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HNCCIEAOBAHUE HAIIPA/KEHHOI'O COCTOSHUA 3AKJIEIIOYHOTI'O
COEJUHEHUA METOAOM KOHEYHBIX 3JIEMEHTOB

AHHOTANUSA: TPAJAUIIMOHHBIE METOJIBI pacuera 3aKIJICIOYHBIX COSIMHEHNH 0a3upyroTCsl Ha BecbMa MPUOITMKEH-
HBIX CIIOCO0aX ONpeeNIeHNs] CHIT, BOSHUKAIOIIUX B COSIMHEHNU. JTO BEACT K CEPhE3HBIM HETOYHOCTSIM B OIpe/ie-
JeHnH HampsbkeHui. Kpome Toro, mpu TakoM MOIXOJ€ OTCYTCTBYET BO3MOXHOCTH BBIUMCIIEHHUS SKBHBAJIEHTHBIX
HATPSHKEHUH U MOTYYEHUS TOJIHOW KapTHHBI HANpPsKEHHO-Ie(OpMUPOBAHHOTO COCTOSIHUSI COeMHEeHus. Bee aTo
MPHUBOJIUT K HEOOXOJMMOCTH TIOBBIIIEHUSI KO3 UIMEHTa 3araca MPOYHOCTH U, KaK CIEACTBUE, YBETHUCHHIO KO-
JTUYECTBa WM AWaMeTpa 3aKJIENOK, YTO BeleT K YBEIUUEHHUIO Beca KOHCTPYKIINH U ee yaopoxanuto. [lpenmoxen-
HBIA CcrIOCO0 pacuera COCAMHEHHS METOJOM KOHEYHBIX 3JIEMEHTOB IO3BOJISIET BECbMa TOYHO ONPEACIUThH Harpsi-
YKEHHS BO BCEX DJIEMEHTAaX COCAMHEHHUS. JTO JaeT BO3MOXKHOCTh MOJYYUTHh JTOCTOBEPHYIO KapTUHY HaNpsHKEHHO-
neopMUPOBAHHOTO COCTOSTHHSI BCEX 3JIEMEHTOB coefnHeHus. Kak ciencTBre, BOSMOXKHO CHHXKEHHE TPYJOEMKO-
CTH CO3JaHUS COCTMHEHMS M €r0 MAcChl 3a CUET YMEHbIIEHHS YHCIia 3aKJIeNoK. MeTo/ KOHEUHBIX 3JIEMEHTOB Cle-
JyeT MPHUMEHSITh JJIsl pacuera OTBETCTBEHHBIX COSTMHEHUI CO CIIOKHBIMU YCIOBHUSMHU paboThl. PaccMoTpeH mnpu-
Mep pacueTa Takoro COeAMHEHH.

KarwueBble cjioBa: 3aKIIENOYHOE COCAMHEHHE, METOJ] KOHEUHBIX AJIEMEHTOB, HaNpsKEHHO-Ie(OpMUpOBaHHOE
COCTOSIHHE, SKBUBAJICHTHBIC HAPSIYKEHUSI, KOHTAKTHBIE HAIPSHKEHUS

Beenenue

B nacrosmee Bpems 3aKienouyHble COSAMHEHUS JTOCTATOYHO IIMPOKO MPUMEHSIOTCA Ul COeNMHEHHs JacTei
Pa3IMYHOTO PO/ia METAIUTMYECKHX KOHCTPYKIHMN: cTponui, ¢pepM MocToB [1], KpaHOB, IJisi COEMHEHUS JIUCTOB B
KOTJIaX, Cy/laxX, pe3epByapax u T. 1. [2, 3].

[Ipu BBIMONHEHNH MTPOYHOCTHOTO pacyeTa COSAUMHEHUS TPAAUIIMOHHO PACCUMTHIBAIOTCS 3aKJIEOYHBIE CTEPKHU
Ha Cpe3 U CMSATHE U COSAMHICMbIC JTUCTHI Ha pa3phiB [4, 5, 6-9]. Takum 00pa3oM MONy4arOT 3HAYCHHS KacaTelbHBIX
HaInpspKEHUI B TOPH30HTAIBHOM CEUEHUH 3aKJISIKHU NP Cpe3e, HOPMAIbHBIX HANPSHKEHUH B €€ BEPTHKAIBHOM Ce-
YeHUU MPHU CMATHH U HOPMAJIbHBIX HANpSKEHUU B 0ciIabJIeHHOM CEYEeHWH JIMCTa MpU pacTsbkeHuu. Ilpu aTom He
YUUTBHIBACTCS, YTO KacaTeNbHbIC HAMPSLKEHUS M0 CEYEHUSIM, 110 KOTOPBIM MPOUCXOIHUT CIIBUT, PACIPEAEISIOTCS He-
paBHOMepHO. HepaBHOMEPHO Taxoke paclpenendioTcs U HampsHKeHUs cMATHS. PacueTHble HAPsDKEHUS TPU 3TOM
OTJIMYAIOTCS OT JEHCTBUTENBHBIX HAIPSLKEHUH, NEHCTBYIONIMX B KOHCTPYKIUSAX, @ MMO3TOMY HX CIEAyeT CUHTATh
ycnoBHbIMH [10]. KpoMe Toro, He y4UTHIBalOTCS KOHTAKTHBIE HAMPSHKEHUS B paiioHaX Mepefadyu YCHIIMS OT JINCTa
K CTEPIKHIO 3aKJICTKH. JTH HAIPSDKEHHUS MOTYT JIOCTHTaTh 3HAYUTENBHBIX BeNTMYUH. OCO0YIO OMMaCHOCTh OHH IPE]I-
CTaBJISAIOT JUIsl COENMHEHUH, TOABEPKEHHBIX NepeMEHHbIM Harpy3kam, Tak KaK MOTYT MPUBECTH K BO3HUKHOBEHHUIO
YCTAJOCTHBIX TpelmyH. [103TOMY Ui TOYHOT'O pacuera OTBETCTBEHHBIX COCMHEHHH HEOOXOJAMMO HCIONb30BaTh
YUCJICHHBIE METOJIbI, B YaCTHOCTH, METO]T KOHEYHBIX 3yieMeHToB [11-13].

Lenp mccnenoBanus — ONPEAECTUTh SKBUBAIIEHTHBIE HANIPSDKEHHS 110 SHEPTeTHYECKON TEeOPUHU MPOYHOCTH B 3a-
KJICTIOYHOM COETMHEHHH METOI0M KOHEYHBIX 3JIEMEHTOB U JaTh PEKOMEH/IALUH IO MOAXOAY K pacueTy TaKhxX Co-
eUHEHUH.

MaTepI/laﬂbI U METOAbI

B kauectBe 00beKTa McCIeIOBaHHS OBUIO BBIOPAHO 3aKJICMOYHOE COCAWHEHHE JIMCTOB, HATPY)KEHHBIX TOJIBKO
MPOAOIBHOM pacTaruBaroieil cuoi. Cxema coeMHEHUA MMOKa3aHa Ha puc. 1.
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Puc. 1. Cxema 3aKI€mOIHOTO COCTUHEHUS
Fig. 1. Scheme of rivet connection

Pasmeps! neraseii: TOMMIMHA TUCTOB 6 MM, IIMPHUHA JIUCTOB 28 MM, TUaMeTp 3aKJIenku 14 MM, MaTepua JUCTOB
U 3aKienkud — ctaib 3. K nmucram mpusioxena mpopoibHas pactsruBatomas cuia 10 kH, paBHOMepHO pacmpene-
JIEHHAs TI0 cedeHuto. Tpedyercst onpeenuTh SKBUBAJICHTHBIC HAIIPSXKEHUS B JICTE U B 3aKJICTIKE.

[pu perieHnn 3aJa9u MPUHATHI CISTYIONIHE OCHOBHbIE TOMYIIeHHA:

1) TpeHre MEXly COCANHSEMBIME JINCTAMH OTCYTCTBYET;

2) MaTepuaJj JUCTOB U 3aKJICIKK paboTaeT B Ipeaeiax ynpyrocTy.

Pe3ynbTathl U 06cy:x1eHus
Pacuer sKBHUBaJIECHTHBIX HaHp;I)KeHI/Iﬁ B CTCHKax 6a1<a BBIITOJIHEH METOAOM KOHCYHBIX DJIECMECHTOB C ITOMOIIBIO
nporpammel COMSOL MULTIPHYSICS. [lns yckopeHusl pacdera pacCMOTpEHA TONHKO IMOJIOBUHA 3aKJICIKU;
BIIUSIHUEC OT6pOH_[eHHOI71 4YaCTH 3aMCHCHO I'paHUYHBIMH YCJIOBHAMM, BbIpaXarolmuMHU pPaBCHCTBO HYIIIO JIMHEMHBIX
MepeMeNIeHUH CPeIHEro MONepevyHOro CeUeHHs 3aKICIIOYHOT0 CTEPXKHSI 0 BCEM HANPAaBJICHUSIM (3aJIeIKa 10 CHM-
Metpun). Mcnons3oBana cetka u3 12838 TerpasapanbHbIX KOHEYHBIX AJIEMEHTOB. KOHeUHOdIeMEHTHAS CETKa M0-
Ka3aHa Ha puc. 2.
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Puc. 2. CeTka KOHEUHBIX 3JIEMEHTOB JUIS pacyeTa 3aKJICOYHOTrO COCNHEHHS
Fig. 2. Finite element grid for riveting calculation
PesynbraThl pacuera nokasaHsl Ha puc. 3.

Surface: von Mises stress (MPa)
°

%
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Puc. 3. HanpskeHHO-1e( OpMUPOBAHHOE COCTOSHUE COSAMHECHUS
Fig. 3. The intense deformed condition of connection
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AHanuz degpopmupoeanrozo COCTOSHUS 3aKJICIIOUHOIO COCTUHEHHS MO3BOJISET C/eaTh BHIBOA 00 aIeKBAaTHO-
CTH MOJIEIH PeaIbHOW KOHCTPYKIMHU. Kak BUIAHO M3 puC. 3, OTBEPCTHE B JIUCTE MPUOOPETACT SJUIMIITHUYCCKYIO
(hopMy, BBITATHBASCH B HAIPABJICHUU HArPY3KH; MOMNEPEUHOE CCUCHHE JINCTA, OJMKHEE K 3aKJICNKE, BHITYMBACTCS
B CTOPOHY, IPOTHUBOIOJIOXKHYIO HAlpaBJICHUIO HArpy3ku. Takoe MOBEACHUE COCIUHCHHUS BIIOJIHE COOTBETCTBYET
(U3NIECKOMY CMBICITY 3a]1a4H.

Br1t BhITIONHEH pacyeT 3aKJICIIOYHOTO0 COCAUHCHUSA 10 TpaI[HHHOHHOﬁ cxeme. CormacHo €My, HAlIPSAKCHUA CMA-

TuA B 3awienke O, NpHU yKa3aHHBIX BBIIIE pa3Mepax COCIUMHEHUS M IPUIOKEHHOH Harpyske coctasuiau 119

MITIa, Hanpspkerust cpesa 7, B 3akienke 65 MIla n HanpsDKCHHST paCTsDKCHHS B 0CJIa0JICHHOM CEYEeHUH JINCTa O »

131,6 MIla. UncnenHoe xe mozienupoBanue (puc. 3) MoKa3bIBaeT, YTO HANPSDKEHUS, OJM3KUE K IMOIyYCHHBIM Tpa-
JTUITMOHHBIM METOZOM, BO3HUKAIOT JIMIIb B 30HAX JINCTA U 3aKJIETIKH, TOCTATOYHO yJAJIEHHBIX OT OTBepcTHs. BOmu-
3M K€ OTBEPCTHS HANpsDKeHUs B ymcte nocturarotr 450 MIla. B 3aknenke 3HaunTenbHAS YacTh 00IaCTH, MpHIIera-
IOIeH K OTBEPCTHIO, oxBadeHa HampspkeHusamu 110 230 Mlla. [TomydeHHble 3HAUCHUS CYU{ECH@EHHO TIPEBHIIIAIOT
HalJIeHHbIe METOIaMU COMPOTHUBIIEHUS MaTeprajoB. JTO, OUYEBUAHO, CBA3AHO C HE YUYUTHIBAEMBIMU MPU TPaIUIIHU-
OHHOM TOJXOJI€ KOHTAaKTHBIMU HANpsSKEHUAMU H JOIMYyIIEHHEM O PaBHOMEPHOCTH pacIpelelieHus] HalpsKeHUN
npu ciBure U cMATHH. ClieyeT OTMETUTD, YTO CXOXKUE PE3yIbTaThI MOTY4eHbI B padoTte [14].
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INVESTIGATION OF THE STRESS CONDITION
OF RIVETED JOINTS BY FINITE ELEMENT METHOD

Abstract: traditional methods of calculation of rivet joints are based on very approximate methods of determin-
ing the forces arising in the connection. This leads to serious inaccuracies in the determination of stresses. In addi-
tion, this approach makes it impossible to calculate equivalent stresses and obtain a complete picture of the stress-
strain state of the joint. All this leads to the need to increase the factor of safety and, as a consequence, increase the
number or diameter of rivets, which leads to an increase in the weight of the structure and its rise in price. The pro-
posed method of calculating the connection by the finite element method allows to determine the stresses in all el-
ements of the connection very accurately. This makes it possible to obtain a reliable picture of the stress-strain state
of all elements of the compound. As a result, it is possible to reduce the complexity of the compound and its mass
by reducing the number of rivets. The finite element method should be used to calculate critical compounds with
complex operating conditions. The example of calculation of such connection is considered.

Keywords: rivet connection, finite element method, stress-strain state, equivalent stresses, contact stresses
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