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HANIPSIKEHHO-IE®OPMUPOBAHHOE
COCTOSIHUE IIPU HAT'PYKEHUM IIAPHUPHOI' O
V3JIA C 3AITIPECCOBAHHOM TOHKOCTEHHOM
BTYJKOU

CraTbs NHOCBSAILCHA aHAIM3Y HANPSHKEHHO-IE(OPMUPOBAHHOIO COCTOSHHS MOJ
Harpy3koi 3JEMEHTOB LIAPHUPHOIO y3Jla C 3aIpPECCOBAHHOM BBICOKOIIPOYHOMN
BTYJIKOM B CPAaBHEHMH C BTYJIKOM, YCTAaHOBJIEHHOM MO CKOJB3AILIEH MOCAIKE.

B uznenusx MammHOCTPOCHUS IIMPOKO UCHOIB3YIOTCSA MIAPHUPHBIC Y3IIbI,
paboTaromue TOA BO3AEHCTBHEM IHMKIMYECKHX HArpy30K BBICOKOTO YPOBHS
B YCIOBHUSIX MPHUCYLICH UM KOHIEHTpALMU HANpsKEHUH. YCTaloCTHBIE pas-
PYLICHUS AJICMEHTOB IIAPHUPHOTO Y374, KaK IMOKa3aHO Ha puc. 1 mpuBomsT
K 3HAYHUTEIHHBIM DKOHOMHYECKHM IIOTEPSAM H3-3a TMPOCTOSI JOPOTOCTOSIIETO
o0opynoBaHusI W TeXHUKHM. Kak mpu NPOU3BOACTBE OTHEIBHBIX JAeTajei
HIAPHUPHOTO Y374, TaK U MPU PEMOHTE JIETalIM MOCIEC Pa3pyLICHUS HUMEIOTCS
JO0CTaTOYHO 3(PPEKTUBHBIE TEXHOJIOTMYECKUE METOJbI YBEIHUYCHUS WX BHI-
HocnuBocTA. OJHUM M3 HANpaBICHUH B ATOM IUIaHE SIBIIACTCS HMCIOJIB30BaHHE
HaIpPsKEHHBIX OCAIOK HWIMHAPUICCKUX IeTajaei Bal-BTYKa.

B crpoutensHbIX M MOIBEMHBIX MAallIMHAX PACIPOCTPAHECHBI MOIBUMKHBIC
[apHUpPHBIE Y376l. J{7 yBEMWYEHHS M3HOCOCTOWKOCTH B TaKHWX Y3JaX IpH-
MCHSIOT BTYJIKH M3 MaTepuaia ¢ 6oiee BHICOKOW TBEPAOCTHIO. BTylka MOXeET
OBITh yCTAHOBJICHA C pPaJUANBHBIM HaTaroMm. [lo3TOMy OBLIO HCCICIOBAHO
BIUSHHUE PalMaIbHOTO HATATA MOCAIKH BTYJIKH B OTBEPCTHE HAa KOHIICHTPAIIUIO
HanpspKeHUM B IJIAaCTUHE.

OTBepcTHe HAXOAUTCS BOJIM3H Kpas IJIACTHHBI, YTO 3HAYUTEIHLHO H3MCHSCT
HaIpsKEHHOE COCTOSIHUE B IUTACTHHE KaK IMpH MOCAAKE C HATITOM, TaKk U MpHU
Harpy»XeHUH coeJnHeHus. HampspkeHHO-eopMUPOBAaHHOE COCTOSHUE, CO3J1a-
BaeMOE€ IMOCAAKOM C HATSATOM, B 3TOM CIy4ae SIBISCTCS HEOCECHUMMETPUUYHBIM.
KoHTakTHBIE panuanbHBIC HANpsSOHKCHHUS HATATa OyAyT TEpEMEHHBIMU II0
OKPY)KHOCTH OTBEPCTHS, a HANpsHKEHHs B TepeMBIYKE 1O Kpas IUIaCTUHBI
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3HAYUTENILHO OOJBIIIE, YeM IIPH MOCAAKE B OTBEPCTHE, B OECKOHEUHOU TIaCTHHE.
Oco0blil HHTEpEC NMPEACTABIIET PelICHUE 3aJadu Uil [I0CAIKU TOHKOCTCHHOM
BTYJIKH, CTEHKa KOTOPOH sIBiIsleTCs] THOKOM U Majio IpeIsITCTBYeT HeocecCuMMe-
Tpu4yHOH AedopMamuu OTBepcTHA. B 3ToM ciydae MpOM3OWAET HCKaXEHUE
CEYEHMs] BTYJIKH, B TOM YHCJIE€ BHYTPEHHETO IMaMeTpa, TO €CTb IOSBUTCS
OBaJIbHOCTh. PacyéT HampspKEHHOTO COCTOSIHHMSI, BO3HUKAIOIIETO IIPU HArpy-
JKEHHH y3J1a CHJIOHW, OCIIOKHAETCS, KpOME BIHMSHHUS Kpasl IJIaCTUHBI, HE0OXo-
JUMOCTBIO pEIlaTh KOHTAaKTHYIO 3ajady g TpEX Tel. IUIACTHHBI, BTYJIKH
u ocu. [Ipu mocaake BTYJIKH ¢ HATATOM HEOOXOIMMO COBMECTHO PEIlaTh 3a7ady
0 HaIpsHKEHHOM Moca ke U KOHTAKTHYIO 3a1auy AJIs TpEX Ted.

Puc. 1. XapakrepHoe pa3pylieHne JeTaad MapHuPHOTo y3i1a

Rys. 1. Charakterystyczne uszkodzenigcizzespotu przegubu kulistego

Perienne 3amaud O HANpSHKCHHOW TMOCAAKEe B JETalb MPOU3BOJLHOMN
(bOpMBI, B 4aCTHOCTH, B TIPOYIIMHY HJIH OTBEPCTHE Y Kpas IUIACTHHBI, a TAKKE
3a7a4d O HArpy)XCHHH OTBEPCTHs CHJIOH KIACCHYSCKUMH METOJaMH TEOPUHU
YIPYTOCTH SIBISIETCSI TPOMO3AKMM U BO3MOYKHO TOJIBKO YHMCIIOBBIMH METOJAMU
¢ ucnosp3oBanrneM IBM. CoBpeMeHHbIE METO/IbI KOHEYHOTO JJIEMEHTA, peaju-
30BaHHbIe, B 4YacTHOCTH B mporpammax COSMOSwumm ANSYS, mo3BonstoT
3HAYUTEILHO YIPOCTUTH pELIEHHE MMOJ00HBIX 3amad. IIpHMEHEHHe OJHO-
CTOPOHHHMX KOHTAKTHBIX 3JIEMCHTOB MEXIY OChbIO, BTYJIKOH H IUIACTHHOMN
MO3BOJISIFOT YYMTHIBATh CHJIBI TPCHUSI B KOHTAKTE, B3aHMHOE IMPOCKAIb3bIBAHUE
JeTancii ¥ BO3HUKHOBEHHE 3a30POB HA YaCTH OKPYXHOCTH OTBEPCTHS, YTO
HCKITIOYEHO MPH MPUMEHEHUH aHATUTHYECKMX METOJIOB pacyera.

HanpsbkeHHO-1eOPMHUPOBAHHOE  COCTOSIHHE, CO3[aBaeMoe  IMOCAIKOM
C HATArOM BTYJIKHA B JETadd HEKPYrJod (OpMBI HCCIIEIOBAHO METOI0OM
koneunoro snementa (MKD) ¢ wucmonb3oBanuem mporpammbl  COSMOS.
B kadecTBe 00beKTa HMCCleIOBaHMs ObUla BHIOpAaHA MJIACTHHA C SKCICHTPUYHO
PacCIOIOKEHHBIM OTBEPCTHEM.
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PacuérHast cxema npuBeneHa Ha puc. 2. Pasmepsl mnactuasr 10100 mm.
Huamerp orBepctusi D = 20 mm. Jlmamerp otBepctus Bo BTynke d = 0.84,
D = 16.8mm. Och ycTaHOBIIEHA BO BTYJIKY 0€3 HaTsAra, BEJIMYMHA 3a30pa MpusiTa
paBHOU Hymt0. Harpy3ka paBHOMEpHO pacnpe/ielicHa 10 CCUSHUIO OCH.
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Puc. 2.PacyerHas cxema MAapHUPHOTO y3a

Rys. 2. Schemat obliczeniowy zespotu przegubu tags

PaccrosiHue (mepembluka) OT LIEHTPa OTBEPCTHUs 0 Kpast macTuHel 20 MM,
TO €CTh IEepeMbIYKa OT Kpas OTBEpPCTHs JO Kpas IuiacTUHbl paBHa 10wmM, urto
JOCTATOYHO JUIS 00ECIICYCHUSI IPOYHOCTH MEPEMBIYKHU Ha Pa3phIB.

Koneunbie aneMenTsl — miaockue aBymephbie TRIANG. [Ins xoHTakTa
WCTIONB30BaHbl OJHOCTOpPOHHME KOHTakTHble GAP-snemenTHl, K03 ¢uUIHEHT
TpeHus npuHAT paBHBIM f = 0.3amaua penransach B HEIMHEHHON MOCTAHOBKE.

Marepuainsl MIaCTHHBI — YyTyH C MEXaHHYECKHMMHU CBOWCTBAMH. MOIYIb
ynpyroctu E = 1,710" MIla (12000 krc/mm?), kosdduuuent Ilyaccona
U = 0,25.Matepuan BTYIKH — CTalb ¢ MEXaHHUECKUMH cBoMicTBamu: E = Z10™
MIla (20000krc/mMm?), p = 0,3. Marepuansl NPUHAT YOPYTHMH BO BCEM
nuana3oHe HanpspkeHuil. s ynoOcTBa mepexona K ApYrUM BeTMYMHAM HATSTa
B YHCJIOBBIX pacyueTax IMpUHATA BEIMYMHA HaTsATa, paBHas 1%. AOcomroTHas
BEJIMYMHA HATATA MOCAJIKU BTYJKU B tuiactuHy paBHa 0,20mm (1%) wiu 0,1 mm
Ha paauyc. Tarke BBIOJNHEH pacyéT Ui TOCAJKH BTYJIKH B OTBEPCTHE
IUTACTUHBI C HYJIEBBIM HATATOM.

HampspkeHnst cMATHST MEXIy BTYJIKOH W IUIACTUHON HPHHATHI PABHBIMH
Os = 24.5MIla (2.5kr/Mm?). COOTBETCTBEHHO, MEKIY OCBIO M BTYJIKOIl HArpsi-
JKEHHs cMATHs paBHbl 29 MIa (3 kr/mm®).
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Ha puc. 3u 4 npuBeeHb! pe3yIbTaThl pacuéTa I CIydas MOCaJKH BTYIIKH
B IUTacTHHY Oe3 Hatsra. HampsokeHuss B 3TOM cliydae CO3MAIOTCSI TOJBKO
MIPWIIOKEHHOW Harpy3koil. [Ipm mepeMeHHOW BHEIIHEH Harpy3Kd OHH OymyT
MEPEMEHHBIMU HATPSDKCHUSIMU. HanpsbkeHui 0T HanpsKEHHOW MOCAAKH HET.
VYToN KOHTaKTa MEXIy BTYJIKOW U oTBepcTHeM paBeH =40° 0T ocH CHMMETpHH
y3na. 3aKOH pacrpee/ieHHss OKPY)KHBIX HAMPSDKEHHUN MO CEUCHHUIO MEPEMBIYKH
(prc. 3a) MOKa3bIBAET IBHO BBIPAKEHHBIN «paMHBIH 3((HEKT» U IPUHIUITHATBEHO
OTJIMYACTCA OT Ciydas IUIACTHHBI OCCKOHEUHBIX pPa3sMEpPOB, TO €CTh, MPH

a) a,

Kkre/vm?

s B
4.5078
3.8782
29486 4
2,019 4
1.9893 4

0.15972 4

-.75399 4

R e B el el M SR L

-2.B281 -

-3.3588

6)

Kre/MM?
5

4,9644
4.8974
4.4303
4.1633

3.896Z

w

JEE2EE Ao

w

3621

T é T A T é T é T 1'@ MM
Puc. 3. OkpyxHbie (a) U SKBUBICHTHbIC (0) HANPSIKCHHS B MEPEMBIUKE IPH
mocajke BTYJIKH 0e3 HaTsra

Rys. 3. Obwodowe (a) i ekwiwalentne (b) ngg@nia w hczniku przy
wstawianiu tulejki bez wciskania
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Puc. 4. OxpyxHble (a) 1 SKBUBAICHTHBIE (0) HANPSDKEHUS 110 OKPY>KHOCTH OTBEPCTHS

B miactuHe Ha ayre 180°mpu mocaake BTynku 6e3 HaTsra

Rys. 4. Obwodowe (a) i ekwiwalentne (b) ngg@nia na obwodzie otworu w plytce na
cieciwie 180 przy wstawianiu tulejki bez wcisku

3HAYUTEJBLHOW BEIIMYMHE IEPEMBIYKH. B OCCKOHEYHOH IUTACTHHE OKPY)KHBIC
HamnpsDKEeHUsT yOBIBAIOT TNPH YIAJICHUW OT OTBepCTHs. B HacrosmeMm ciydae
pacnpezie/ieHue HANpPsHKEHUH COOTBETCTBYET M3THOY MEPEMBIYKH, KaK CTEPXKHS
paMbl, Harpy»€HHOr0 B CEpe/IMHE MOoIepeyHoil cwiod. MakcumanabHble Ha-
NPSOKEHUST UMEIOT MECTO Ha Hapy>KHOM Kpae IUIACTUHBI. DKBHUBAJICHTHEIC
HampspkeHus: o Musecy (puc. 30) Takke OTpakaroT <«paMHbIi 3(herT.
Pacripenenenre OKpY)XHBIX M 3KBHUBAJICHTHBIX HANPSHKEHUH IO OKPY)KHOCTH
OTBEpCTUSl B IDIACTHHE TOKa3aHO Ha puc. 4a u 6. MakcuMyM HamnpspKeHUHA
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Haxoautcs Ha yrie 50-60, rae 00BIYHO HAUYMHACTCS YCTAJIOCTHOE Pa3pylICHUE
(cMm. puc. 1). KoapduimeHT KOHIEHTpaUUH HANPsSHKEHHH MO OTHOLICHHIO
K BEJIMYMHE HANPSOKCHUHA CMATHS MEXIy BTYJIKOHW W IutacTHHOW paBeH K = 2.4
JUISL OKPYXKHBIX ¥ SKBUBAJICHTHBIX HAMPSKCHUH.

[Ipu mocaake BTYIKU € pagualibHBIM HATATOM, paBHBIM 1%, Kak mokazan
pacuét, ¢opMa OTBEPCTHSI UCKAXKACTCSA BCIIEACTBUE BIMSHHSA Kpas IUIACTUHBI.
ITo ocu cuMMeTpuM auUaMeTp OTBEpCTHS B IiactuHe yBenuumics Ha 0.38%,
B monepeyHoM Hampasienud Ha 0.28%. HanpspbkeHus mpu HarpyXeHUH y3ia
C BTYJIKOW, YCTAaHOBJICHHOW C pajMalbHBIM HATATOM, MPHUBEICHBI HA pHC. 51U 6.
Ha HuxX npuBeneHbl CyMMapHbIC HANPsDKCHHUS, BHI3BAHHBIC BHEITHEH HArpy3Koi
W TOCaJKOW C paaualbHbIM HaTaroM. Kak cienyeT W3 MNpeaslayliux pe-
3yNbTAaTOB, HANpPSDKCHHsS HATAra 3HAYMTEIBHO OOJbIIE, YEeM BBI3BAHHBIC
Harpy3koii. Ho HanpspKeHUs HaTsTa MOCTOSHHBIE, TOTOMY CJIa00 BIHSIONINE HA
YCTalOCTHOE paspylieHue. HanpspkeHust OT Harpy3Ku MEpEeMEHHbIE U SBIISIOTCS
OTIPEIEISIONINMU MPH YCTATIOCTHOM pa3pyIICHHH.

CyMMapHble HampspkeHHss B Iepembluke (puc. 5a W 6) IMOKa3BIBAIOT
«paMHBIH 2 GdeKT» W Il HanpsoKeHWH Hatara. [1lo OKpy)»KHOCTH OTBEPCTHS
MaKCHUMYM OKDYXXHBIX M SKBHUBAJICHTHBIX HANpsDKCHUH HAXOIUTCS TaKKe Ha
yrie 50-6C, puc. 6a u 0.

W3 cymMMapHBIX HanpspKeHHH ObLIH BBIACICHBI HAIPSDKCHUS, CO3/JaBacMble
Harpy3kou. [IyTém cpaBHEHHSI ¢ HaNpsDKEHUSAMU OT Harpy3KH TpH Mmocaake 6e3
HaTATa TOJy4eHo cruenyromee. OKpYXHbIE W OKBHBAJCHTHBIC HAINPSKECHUS
B mepeMbluke ymeHbmmnmuch B 1.16-1.19pa3a. Ha oxpyXKHOCTH OTBEpCTHA
B parione yria 50-60 oxpyxHble HampsbkeHHs yMmeHblnwiuck B 1.13 pasa,
a oksuBajeHTHele B 1.32 paza. To ecth, KOIPPHUUMEHTH KOHIECHTPALH
HaNpsHKEHUH YMEHBIIMINCh B TAKOE K€ YHCIO pa3 MNP Mepexoje K MOCaJIKe
BTYJIKH C PaJabHBIM HATATOM.

[Ipu mocagke BTynKM Oe3 HaTsAra BCsS Harpyska ¢ OCH mepenaércs Ha
MEPEMBIUKY, a 3aTeM MPOXOJUT 4Yepe3 IUTACTHHY, CO3JlaBas KOHIICHTPAIHIO
HanpspkeHuit. [Ipy mocajnke ¢ HaTATOM BTYJIKA HAYMHACT Y4acTBOBAaTh B Iie-
penade Harpy3KH, pasrpyskas epeMbIUuKy.

[pu nocanke 6e3 HaTATa CpeHUE OKPYXKHBIC HAMPSHKEHUSI BO BTYIIKE TPH
yrie 90° paBHbl Hymro. [Ipy mocanke ¢ HaTATOM NPH TMPHIOKEHHH HArpy3Kd
B TOM € CEYCHHUHM BTYJIKH CO3AIOTCS pACTATHMBAIONIME HampspkeHus (mo-
MOJIHUTENBHBIE K CKUMAIOUIMM HaNpsDKEHHsAM Hatsra). To ecTh, BO BTYJIKE
co3maéres ycwiame, nepenaBaeMoe Ha OOpaTHYIO CTOpPOHY oTBepcTHs (yrod
oonee 90°), koTopoe pa3rpyxaeT nepeMbIuKy. B 1aHHOM citydae 10115 pa3rpy3Ku
cocraBiasier 18%, a HampspkeHHs HaTsIra Ha OOpPaTHOW CTOPOHE OTBEPCTHS
yMeHpmarotcs Ha 6 MIIa (0.6krc/Mm?). OTCIOna MOXKHO ONpEAETHTh TpeOye-
MYI0 BEJIHYHMHY HATIra, HEOOXOAUMYIO JJIi €ro COXPaHEeHUs IO BCEH OKpYXK-
HOCTH OTBEPCTHUS NP JCHCTBUH HATPY3KH.

JlaHHbIe pacy€Thl BBINOJHEHBI Ul CITy4as, Korja KOI(QQHIMEHT TpEeHUs
MEXy BTYJIKOH M IUTACTUHOW B OTBEPCTHUHU paBeH Hyo. Eciu kosdduimeHT
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TpeHusi Ooinbline HyJs, 3PQPEKT CHIKEHUS KOHLEHTPALWU HAlpsOKeHHH Oyaer
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Puc. 5. OxpyxHbie (a) 1 5kBHBaneHTHbIC (0) HANPSDKCHHS B IIEPEMbBIUKE NP MOCAIKE
BTYJIKU C HATATOM

Rys. 5. Obwodowe (a) i ekwiwalentne (b) ngg@nia w hczniku przy wstawianiu tulejki
z wciskiem
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Puc. 6. OkpyxHble (a) 1 IKBUBaJCHTHbIC (0) HANPSIKCHHS 110 OKPYKHOCTH OTBEPCTHUS
B miactuHe Ha ayre 180°mpu mocaake BTYJIKH ¢ HATATOM

Rys. 6. Obwodowe (a) i ekwiwalentne (b) ngnia na obwodzie otworu w ptytce na
cieciwie 180 przy wstawianiu tulejki z wciskiem



HanpspkéHHo-1epopMUpOBaHHOE COCTOSHHUE ... 31

BrIiBOaBI

1.Tlocamka BTYJNKU C paguialibHBIM HATSATOM MPHUBOAHWT K YMEHBIIICHUIO
KOHIIEHTPAIH MIEPEMEHHBIX HAIPsDKEHUH MPHU HATPyKEHWHU IAPHUPHOTO Y37a.
YacTp Harpy3ke MpH 3TOM Iepenaércsi yepe3 BTYJKY, HMPUBOAS K pPa3rpy3Ke
MEPEeMBIYKH JI0 Kpas IDIacTUHBL. HampshkeHust HaTsara Ha OOpaTHON CTOpOHE
OTBEPCTHS YMEHBIIAIOTCSI.

2.Dopma oTBepCTHS TIPH TIOCAJKE C HATATOM HCKAKACTCS BCIIE/ICTBHE
BITUSTHYSI Kpasi TUTACTUHBI.

3.Meron KOHEYHBIX 3JEMEHTOB TIO3BOJSIECT PACCUMTATh HATPSHKEHUS
B IIAPHUPHOM y3JI€ ¥ OICHUTh TpeOyeMyI0 BEITHMUMHY HaTsra Jjs oOecredeHns
€ro COXpaHEHUs M0 BCEM OKPYKHOCTU OTBEPCTHUS MPHU HATPYKEHUU.

NAPREZENIOWO-DEFORMACYJNY STAN PRZY OBCIAZANIU
KULISTEGO PRZEGUBU Z WCISNIETA CIENK OSCIENNA
TULEJK A

Streszczenie

W artykule przedstawiono anafizstanu napzeniowo-deformacyjnego w warunkach
obciazenia elementéw zespotu kulistego przegubu Zmigla tulejka o wysokiej wytrzymatéci
w poréwnaniu z analogicartulejka wstawiony z pasowaniem suwliwym.

STRESSED-DEFORMED STATE WHILE HINGE JOINT
WITH EMBEDDED THIN-WALL PLUG ISLOADED

Summary

Article covers stress-deformed analysis under lofdinge joint elements with embedded
high-strength plug in comparison with slide fitjeldg.

Ztozono w redakcji w lipcu 2011 r.
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