HE MOHOTOHHBIN XapaKTED.

C yBenuyeHUWEM IIUPHUHBI JIUCTA TEpEepactuperesiCcHue YIIUPEHUS MEXIY
BCAYIIUM H BCAOMBIM BaJIKAMHW MOHOTOHHO Y6LIBaeT.
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YmupeHue TOJCTbIX Y3KHX JIMCTOB IPH MPOKAaTKe ¢ KHHeMaTH4yeckoii acummerpueii / Cmupaos E.H.,
MutbeB A.Il., BaiikoB E.B. // Bicuuk HTY «XIIl». Cepis: HoBi pimeHHs y cydyacHUX TEXHOJIOTifAX. —
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Y naGopaTopHHX yMOBax Ha 3pa3KaxX 31 CBUHIFO BHBYAIM XapakTep IUIACTUYHOI Tedii MeTamy B
MONEPEYHOMY HANPSIMKY IPU aCHMETPUYHOMY TPOIeCi TPOKATKH TOBCTHX JIUCTIB. ACHMETPII0 CTBOPIOBAIH
PI3HHUIICIO IIBUAKOCTEH 0OepTaHHs BaJIKiB. BCTaHOBJIECHO, 1110 NPU MPOKATII 3 KIHEMAaTHYHOI aCHMETPIi€r0
MOMIMPEHHsT 3 OOKY BEIydOoro BaJika BUILE, HDK 3 OOKY BeIEHOro. Pe3ynbTaTH IOCIIKEHHS H03BOJISIOTH
PEKOMEHIYBaTH 3aCTOCOBYBATH KiHEMATHYHY aCHMETpPII0 MPH MPOKAaTI[i TpamneumienoMioHux mpodiniB Ha
riaaKiil oour.

Karo4oBi ci1oBa: nommpeHHs, TOBCTHIA JIUCT, KIHEMaTUYHA aCUMETPIsI

In the laboratory on samples of lead studied plastic nature of the metal flow in the transverse
direction at the asymmetric rolling process thicker sheets. Asymmetry created different velocities of rotation
of the rollers. Found that the rolling kinematics asymmetric broadening of the driving roller is higher than
the driven side. The study results recommend the use kinematics asymmetry in rolling trapezoidal profiles on
the smooth barrel.

Keywords: broadening, heavy plate, kinematics asymmetry
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NEPCIHEKTUBBI PA3BBUTHS ITPOIIECCA IT'OPSTUEM
NMUAJIUTPUMOBOM IPOKATKHU TPYB

PaccMOTpeHbI  OCOOCHHOCTH Tpollecca MPOM3BOACTBA Tpyd Ha TpyOONPOKATHBIX —arperarax ¢
MUWIATPUMOBBIMH CTaHAaMHW W TICEPCHCKTHUBBI €TO0 pa3BUTHA. Cpe}:[I/I MNPUOPUTETOB IJId MOACPHHU3AIMKU H
pekoHcTpykuuu arperata 5-12" ITTAO «MHTEPITANII HT3» 0TMe4aioTCst CIeayIOMie: epexo ] K IpsiMOil
MPOIIMBKE THJIB3 U3 KPYIJIOH HENPEPHIBHOIUTON 3aroTOBKH Ha KOCOBAJIKOBOM CTaHE, BHEIPEHUE HOBBIX
TEXHUUYECKUX PEIICHUN 10 CHIKSHHUIO TEXHOJIOTHYECKOW 00pe3u Ha MUIIMTPHUMOBOM CTaHE, MOJICPHHU3AIIHS
MOJTAFOIIUX AIIapaToB.

KaroudeBsle cioBa: TpyOa, CcTaH, NHIMTPUMOBas IPOKAaTKa, IMOJAIOINIMN ammapaT, 3aTpaBKa,
MUIATPUMOBAs TOJIOBKA, MpsiMasi MPOIITUBKA.

© B. Il. Cokypenko, A. H. Cremanenko, [{. }O. 'apmamos, 1O. 1. Yrpromos, 2013
148



