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HpKyTCcKHii HAMOHAJIBLHBIN HCC/Ie0BaTe/ILCKUN TeXHHYECKHI YHUBEPCUTET
(664074, Poccus, Upxyrck, yin. JlepmoHTOBa, 83)

Armomauu;l. KaJ’IH6pOBaHHHﬁ MECTaJIT ABJIACTCA BqJ(i)CKTI/IBH()ﬁ 3ar0TOBKO# JIIS. UI3TOTOBIICHUS JIETaIe Ha CTaHKax-aBTOMaTraxX M aBTOMaTHYECKUX JIH-

HMSIX, @ TAKKe JUIS U3TOTOBJICHUS NIAJKUX JUIMHHOMEPHBIX BAJIOB U ocel. Takue peTanu sBISIOTCS HE TEXHOJIOTMYHBIMH, TAK KaK IPH MEXaHHU-
4ecKoi 00paboTKe M IKCIUTyaTallid OHM M3MEHSIOT (opMy B BUIY HCKpuBieHHUs. [ledopmarus MpOUCXOIUT HPH JSHCTBUH LEHTPOOSHKHBIX CHII
Jlaxe OT COOCTBEHHOTO Beca aeTaneid. HoBble KOHCTPYKIMOHHBIE MaTePHaIbl MO3BOJISIOT CO3/1aBaTh A0CTATOUYHO MPOYHBIE IETATN ¢ yMEHBIICHHBIM
MOMEPEYHbIM CEUCHHEM, HO M3IHOHAS )KECTKOCTh TAKUX JIeTalell CyIeCTBEHHO CHIKAETCs. [I0BBICHTh M3THOHYIO KECTKOCTh PeajbHBIX JAeTajeil
BeCbMa CIOXKHO. Ha mpakThke MCrnonb3yroT 00bIYHO KOHCTPYKTHBHbBIE PEILEHHS, KOTOPbIE CBS3aHbI C MaTepHalbHBIMU 3arpataMu. B pabore pac-
CMOTpEHA BO3MOXXHOCTD TTOBBIILICHHSI M3TUOHOMN KECTKOCTH LMIMHIPHIECKUX KaTUOPOBAHHBIX MPYTKOB 3a cueT HOPMHUPOBAHHS TEXHOIOTHYECKHX
OCTaTOYHbIX HanpsbkeHuid. IIpobiaemMa MX MCMONB30BAHUS 3aKIIOUAETCS B TOM, YTO OCTATOYHbIE HAMPSDKEHMS! BCETZa CYLIECTBYIOT ABYX BHJIOB —
pacTAruBaoIIie U CKUMarolue. Eciu BHEIIHUE HANPSDKEHHUS! PACTSHKEHHUS TOBBIIIAIOT KECTKOCTD JACTANICH, TO HANPSDKEHUS CHKATHSI CHIDKAIOT ee.
[MosTomy 3ajaueii paboOTHI SABISUIOCH HAXOXKACHUE TAKOTO XapaKTepa PaclpenesIeH s OCTATOUHbIX HANPSHKEHUH, KOTOPBI Obl 0OecrednBal moBbI-
LICHUE M3rHOHON JKECTKOCTH JIeTallel, H3rOTOBICHHBIX U3 KAIMOPOBaHHOTO Merauia. [Ipy MOAENMPOBAaHUH OCTATOYHBIX HANPSDKCHUH PUHSIIH
reOMETPUYECKYI0 MOZIeIIb MPYTKA, COCTOSIIYIO U3 TOHKOCTEHHBIX TpyOOoK Tommuuoi 0,2 mm. Kaxaas TpyOka Harpyskanaach pacTAruBarOLIUM HITH
CKMMAIOIMM HAIPSDKEHHEM, KOTOPOE COOTBETCTBOBAJIO 3HAYCHUIO SKCIIEPUMEHTAIBLHOTO Onpe/eieHus. [Ipn MofemMpoBaHiy 1 pacyeTe MCIOoib-
30BaJIM JIBE CXEMbI HArPY)KEHHsI, IPH KOTOPHIX B OBEPXHOCTHBIX CIOAX (GOPMHUPYIOTCS JIMOO OCTATOUHbIE HAMPSDKEHUSI CHKATHUSL, TMOO PACTSKEHMSI.
DKCHEePUMEHTAILHO-PACUETHBIMU METOJIAMH YCTAHOBJICHO BJIMSHUE OCHOBHBIX [IAPAMETPOB KATHOPOBKH Ha H3rMOHYIO KECTKOCTh MeTasl1a. BbisB-
JIEHa BO3MOXHOCTb MOBBILICHUSI U3TMOHOM KECTKOCTH KaJanOPOBaHHBIX NPYTKOB MOYTH B Ba paza mpu ooxarusax ot 5 1o 34 %. Ha 20 % moxHO
MOBBICHTb )KECTKOCTD [IPH YBEIMUYCHUH JUTHHBI KATMOPYIOIIEH 30HbI HHCTPYMEHTA. BiusiHue yriia pabo4ero KoHyca BOJIOKH HE3HAYUTEIBHO (OKOJIO
10 %), npuyeM JUIs HOBBIEHHS JKECTKOCTH pabOUYMil yroJl HHCTPYMEHTA HY)KHO YMEHBIIATb.

Knrouesvle cnosa: KaJ’II/I6p0BaHHbII71 METaJIJI, OCTAaTOYHBIC HANPSIKCHUS, H3ruOHas KCCTKOCTh, OTHOCHUTCIIBHOC o6>1<ame, yroma pa60qer0 KOHYyCa, NJInHa

KaJTHOpyIOIIeH 30HBI.
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[Ipu BpalieHUH JUTMHHOMEPHBIE BaJbl MO JACHCTBHEM
HEHTPOOCKHBIX CHJI U3THOAIOTCS JIaxke OT COOCTBEHHOTO
Beca. [IoBBICHTh M3rHOHYIO JKECTKOCTh JeTajell THIa Ba-
JIOB ¥ OCel BechMa CIoKHO [1 — 16].

PaccmoTrpuM Jehopmaninio CTalbHOTO TIAIKOr0 JJTHH-
HOMEPHOTO0 TIpyTKa AuHo# |, mnamerpom d mox neiictBruem
nonepeyHor Harpy3ku F (puc. 1). s momenupoBaHus
M3rUOHOM KECTKOCTH MPYTKOB B 3aBUCMOCTH OT BEITHYH-

HBI ¥ XapaKkTepa Paclpeae/iCHHsT OCTATOYHbBIX HAIPSKCHHH
MCIIOJIb30BaHbI JIBE CXeMbl: 1 — OCTarouHbIC HANPSHKEHHS
CKaTHsl B TIOBEPXHOCTHBIX CJIOSIX M HAMPSDKCHHE PACTSDKE-
HUS BO BHYTPEHHUX CJIOsIX (pucC. 1, @); 2 — ocTaTouHbIC Ha-
MPSDKSHUS PACTSIKEHUSI B TIOBEPXHOCTHBIX CIIOSIX U HAIpsi-
JKCHHE COKaTHsI BO BHYTPEHHUX CJI0sX (puc. 1, 6).

[To pesynpratam 3KCIEPUMEHTAIBLHOTO OIMPEIACICHUS
OCTaTOYHBIX HAMPSHKEHUH B KAIMOPOBAaHHOW CTajiM OBLIO

a 19

Puc. 1. Cxembl pacTaKEHUs (a) " CKarus (6) JUISL OTIPEACIICHUS BIUSHYS OCTAaTOYHbBIX Hal'[pH)KCHHﬁ Ha )XCCTKOCThb KaJTPIGpOBaHHLIX TIPYTKOB

Fig. 1. Schemes of stretching (&) and compression (6) for determination of the influence of residual stresses on stiffness of calibrated rods
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YCTAHOBJICHO, YTO HAa MOBEPXHOCTU U B ueHTpaanoﬁ 30HC
B TIEPBOM HPUOIIKEHUH OCTATOYHBIC HANPSHKCHUS PABHBI
M0 BEJIMYMHE W TPOTUBOIOJIOKHBI 10 3HaKy [5]. Ha ocHo-
BaHHUM JTOTO MPUHATA MOIENb TPYTKA, MPEACTABISIONIAs
co00M COCTaBHOW LWJIMHAP, COCTOSIINN U3 CEPICYHUKA U
000JIOYKH (BTYJIKH), TIOABEPTAIONINECS ICUCTBHIO Pa3HBIX
HanpsbkeHuit [6, 17, 18].

IIpr mMomenupoBaHUM OCTATOYHBIX HAINPSIKEHUW TPH-
HSJIM TEOMETPUYECKYI0 MOJENb TPYyTKa, COCTOALIYI0 U3
TOHKOCTEHHBIX TpyOOK ToymuHo# 0,2 MM (puc. 2). Kaxnas
TpyOKa Harpykauach pacTATHBAIOMIMM WIH CXHUMAIOIUM
HaIpsDKeHHEM, KOTOPOE COOTBETCTBOBAJO 3HAYCHUIO JKC-
MEPUMEHTAIBHOTO OTPEIEICHUSI.

AHanUTHYECKU pacueT Mporuda CTepXHS OCYIIECTB-
nsiercst MetosioM Komm-Kpeutosa [19]. Pemast nuddepen-
[UAJTFHOC YPAaBHEHUE N30THYTOH OCH CTECPIKHS
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®opmyna (2) MO3BOISET OMPEACIIUTh MAKCUMAJIbHBIN
Mporud MPYTKOB MPH JIEHCTBUU TONIEPEYHOM cuiibl F mpu
OCEBOM PACTKEHUH, a hopmyina (3) — IPH OCEBOM CIKATUH.
Buano, 9to 3HaueHMEe MaKCHMAaJIBHOTO MpOruda B ciydae
PACTSTUBAIONINX HATPSHKCHUN MEHBIIIE, YeM IPH ICHCTBUU
CKUMAIONIMX HampspDKeHUH. YpaBHeHus (2) u (3) mo3Bods-
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IOT MaTeMaTHYeCKH OIICHUTH JIEHCTBHE OCEBBIX HArpy30K
Ha MTOTIEPEYHBIN H3THO CTEPIKHS.

Hnsa cxem Harpyxenus (puc. 1) n3ruOHas >keCTKOCTh
npyTKa onpeaeisiercs mo popmyse [20]

F

- (4)
48 Y nax

s onpenenenns n3MEHEHHSI TPOTHOa IMPYTKOB B 3aBH-
CUMOCTHU OT JIEHCTBHSA OCTAaTOYHBIX HAIPSKEHUH HCIIONb-
30BaH MaKeT MporpaMm Ansys.

PesynbraTsl M3MeHEHMH HM3rMOHOW >KECTKOCTH NpPYT-
ka quam. 37,6 u mmHou 1000 MM (MaTepuan — cTaib 45,
o, =360 MIla) mox jedcTBMEM TIONEPEUHON HArPY3KH
1000 H B 3aBUCHMOCTH OT TIPEIBAPUTEIBHON KaTHOPOBKH
Y OT CTETIEHU OTHOCUTENILHOTO OOXKATHS, JJTMHBI KaTHOPYIO-
el 30HBI U yIiia pabodero KoHyca WHCTPYMEHTa TMOoKa3a-
HBI Ha pUC. 3, a, 6, 6. KecTKoCTb OmpejeNieHa B cepeIuHe
MIPYTKOB, TII¢ IMEET MECTHOE €€ MHHUMAJIFHOE 3HAUCHHE.

Pacuetsl mokazanu (puc. 3, @), 4T0 B UCCIELYEMOM HH-
TepBaJie OTHOCHUTENBHBIX oOkatuit (0T 5 1mo 34 %) m3ruo-
Hasi )KECTKOCTb MOXET OBbITh MOBBIIICHA ITOYTH B J[BA pa3a.
C yBennm4eHneM yria pabodero koHyca ot 4 10 24° u3ruo-
Hasl KECTKOCTh MpPYyTKOB cHmxaercst Ha 10 % (puc. 3, 0).
YcTaHOBIIEHO, UTO B UCCIIETYEMOM HHTEPBAJIC OTHOCUTEIh-
HBIX JJUH KanuOpyromei 30ub1 oT 0,08 1o 0,47 usruOHas
YKECTKOCTh MOXeT OBITh yBenmuueHa Ha 20 % (puc. 3, g).

[TomyueHHbIe pe3ynbTaThl MOKHO PEKOMEHAOBATh MJIst
TTOBBIIICHHUS KECTKOCTH KalTMOPOBAHHBIX MPYTKOB TIPH BEI-
6ope 3(ppexkTHBHOI 3aTrOTOBKU MPU U3TOTOBJICHUHU, HATIPH-
MeEp, BaJIOB MAJION KECTKOCTH.

Buoi6oosr. KanubpoBaHHbIM MeTamn sBisercss 3¢dek-
THUBHBIM BHJIOM 3aTOTOBKH JJISI H3TOTOBIICHHS IIEJIOTO Psa
LHWINHpUYECKUX AeTaneil. KauecTBO ManokecTkux aera-
JIeH THIIa BaJIOB OICHMUBAETCS M3TMOHOM KECTKOCTEHIO, KO-
TOPYIO MPAKTUYECKH CIOKHO M3MEHUTh. J1Jis TIOBBIIICHUS
M3THOHO KECTKOCTH CTEPIKHEBBIX U3/ICINH MPEIIaracTcs
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Puc. 2. Cxema 1t MOJETMPOBAHHUS IPOrUOa MPYTKOB MO PACTIPECTICHUIO OCTATOYHBIX HAMPSHKCHUI:
a — 3HAUCHUS OCEBBIX HANPSHKEHHUN; 6 — IPUMEP paclpeieIeH s OCTaTOYHBIX HANPSKSHUI; 6 — 3HAYCHUS TAHTCHIIMAIBHBIX HaNPSHKSHUH

Fig. 2. Modeling scheme for the rods deflection at distribution of residual stresses:
a — value of axial stresses; 6 — an example of residual stresses distribution; ¢ — value of tangential stresses
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Puc. 3. Bimsinue creneHn oTHocuTenbHOro ooxarus Q (), mormyyria pabodero KoHyca BOJOKH o (6) X OTHOCHTEINIBHOI! JTHHBI KaTHOPYIOIIeil 30HEI
nnctpymenta | /d (6) Ha usru6nyio sxectkocTh C UINHAPHYECKUX IPYTKOB HOCIE KaTHOPOBKM

Fig. 3. Effect of relative compression degree Q (@), die cone semiangle a (6) and the relative length of the tool gauge area |,/d () on the bending
stiffness C of cylindrical bars after calibration

HCIIOJIb30BaTh TEXHOJIOTHIECKUE OCTATOYHBIC HATIPSIKE-
HUS1, KOTOpBIC BCET/a OBIBAIOT JBYX BHJIOB — PACTSTHBAIO-
nue ¥ cxumaronue. M3ruonHast )ecTKoCTh MOXKET OBITh T10-
BBIIIICHA 33 CUET MPeoOIalaHus PACTATUBAIONIMX YCHITHI
M0 CPABHEHHIO C CKUMAIOIIUMHU. DKCIIEPUMEHTaIbHO-pac-
YETHBIMHA METO/IaMH YCTAHOBJICHO BIIMSIHAE OCHOBHBIX TTa-
pameTpoB KaarOpPOBKH Ha U3rHOHYIO )KECTKOCTh MeTaslia.
BrisiBieHa BO3MOXXHOCTH MOBBIIIICHHS] U3THOHOM JKECTKO-
CTH KaJTMOPOBaHHBIX MPYTKOB MOYTH B J[Ba pa3a MpH o0Ka-
Tusix oT 5 10 34 %. Ha 20 % MO0>XHO MOBBICUTD KECTKOCTh
TIPU YBEIIMYSHUH JUTUHBI KaTHOPYIOIIel 30HbI HHCTPYMEH-
Ta. BnusHue yria pabodero KoHyca BOJIOKH HE3HAUUTEIb-
HO (okoiio 10 %), mpuyem It TOBBIIICHHSI )KECTKOCTH Pa-
00YMii YroJI ”HCTPYMEHTA HY)KHO YMEHBIIIATh.
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INFLUENCE OF PARAMETERS OF THE CALIBRATION PROCESS
ON BENDING STIFFNESS OF STEEL ROD

S.A. Zaides, Nguen Van Khuan
Irkutsk National Research Technical University, Irkutsk, Russia

Abstract. The calibrated metal is efficient material for manufacture of de-
tails on automatic machines and automatic transfer lines, and also for
production of smooth lengthy shafts and axes. Such details are not
technological as during the machining and operation they change a
form in a type of a curvature. Deformation comes at action of centrifu-
gal forces even from sole weight of details. New constructional mate-
rials allow to create rather strong details with the reduced transverse
section, but a flexural rigidity of such details significantly decreases.
It is very difficult to increase flexural rigidity of actual details. In prac-
tice, constructive solutions that are associated with material costs are
usually used. In this work the possibility of increase in a flexural rigi-
dity of the cylindrical calibrated bars is considered due to the forma-
tion of technological residual stresses. The problem of their use is that
residual stresses always exist of two types — stretching and squeez-
ing. If external stresses of stretching increase rigidity of details, then
pressure loads reduce it. Therefore, the main task of the work was to
find such nature of distribution of residual stresses which would pro-
vide increase in a flexural rigidity of the details made of calibrated
metal. The geometrical model of a bar consisting of thin-walled tubes
of 0.2 mm thick was accepted at model operation of residual stresses.
Each tube was loaded with the stretching or squeezing tension which
corresponded to value of the experimental definition. At model opera-
tion and calculation two schemes of loading were used at which in the
surface layers either residual stresses of compression or stretching are
formed. Experimental calculation methods established influence of
key parameters of calibration on a flexural rigidity of metal. The possi-
bility of increase in a flexural rigidity of the calibrated bars is revealed
almost twice when cogging from 5 to 34 %. For 20 % it is possible
to increase rigidity at increase in length of the calibrating zone of the
tool. The influence of the angle of the working cone of the machine is
insignificant (about 10%), and for increasing the rigidity the operating
angle of the tool must be reduced..

Keywords: calibrated metal, residual stresses, bending stiffness, relative

compression, working cone angle, length of gauge area.
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