MamuHOOYAyBaHHS 1 CyqHOOymyBaHHs. JleTami 3 Takmx wMaTepiamiB, MiATAIOTBCS PI3HAUM BHIAM
HaBaHTAXXECHb, TOMY TEXHOJIOTiSi BHUTOTOBJIEHHS KOJKHOTO KOHKPETHOTO BHPOOY IOBHHHA BpPaxOBYBAaTH
YMOBH TIOJIaJIbIIOI eKcIuryaTamii. JluctoBuit Oimeran, 1m0 MiMa€ThCS TUIOCKOMY nedOopMyBaHHIO, SK
MIPABIIIO, BOJIOMIE aHI30TPOIN€I0, HEOTHOPIAHICTIO MEXaHIYHUX BJIACTHBOCTEH, sSika 00yMOBJICHa MapKOIO
MaTepialy i TeXHOJIOTIYHUMH PeXUMaMH Horo oTpumanHs. ONMUCYEThCS HAINPYKEHUH CTaH 3arOTOBKH Y
ocepeKy aedopMaliii 3 ypaxyBaHHIM MEXaHIYHOT HEOJHOPIAHOCTI.

Kurouogi ciioBa: nedopmairis, 6iMerasn, TEXHOJIOTsI, BUTHH, BUTATYBaHHS.

The advantages of layered materials in the manufacture of parts and products of mechanical
engineering and shipbuilding. Parts used in such materials are subjected to various types of loads, so the
technology of manufacture of each specific product should consider the conditions subsequent operation of
bimetal sheet, expose a flat deformation, as a rule, has anisotropy, heterogeneity of mechanical properties
due to the name of the material and technological conditions of its reception. Describes the state of stress in
the billet deformation zone with the mechanical heterogeneity.

Key words: deformation, bimetal, technology, bending, stretching.
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JAEAKI HIIAXOAU 1O BUPIIIEHHSA 3A JAYI ITPAMOT'O BUJABJIFOBAHHSA
3 YHIUPEHHSAM, 1O BPAXOBYIOTbD BIIJIUB TEPTS HA KIHIIEBE
®OPMOYTBOPEHHSA TA BUHUKAIOYE HABAHTAKEHHA

CraTTs TpUCBSIUCHA BU3HAYCHHIO HANPSMKIB YIOCKOHAJICHHS TMPOIECIB XOJIOJAHOTO BUIABIFOBAHHS
npodiTiB 3 po3maderd B HANPSIMKY 3HWKEHHS 3yCWib JedOpMYyBaHHS, MiJBHUIIEHHS CTIHKOCTI
nedopMyIOUOro iHCTPYMEHTY Ta OTPUMaHHS BUPOOIB MiABUIIEHOT HAMIMHOCTI Ta JOBrOBIYHOCTI. YBara
aKICHTYETHCS Ha BIUIMBI TEPTsI Ha KiHIIEBE ()OPMOYTBOPEHHSI Ta BAHUKAIOUE HABAHTAXKCHHSI.

KurouoBi ciioBa: xomonHe mpsiMe BHIIABIIOBAHHS 3 PO3/Aa4yero, CHIIOBI PEXKHUMHU, MATOMI 3yCHILIS, ,
SIKICTh PO 1ITIB, TEPTs, KIHIIEBE (OPMOYTBOPEHHS

Beryn. Ha xkadenpi MexaHIKM IUIACTUYHOCTI MaTepialliB Ta pecypco3depiraroumx
npoueciB HTYY KIII” po3pobieHo crmoci0 mpsiMOoro BHABIIOBaHHS 3 po3jaaucio mpodiiis
pi3HOi KOH(DITYpaIli 3 KPYriiuxX 3aroTOBOK, J1aMETp SIKUX MEHIIHN 3a MaKCUMAJIbHHUI PO3MIp
nepepizy npodimto [1] B.M.I'opHOCTaii TPOBIB YHCEIbHI EKCIIEPUMEHTH METOJIOM CKIHUCHHHX
€JIEMEHTIB TPOIIECIB BHJIABIIOBAHHS 3 PO3IIUPEHHSM, BCTAHOBUB MPHUYMHU Ta BEIUYHHU
3HIDKCHHS CHJIOBUX PEXUMIB JIe(hOPMYBaHHS TIPU BUIABIIIOBAHHI 3 YITUPCHHSM, BUSBUB BIUIHB
OCHOBHUX KOHCTPYKTUBHHMX Ta TE€XHOJOTIYHMX (PAKTOpIB HA HANpPYyKEHO-Ae(hOPMOBAHUN CTaH
3aroTOBKH, 3yCWUIs JehOpMYyBaHHS, pO3MOAUT TMUTOMUX 3YyCWIb Ha AePOPMYIOYOMY
THCTPYMEHTI, KIHIIEBY TeoMeTpito mpodiiB, 3MIITHEHHS 37€(OPMOBAHOTO METANTy Ta CTYIiHb
BUKOPUCTaHHS peCypcy ILIACTUYHOCTI. [IpoTe, 3amuInaeTbcs TMUTAaHHS BIUIMBY TEPTS Ha
KiHIIEBE (bopMoyTBopeHHﬁ CUJIOBUI pexMM mporiecy Ta SKICTh OTPUMaHUX BHUPOOIB [2].
Bapitoroun Taki mapameTpu SK: T€OMETpis IHCTPYMEHTA, PO3MIpU 3arOTOBAHKH Ta IIUPHUHY 1
dbopmy KamiOpyrodoro macka, mo Oyje BIUIMBAaTH Ha YMOBH TEPTS, MOXKHA OINTHUMI3yBaTH
nporec. Ile 3Halimio 1 me 3HaWaEe CBOE BIMOOpaKEHHSI Yy BIACTUBOCTIX TEXHOJOTIYHOTO
MPOLIECy Ta SKOCTI JeTaiei, Mo OyayTh OTpUMaHI TaKUM YHHOM. Y BIJIOBIHOCTI 3aIlHTiB
CY4acCHOTO MaIIMHOOYIyBaHHS, MPHUIaA00yAyBaHHS Ta IHIIMX Talxy3ed MPOMHUCIOBOCTI SIKi
noTpeOyI0Th BHUKOPUCTAaHHS MpOQLIiB PI3HOMAHITHOI KOHQIrypamii 13 KOHCTPYKLUIMHHMX 1
KOJIbOPOBUX METaJiB, SK THUX IO MAlOTh IiJBUIIEHY HAMIWHICTh Ta JOBTOBIUHICTH IPHU
excrutyaranii. [Tpogini, SKi MOCTaBIAIOTHCSA 3TAHO ICHYIOUHM CTaHAapTaM METaITypriiHOO
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MIPOMHUCIIOBICTIO, HE 3aBXK/H BiIIOBIIaI0TH BUMOTAM IO TOYHOCTI i MEXaHIYHUM BIIACTUBOCTSIM.
OnxHuM 13 METOIB OTpUMaHHS Mpo(diiB HEOOXiAHOT GopMH 1 TOUHOCTI 13 3a0e3nedyeHuMHU
MEXaHIYHUMH BIIACTUBOCTSAMHU 371e()OPMOBAHOTO METaly € TIpsSIME XOJIOAHE BHIAaBIIIOBAHHS.
[Iupoke pO3MOBCIOKEHHS BKAa3aHOTO MPOLIECY CTPUMYETHCS MO MPUYHHI BUCOKUX MUTOMUX
3ycuib AeQOopMyBaHHS, OCOOJMBO TMpPH XOJOJHOMY (POPMOYTBOpPEHHI MHpoQuIiB 13
BaKKOJIE(POPMIBHUX CTaJlel 1 CIUIaBiB, [0 MPUBOIAUTH IO HU3BKOI CTIMKOCTI Je(OpMYIHOYOTro
IHCTPYMEHTY.

XomonHe BHUAABIIOBAHHS 3 YIIMPEHHSIM, CYTHICTH SKOTO TIOJIATAE B MOJKJIMBOCTI
OJHOYACHOI Tedii MeTaly B MaTpHUIli B OCbOBOMY Ta IONEPEYHOMY HAMpPSIMKaX, JO3BOJISIE
3MEHILIUTH CHJIOBI peXUMHU AePOpMyBaHHS 3aBISKM HASBHOCTI JIBOX CTYINEHEH BOIi, SIK
CIIICTBO, MIABHUIIUTH CTIWKICTH Je(POPMYIOYOro IHCTPYMEHTY Ta 3a0e3NMeYUTH ITiABUIICHHS
SKOCTI METally B Tpoileci miactuyHoro nedopmyBanns. Lle mo3Bosisi€e 301IBIIUTH CTIMKICTD
neopMyrYoro 1HCTPYMEHTY, 3HHU3HTH CHEPrOEMHICTh BHPOOHHIITBA Ta COOIBapTICThH
podiIiB, MABUIIUTH iX HAIIHHICTH 1 JOBTOBIUHICTD.

[Iporiecu X0JMOAHOTO BUJIABIIOBAHHS IIMPOKO PO3MOBCIOKEHI B MPOMHUCIOBOCTI, TOMY
BCceOIUHE JOCTIKEHHS IIUX MPOIIECIB aKTyaJibHE 0O CIpHUs€ MiABUIICHHIO TEXHOJOTTYHOCTI
BHPOOHUIITBA Ta SKOCTI BHUPOOIB. Po3poOka HOBMX METOMIB, a TaKOXX METOJHWK BH3HAYCHHS
paIlioHaIbHUX TapaMeTpiB MPOIECIB MPSMOTO BHUAABIIOBAHHS 3 YIIUPEHHSAM JJIi OTPUMAaHHS
PI3HOMaHITHUX NPOQLIIB 13 KOHCTPYKIINHUX Ta BakKK0Ae()OPMIBHUX CTaJlel Ta CIUIABIB , 1110
JI03BOJIUIIN O BUKIIFOYHTH JOPOTY Ta TPUBATY €KCINEPUMEHTANIbHY anmpoOarlito € akTyalbHUM 1
JOLLUTEHUM IS CY4aCHOI HAyKH Ta MPOMHCIOBOCTI.

AHaJIi3 OCTaHHIX J0c/igxkeHb Ta Jiteparypu: Hakonumuenuili BUpPOOHWYMIA TOCBIJ
TPaJULIMHOIO NPSIMOro BUJABIIOBAHHSA CYLUIBHUX CTEpKHIB BHUKIAACHHM B jkepem [3].
BiamidyeHo, 1o npu BUAABIIOBaHHI MalOTh MICII€ BHCOKI MTUTOMI 3yCHIUISA Ha AeOPMYIOYOMY
IHCTPYMEHTI 1 HU3bKa HOTO CTIMKICTD.

B po6oti [4] 3amponoHOBaHAa METOAMKA BU3HAUEHHSI 3arajbHOTO 3YCHUJUIS XOJOJHOTO
BUJIABIIIOBAHHS 3 PO3JIayeio MPSAMOKYTHUX mpodiniB. BusHaueHo HampykeHOo-AedopMOBaHUN
CTaH 3arOTOBKH, PO3IOIiT MUTOMHUX HAIPYy>KEHb HA pOOOYOMY IHCTPYMEHTI.

VY poboti [5] ommcaHe 3acTOCyBaHHsS HOBOro TBepzoro-muactuyHoro koxy MCE nns
BHUJABJIIOBAaHHS NMPOPiiB 1 MOKa3aHl pe3yabTaTU MoJAEOBaHHA Teuli metany. [Ipouenypa
3acrocoBana it L-, T-, C-o6pa3zHoro npodinto. JlochimKyeTbest BIUTHB HA TUTHH METANTy TaKUX
BEITMYHH SIK KOe(DIllIEHT TepTs, MEPETHUH 3arO0TOBKH, JIOBXKMWHA KaJliOPyIO YOTO Macka MaTpHIIi i
MIOJIOXKEHHS OTBOPY MaTpPHIIl BITHOCHO OCI.

VY po6ori [6] HABOAATHCS PEKOMEHJAIIIT MI0/I0 PO3PaxXyBaHHs 3YCHIUIS BUIABIIOBAHHS 3
pO37a4eto, BpaXOBYIOUH TUIOMIMHHU J€ TIFOTh CTUCKAOY1 HAIPYKEHHS.

[IpoTe, came mporiec MPSIMOTO BUIABIIOBAHHS 3 YITUPEHHSIM € HEJOCTATHHO BUBYCHUM i
notpedye 0COOIUBOI yBary .

Meta nmociigxeHHsi: 1) MpoBeIEHHS YHUCEIBHUX CKCIICPUMEHTIB METOIOM CKIHYCHHHX
enementiB (MCE) nporieciB BUIaBIIOBAaHHS 3 YIIUPEHHSIM, BCTAHOBUTH IPUYUHU Ta BEIIMYUHU
3HIDKCHHS CHJIOBUX DPEXKHUMIB JeGOPMYBaHHS TPU BHUIABIIIOBAHHI 3 YIIUPCHHSIM, BHSBUTH
BIUTMB OCHOBHHMX KOHCTPYKTHBHHX Ta TEXHOJIOTTUHUX (DAKTOPIB HA HAMPYkKEeHO-AePOpMOBaHUI
CTaH 3aroTOBKH, 3yCWUIs JaedopmMyBaHHS, PO3MOIiA MUTOMHX 3yCHIb Ha JaehopmMyrodoMy
THCTPYMEHTI, KIHIIEBY TeOMeTpito mpodiiiB, 3MIIIHEHHS 3A€(pOPMOBAHOTO METaly Ta CTYIIHb
BUKOPHUCTaHHS PeCypCy TUIaCTUYHOCTI,

2) DOCIIKEHHSI BIUTMBY TEPTS Ha KaliOpyHOYOMy MacKy 3MiHHOI opMu i po3MipiB Ta Ha
naegopmyroUiil moBepXHi MaTpuIl 3MiHHOI (OpMHU, 100 KIHIEBOTO (OPMOYTBOPEHHS, SKOCTI
OTPUMAaHHUX BUPOOIB Ta CUJIOBOTO PEXKUMY MPOILIECY.

Marepianu gociaigxkennb. BianmoBiHO 10 TMOCTaBICHUWX 3amad OyJo 3MIHCHEHO 3a
gonoMororo JinensiiiHoi mporpamu DEFORM-3D  uyncensHe MOAENIOBaHHS XOJOIHOTO
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OpSIMOTO BHJIABIIOBAaHHA MPAMOKYTHUX TpodimiB (po3mipom 54 nHa 22 MMm) i3 cram 40 3a
TPaIUIIITHOI0 CXEMOI0 Ta 3 YIIMPEHHSM. B mepmomy BHUMaaky Ais OTPUMAaHHS MPOdiIo
BKAa3aHOT'O pO3Mipy HEOOX1/THA 3ar0TOBKa AlaMeTpoM 60MM, B IpyroMy — 42 MM.

[Ticnsa TeopeTHYHUX TOCHIIB OyJIO BHSBIEHO, II0 MaKCHUMAalIbHE 3yCHIIIS TPATUIIHHOTO
BunaBmoBanag 4650 kH, sunasiroBanus 3 ymupenasam 1340 kH. Cepenni mutoMi 3ycusuia Ha
MyaHCOH1 BIAMOBITHO MaroTh 3HaueHHS 1640 MIla 1 968 Mlla. 3ycunns BUIaBIIOBaHHS 3
yIIMpeHHsM MeHI B 3,4 pasu, a nutomi 3ycwiuis B 1,7 pasis.

Po3paxyHKOM BCTaHOBJIEHO, IO BHUKOPHCTaHHS nedOpMYyIOuoi MOBEPXHI MaTpHUIl Yy
BUTJISAI PU3MATUYHOT MOBEPXHI 3aMiCTh KOHIYHOI MOBEPXHI TO3BOJISE JTOJATKOBO 3MEHILIUTH
3yCWJUIS BUAABIIOBaHHS Ha 24 %, 110 TakoXX 0OYMOBJIEHE 3MIHOIO TiJPOCTAaTUYHOIO THCKY B
ocepenky nedopmarii.

BucnoBok: 1. MerogoM CKIHYCHHHX €JIEMEHTIB BCTAHOBJICHO, IO XOJIOAHE TIPSIME
BHJIaBJIFOBAHHS 3 YITUPEHHSAM MPSIMOKYTHUX TPOQLTIB 13 cTaji, B MOPIBHAHHI 3 TPaAHIIHHUM
NpsIMUM BUJABIIOBAHHIM, 3a0e3ledye 3HIKEHHS: 3YCHIUIS BUIABIIOBaHHS B 2- 3.4 pasu;
MUTOMHMX 3YCWJIb Ha IyaHcoH1 B 1,7 pa3iB; muTOMHX 3ycwib Ha maTtpuui B 1,5 -1,6 pa3iB B
3aJIeKHOCTI  BIJ pO3MIpy MpsAMOKYTHOro mnpodumo. IlpuunHaMu 3HMMKEHHS 3yCHIIb €
BUKOPUCTAaHHS BUXIJHUX 3aroTOBOK MeHIIOro B 1,4 pasu niameTpy Ta 3HIKEHHS IO
aOCONIOTHIN BENMYMHI TIAPOCTATMYHOTO THUCKY B OcepelKy nedopmariii 3a paxyHOK 3MiHHU
CXEMU HaIMpy>KEHOTO CTaHy.

2. BcranoBieHuii BIUIMB KyTa KOHyca MaTpuili Y Beinunuunoro 10, 20, 30, 40 1 50 rpanycis
Ha KIHIIEBY T€OMETPito Mpo(disiB, CUIOBI peKUMU, TUTOMI 3YCHIUIS BUIaBIIOBaHHS MPodiIiB Ta
OCHOBHUI MOKa3HUK (OPMOYTBOpPEHHS MNpOQUIIB - KoedilieHT po3gadi k=bg/D,, SKUAl
XapaKTepU3YEThCSl BIJHOUIEHHAM MAaKCHUMAaJIbHOTO PO3MIPY OTpUMaHOro mnpodimo by a0
JiamMeTpa BUXIJHOI 3arotoBku D,. Mani kytu wmaTpuii (10° i 20% 3abesmeuyrots
MaKCUMaJIbHUN KoeQilieHT po3aayi. MiHiMallbHE 3yCWIUIS BUAABJIIOBaHHS 3a0e3meuye KyT Y
=20°.

3. Ha koeoimieHT po3gaui BIUIMBA€ BEJIWYMHA JllaMeTpa BUXiAHOI 3aroToBku. [lpu
301IbIIEHH] JllaMeTpa 3aroToBkud Ha 12 % koedilieHT po3nayi 3poctae Ha 6 % 3a paxyHOK
OUIbII IHTEHCUBHOI Teuli MeTaly B MONEPEYHOMY HANpsIMKy NpH Aedopmalii Mo KOHIUHIM
noBepxHi MaTpulll. OHaK 3yCHIIJIS BUIABIIOBAHHS NP IIbOMY 30UIbIIYEThCA Ha 60 %.

4. BcraHoBneHo, 110 MpH MPSMOMY BHUJABIIOBAHHI 3 YHIMPEHHSAM MpodisliB OJHAKOBUX
PO3MIpIB 3 3arOTOBOK OJHOIO JliaMeTpa 3amiHa Je(opMyrouoi MOBEpXHI MaTPHIIl 3 KOHIYHOI Ha
NPU3MATUYHY IPUBOAUTH J0 3MEHIIEHHS 3yCUIUISI BUJABIIOBaHHS Ha 24 %.

Jns BkazaHoro crnocoOy Oynu
OTPUMAaH1 aHATITUYHI 3aJIEKHOCTI JJIs
BU3HAYCHHS 3yCHJIb 1 TUTOMUX 3yCHITb
nedopMyBaHHS, KIHIIEBO1
reOMEeTpPUYHOI (OpMH, 3MILHEHHS Ta
CTYMIHb  BUKOPUCTaHHS  pecypcy
TIACTUYHOCTI 3neopmoBaHOTrO
MeTainy.

Ane Ha pgaHWUW dYac BIJACYTHI
z[ocpimKeHH;I OO BILMBY TEPTS HA a) 6)
KaJgiOpyrouoMy HacKy 3MiHHOT pOpMH
1 po3mipiB, Ta Ha jaeopMmyrouiii
MOBEPXHI MaTpuIll 3MIHHOT opMH, HA
KiHLIeBe (OPMOYTBOPEHHS, CHIIOBUI
pexuM mporiecy. ToMy mocTaroTh
3a/1a4i MOB’sA3aH1 3 ONTUMI3alI€I0 PEKUMIB TEPTS, BapitOBaHHS T€OMETPUYHUMU MapaMeTpaMu

Puc. Matputii 711 BUJIaBJIFOBaHHSI 3 PO3AaUeIo:
a)- 3amporoHoOBaHa KOJEKTUBOM aBTOpiB [1],
0)- OxuH 3 BapiaHTIB NOJAIBIIOTO PO3BUTKY
JOCTIKEHb
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Ta MOPCTKICTIO MOBepXHi. Pe3ynpTatn magyTh 3MOry B)K€ Ha CTajlii MPOEKTYBAaHHS TEXHOJIOTI1
MPOTHO3YBAaTH Ta 3a0e3medyBaTu SIKiCTh BUpOOiB . Ha pucyHky 300pa>keHO OJUH 3 MOKIIMBHX
HNOJANBIINX HUISX1B PO3BUTKY JOCIIIKEHHS .
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Jesiki migxoau 10 BupileHHs 3a/1a4i NPSIMOro BUAABJIIOBAHHSA 3 YIIMPEHHSM, 110 BPaXOBYIOTh
BILIUB TepTs Ha KiHleBe GOpMOYTBOPEHHSI Ta BUHUKAaIOYe HaBaHTaxkeHHsi/ B. O. Bacuienko, B. M.
Iopuocraii, B. |. Ky3smenko, C. 10. IlaecnenoB // Bicauk HTY «XIII». Cepis: Hosi pimenus B
cydacHux TexHouorisax. — X: HTY «XIII», — 2012. - Ne 66 (972). — C. 34-37. — biGmiorp.: 6 Ha3B.

CraTbsi MOCBSAIIEHA YCOBEPIICHCTBOBAHHMIO IPOIECCOB XOJOAHOTO BBIIABIMBAHUS TNpoduied u3
KOHCTPYKIIMOHHBIX MCTAJJIOB U CILJIABOB C pa3[[aqef/'1 JUIs CHUXKCHUA YCI/IJ'II/II\/,I I[e(bOpMHpOBaHI/IH, IIOBBIIICHUSA
CTOMKOCTH J1e(OPMHUPYIOLIETO HMHCTPYMEHTAa M TIIOJIyYE€HHUS U3JeNUN TIOBBIIICHHON HAIeKHOCTH U
JOJITOBECYHOCTH. Baumanue AKINCHTUPYCTCA Ha BJIUAHUKW TPCHUSA Ha BJIUAHHUC TPCHHUSA HA KOHCYHOC
(dhopMooOpa3oBaHre M BOSHUKAIOIINE HATPY3KU

KiioueBble ci10Ba: XOJIOMHOE MPSMOE BBIIABIMBAHHWE C pa3fadeid, CHUJIOBBIE PEXXHUMBI, yIEITbHBIE
YCWIIHSA, Ka4eCTBO NpoQuiIeii, TpeHne, KoneuHoe (hopmoodpa3oBaHue .

This article devoted for improvement the efficiency of processes of cold extrusion with dispensing of
profiles for decreasing straining force, enhancing the durability of forming tool and obtaining products with
enhanced dependability and durability. Focuses on the effects of friction on the effect of friction on the final
shaping and stresses arising.

Keywords: cold straight extrusion with dispensing, specific stress, mode of deformation, friction,
profile quality, final shaping.
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MJIACTAYECKAS JE®OPMAIIMS MPYKUHHBIX CTAJIEA ITPU
BOJIOYEHUH

Pa3zpaboTana T€XHOJOTHUSI U3TOTOBIEHUS CTAJIBHBIX MOPIIHEBBIX KOJIEL METOJOM XOJIOJHOW IUIACTHYECKON
nepopmanuu  mpu  BosloueHuH.  OmpenesneHsl PEKHUMBI TEpMUUYECKOM  00paboTku  mpu
PEKPUCTAJUIM3ALMOHHOM OTITyCKE, TepMO(UKCAIIMM M TepMocTaOmin3anuu. BeImosHeH pacder creneHu
IUTaCTHYECKON ehopManuu pu BoJo4YeHUH. [IpoMBIIIsIeHHbIe UCTIBITAaHUS KOJIell TIOKA3ald IOBBIIICHHUE
JKCIUTyaTallMOHHOW CTOMKOCTH B 1,5..2,0 pa3a 10 CpaBHEHUIO C UyTYHHBIMHU KOJIBLIAMHU.

KiroueBble c10Ba: cTanbHbIC TOPIIHEBBIE KOJIbIA, BOJIOYCHHE; AeopMaliys, TepMUUecKas
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