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TEOMETPUYECKHUE MAPAMETPBI BHEKOHTAKTHOM 30HBI ITPA JIBYXOIIOPHOUM
MJIACTUYECKOM 'MBKE CTEP)KHEBBIX 3ATOTOBOK

Annomayusn. B cmamve u3nodicenvl pe3yibmamsl meopemuyeckux U IKCHepUMEeHmMantb-HuixX UCCIe008anull npoyecca 08)-
Xonopuou naacmuueckou eubku. Paccmampueanca npoyecc degpopmuposanus 3a20mosKu Kpyenoeo cedeHus, Komopas pacnoiazad-
JIACh HA 08YX HENOOBUIICHBIX ONOPAX, U 0eOPMUPOBANACh NYAHCOHOM C YUTUHOPUUECKoU pabouell nosepxHocmvio. Ilyancon pacno-
J1a2ancs nocpeoune mMexcoy Onopamu u nepemewancs neprneHOUKyIAPHO NPOOOTbHOU OCU HeOedOPMUPOBAHHOU 3a20moeKu. Hc-
nowb3ys npozpammuslil komniexc « Mathcady, yemanoenena ananumuueckas 3aeucumocms yena 2ubku om xo0d nyaHcoHd u CoOm-
6EMCMBYIOWUX PAZMEPOS 3a20MOBKU U UHCIMPYMeHma. [Ipu KOMRbIOMEPHOM MOOeIUpOBAHUL Npoyecca 08YXONOPHOU SUOKU npume-
Hsncs npoepammueiil komnaexce «Deform - 3Dy, Hcnonvzyemas 6 pacuemax kpueas ynpouHenus KAiubpOSAHHOU CMANU MAPKU
40C24 cmpounacs no pesyibmamam UCHBIMAHULL HA cocamue oopasyos ¢ mopyegvimu Oypmuxkamu. B pacuemax eapvuposanuce
eeomempuyecKue napamempuvl npoyecca eubxu: ouamemp 3acomoexu 11,0=17,0 mm, paduyc paboueii nosepxHocmu nyaHcoHa
15,0+20,0 mm, paouyc onop 15,0-20,0 mm u paccmosnue mexcoy ocaimu onop 90,0+100,0 mm. Yemanosneno, umo 6 npoyecce 08y-
XONOPHOU NAACIMUYECKOU 2UOKU CMEPICHeBOL 3a20MOBKU BOZHUKAEN 30HA NOMepU KOHMAKMa mexicoy 0epopmupyemotil 3a20mosKoi
U UHCMPYMEHIMOM, MO ecmb 00pazyemcs Hekonmaxkmuas 30ua. IIpogedennvie SKcnepuMeHmyvl N0 NAACMUYECKOU SUOKU 3a20MO60K
ouamempom 11,0 mm uz cmanu mapxu 40C2A4 ¢ ucnoavsosanuem yrusepcanvholl ucnvimamenvuou mawunvl UP 5082-100 u coom-
emcmayowell OCHACMKOU NOOMEepmuIU 00pa308anue HEKOHMAKMHOU 30HbL. /[ 0600Wenus pe3yibmamos Ucciedo8anus 6600U-

JUCb OMHOCUmMEeNbHAA MAKCUMANIbHAA 8blcomda 5 u H@Hmpll]lbl'lbllz yeoan ﬁ BHEKOHMAKMHOU 30HbL U nocmpoenbl zpa(])uxu 3asucu-

Mocmetl 3mux napamempoe om yeia 2u6Ku, pasmepoe 3a20moeKu u 2UOOUHO20 UHCmpymenmad.
Knroueswvie cnoea: niacmuueckasn 2u61<a, CmepoICHesdsl 3ad20Mmos6Kda, deyxonopHa}l 2u61<a, B6HEKOHMAKMHAs 30HA, Y20l 2M6Ku,
X00 uHcmpymenmad, MemooO KOHEUHbIX INEeMEHNO8.

IIpouecch! mmacTudeckod TMOKH CTEPIKHEBBIX 3aro-
TOBOK CBSI3aHBI C U3MEHEHHEM KPUBU3HBI OCH CTepiKH [1].
[pu 3TOM MmIacTHyeckoi AeopManuy MOABEPIKEHA TOJIb-
KO 4acTh 3aroTOBKH (oyar jedopmarnu), a OCTalbHbBIC Ya-
ctu aepopmupyrores ynpyro [2]. Ilnactuueckas ruOka
CTEPKHEBBIX 3arOTOBOK IIHUPOKO HCIIOIB3YeTCsS NP H3ro-
TOBJICHWM HW3JIENWH THIIA TPYXWH, HPYXKUHHBIX KIEMM
PETBCOBBIX CKPETUICHUH, TPy30TI0JbeMHBIX CKOO M T.1I.

OnuH 13 pacnpoCTPaHEHHBIX CIIOCOO0B CTEPKHEBON
rHOKK — JIBYXOTOpHas TuOKa (puc.l), mpu KOTOpoii 3aro-
TOBKA pacIiojlaraercs Ha JBYX HEMOIBIXHBIX OIOPAX, Y

L—yL2 +h2 —4rh-2hR1+R)
4r —h+2(R1 +R)

)

a=2-atan(

[Ipy KOMIIBIOTEPHOM MOJEIHPOBAHUU IIpollecca
JBYXOIMOPHOH THOKHM HPHUMEHSUICS TNPOrPaMMHBIN KOM-
mwiekc «Deform - 3Dy, koTopsIii 6asupyeTcst HA METOJIE
KOHEYHBbIX 3JeMeHTOB [4]. Hcmosb3yemas B pacuerax
KpHBasi YNPOYHEHHS KaJIMOPOBAaHHOW CTalll MapKu
40C2A, xoTopasi LIMPOKO MPUMEHSETCS MPU H3TOTOBIIE-
HHUM TPYXUHHBIX KJIEMM PENIbCOBBIX CKPEIUICHHH, CTPOH-

KOTOPBIX paboune NUINHIPUIECKHE TOBEPXHOCTH UMEIOT
paauyca Ry, a nedopmaiust OCyniecTBISETCS TyaHCOHOM,
pabodasi IOBEPXHOCTh KOTOPOTO BBHINOJIHEHA B BUJE LIH-
nuHApa ¢ paauycoM R. IIpu atom pabounii myaHcoH pac-
IIOJIOXKEH TTOCepEeINHE OIOp U MepeMeniaeTcs BHA3 Ha Be-
m4uHy h (X0[ myaHcoHa).

B pabote [3] momyueHOo ypaBHEHHE, OIMCHIBAIOIIEE
3aBHCHMOCTh XOJa IMyaHCOHa h OT COOTBETCTBYIOIIUX
pa3MepoB 3aroTOBKU M HHCTPYMEHTa

a 1
h=[L-(Ry+ntg -Ttga - (R +r)(——-1). (1)
2 cosa
/i€ 0 — yroJ THOKW;
I — paainyC MONEPEYHOTO CEYSHHSI 3arOTOBKH;
L — paccrositHrEe MEXy OTIOpPaMH.

HUcmone3yss mporpamMmusiii  komriuieke «Mathcady,
BBIIIOJIHEHBI TpeoOpa3oBanus ypaBHeHus (1) u ycTaHOB-
JIeHa 3aBHCHUMOCTb yrila THOKH 0 OT MMEepPEMEIICHHS IIy-
arHcoHa h ¥ COOTBEeTCTBYOIIMX Pa3sMepOB
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Jlach 10 pe3yJibTaTaM HCIBITAaHWH Ha CXKaTHe 00pasIoB ¢
TOpIEBBIME OypTHKaMu [5,6]. B pacuerax BappHpOBajnch
reoMeTpHUYecKHe MapaMeTpsl Ipolecca TMOKU: TUaMeTp
sarotoBkd d=11,0+17,0 MM, pagunyc paboueii moBepxHO-
ctu myaHcoH R =15,0-20,0 wmm, pamuyc omop
Ry=15,0-20,0 MM, paccTosHHE MEXIy OCSIMH OIOp
L=90,0+100,0 mm.

Pe3ynbTaThl KOHEYHO-3JIEMEHTHOTO MOJICTMPOBAHMS
[7] moxa3bIBalOT, YTO B MPOLECCE IBYXOMOPHOH MIACTHU-
YeCcKOW TMOKH CTEpP)KHEBBIX M3/ENMH BO3HHKAET 30HA I10-
TepH KOHTaKTa MEXIy Je(GopMHpyeMOi 3aroTOBKOW M
HMHCTPYMEHTOM, TO €CTh 00pa3yeTcsi BHEKOHTAKTHasl 30Ha
(puc. 2, a).

Hcnonp3ys yHUBEpCAIBHYIO HCHBITATENBHYIO Ma-
mmay VP 5082-100, mpoBeneHa cepus SKCIEPHMEHTOB
[8], B x0l1e KOTOPBIX OCYIIECTBISIACH ABYXOTOPHAS TIjia-
cTH4ecKass THOKa KPYTJIBIX 3arOTOBOK M3 CTalld MapKu
40C2A mmamerpom d=11,0 MM IyaHCOHOM C PajHycoM
paboueii noepxnoct R =15,0 MM, paanyc onop R;=15,0
MM, paccTosiHne Mexay ocsiMu omnop L=90,0 mm. Dkcne-
PUMEHTHI MOATBEPMIN BO3HUKHOBEHHE BHEKOHTAKTHOM
30HBHI (puc. 2, 0).
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a

Puc. 2. BHekoHTaKTHas 30Ha: a — IPU MOJISIIMPOBAHHH TIPOIiecca IUIACTUYECKON THOKHU C MCIIOIb30BaHUEM
IK «Deform - 3D»; 6 — npu SKCHEPUMEHTAIBHBIX HCCIIETOBAHUSIIX

[To pe3ynpTaTaM KOHEYHO-3JIEMEHTHOTO MOAEIHPO-
BaHUsI M HKCHEPUMEHTAIBHBIX HCCIEJOBAaHUI ompeaens-
JUCh OCHOBHBIE T€OMETPUYECKHE MapaMeTphl BHEKOH-
TaKTHOW 30HBI U MX M3MEHEHHE B Ipoliecce THOKK B 3aBH-
CHUMOCTH OT PEXHMOB Je(hOPMHUPOBAHUS U Pa3MEpOB 3a-
TOTOBKU U UHCTPYMEHTA.

Ha puc. 3 mpencraBieHsl OCHOBHBIE IIapaMeTpHl
BHEKOHTAKTHOM 30HBI: A — MakcUMasbHBIH 3a30p MekKITY
ITyaHCOHOM M Je(OopMHpYEeMOl 3aroToBKOIl Ha HEKOTO-
pom otane nedopMHpOBaHMS; [ — LEHTPAIBHBIN yrou
MEXJy paauycaMH, KOTOPBIE OrpaHMYMBAIOT BHEKOH-
TaKTHYIO 30HY.

Puc. 3. ITapamMeTpbl BHEKOHTAKTHON 30HBI

32

C menpro 0000IIEHNS Pe3yITATOB UCCIICIOBAHUS
BBOAWJINCE Oe3pa3MepHbBIC ITapaMeTphl: OTHOCUTEIbHAsS

MaKCHMaJIbHasl BEICOTa BHEKOHTAKTHOM 30HBI 5 = A/I’ n

OTHOCHUTENIbHBIA paanyc IIyaHCOHa QO = R/ r. Ilo pe-

3yJIbTaTaM BBINIOJHEHHBIX PacyeToB MOCTPOEHBI Ipaduku

o="f(a;p) (puc. Hu B=T(a;p) (puc.5).
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Puc. 4. 3aBucHMOCTS MAKCUMABHOW OTHOCHTENEHON
BBICOTHI O BHEKOHTATHOW 30HBI OT yIiIa THOKH O
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Puc. 5. 3aBrcHMOCTB IEHTPATBHOTO yTITa B MEXKIY
panuycaMu, OrpaHHIMBAIOIIMMH BHEKOHTAKTHYIO 30HY, 6.
OT yTJia THOKH o

BriBoasl

1. ITo pe3ynpTaTaM KOHEUHO-3IEMEHTHOTO U HaTyp-
HOT'O MOJEIUPOBAHUSA YCTAHOBIEHO, YTO IIPU JBYXOIOP-
HOW IIaCTHYECKOW T'MOKe CTEep)KHEBBIX W3/AEIMH BO3HU-
KaeT 30Ha IOTEpU KOHTAKTAa MEKJY 3arOTOBKOM W HH-

CTPYMEHTOM (BHEKOHTAKTHAs 30HA). £
2. YcraHOB/EHa 3aBHCUMOCTh W3MEHEHHs MaKCH-

MaJIbHOM BBICOTHI M LICHTPAJIbHOTO YIJa BHEKOHTAKTHOM

30HA OT yrjia THOKK 0. ¥ pa3MepoB 3arOTOBKH U THOOYHO-

T'O HHCTPYMEHTA. 8
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Abstract. The article presents the results of theoretical and experimental studies of the process of two-support
plastic bending. The process of deforming a round-section blank that was located on two fixed supports and deformed
by a punch with a cylindrical working surface was considered. The punch was located in the middle between the sup-
ports and moved perpendicular to the longitudinal axis of the undeformed workpiece. Using the software package
"Mathcad", the analytical dependence of the bending angle on the stroke of the punch and the corresponding dimen-
sions of the workpiece and tool is established. The "Deform-3D" software package was used for computer modeling of
the two-support bending process. The hardening curve of calibrated 40C24 steel used in the calculations was based on
the results of compression tests of samples with end flanges. The calculations varied the geometric parameters of the
bending process: the diameter of the workpiece 11.0~17.0 mm, the radius of the working surface of the punch
15.0+20.0 mm, the radius of the supports 15.0+20.0 mm and the distance between the axes of the supports 90.0+100.0
mm. It is established that in the process of two-support plastic bending of a rod blank, a zone of contact loss occurs be-
tween the deformed blank and the tool, that is, a non-contact zone is formed. Experiments on plastic bending of work-
pieces with a diameter of 11.0 mm made of 40C24 steel using a universal testing machine 2P 5082-100 and the corre-
sponding equipment confirmed the formation of a non-contact zone. To summarize the results of the study introduced
the relative maximum height of the Central angle and non-contact zones and plotted these parameters from bending an-
gle, the size of the workpiece and the bending tool.

Keywords: Plastic two-tools bending process, finite element modeling, round bar, non-contact zone, bending
angle, bending tool.
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