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FINITE ELEMENT MODEL OF ELASTO-PLASTIC DEFORMATION
OF SHEET METAL IN CORRUGATED ROLLS
AND LONGITUDINAL-WEDGE MILL

Annotation. This article describes the current state and methodological features of numerical modeling of the
processes of processing of metal by pressure, the main problem points of traditional methods are identified. The
problematic issues of mathematical modeling and, therefore, the study of the strain-deformation state of the
processes of metal processing by pressure are analyzed. This article provides a defining system of equations for
describing the processes of warp deformation in screw-shaped rolls and a longitudinal-wedge mill, and the finite
element method of its solution. The main stages of creating a finite element model in the MSC.Super Forge software
package are described, as well as a method that allows us to predict the deformation distribution in the volume of the
deformable metal taking into account the microstructure features.
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BYPAHJIAJIBI IIIIITHBLIIK ITEH BOMJIBIK-CBIHAJIBI OPHAKTA
TABAKTBI-METAJIIbI CEPITIMAI ITVIACTUKAJIBIK
AEOOPMALUAIAYABIH IHETKI-DJIEMEHTTIK MOJIEJII

Annotamust. Makagana MeTaagapabl KbICBIMMCH 6HICY MPOLECTEPiH CAHABIK MOACTBACYIIH Ka3ipri yakbIT-
TaFrbl JKAFJAHBl JKOHE METOMOJOTIIBIK CPEKIICTIKTEpPl JKasburraH. JIoCTypun omicTeMeNepaiH HETisri Mocenenepi
KepceTireH. Merangapabl KbICHIMMCH OHACY MPOLECTCPIH MATEMATHKAIBIK MOACTBIACYIIH, OCBHIMCH Oipre Kep-
HEyTi-neopMaIysUIbl KYHAl 3epTTey il Mocenenepi TalkpliaHFaH. Makanana OONIBIK-CHIHAIBI OPHAK NCH OypaH-
Jaipl MiNHOUTIKTE JaNbIHAAMAHBI Ae(opManusuiay sl OCHHENCY YINIH KOJNJAHBUIATHIH AHBIKTAYIOBI TCHACYJICD
JKYHeci JkoHE OCBI TCHZEYJIEpAI INCIIeTiH MeTKi 31eMeHT daicremeci kenripinreH. MSC.Super Forge xemenai Oar-
JapIaMachIHAA MIETKI-3JIEMEHTTIK MOJCTBII KYPYAbIH HETi3ri CaThUIAPHL, aJ Tarbl Ja MHKPOKYPBUIBIMIBI €CKEePiI
ne(opMANHAIAHATEIH KeteMAe A¢(HOpMAIMAHBIH TAPAIYBIH O0DKayFa MYMKIHIAIK OCPETiH oaicTeMe OCHHETICHTCH.

Tyiiin ce3aep: Metanaapabl KbICBIMMEH OHACY, WJIEMACY, OypaHIanbl MINHOLTIK, OOMIBIK-CHIHANBI OPHAK,
HIETKi 37EMEHT d7ici, Ae(opMaIms KapKbIHIBLUIBIFGL, KEPHEY KAPKBIHABLIBIFEL, TEMIICPATypa.

Meranmapael HICMICTCH KE34¢ JkaiiMa MAaTCpHAIZAPBIHBIH KepHEYI-IehopMalMsIaHFal KyHiH
(KOK) ecenrey yimiH aHATIMTHKAIBIK dMICTCPAlL KoimanyabiH mekrepi Oap. Ex Gacreicer, omapra esapa
OPEKETTECETIH HBICAHAAP FCOMETPHUSICBIHBIH KYPACILIIrH, Al JaJaHblIaThlH MATCPHATIAP KACHETTEPIHIH
CBI3BIKTBI OOJMAYBIH, COHBIMCH Kartap, OCTTEPIIH J>KAHACHII OCEPJCCYIHIH CPCKIICTIKTEPIH ECKEpY
KKETTLIIrH KaTKe3yra 6onaapl. CoHApIKTaH, MeTanaapasl keicbiMmeH eHaey (MKO) ecenrepin menry
YILIH CaHJbIK 9ICTEPl KOIAAHY KEH TapaabIMFa ue OO0JIIbl, MOCEIICH — IIECTKI DIEMEHTTED diCl.
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Byn oxicTiH MOHIHE CTaHAAPTTHI BJIEMEHTTEPAL KOJJAHBIN TYTAC OPTAaHBI AUCKPETTI OcHHEneyal
katker3anel [1]. Ocel cTaHmapTTel 37AEMEHTTEP YINIH Kyl [eH acdopMmaunms apacklHAArbl e3apa
OaiinaHpICTHl OpHATATHIH HiITHE3repTy (yHKkumsAckl Oearimi. Bip Heican saeMeHTtTepl e3apa TYyHIH
HYKTEIepiHAe GalIaHbICKAH, ONap KAKBIH SJIEMEHTTEP YIIiH opTak Oosbin tabbuiaasl. lemimin Taby aeiH
GapibIK KAXKETTI MEKAPATBIK MApTTAphIH OCPIreHHEH KeHiH, 0ap epKIHAIK Jopeskenepl OOMbIHIIA GapIIbIK
TYHIH HYKTENCPIHIH OpBIH aybICYbIH CHIATTAWTHIH JAepOec TybIHAbUTAPABIH AuddepeHnnanpK
TCHIACYJICP KYHEC KYPBUIAIbI HKOHE MICHIICAl, OFaH KOCA HBICAHHBIH KCPHEYTi-Ac(hOpPMAIIMSUIAHFAH KYHi
AQHBIKTAIATbI.

YKanmer xarmatina, mweTki saeMeHTTep d4iciH (IIID9) xonmaHsm MeTangapabl KBICBIMMCH OHICYAIH
KK ecetey keneci Herisri catslaapaaH Typaasr [1]:

1. 3epTTey HBICAHBIHBIH TCOMCTPHSICHIH TYPFBIZY (KOHBUIFAH MAaKCAaTKa OaMIaHBICTBI CKIOILICMII
HEMECE YIIOIIIIEMI1);

2. bacrankpt nmepekrepal Oepy (madmamaHBIATBIH IHETKI 3IEMECHTTEP TYPIH KOHE KACHCTTEPIH
TaHIay, MaTepUaLIap KaCUETTEPiH Oepy);

3. 3epTrey HBICAHBIHBIH INETKI 3JICMEHTTIK MOJACTIH Kypy (IIETKI 3IEMEHTTEP TOPH TYPIHAE
TCOMETPHSIIIBIK MOJCIbAL YChIHY);

4. MogeapaiH KYKTenyl MEH OCKITUTYIHIH MICKApaNbIK IMapTTapbiH Oepy (KyKTeMemepai Tycipy,
MOZENb TYHIHAEpIHE OCpLIreH epKiHAIK aopekencpl OOWBIHIIA OPBIH ayBICTHIPYIApFa IICKTEY KOO,
MOJCIb 3JICMEHTTEPl apachlHAa TYHICY JKOHE 0acka e3apa OpEKETTeCYAIH TYPJACPIH TCHIACYJICPMCH
CHUIIATTAY);

5.KJK ecenrey (KoagaHbUIATBIH €CEN INCHIKIMTIH TYPl MEGH KACHETTEPIH OEpy »KOHE €CemnTi
MICIIYAIH OKYPICIH aHBIKTAHTBHIH Oackakyire kearipyminepai Oepy. Ecemrey asromarter Typae
JKYpriziaesni).

JKyMBICTBIH aTFammKel CATBUIAPBIHBIE Oipi OOJBIN 3CPTTCNCTIH HBICAHHBIH T'COMCTPHACHIH KYPY
canamangel. OfitkeHi, KIK kepcerkimTepiH xoHE AchOpMALMANAHATHIH JaHBIHIAMAHBI KYPATHIH
SNIEMEHTTEPAIH JKYKTCIYIH 3CPTTETCH KE3/A¢ TFEOMETPHS aca MaHbI3Jbl MOHIEC HMe OOJaabl (HBICAHHBIH
KYPBUIBIMABIK CPEKIICTIKTCPIH TCOMETPUSIIBIK, SPTYPIIl OcHHEey, OPTYpIIl KEPHEY KOHICHTPALIHSIIAPBIH
Ty abIpy abiH HoTiokecinae KJIK mapameTpnepin ecentey iy opTYpPIIl HOTHIKECIHE albIIl KEICA1).

IMimnixi opTypmi mmmHOITIKTEpAEC WISMICICH Ke3Ae Maiiga OOJATBIH METAIUT AFbICHl CTAI[MOHAPIIEI
mpouecc OoNbIm TaObIIMalabl. ONTKEHI YHKEMIC JKaFmaiibl yHeMI e3repim oTepaasl. bynm ecenti exi
emmeMal  aedopmManpsFa KENTIPYre MYMKIHAIK OCpMEHAI, SFHH YOI ©IMEMAI MATCMATHKAJIBIK
momenekacay tamanm eregi. MSC.Super Forge OarmapiaMachiH  KOMAAHBITT KYPBUTBIMBL - KYPICII
M HOUTIKTEPAC IKOJAKTAPIBl WICMICYAl 3¢PTTCY VINIH JKACAIFaH MOJCNIBACP, KYpAST mimmHl Oap
KYPalIMEH LICKTEIrSH KOIEMACT] VIKCH ILIACTUKAIBIK Ae(hopMausiapabl eCKEPel.

Anvixmayviue meyoey sucytieci. OChI xKYMBICTATaOAKTH METALABI OYPaHIATB! MIMTIHOUTIK TIeH OOMIBIK-
CHIHAJIBI OPHAKTA WICMACTCH Ke3iae maiina 6ousir, ruramukaisik e3repetin KJIK ansikray xaxet 60l
KK ecenrrey yiri keneci hyHKUusIapas! maigamasamers [2,3]:

Gij = Gj (x: Yz, t):
x =x (Xo, Yo, Zo, 1);

Y=Y (X0, Yo, 2o, 1); (D
z =2z (Xo, Yo, Zo, 1);
p=p ¥,y z10),

MYHIAFBL Xo, Vo, Zo, X, V, Z — AchopMaLMsUTaHATHIH JACHCHIH MATCPHAIIBIK HYKTCCIHIH OaCTamKbl YKOHE
AFBIMABIK KOOPAMHATAIAPHL; P — THIFBI3IBIFHL, [ — VAKBIT.

Ochl maManapapl aHBIKTAIATHIH MCXAHUKAIBIK aiHBIMAIBLIAP AcT ataiasl. Omapasl VakbITTHH KE3-
KCJITCH Me3eTiHAC Achopmanmsiiay omarsHaa Tabaisr.

(1) dyskumMsTapMbpIHAHAAH KO3FANBIC MMCH VIIKCI3MIKTIH AuddepeHInanapK TeHACYICPIMCH
OaitnanbickaH [2.3]:

Oy, Pg, = pO;
dp @

—+vv, =0.
dt ’

—_— 7 ——



Joxnaovt HayuonaneHo axademuu Hayk Pecny6nuxu Kasaxcman

(2) dopmynacel on Oenrici3ai (G; YIIIH alaThl, ; YIIIH YII, OFAH KOCA THIFBI3ABIK P) OalIaHBICTHI-
PaTBIHABIKTAH, TYTAC OPTAIAP MCXAHUKACHIHBIH MATCMATHUKAJBIK JMICTCPIMCH OJAPIbI IICINY KHBIHFA
COFaJIBI.

Menmikti Macca xymrepl gMeH yaey o mouzaepi MKO kemrereH mpouectepiHAC KCTKUTIKTI a3
MOHICPIe HMEMICHTCH JKOHE ojapasl eckepmeyre Gomaxel. CoHma (2) dopmynansl kemeci TEme-TCHIIK
nmubdepeHIHATABIK TCHACYIHS TypiacHaipyre Ooomansi[2,3]:

o, =0. (3)

(1) Tewmeymep oKyiicCiH Imemmy YIIIH anTel TCHACY kerticmeial. byn teHaeymepai mmemzacy
TeOpuACHIHAA AchOPMALMUIAHATEIH  METAUT  KacweTrepiHe OaimaneicTel  aHbIKTainer. Miemzey
teopusicbiaaa Oyt antel TeHaeyal KK dusukansik Oaiinansic TeHaeyi aen ataias [2,3].

Keprey meH aedopMamusi KbUIJAMIBIFBI JCBHATOPIAPBIHBIH, CHIHAPIAPH KONTETCH JKaraania
MPOTIOPLHOHAIABI OainaHpicTa OOMATHIHABIFE MIEMACY TeopuschiHaH Oemrim [2,3]. Tlmactukambik
aeopmaris TCOPUACHIHAA MYHAAH MPOTIOPLIMOHAABLIBIKTEL KCPHEY MCH ACHOPMALHS KBLUIIAMIBIFbI
JICBAATOPJIAPEIHBIH [TPOITOPLIMOHAABIFBI JCTT ATAHIBI.

Kepuey wmen aedopmaruiss OKBUIZAMIBIFB  ACBHATOPJIAPBIHBIH  POTIOPIHOHAIAB  OafIaHbIC
6o/mKaMBIH Al AaIaHa OTHIPHII, Keseci opMymansl xkasyra domagsi[2,3]:

1
D =D, ;o - 051.]. =y fl.j —§§6U , 4)

MYHZAFHI \J — CKaIAPIIBI KOOCHTKII.
Cxasapiiel KOOCHTKIIITIH \f IIAMACHIH KEJICCl KATBIHACTBIH KOMETIMEH aHbIKTayFa Oomazasr [2,3]:

v = 2%, )

myHzparel T — KaHACY KCPHEYIHIH KAPKBIHIBUIBIFHL, — BIFBICY AC(OPMALMSCH KBLIAAMIBIFBIHBIH
KAPKbIHIBLIBIFBL.

XKorapsina aiiTeirangap Herizinge, unemaereTiH nadsiHaavansiy KJIK ecenrtey yunH MeiHamapas!
aHbIkTay Kaket [2,3]: medopmarms omarsiHBIH opOip HYKTSCIHAC OONIIEKTIH KO3FalIy TPACKTOPHSICHI,
nedopmManmsiay JKoHE KepHEY KyWiaepiHiH kepcetkimtepl. KepHey MeH medopmaims TEH30pIAPbIHBIH
JKOHE AchopMAaIHs KBULIAMIBIFE TCH30PBIHBIH AIThl CHIHAPBI, AFBIC KBUIIAMIBIFBI BCKTOPBIHBIH YII
celHapel aedopmauvsiaHaTeiH - gadeiHAaManelH KK cHmaTTadThIHABIHEL OKOFaphIga  KEIATIPUITCH
JKYMBICTapAaH Oeurii.

HnemzeyaiH cepmiMAIiMIaCTAKANBIK, SCCIITEPIH IMCITKEH KE3/¢, MACCAHBIH, UMITYJIBC TICH SHEPTHS
CaKTaTy 3aHAPBIHBIH canapblHAHIAK 12 OONaThIH TeHZCYICP )KYI/ICCIH nakiaanaHaisl. KOOp,Z[I/IHaTTapL[LIH
JEKAPTTHIK KYHECIHAC TCH30PIBIK TYPAC KOJAAHBLIATEIH HETI3M TCHACYIEP Keeci Typre uemaeHai [2.3]:

JaehopMatMsHBIH Y3IKCI3AIK TCHACYI:

das
—+ov,, =0, (6)
dl ]
KOJICM TYPaKTHUIBIFbIHBIH MIAPTTAPEL:
Vipy =Vp: ™
KOBFAJIBIC TCHALYI:
P, =0, ; 8)
JKBLIYOTKI3MLITIK TCHACY:
de
yAG +TH +0'§=cpd—; ©)
1
KHHCMATHKAIIBIK KATBIHACTAP:
& =12, +v,,); (10)
CHIFBIIMAY LIBUTBIK TCHACY1
v. =0, 1)




ISSN 2224-5227 Ne 2.2017

2 2 2
MyHAAFBI (-----=---==-=mmmmm o~ Y — JKBUTyOTKI3riTIK KO3pOUIMEHTI; A = 0 —+ 0 - +a—27 Jlanmac
ox” oyt oz
mubdepeHIHanAbK onepaTtopsl; ¢ — medopMauMsUIAHATBIH - JCHCHIH MATCPUANABIK OeNmeriHiH

TEMIICPATypachl; ¢ — MEHIIIKTI MAaCCAJIBIK, JKbIIYCBIHBIMABUIBIK, O, — KCPHEY TCH3OPBIHBIH CBIHAPJIAPHI:

i
(o2 if = —5]9 + Sl.j , MyHIarel P P = p( £ e) Q)yHKuI/I;Icm peTiH;[e AHBIKTAJIAbI.

Mmuzec axKKBINTHIFBIHBIH I[HAPTTAPEl OPBIHOAIFAH KE34C, KATTHI JCHCHIH CCPHIMAITUIACTHKAIIBIK
arbichiH [Ipasarie — Petic TypiHzaeri (hu3uKamsIK KaTeiHACTapMEH Obltai Oetineneyre 6onansl [4]:

£6

. _ i

S, +As, =24 &, ———|. (12)
3

A >0 wmoninge gedopmanms maacTukanbik, Kyhae Gomame, A =0 wmoHinge - aedopmamms cepmiMai

Ky#zae Oomagsl.

(1 - 12) Tenaeynepinae xeneci Genrinep nafizanansuran[2,4]: o, s, gti. — KCPHEY TCH3OPBIHBIH,

i
KCPHEY JCBHATOPBIHBIH JKOHC acdopmanus KbUIJAMIBIFB TCH3OPJIAPBIHBIH ChHIHAPIAPHl (COMKeCTI
JKA3BUFAH), P — KBICBIM, } — KOmeM, p — THIFBI3BIK, 5,]. —Kpouekep cumBOIIBL, 7, ] MHICKCTCPIHIH

opKachICH peTneH 1, 2, 3 MoHAepiH KaObuiaaiiapl. YakslT OOMBIHIIA TYBIHABIHBI AHHBIMAIBIHEIH YCTIHE
KoMbLTFaH HYKTe Olnmipeni. ColkecTi KEHICTIKTI aifHBIMATIbI OOMBIHINA TYBIHABIHBI TOMCHI1 HHICKCTEP
apaceIHIarsl YTIp Olagipeni.

JKorapeiga KENTIPIATCH >KYHEHI PEONOTHAIBIK TeHACY asxtaimpl. Onx medopmanms KeASpTICiH
nedopmarust qapeskeciMeH, aehopMaIiys KeUIIAMIBIFBIMCH JKOHE TEMIICpaTypaMeH OaiIaHBICTHIPAIBL:

5 = E(gaxe 2 gaxs 2 9) 2 (13)

MYHIAFBL O , s Coxr IKBHBAICHTTIK KEpHEY, AcOpMALMs KOHE JKBLIZAMABIK Adpexkeci (colikecti
JKa3bLIIFaH).

Kypan Oeti GoiibIMEH METAIABIH CHIPFYBI XKYPETIH OCTTIK aiiMakTa, IICKapajblK IIapTTap apanac
6o TaOblmanpl. MyHAa MaTepHANIBIH KBUITAMIBIFEL OTKI30CYIIITIK MIAPTHIH, al maiiza GomaTeiH
KEpHEYICp — YHKEIIC IapThIH KAaHAFATTAHABIPY KaKeT. OTKI30CyIIIIK [apThl KeACCl TYPAC KOPCETIICAL:

on; =0, (14)
SIFHH YKBUTIAMIBIK BEKTOPBIHBIH 0 OCTTIHHOPMAITIHE? IPOSKITHSICHI HOJITE TCH.

XKacamran Mogensae yikemcTi eckepy yuns, A H.JIeBaHOB YCBIHFaH jKoHE TOXKIPUOEAC TEKCEPIITCH

YHKEITiC 3aHBI KOTAAHBLIAAB [5]:

Ft — m i(l _ e—1,25(a,,/5))’ (15)

NG

MyHaars F— yiikenic kepHeyi; m — yiikenic GakTopsl; G, — KalbIITH JkaHacy KepHeyi; O - aedopmarus
KeAepricl.

CoHbIMCH Karap, NAWBIHAAMAHBIH JKBUTYJBIK TponecTepi ac moacapacHenl. edopmarmsiiaran
Ke3JeTl JadbIHAAMAHBIH TEMIICPATYPANIBIK OPICIH ©CeNTey VINIH TINHO3rCPTYMIH  aJIbIHIAFbI
JAABIHIAMAIA JKBUTYABIH TAPAIYbIH, SIFHH OaCTamlKbl KBUIYJIBIK IHCKAPAIBIK [MAPTTAPABl OLTY KaKeET.
JKp1ny oTKI3riINTIK TEHACY1 YILIIH IEKapaIbIK JKbUTYIBIK [IAPTTAp MBIHAHJAN TYpAe Oepineai: KOHBEKTHUBTI
JKBUTYAIMACy MEH 00C OCTTE COVIICICHYMEH XKbUTy Oepy; YHKETICETIH METAII MCH KYPATIbIH JKAHACATHIH
OeTiHze KblTy GermiHy Al €CKepill, Kypal MEH METa/lI JKaHACKAH Ke3aeri OSTTIK XKLy aIMacy.

Kamner amrasna, 3 emmemal arpicta KepHEy, acdopmanms MEH Ac(OpManys KbLIIAMIBIFBI
TCH30PBIHBIH OapIIbIK ChIHAPIAPHI HOMre TeH eMec exerl Oenrini. CoHApIKTaH ecenTenyl KakeT. Anafiza,
kepHey, Jedopmamms MeH aedopMaiys KbUILAMABIFBIHBIH —TECH30pPJIaphl BH3YAIABl  CIECTETYTE
(Bu3yangayra) KWBIH HEICAH OOJNBIN KEIECTIHTIKTCH, TIXKIPHOCTIK Makcarra KepHEy, AchopMalus MEH
JehopMarList JKbULAAMIbIFBIHBIH KAPKBIHIBUIBIKTAPI CHSAKTHI KaparmaibiM KOpCCTKIIITEPAl MaiianaHraH.
Ketibip xargaitnapaa Oyt mamManapasl HOTHKET KepHEY, aehopMaItust skoHe AehopMariust JKbLUTIBIMIBIFBI







