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OLEHKA BO3MOXHOCTU NOBbIWLWEHUA TOYHOCTHU
FrEOMETPUYECKUX PASMEPOB TPYB 3A CHET COBMELLEHUA
NMPOLIECCOB BOKOBOI'O NPECCOBAHUA U PEOAYLIMPOBAHUA

E.A. Anrowkaes, 5A.U. Kocmauykud, B.I1. LLlymetiko
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. YensbuHck

IIpencraBineHa 1 000CHOBaHA 3aj1a4ya MCCICIOBAaHUS CUHEPTUH IIPOLECCOB IIPECCOBAHUA ¢ OOKOBBIM HCTE-
YEeHHEM H PEAYyIUPOBAHMS C LEIbIO BEITOIHCHUS POQHIS MOIEPETHOT0 CedeHHs TpyO roToBoro pasmepa. Tak
copMynrpoBaHa IeTh KOMIIBIOTEPHOTO MOJIEIHPOBAHHS COBMEIICHHOTO MpoIiecca MPeccoBaHMs ¢ OOKOBBIM
HCTEUCHNEM M PEIyLUpPOBAHMS NPH HCHOJNB30BAaHUU OPUTHHAIBHBIX yCTpoicTB. IIpencTaBieHs! pe3yibTaThl
HCCIENO0BAHMS COBMEIIEHHOTO Nponecca ¢ MPUMEHEHHEM MPOrPaMMHOTO MPOAYKTa ISl MOJIEITMPOBAHUS H OII-
THMH3allUK IPOIieccoB 00paboTKH MeTaiioB gaBienueM Deform-3D. ITokazaHo YMCIIEHHOE M3MEHEHHE 3Haue-
HHU{ TOJIIMHBI CTCHKU TPYOBl B CPaBHEHHH C HOMMHAJIBHBIM 3HAUCHHEM, U IPeIBapUTEIbHO 000CHOBaHA d(¢-
(eKTUBHOCTH COBMEIIEHHS NPOLIECCOB OOKOBOTO MPECCOBAHUS — PEAyLUpPOBaHMSA. B JOMOJIHEHUH K OICHKE
BBIIIOJTHEHUSI TPOQMIIS MONIEPEYHOT0 CEYCHHS TPYObI ONPEeNICHO N3MEHeHUE YCHIINS IPECCOBAHUS Ha IEPBOM
M BTOPOM 3Talax COBMEIIEHHOTO TpoIiecca. B 3aKIo4eHHH MOKa3aHO MOBHIMICHHS! TOYHOCTH T€OMETPHIECKIX
pa3MepoB TpyOBI IpH KOMOMHMPOBAHHUH TIPOIECCa PEAYINPOBAHHS C MPECCOBAHUEM U OINIPEACIICHO M3MEHEHHE
OTHOCHTEIBHON Pa3HOCTEHHOCTH B 3aBHCHMOCTH OT MEXKJIETEBOTO PACIIONIOXKCHUS CedeHHs TpyOsl. Brimoi-
HEHHas OIEHKAa BO3MOXKHOCTU MOBBIIMICHUS TOYHOCTH T'€OMETPHYECKUX pa3MepoB TPyO 3a CUET COBMEIICHUS
TIpoIeccoB OOKOBOTO MPECCOBAHUS M PEAYNHUPOBAHMS B IIEPBOM MPUOIIIKEHUH 000CHOBBIBAET 3(D(HEKTUBHOCTH

Pa3BUTHs HAIPABJICHHSI COBMEIICHUSI POLIECCOB 00PaObOTKU METAJLIOB AaBICHUEM.
Kouesvie cnosa: cogemewennulii npoyecc, npeccoganue mpyo ¢ 60Ko8bLM ucmedeHuemM, peoyyupoganue;
npecc-ocmamox; Mamemamuieckas Mooeib, YCunue npeccosanus, OMHOCUMENbHAS PA3HOCIMEHHOCMb, MOoY-

Hocmb.

OpHUM W3 HaIlpaBlIeHUH pa3BUTHSA IPOLECCOB
IIPECCOBaHUs TPYO SBISIETCS CHOCOO NPECCOBAHMS C
OOKOBBIM HcTedeHHeM Mertayuia. Ilpu 3ToM coBMmecT-
HO€ HCHOJb30BaHUE OPUTMHAIBHBIX YCTPOMCTB [1, 2]
MIO3BOJISIET CYIIECTBEHHO CHH3WUTh, B CPaBHEHHH C
N3BECTHBIMH CIOCOOaMH, TEXHOJIOTHMYECKHE IOTepH
MeTaJula, TJIABHBIM 00pa3oM, 3a CUET YMEHBIICHHUS
WIM TOJHOTO YCTpaHEHHs Ipecc-ocTaTka. B cBoro
odepenb, MPOIECC MPEeccoBaHUsI TPYO ¢ OOKOBBIM HC-
TeYEHUEM MeTaJlla MOAPOOHO PacCMOTPEH B paboTax
[3-5].

Bwmecre ¢ 3THM, Kak MoKas3ajiu pe3yibTaThl Mpo-
BEICHHOTO KOMITBIOTEPHOTO MOJIEITMPOBAHMS IIpOLeC-
ca mpeccoBaHus TPYO ¢ MmonepeyHo-00KOBBIM HCTEUe-
HUeM (puc. 1) 1 mocneayIomel BEIIPECCOBKOH mpecc-
ocraTka (puc. 2), Ipy U3TOTOBICHUH TPYO pasMepamu
40x10 MM U3 KOHTelHEpa AuamMeTpoM 60 MM, reoMeT-
puyeckne pasMepsl MPOQUIs TPYObl BBIIOIHSIOTCS C
HEJ0CTaTOYHOM TOUHOCTBIO.

BaxHO OTMETHTB, YTO AJI1 OOECIeUeHus JOCTa-
TOYHOH TOYHOCTH KOHEYHO-3JIEMEHTHOH MoJeny,
KaK TMmokazaHo B pabortax [6, 7], MOJenb 3arOTOBKHU
Biuroyana 120 000 xOoHEYHBIX 3JIEMEHTOB B (opme
TETPa’IpOoB.

Takum 00pazoM, IMpEACTaBISIET ONpEIEICHHBIN
HayYYHBIH MHTEPEC BBITIOJHECHHUE OIICHKH BO3MOYKHOCTH
TIOBBIIICHUsI TOYHOCTH T'€OMETPUYECKHX pa3sMepoB
TIONIEPEYHOTO0 CEUEHHsI TPYOBI 3a CUET COBMEIICHUS
Ha3BaHHOTO CII0c00a mpeccoBaHus [2] ¢ peaynupoBa-
HueM [1]. Pemenne chopmynupoBaHHON 3agadl OCy-

IIECTBISIIOCH C IPUMEHEHHUEM CHCTEMBI TPEXMEPHOTO
MOJETUPOBAHUS W ONTUMH3auuu npoueccoB OMJ]
Deform-3D [7, 8]. [Ipu 3TOM MOAEIh 3arOTOBKHU TaK-
ke Brrodana 120 000 kKoHeUHBIX 3JIEMEHTOB B JopMe
TETPadIPOB.

Tak, Ha puc. 3 mpeacTaBIIeHa CIIPOCKTUPOBAHHAS
3D-Mozens YCTpOHCTBA IS peaiv3anuu Tpyodompec-
COBOH CHCTEMBI: TPOLIECC IPECCOBAHHE C OOKOBBIM
HCTEYCHHEM — PEIYLIUPOBAHHUE.

CKOpOCTh IepeMereHus (B BepTUKAIBHOM U TO-
PHU30OHTAJIFHOM HANpaBJIEHUH) Ipecc-IIaid Ha3Hava-
nack 10 mm/c. KoadduimeHT TpeHns Ha KOHTaKTHBIX
noBepxHocTAX npunumaics 0,43 [9]. MonenupoBanue
MPOBOIIIIOCH TAaKXKE IPU IPECCOBaHUH TPYO pasme-
pamu 40x10,0 MM (tabn. 1) C menpio obecneueHUs
TpeOyeMOTro HATSHKCHUS B MEKKIICTCBOM MPOCTPAHCT-
Be, MOTPEOOBATIOCH OIpECIICHHUE YTIIOBBIX CKOPOCTEH
BankoB [10] nmepBoii (®,) u BTOpoit KiIetd (®, ), co-
OTBETCTBEHHO:

_ 2Vyer _ Vo, _ 2V Apgp
- - - b
1 Dy Dy Dy
2Vokp, M
%D
K

II€ Vycr — CKOPOCTh MCTEYEHHsS MeTala W3 KOH-
TeiiHepa mpecca, MM/C;
Vokp, — OKPY’KHAasi CKOPOCTb BPalleHHs BaKOB B

N -1
MIEPBOM KIIETH, C
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-39.6 Min
1.4 Max

-140 Min
875 Max

Puc. 2. Pe3ynbTaThl KOMNbLIOTEPHOr0 MOAENMpPOBaHMA BTOPOM CTaaum npoulecca

Puc. 3. 3D-Moaenb coBMeLLeHHOro npoLecca npeccoBaHus Tpy6
c 60KOBbIM UcTevyeHnem [2] u peayumnpoBaHus [1]
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Llymeliko B.T1. 2eoMempu4vecKux pasmepos mpyeé...
Tabnuua 1
MapameTpbl Nnpouecca pegyumpoBaHus Tpy6 pasmepamu 40%10,0 mm
Vokp, Vokp, Dy Ap Aip O ©y
64,17 66,80 150,50 1,041 6,417 0,85 0,88

Vi — CKOPOCTh IIPECCOBAHMUS, MM/C;
Dy — KaTaroluii fuaMeTp BaJIKOB, MM;
Agp — KO3((UIMEHT BHITSDKKHM IIPU IIPECcCOBa-

HUMU;

Ap — K02(ULUEHT BBITSDKKH IIPU PELYLHPOBa-
HHUH B IEPBO# KIETH.

OIHOBPEMEHHO C OIICHKOW BO3MOXKHOCTHU TOBBI-
[IEHHUS] TOYHOCTH T€OMETPHUYECKHX Pa3MepoB MpoQu-
JISI TIOMIEPEYHOTO CeYeHHs TPYO, ONMpPEAeNsioch H3Me-
HCHHE YCHIIMS TPECCOBAHUS MPH BEPTUKAILHOM U TO-
PH30HTAIBHOM TIEPEMEIICHUH MPECC-IIaiobl (puc. 4).

(8]
(=]
(=]

OneHka BIUSHUS COBMELIEHHSI IIPOLECCOB Ipec-
COBaHHUS C OOKOBBIM HCTCUCHHEM M PEAYyIHPOBAHUS
HA MOBBIIIEHHE TOYHOCTH I€OMETPHUYECKHX Pa3MEpOB
TpyO IMpOBOAMIIACH TIPH U3MEPEHUH TPEX MOIEPEUHbBIX
cedeHuit TpyOsI (puc. 5): Ha BBIXOJIE€ U3 Tpecca, Ha BbI-
XOJI€ U3 NIEPBOM KJIETH, HA BBIXOJIE U3 BTOPOU KIIETH.

Ha puc. 6 npencrasieHsl juarpaMMbl H3MEHEHHS
TOJIIIMHBI CTEHKU IO IEPUMETPY MOIEPEYHOro cede-
HUs TpyObl. B nomonHeHnu k aTomy, B Tabiu. 2 npea-
CTaBJICHBl 3HAYEHUS TOJILUHBI CTEHKH, COOTBETCT-
BYIOLIMX PUC. 5 CEYECHMH, IUIs ONPEIEIICHUS OTHOCH-
T€JIbHON Pa3HOCTEHHOCTH.
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Puc. 4. UsMeHeHMe ycunusi npeccoBaHUs Ha NEPBOM U BTOPOM 3Tanax CoBMeLleH-
Horo npouecca [2] npu n3rotoBneHUn CBUHLOBbLIX TPpyo pasmepamu 40x10 mMm:
Pax1 = 272 kH, P,y = 233 kH
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Puc. 5. NonepeyHoe ceyeHne Tpybbl: | — Ha Bbixoge M3 npecca; Il — Ha Bbixoge
13 nepBoi knetu; lll — Ha BbIxoge U3 BTOpom Knetu
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Puc. 6. TonwmHa CTeHKMU NonepevyHoro ceveHusi TpyGbi (Mo nepMmMeTpy): a — Ha BbIXOA4E M3 Npecca;
6 — Ha BbIX0oAe U3 NepBoi KNeTH; B — Ha BbIXoAe U3 BTOPOM KneTn

Ta6nuua 2
TonwmHa CTeHKU Mo NepuMeTpy NonepevyHoro ce4eHus Tpyobl
Ceuenune Max, Mm Min, w Cpetiee, M OTHOCI/ITCHLHaSIO
(cMm. puc. 5) Pa3HOCTEHHOCTH, %o
I-1 11,9 8,1 9,98 38,0
II-11 9,81 9,07 9,44 7,8
TIT-1IT 10,45 9,91 10,22 53

Takum o0pa3oMm, B HEpBOM MNPUONMKEHUU
MIPEICTABISACTCSI BO3MOXHBIM 3aKIIOYHUTh, YTO CO-
BMEIICHHE MPOLIECCOB MPECCOBAHUS C OOKOBBIM HC-
TEYCHHEM U PeIyLHPOBaHHU TPYO TOTOBOTO pasMmepa
MOJKET OOECIEeUYHNTh TOBBIIICHUE TOYHOCTH T'€OMET-
PHYECKUX Pa3MEepoB MOIEPEYHOTr0 CEYECHHUsS TPYObI, B
CPaBHEHMHU C aHAJIOTMYHBIM IPOIIECCOM IIPECCOBAHUS
0e3 penyuupoBanus [2]. [Ipm »TOM mOKa3aHO, YTO
OTHOCHTENIbHAsE Pa3HOCTEHHOCTh TpPyO CHIDKaeTcs
~ Ha 86 %.
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ASSESSMENT OF POSSIBILITY TO INCREASE THE ACCURACY
OF THE GEOMETRIC DIMENSIONS OF PIPES BY COMBINING
THE PROCESSES OF SIDE EXTRUSION AND REDUCTION

E.A. Alushkaev, AlushkaevEA@list.ru,
Ya.l. Kosmatskii, kosmatskiiii@susu.ru,
V.P. Shumeyko, ShumeikoVP@gmail.com

South Ural State University, Chelyabinsk, Russian Federation

The paper presents and proves the research problem of synergy of side-extrusion and reducing to obtain
a profile of the cross-sectional size of finished pipes. It is the objective of computer simulation of the combined
process of side-extrusion and reduction using the original device. Results of studying the process with the use of
software for simulation and optimization of metal forming processes Deform-3D are presented. Changes of nu-
merical values of pipe wall thickness compared to nominal value are shown, and efficiency of combining side-
extrusion and reduction processes is substantiated. In addition to evaluating the implementation of the cross-
sectional profile of the tube the change of extrusion force on the first and second stages of the combined process
is defined. The findings showed increasing accuracy of geometrical dimensions of the tube by combining
the reduction process with side-extrusion and determined change in the relative variation in wall thickness de-
pending on section location. The estimates of the possibility of increasing the accuracy of the geometric dimen-
sions of pipes by combining side-extrusion and reduction processes proves in the first approximation the effec-
tiveness of the development of combinations of metal forming processes.

Keywords: combined process, side-extrusion of pipes; reducing, press residue; mathematical model;
extrusion force; relative variation in wall thickness, accuracy.
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