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MATEMATHUYHE MOJEJIIOBAHHS ITPOLIECY ITPO®IJIIOBAHHS TPYB
Bosipkin B.B., Peme3s O.A., ITosabiia O.C.
Vkpaincokuli depicasHuli yHigepcumem HayKu i mexHoo02iti

3acTtocyBaHHSI MPOGIIBHUX TPyd, Yy TOMY UMCJIi KBagpaTHUX, IIOJSITA€E B
3HMKeHHI BUTpAT MeTajy Ha BiIXOAM MpPU BUTOTOBJIEHHI 3aroTOBOK, CKOPOYEHHi
IIMKTY OOpOOKM, 3MEHIIeHHI MapKy MeTaJo-00po6II0BaHOrO OOJagHAHHS IS
3abe3meyeHHsT 3aJaHOr0 00CSITy BMPOOHMIITBA 3aroTOBOK Ta iH. [1, 2]. KBagpaTHi
TpyOM MalOTh BeIMKY B ITOPiBHSIHHI 3 KPYTJIMMM HECYyUy CIIPOMOSKHICTh Ha OAVHUIIIO
Macy, o JO3BOJSIE OTPUMATH 3HAaUHY €KOHOMII0 MeTaly, 3HU3UTU Bary 3aroToBOK,
a TaKOX TMOJIMIINTHA YMOBM 300pKM MalIMH i KOHCTPYKIIii [3].

Criocobu mpodimoBaHHS MIJISIXOM BOJIOUIHHSI 4Yepe3 BOJOUMJIbHI KiJIbILIsl
XapaKTepU3ylTbCSI HU3bKOW e(dEeKTUBHICTIO, OCKiJIbKM TIpU iX BUKOPUCTAHHI
HeoOXiIHO BMKOHYBaTM 3a0MBAHHSI TOJIOBKM, HaHECeHHS Ha 3aroTOBKY
MiAMacTUIBLHOTO IIapy i 3MallleHHsI, BUAaieHHs 3MalieHHs [4, 5].

TeopeTMUHMMM OOCTIMKEHHSIMM 3MiHM (OpPMMU TIOIEPEUHOrO IMepepisy mpu
npodiMoBaHHI MOKa3aHO, 1[0 MOKJIMBE CTBOPEHHSI BUITYKJIOCTI ab0 yBirHYTOCTi
CTOPIH € pe3yJbTaTOM IIOCTYMOBOI 3MiHM (hOpMM 3aTOTOBKM IIiJl BIIMBOM 30BHIllTHiX
HaBaHTaXeHb i He MOB’sI3aHe i3 BTPATOIO CTiiKoCTi. Takuii migxin ;03BOMNUB 3pOOUTHU
HACTYIIHMII BMCHOBOK: KiJIbKiCTh MPOdiT0UMx KiiTei (KiJbKiCTb IPOXOMIiB) He €
BM3HAYAIOUOIO, 3 TOYKM 30py BUTOTOBJIEHHS TPyO 6€3 BUITYKJIOCTi ab0 YBirHYTOCTi,
TOOTO TIpo(iNibHI TPYyOM 3 MPSIMOMIHIHMMM CTOPOHAMM i MaJMMM 30BHIlTHIMMU
pajgiycamMyu iX CIIOJyYeHHS MOXYTb OyTM OTPMMAaHi i 3a OAMH TIPOXiJ B OMIHIiA
YOTUPHOXBAJIKOBIl KIIiTi, BaJIKM SIKOi MalOTh BiATIOBiAHY KayliOpoBKy [6]. IcHyOuMit
MeTO/I pO3paxXyHKy He J03BOJISI€E BU3HAUUTY BeJIMUMHY CUJIU ITPOIITOBXYBAHHS, TOMY
IOCTimKeHHsT (OpMO3MiHM 3a [OIOMOIOK CYYaCcHMX METOMiB KOMIT'IOTEPHOTrO
MOJIeI0OBaHHS € aKTyaJTbHUMIU.

Iisi  [mOC/HimKeHHS MeXaHi3My TMOSIBU BUMIYKIOCTI (YBirHYTOCTi) CTOpiH
npodiato, CTOBIIEHHS CTiHKM i cwiM mpodisitoBaHHS B 3aJIeXKHOCTI BiJ, TaKUX
daxkTopiB, AK Mmarepian i reomeTpuuHi po3mipu 3aroToBKu, dopma i po3mipu
YOTUPbOXBAKOBUX KaibpiB BUKOpMCTOBYBasach mporpama QForm [7]. QForm - 11e
KOMILJIEKC JIJIT MaTeMaTUYHOTO MOIe/IIOBaHHS MPOIeciB 0O6poOKM MeTajliB TUCKOM
Ha OCHOBi MeTOAY CKiHUEHNX eJIeMEHTIB.

JIJis1 CTBOPEHHST TPUBUMIPHOiI MOJIesli YOTMPbOXBAJIKOBOTO Kaaiopy mpoBeIeHO
PO3paxyHKM TeOMEeTPUYHUX IMapaMeTpiB KajaiOpy 3a MeToauKaMM, HaBeAeHVMM B

poborax [2, 6].
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CxeMma Kayibpy HaBeieHa Ha PUCYHKY 1.
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Jlo po3paxyHKy Kasiopy 1 — ponuku; 2 — 3aroToOBKa; 3 — MITOBXa4

Pucynok 1 — CxeMa 4O0TMPbOXBaJIKOBOT'O KajIiopy

[yist po3paxyHKiB OyJv BUMKOPUCTAHiI peoJIOriuHi BjacTMBOCTI cTasmi 19MnB4.
Cuan TepTs MiX 3arOTOBKOIO Ta iHCTPYMEHTOM IIpU IIPOKATIIi pO3pPaxOBYBa/IMCh IO
mopesni JleBaHOBa, TaKOX OyB 3amaHuii KoediiieHT JleBanoBa 1,25 i ¢akTop TepTs
0,5, mo BiAmoBigae ymoBaM MpoOKaTKM 0e3 3acCTOCYBaHHSI 3MalllyBaJlbHUX
marepiasiis.

30BHIIIHIN giameTp 3aroToBKM — 20 MM, TOBIIMHA CTiHKM 3MiHIOBanach Bifg 0,5
Io 3,5 Mm 3 kpokoM 0,25 MMm. [IJIsT KOXKHOTO 3HAUEHHSI TOBCTOCTIHHOCTi 3arOTOBKM
OTPUMYBAIMCh aHi 111010 3HaUeHHS WK i pikcyBasach MakCMMaibHa BeIMUMHa.

AHaji3 OTpMMaHMUX JAHMX IT0Ka3aB, [0 MPUYMHOI0 MPOTUHY IO IIEHTPY OOKY
npodino TpyOou € HaIBHICTh B I[bOMY Ilepepi3i HaIlpy>XeHb, IO PO3TATYIOTb Y
BHYTPIIIIHIX IIapax i CTUCKAIOTh B 30BHIllIHIX 3 MOYaTKy Ipoiecy dopmo3minu. Ha
BHYTPIllIHi/i MOBEpPXHi [il0Tb HAMNPYKEHHS PO3TIry, CIPSIMOBaHi B MPOTWIEXHI
CTOPOHMU 10 KyTiB TPyOM, IO i MPU3BOAUTH IO MAKCHMMAJIbHOTO IPOTMHY B I[bOMY
nepepisi. AHa/Ii3 OTpMMaHUX AAHUX TO3BOJIMB 3POOMTYU BUCHOBOK MPO 3a/IEXKHICTD
dopmu cropiH Tmpodisio Bim Miclsi KOHTAKTy iHCTPYMEHTYy i IIOBepXHi
npodinboBaHoi TpyoM, a TaKoX Bim criBBigHOmeHHsT D/S 3arotoBku. Ilpu
npodiyroBaHHI TOHKOCTIHHMX TpPyO 3a Iepiof 3TMHY MPOTMH CTOPOHU [IOCSTAE
6i/ibIIOr0 abCOMIIOTHOTO 3HAuUeHHS, L0 He [03BOJISE OTPMMYBATU Taki Tpyou B
KayTibpax, BaJIKM SIKMX MalOTh [VIAJKy OOUKY.

BucHoBku. CTBOpeHO MaTeMaTMUHY MoAedb IMpoiecy TpodioBaHHS

KBaJipaTHUX Tpyd B HENPUBOAHIM KIIiTi 3 YOTUPHOXBAJIKOBMM KaJlibpoMm
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IIPOIITOBXYBAHHSIM. Bu3HaueHo, 10 3i 30ijbIIeHHSIM MOKa3HMKa D/S 3aroToBku
CIIOCTePIiraeTbCs MafiHHS BEJIMUYMHU CUJIM MPOIITOBXYBAaHHS. 3 POCTOM ITOKAa3HMKA
D/S 3aroToBKM CIIOCTepiraeTbCcsi MaMiHHS BeJMUMHM BiJTHOCHOTO TOTOBILEHHS
TOBIIMHM CTiHKM TOTOBOi TpyOM B KYTOBMX 30HAX Ta 3POCTAaHHSI BeIUUMHU
YBIirHYTOCTi CTiHKM KBaJIpaTHOI TPYyOu.
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MATHEMATICAL MODELING OF THE HOLLOW PROFILES FORMING PROCESS
Boiarkin Viacheslav, Remez Oleh, Polshcha Oleksandr

Abstract. Steel alloys containing manganese and boron are increasingly being
used in mechanical engineering, including automotive and agricultural sectors.
Products of critical application made from such steels, including hollow ones, have a
high level of mechanical properties, surface hardness, and wear resistance. These
products are obtained by profiling of previously electrically welded round pipes with
a hot sheet stamping or pressure treatment (drawing, cold rolling, stamping).
Technological parameters of combined processing methods are determined by the
results of experimental research, which, due to the complexity and cost of materials,
leads to significant expenses. The application of mathematical modeling can reduce
the number of experiments and forecast the quality of finished products. The
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research focuses on investigating the possibility of obtaining square hollow profiles
by means of push-pulling through one stand of a pipe welding unit and defining the
requirements for geometric parameters of the billet.

Keywords: steel, profiling, metal forming, pushing, force, shape change.
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