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Annomayusn. Ha ocnoge sapuayuonnozo memooa paspabomana Mamemamuieckas MoOenb U 8bINOTHEHbl pacyemsl IHeP2o-
CUTIOBBIX NAPAMEMPO8 NPOYECCa WMAMNOBKU 201060K CIEPICHESLIX KPENEeCHbIX uzdenull ¢ nanyem. Hcnoavzosanuce coomuouie-
HUsi Oepopma-yuorHoU meopuu niacmuyHocmu. Peonocuueckue ceoticmea depopmupyemozo memaniia 3a0asanuch 6 euoe Mooeu
JHCECMKONNACMUYECKOU CPeObl ¢ HelUHEHbIM ynpounenuem. Kpueas ynpounenus onuceleandach IKCHOHEHYUANbHOU 3a8UCUMOCTIbIO,
npeonoxcennou I A. Cmupnosvim-Anaesvim. Ilpoyecc wmamnosku paccmampusancs 8 YUiuHOPpU4eckoll cucmeme ocell KoopouHam
r,z, (0. Obvem 207106KU pazdUBANCs HA ACECMKYIO U NAACMUYECKYI0 00ACMU, 2PAHUYA PA30eNa MedcOy KOMOPbLMIU ONUCHIEANACH

K68a0pamuyHot napabonoll ¢ sapvupyemvim napamempom a. Ilnacmuueckas obracme pazoeninacs Ha 08e 30HA. [{sl KaxcOoou 30HbL
sadasanuct Qynxyuu paduansieix nepemeujeruti U ¢ » KOMOopble COOMEemcmeosai SPANUYHbIM YCI06UAM 1 ObLIU OIU3KU K peailb-

HOMY me4eHuro memainiia. HCﬂOJle’yﬂ coomeemcmeyroujue c)u(])d)epenuuaﬂbﬂble 3asucumocmu Kowu u yciosue Hecorcumaemocmu,

onpeoensnucy KOMRoHeHmul men3opa oepopmayuu & & o1 Y ;¢ u unmencuenocme depopmayuu E;, UChONb3YA KOMOPYIO HAXO-

. min
OunUCy paboma 6HYmMpeHHUX CUll, Cuil mpenus u cun cpesa. Ilouck munumyma noauou pabomol oeghopmayuu A OCYUWeCmENANCA
YUCTEHHBIMU MeMoO0amu C UCHONb308AHUEM CNeYUdTbHO paspabdomanHou npozpammul. 110 HAllOeHHbIM 3HAYEHUAM MUHUMATLHOU

. min
noanoii pabomer dedopmayuu A HAX0OUNUCH ycunus wmamnogku P u yoenvnvie ycunus ) = P/ F, , 20e Fo -naowaos no-

nepeunozo ceuenusi cmepoichs. ITlo pesyismamam paciemog nocmpoeHa HoMOSpamma, NO360ISIOWAsT ONPeOeisinG YOeIbHbLe YCUTUSL
P wWmamnosxku 6 3a8UCUMOCHU OM OMHOCUMETbHLIX PA3MEPOS (PIAHYA 20106KU OISl CIMEPIHCHEBLIX KPENENCHbIX U30eull u3 cmanet
10, 20I°2P, 30" 2P, 30XP u 40X. [Ipogedenvl sxcnepumenmanbhvle uCCie008aHus, 6 Xo0e KOmopvix uz cmanu mapku 10 wmamnosa-
JIUCh 207106KU ¢ (hnanyem. Pacxoxcoenue meopemuueckux u 3KCnepuUMeHmanbHulxX pe3yibmamos cocmasuio 5,7 %.

Knrouesvle cnosa: cmepoichegvie KpenedicHvle uzoenus, 20J106Ka ¢ PLanHyem, 6apuayuu-oHHbIL Memoo, QYHKYyuu nepemeujeHul,
paboma 6HYmpeHHUX Cull, paboma Cul mpeHusl, IHeP2OCUIO8ble NAPAMEMPbl, YCULUSL ULMAMNOBKU.

Paboma evinonnena npu gunancogoii nodoepcke Munucmepcmea nayku u gvicuieco o6pazosanus P (npoexm
Ne FZRU-2020-0011)

K xpemnexy nporpeccHBHOI KOHCTPYKIIMH OTHOCST-
Csl M3JeNusl, Y KOTOPHIX HAa OMOPHOHM ITOBEPXHOCTH BBI-
monasiercs (uranen [1-2]. IlpuMeneHune OonTa u raku ¢
¢irannamMu obecrieunBaeT CHWXEHHE KOHTAaKTHBIX JaBIe-
HUH Ha OIOPHBIX MOBEPXHOCTSAX W OoJjiee paBHOMEpPHOE
pacnpeneneHue Harpy3KHd 10 BUTKaM Pe3bObI, YTO MOBBI-
IIaeT HAJEeKHOCTh paboThl Pe3bOOBBIX COCTMHEHUII.
Kpome Toro, Takue uzmenus oOJNAAalOT MOBBIIICHHBIMU
KOHTDSIIIMMH CBOWMCTBAMH M He TPeOYIOT NPUMEHEHUS
JIOTIOJTHUTEBHBIX CTOMOPAIIMX 3JIEMEHTOB JJIS MPEIoT-
BpaIieHUst CAMOOTBUHYHMBAHUS.

Ha puc. 1 mpexacrtaBneHa TummyuHas KOHCTPYKIUA
CTEPKHEBBIX KPETIEKHBIX N3/1eJNi ¢ (IIaHLIEBOH TOJIOBKOIA,
KOTOpBIE IIUPOKO MPHUMEHSIOTCS B MAIIMHOCTPOCHUU, Ha
HKEJIE3HOJOPOKHOM TPAHCIIOPTE U B APYTUX OTPACIIAX.

[Tpn mrTamMnoBke CTEpXKHEBBIX M3AeIMd c (riaHIe-
BOI1 rOJIOBKOM, IO CPABHEHUIO C U3TOTOBIEHUEM Kperexka
0e3 (QuiaHIEeB, BO3pACTAIOT YCUIIHs e()OPMUPOBAHUS, KO-
TOpBIE CYIIECTBEHHO 3aBUCAT OT (OPMBI M pa3MepoB
¢manma. Kpome toro, cienyer OTMETUTD, YTO 3HAYUTENb-
Has 9acTh (IAHIIEBOTO Kpemeka N3rOTaBINBACTCA B BUIE
W3JIEIMI TIOBBIIIIEHHON MPOYHOCTH (KJIACC MPOYHOCTH 8.8
W BBIIIE), JUISL YETO MCIIOJIB3YIOTCS JISTHPOBAHHBIE MapKu
cramu tuna 20I2P, 30XP, 40X u ap. [TosTomy paspaboT-
Ka HaJeXKHOW METOJUKU ONPEAETICHUS SHEPrOCHIIOBBIX

© XKeneskos O.C., Xapuenko M.B., Canranuk B.M., JIuzos C.b., 2020

24

IapaMeTpoB IMpOIecca MTAMIOBKY KPENEeKHBIX N3AETHH
TIOBBIIIEHHOH NPOYHOCTH C (DIAHIEBBIMH T'OJIOBKaMHU
UMeeT Ba)XHOE MPAKTHYECKOE 3HaueHHe, TaKk KaK I03BO-
JISIET TOJYYUTh JOCTOBEPHYIO MH(pOPMAIMIO 00 yCHIIHIX
neGopMHpOBaHUs, KOTOpas HeoOxoauMma s BBIOOpa
3G PEKTUBHOTO Ky3HEYHO-IIPECCOBOTO O0OpYAOBAaHUS U
MOUCKA PAIlMOHAIBHON KOHCTPYKLHUH IITaMIIOBOIO HWH-
CTpyMEHTA.

o

Puc. 1. Kpenexnsle uznienus ¢ GpaaHIEeBO TOJIOBKOI:
a — 601nT; 6 — MyTEeBOH WIypym
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Pa3zden 2

Lens paboTbl — pa3paboTKa MaTeMaTH4eCKOHW MO-
JIeTd ¥ pacdeT DHEProCHJIOBBIX Iapa-METpOB Ipolecca
IITAMIIOBKH CTEP’KHEBBIX KPEMEXHBIX M3ICIUH ¢ (uaH-
LEBBIMH TOJIOBKAMH.

AHanu3 W3BECTHBIX METOAOB M METOAMK OIpeIeie-
HUS SHeprocmwioBbix mapamerpoB (DCII) mmactmueckoro
nedopmupoBanus [3] mokaszanm, uro mia pacdera DCII
Iporiecca MTaMIIOBKH KPEIEeKHBIX H3eIni ¢ (IIaHIeBON
TOJIOBKOH MOJKHO HCIOJIB30BaTh BapHallMOHHBIA METO[
[4] u, B yacTHOCTH, BapHallMOHHBII METO]] B TUCKPETHOU
nocraHoBke [5, 6]. CymiHocTh MeToAa 3akKiovyaercs B
TOM, 4TO Tpolecc AeOpMHUPOBAHUS YCIOBHO pa30OHUBacT-
cs Ha 1Ba sTana. [Ipu 5ToM cunTaercs, 4To Ha Ha4aJIbHOM
sTane AeopManyi UMEIOT KOHEUHYIO BEJIMYHHY, a B Je-
(dopMupyeMoM Tele BO3HHKAET HEPAaBHOMEPHOCTh -
¢dopmaru, KoTopas ompeaensercs JMO0 3KCIepUMEH-
TaJIbHO, MO0 aHanuTHYecku. Ha KOHEeYHOM 3Tare mram-
MOBKH 1e(OpPMAIMU MaJbl, YTO TO3BOJISIET HCIOJIB30BATh
COOTHOIIECHHS Ae(OPMAITIOHHOW TEOPHH TIACTHIHOCTH.

B pa3paboTaHHO# METOIHKE pPEOJOTHYECKHE CBOM-
cTBa Ae(OPMHUPYEMOT0 METajlla 3a]a-BajluCh B BUJIE MO-
JIeNd  KECTKOIUIACTUYECKOM Cpelbl C  HEIUHEHHBIM
ynpouneHueM [7, 8]. KpuBas ynpodyHeHHs ONUCHIBajach

SKCIOHEHIMAIIBHOW  3aBUCUMOCTBIO,  MPEAJIOKEHHOMN
I'.A.CmupHOBBIM-ATIsIeBBIM [9]:
-6 —Ng;
o,=M-Ce™ —Be ™, (1)

rae €; — cremeHs AehopMalum;

M, C, B, N — mapametpsl, omnpeaensieMble M0 SKCIepH-
MEHTAJIbHBIM JaHHBIM K3 OIBITOB Ha DPACTSIKCHHE WU
c)KaTue.

PaccmaTpuBas KOHEUHBIH 3Tall Mporecca MTaMIToB-
KM TOJIOBKH (pHC. 2), CYUTACTCS, YTO METaJUT IIOJIHOCTHIO
3allOJHSET MOJIOCTh IIyaHCOHA M BBITECHSETCS B 3a30p
MeXJIy TOPLIOM MaTpHIlB! 1 U TOopuoM ImyaHcoHa 2, oOpa-
3ys (hraHerl.

/7.(1+a)
A
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R
R

Puc. 2. Cxema TeyeHnst MeTallIa Ha KOHEYHOM JTalle
IITAMITOBKY TOJIOBKH C (IaHIIEM

Ne2(33). 2020

Bech 00beM TONOBKH pa3OMBANICS HA JKECTKYIO U
IUIACTUYECKYI0 00JIacTH, TPpaHMIa pasjesia Mexay KOTO-
PBIMH OIUCHIBANIACH YPAaBHEHHEM

2

h :h+ah(l—%), @)

rae d — BapbUPYEMBIM apameTp.

B cBoro ouepens, miactuueckas o0nacTh pazOmBa-
nace Ha aBe 30HsI (1 1 11).

[Ipouecc mTaMIOBKM paccMaTpUBajiICsi B LWJIMH-
JPUYECKOM cuCTeMe ocell koopauHar I, Z, (. B npuns-

TOW CHCTEME KOOPAMHATHI I ¥ Z JJis IuiacTudeckon | us-
MEHSIOTCA B Auamnasone: ¥ = 0+ R, z = 0 + h, Jlna mna-
cruueckoi 30HbI Il =R +Ry, z=0+h.
OyHKIUSA paguaTbHBIX MEpEeMEICHUH I IUIACTH-
yecKkoi 30HbI | 3amaBaach B BUIE
Ul 3Ah a z?
" 4h '
B
Jus mmactudeckoit 30ub! |l hyHKIMSA pagmambHBIX
nepeMereHui

@)

r

UM —ar( 1)t ay(- 2 @)
r 2 R 3 h2 '

BriOpansbie GyHKIMN Ur OTBEYAIOT T'PAaHUYHBIM

YCIOBHSAM ¥ OJIM3KHM K pealbHOMY TEYCHHIO MeTaylia Ha
KOHEYHOM 3Tarle MITaMIIOBKH.

Hcnonp3ys cootBeTcTByIOmue auddepeHnnansHbe
3aBucuMocTd Kowm u yclioBUE HECKUMAEMOCTH ISt
ciydas neOopMHPOBaHHUS B IMIMHIPUYECKOI cucTeme
KOOP/IMHAT, OIPEJeIsUINCh KOMIIOHEHThI TeH30pa aedop-

MALMH &, €y, Vgre

Ilo wm3BecTHBIM yauTbiBasg, YTO

ErEprVar s
&, :_(Sr +5,,,) U V=V = 0, ompenensnach WH-

TCHCHUBHOCTb ;[e(bopMaumI Ha KOHCYHOM OJOTall€ ITaM-
IIOBKH

&; :g\/(xgr —52)2 +(gz _S(p)z +(g(p _gé)z +g;f§y' (5)

[Nonnas pabora nedopmanny HaxoauiIach Kak CyM-
Ma paboT BHYTPEHHHX CHJI, CHJI TPEHUSI U CHJI Cpe3a.
Pabora BHyTpeHHNX crit s 30H | u 11

27 R h, 27R, h
A, = IIJWrdqﬁdl”dZ; A, = J._”Wrd(pdrdz. (6)
000 0 R0

rne W — ynempHast paboTa BHYTPEHHHX CHII, KOTOpas C
yderoM ypaBHeHwUsI (1) onpenensnach mo popmyie

W =[Mg, —Ce 0 (1—e ™) —Ee‘“ew L-e )], @)
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rae ei' CTCIICHb )Ie(l)OpMaIlI/II/I Ha HaydYaJIbHOM JTaIi¢

IITAMIIOBKH, KOTOpast ONpeAeIisulach METOIOM H3MEPCHUS
TBEPIOCTH;

M, C, B, N — napameTps! kpuBoii yrnpounenus (1), onpe-
JieNisieMble U3 ONBITOB Ha C)KaTHe 00paslioB C TOPLEBBHIMU
Oyptuxamu [10].

Pabora cun TpeHUs Ha TOBEPXHOCTIX Sy, S; U S3
KOHTaKTa METa/lia ¢ HHCTPYMEHTOM

27 R 2Ry

A =[] rdgdr, A = HrU,szrd(pdr,
0 R, 0R
27R,

A = J‘J.rUISSrdgudr. ®)
0R

Pabora cun cpe3a o nosepxHocTsx Fiu F,

27Ry 27h

A, = [ [rsUprdedr. A, = [[r AU Rdgdz- (9)
00 00

[onnas paborta pedopManuyu Ha KOHEYHOM OJTare
[ITAMIIOBKH ~ OTPE/Ie/siach Kak cymMMa paboT BHYTpEH-

mnx cun A, A, cun Tpenns Ar s A, Ar u e epesa
AC1 , AC2 [lorck MMHMMyMa TOJNHOH PaGoThI neopma-

min
nun A OCYHICCTBIIAJICA YHUCJICHHBIMU MCETOAAMH C
HCIIOJIb-30BaAHUEM CIICIIMAJIBHO pa3pa60TaHH01‘/'1 nporpam-
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Koadupuument

MBI [IpH 5TOM KpaTHBIE MHTETPANIBI B BEIPRKEHHUAX paboT
(8) BbIUMCIHsIIHCH MeToAOM laycca ¢ HCIIOJIB30BaHUEM
YeTBIPEX Y3JIOBBIX ToueK. [lo HalWAEeHHBIM 3HAYCHHAM

MHUHAMANbHOM moHOH paGotsr mepopmamunm  A™"
HaXOJWINCh YCHINS IITAaMIIOBKH P ¥ yJenpHbBIE ycuius
p=P/F,, e F,= ﬂRg . To pesymbTatam pacueToB
MOCTpoeHa Homorpamma (puc. 3), MO3BOJISIONIAS ONIpene-
JISITh yAENbHBIE YCWINA [) IITAMIIOBKH B 3aBUCHMOCTH OT
OTHOCHTEJIFHBIX pasMepoB ¢uamiia roioBok (Ry / Ry) u
(h / Ro) cTepsKHEBBIX KpEMEKHBIX M3mesnii u3 craneit 10,
20I"2P, 30I"2P, 30XP, 40X, KOTOpBIE IIHPOKO IPUMEHSIIOTCS
TIPH IITAMITOBKE M3/ENUH ¢ (DIaHIIEBBIMU OJIOKAMH.

Jnst OIEHKHM JTOCTOBEPHOCTH PE3yJIbTaTOB PAacueTOB
MIPOBEJ/ICHa Cepysl HKCIIEPUMEHTOB, KOTOPbIE POBOAMINCE
¢ ucmnone3zoBaHueM npecca MC-2000 («3aBox wucmsITa-
TEJBHBIX MAIIUHY, I. ApMaBUp) U HHCTPYMEHTA B BUIE ITy-
AHCOHA, MAaTpUIIbl U BBITAJIKUBATCISA, KOTOPLIC pazMelia-
JIMCh B CIICIMAJIBHOM LEHTpHUpYyIomeM Kopiryce. [lltammo-
BaJINChH (IIAHIIEBBIC TOJOBKH M3 HWJIMHAPHIECKHX 3ar0TO-
BOK auameTpoM 16 MM (ctamp mapku 10). Pasmepsr ot-
MITAMIIOBAHHBEIX TOJIOBOK Ry = 8 MM, R = 12 wmm,

R; =15 wmm, h =3 mM. DkciepUMEHTANIbHbIC YCUITHS JIe-
(opMUpOBaHUs, HAlCHHBIE IO pe3yJbTaTaM HCIIBITAHUN
10 o0OpasioB, m3MeHsUIMCh B jauanasone 886+941 kH.

Cpennee 3Hauenue — 934,1 xH. Ycunus, onpeneneHHble
teoperuuecku — 883,6 kH. [lorpemnocts 5,7%.
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Puc. 3. HOMOl"paMMa OIMpCAC/ICHU YACIbHBIX YCI/IJ'H/Iﬁ ITaMIIOBKH I'OJIOBOK C q)HaHHCM
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BoiBoabl

1. Mcnonb3ys BapHalluOHHBIH METOJ B JAUCKPETHOH
MIOCTAaHOBKE, pa3paboTaHa MaTeMaTH4ecKas MOJEIb H
BBINIOJTHEHB! PAcueThl SHEPTOCHIIOBBIX IApaMETPOB MPO-
Iiecca MITaMITIOBKH TOJIOBOK CTEP)KHEBBIX KPEMEKHBIX H3-
nenuii ¢ hraHIeM.

2. OKOHYATEIbHBIC PE3YIbTaThl BBIMOJHEHHBIX pac-
YETOB NPEICTABICHBI B BUAEC HOMOTPAMMBI, HCIIOIB3YS
KOTOPYIO MOXXHO OHpENeNsiTh yerius AehoOpMUPOBaHUS B
3aBUCHMOCTH OT COOTHOLICHUSI Pa3MEpOB IITaMITyeMOMH
TOJIOBKH JUUISl MapoK CTald, IIMPOKO HPUMEHSEMBIX IMpH
W3TOTOBJICHUH CTEP)KHEBBIX KPEHEKHBIX M3ESITHH.
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Abstract. On the basis of the variational method, a mathematical model has been developed and calculations of
energy-power parameters of the process of stamping the heads of rod fasteners with a flange have been performed. The
relations of the deformation theory of plasticity were used. The rheological properties of the deformable metal were set
as a model of a rigid-plastic medium with nonlinear hardening. The hardening curve was described by an exponential
dependence proposed by G. A. Smirnov-Alyaev. The stamping process was considered in a cylindrical system of coordi-
nate axes r, z, ¢ . The volume of the head was divided into rigid and plastic regions, the interface between which was

described by a quadratic parabola with a variable parameter a. The plastic area was divided into two zones. For each
zone were asked the functions of the radial di’splacementsUr that are consistent with the boundary conditions and was
very close to the actual metal flow. Using the corresponding Cauchy differential dependencies and the incompressibility
condition, the components of the strain tensor &,,&,,,7 , and the strain intensity £; were determined , using which
the work of internal forces, friction forces, and shear forces was determined. The search for the minimum of complete
deformation operation A™ was performed by numerical methods using a specially developed program. According to
the found values of the minimum total deformation work A™" , the stamping forces P and the specific forces
p = P/F,, where F; is the cross-sectional area of the rod, were determined. Based on the results of calculations, a

nomogram was constructed that allows determining the specific forces p of stamping depending on the relative dimen-
sions of the head flange for rod fasteners made of 10, 2072P, 3072P, 30XP and 40X steels. Experimental studies were
carried out, during which heads with a flange were stamped out of grade 10 steel. The discrepancy between theoretical
and experimental results was 5.7 %.

Keywords: rod fasteners, head with flange, variation method, displacement functions, work of internal forces,
work of friction forces, power parameters, stamping forces.

This work is carried out within a framework of the government order (No. FZRU-2020-0011) of the Ministry of
Science and Higher Education of the Russian Federation

CchlIKa Ha CTaThIO:
Keneskos O.C., Xapuenko M.B., Canrannk B.M., JIuzo C.b. DHeprocunoBsie mapaMeTpbl IMpOIecca MTAMIIOBKU TOJIOBOK CTEPIKHEBBIX U3/ICIHUIA C
¢urarnem // Teopust U TEXHOJIOTUsI MeTaJLTyprudeckoro npoussoactsa. 2020. Ne2(33). C. 24-28.
Zhelezkov O.S., Kharchenko M.V., Salganik V.M., Lizov S.B. Energy-power parameters of the process of stamping the heads of rod products with a
flange. Teoria i tecnologia metallurgiceskogo proizvodstva. [ The theory and process engineering of metallurgical production]. 2020, vol. 33, no. 2, pp. 24-28.

28 Teopusi u MexHON02USA MeManypau4ecko2o npouseodcmea




