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Pesiome

Uenb uccnedoeaHusi. IxkcmpemaribHble ycr108usi pabombl 371EMEHMO8 CO8PEMEHHbIX KOHCMPYKUUU, CIIOXHOCMb
ux gopmbl u 6onbwue 2abapumsl Gesiarom UCKIIOHUMEIbHO MpYOHbIM U OOPO2UM OCYUECME/IeHUEe HamypHO20
umnu nonyHamypHoO20 3KcrepumMeHma, oCobeHHO, ecriu pedb udem 06 ycmaHosneHuUU npedesbHbIX (paspywaruwiux)
Hazpy30K, Mo3mMoMy Mpu MNPOYHOCMHbIX pacdemax Heobxodumo npubezamb K YUCMEHHbIM MemodaM, K KOmopbiM
omHocumcs U MemoO KOHEYHbIX 371eMeHmMo8. Memod KOHEYHbIX 3/1eMEHM08 He OepaHu4yeH Hu gopmol
KOHCMPYKUUU, HU criocobom rpurnoxeHus Hazpy3ku. Haubonee omeemcmeeHHOU Yacmbio KOHCMPYKYUU S6IISmcs
ceapHble coeduHeHus. Hepedku cryyau, Koe0a paspyweHue KOHCmpyKuuu rpoucxoduno e obrnacmu ceapku. B
cesa3u samum OaHHasi paboma rnocesueHa uccriedo8aHUI0 HanpsXKeHUUl, 803HUKarUWUX NpU HagpyXeHuu, 8 C8apHbIX
COedUHeHUsIX MHesMamu4ecKkoz2o basoHa.

MemoOdsbi. B daHHOU cmambe ucnonb3yemcsi pacyem MemoOOM KOHEYHbIX 3/1eMEHMO08 C8apHbIX COeOUHeHUU
rnHeeMamu4yeckozao basirioHa 8 npozpammHoM Komrnekce APM FEM.

Pe3ynbmamebl. [lpusedeHHble 8 cmambe pe3ynbmambl uccriedosaHusi Mokasbigarm, 4mo pacrpedesieHue
HanpsiKeHuUl 8 ceapHbIX COeOUHEHUSIX OMIUYaemcs 8 pasfuyHbIX paspesax U pacroioXeHUU 8 KOHCMPYKUUU.
3aknroyeHue. [NpumeHeHue Memoda KOHEYHbIX 3/1eMEHMO8 038015em OUeHUMb pacrpedesieHue HanpsKeHul 8
CB8apHOM COEOUHEHUU 8 KOHKPEMHOM ceyeHuu, makum obpa3om, rno3eonsis nodobpams HeO6X00UMOE KOHCMPYK-
MUuBHOe UCMOHEeHUE U payuUoHalIbHO pacrofioXumb C8apHOe COeOUHEHUE.

Knrodeenle crioea: ceapHoe coeduHeHuUe; Memod KOHEYHbIX 3/1eMeHMO8; npo2paMMHbIl KoMriekc, pacrnpedere-
Hue HanpsixeHul, paspes.

KoHndpriukm uHmepecoe: Asmopbi Oeknapupyrom omcymcmeue $8HbIX U [omeHyuasbHbIX KOHGIUKMO8
UHMepecos, cesA3aHHbIX ¢ nybnukayuel Hacmosuiel cmamau.
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Abstract

Perpose of research. The extreme working conditions of the elements of modern designs, the complexity of their
shape and large dimensions make it extremely difficult and expensive to carry out a full-scale or semi-natural
experiment, especially when it comes to establishing ultimate (breaking) loads, therefore, in strength calculations, it is
necessary to resort to numerical methods, which include the finite elements method. The finite elements method is
not limited by either the form of the structure or the method of applying the load. The most critical part of the design is
welded joints. There are frequent cases when the structural failure occurred in the field of welding. In this regard, this
work is devoted to the stress analysis arising during loading in welded joints of pneumatic cylinder.

Methods. This article uses finite elements analysis of welded joints of a pneumatic cylinder in the APM FEM software
package.

Results. The research results presented in the article show that the stress pattern in welded joints differs in different
sections and arrangement in the structure.

Conclusion. The use of the finite elements method allows us to evaluate the stress pattern in a welded joint in a
particular section and to select the necessary design and rationally position the welded joint.

Key words: welded joint; finite elements method; software package; stress pattern, section.

Conflict of Interest: The authors declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

Conflict of interest. The Authors declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

For citation: Kotelnikov A. A., Natarov A. S. The Study of Stress Pattern Arising During Loading in Welded Joints by
the Finite Elements Method. Izvestiya Yugo-Zapadnogo gosudarstvennogo universiteta = Proceedings of the South-
west State University. 2019, 23(4): 19-30 (In Russ.). https://doi.org/ 10.21869/2223-1560-2019-23-4-19-30.

Received 06.05.2019
Accepted 28.06.2019

BBepneHune
€CIM peyb HIET 00 YCTaHOBJICHHH TIpe-

OKcTpeMasbHbIE  YCIOBUA  pabOThI

JeNbHBIX (pa3pylatoniux) Harpy3ok. Ilo-

AJIIEMEHTOB COBPEMEHHBIX KOHCTPYKILIHMH,
CJIOXHOCTB UX (OPMBI U OoJIbIIME rabapu-
Thl JIETAIOT HCKIIOYUTENBHO TPYIHBIM H
JIOPOTUM OCYUIECTBJIICHHE HATypHOTO WIIU
MOJYHAaTYPHOT'O SKCIIEPUMEHTa, 0COOEHHO,

STOMY IPH MPOYHOCTHBIX pacyeTax HeoO-
XOIUMO Tpuberatb K YHUCICHHBIM METO-
JlaM, K KOTOpPBIM OTHOCHUTCS U METOJ KO-
HEUYHBIX JJIEMEHTOB. METOl KOHEYHBIX

9JIEMEHTOB HE OrpaHM4YeH HU (QOpMOit
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KOHCTPYKIIUU, HU CIIOCOOOM TPHUIIOKECHHS
Harpysku [1].

HeoTbemiiemoli 4acThr0 BBIMYCKae-
MBIX JIOKOMOTHBOB SIBIISIIOTCSI ITHEBMAaTH-
yeckue OayuIoHBI BMeCTHMOCThIO 25-600
7., KOTOpbI€ MPUMEHSIOTCA B CHCTEMax
TOPMO3a, aBTOMATUKH U MOKAPOTYIICHUS.

VYcnoBus ux pabOThl XapaKTEPU3YIOT-
Ci HaJIMYUMEM BHYTPEHHETO CTaTUYECKOTO
JABJICHUS, JEUCTBYIOIIETO KpaTKOe WIIH
JUTUTEIIbHOE BpeMs MPU HOPMAJIbHOW WU
MOHMKEHHON  TeMmmepaTrype, BBIOJIHS
pu 3TOM (PYHKIHUU HAKOTUICHHUS U COXpa-
HEHUsI Bo3Ayxa. B TOPMO3HBIX cUCTeMax
HCIIOB3YIOTCS  Oa/UIOHBI BMECTHUMOCTBIO
222,250, 500. 600, B nurarenpabix — 120,
222, 250, 3amacHbple OaJUIOHBI  HUMEIOT
BMectuMocTh 20, 55, ypaBHUTENbHBIE —
20, BciomorarenbHbie — 5 u 20 1. Jlns or-
Heracsiuien KUJAKOCTH HCIOJIb3yeTcs: Oa-
JIOH BMECTUMOCTBIO 260 1.

[THeBMaTHYECKHIT OAIJIOH COCTOUT M3
CJIEIYIOIINUX KOHCTPYKTHUBHBIX 3JIEMEHTOB:
MAJTUHIPUYICCKON 00CYaKy, W3rOTOBJICH-
HOM W3 JHUCTOBOM CTalld TOJIIMHOU
5-6 MM, JIBYX BBINTYKJIBIX JHUII TOJITAHOMN
6-8 MM, mTyrnepa Juisi TPUCOCIUHCHUS
BO3AYyXOIPOBOJAa M WITylEepa sl IMOCTa-
HOBKH BBIITYCKHOTO KpaHa [2].

OT kadecTBa M BBIOPAHHOTO KOH-
CTPYKTHUBHOTO HMCIOJIHEHHSI CBapHOrO CO-
€IMHEHUSI 3aBUCHUT JJIUTEIIBHOCTh HETpe-
pBIBHOM paboThl KOHCTpyKUuU. Llens nan-
HOM paboThl — HMCCIENOBaTh pacipeesie-
HHUE HaNpsHKEHWH, BO3HUKAIOIIMX IPU
Harpy>eHuu, B CBApHBIX COCAMHEHUSIX

MHEBMATUYECKOr 0 OAJIOHA.

MaTepVIaﬂbI n MmetToabl

Jlis ananm3a HanpsoKeHHO nedopmu-
PYEMOTO COCTOSTHUSI CBApHBIX COCAMHEHUN
ObuUTa TIOCTpOEHA MOJENs OaioHa Cco
CBapHBIMU IIBaMH. B kauecTBe mMarepuaa
Obuta mpuHATa ctanb 10. B Mmonenu Obun
MIOCTPOCHBI JBa CTHIKOBBIX IIIBA, COCIHUHSI-
omux o0eyaiiKy ¢ JHUIAMHU, W JIBa TaB-
POBBIX IIIBa, COCIUHSIOMUX 00e4aiiKy co
mrynepamMu. Mopenb CTBIKOBOTO —IIIBa
MMEET KOHCTPYKTHBHOE HCIIOJTHEHUE CThI-
xoBoro mBa C2 I'OCT 14771-76. Moxenb
TaBPOBOI'O IIBA MMEET KOHCTPYKTHUBHOE
ucnonHenue TtapoBoro mBa T6 T'OCT
14771-76" [3, 4, 5].

AHanmM3 HaNpsHKEHWH TPOBOIUICSA B
TOYKaX Ha OCH CBapHOTO IIIBa, KaK IMOKa3a-
HO Ha puc. 1.

K GamioHy OBUTIO TPHIIOKEHO JTaBIIC-
Hue 2,5 Mlla, B TOM 4ucie K MOBEPXHO-
CTSIM, OTHOCSIIIIUMCSI K CBAPHBIM IITBaM.

Jlyis aHanm3a HanpsDKeHHO nedopmu-
pyemMoro cocTtosiHusi OajloHa OblIa Mo-
CTPOCHA KOHEYHO-IJIEMEHTHas ceTka. Ila-
paMeTpsl CETKH TpeJCcTaBleHbl B Tabm. 1.
CeTKHu CBapHBIX COCIMHCHUH IpejCTaBJe-
HbI Ha puc. 2 u 3.

bbun mpousBeeHbl 3aMephl 3HAYCHHMA
HaNPsDKEHUM 10 BCEMY CEYEHHIO BEPXHEro
TaBPOBOT'O 111Ba, OOKOBOTO TaBPOBOT'O IIIBA,
cThiKOBOrO ImBa (cM. puc. 1). M3mepenus
MIPOBOJIMJIMICH B XapaKTEPHBIX pa3pe3ax, Ko-
TOpBIE TPENCTaBICHBI Ha puc. 4. Pe3ynbra-
THI MCCJICIOBAHUN TSI BEPXHETO TaBPOBO-
ro IIBa MPEACTaBIEHBI B Ta0MI. 2, s 0o-
KOBOT'O TaBpPOBOTO IIBa — B TaOJ. 3, I
CTBIKOBOTO 1iBa — B Ta0I. 4 [5, 6, 7].

Y TOCT 14771-71. JlyroBas cBapka B 3aIHTHOM Ta-
3e. Coenumuenust cBapHble. OCHOBHBIC THIIBI, KOH-
CTPYKTHBHBIC 3JIEMEHTHI M pasmepbl. M.: M3g-Bo
cranaapTos, 1977. 39 c.
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Puc. 1. Toukun nccnegoBaHuin HaNPsXKEHUN CBapHbIX COEAMHEHMWI: @ — CTbIKOBOW LIOB; 6 — TaBpOBbIN LLOB

Fig. 1. The point of study of the stress of welded joints: a — - butt joint; b — T-joint
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Puc. 2. CeTka BepxHero TaBpoBoro wea B cucteme APM FEM

Fig. 2. Grid of the upper T-joint in the APM FEM system
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Fig. 3. Grid of a butt joint in APM FEM system
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Taobnwuma 2

3HaueHUS HaHpﬂ)I(eHI/II;'I JJIA BEPXHCTO TaBPOBOTO IIBA B UCCIICAYCMBIX TOUKaxX

B XapakTepHBIX pa3pesax, Mlla

Table 2
Stress values for the upper T-joint seam at the studied points
in the characteristic sections, MPa
Toukn Paszpe3 A-A Paszpes B-B Paszpes b-b
1 196,374 117,755 48,295
2 182,209 110,464 43,439
3 169,956 107,534 45,12
4 156,402 104,996 47,422
5 147,544 104,255 52,044
6 139,791 100,92 54,284
7 130,626 99,084 56,529
8 122,634 96,211 58,574
9 115,206 93,756 60,155
10 107,293 91,366 61,074
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Tabmura 3
3HavYeHUS HAMIPSKEHUH ISl O0KOBOTO TaBPOBOTO IIBA B UCCIIETYEMBIX TOUKAX

B XapaKTEepHBIX paspesax, Mlla

Table 3
Stress values for the lateral seam of the tee-examined points
in the characteristic sections, MPa
Touku Pazpe3 A-A Pazpes J1-/1 Pazpe3 I'-I'
1 127,44 128,861 125,513
2 124,097 124,631 122,991
3 119,909 119,324 120,922
4 115,177 114,083 116,554
5 111,229 110,667 111,184
6 107,807 106,509 105,012
7 104,688 102,529 99,932
8 100,614 98,575 95,645
9 97,87 96,523 91,337
10 93,7 93,485 87,665
Tabmuma 4
3HaueHusa HaHpH)KeHI/Iﬁ JJIs1 CTBIKOBOI'O IIBA B UCCICAYCEMbBIX TOUYKAX
B XapakTepHbIX pa3pe3ax, Mlla
Table 4
Stress values for the butt joint at the studied points in characteristic sections, MPa

Touku Paspe3 A-A Paspes -1 Paspe3 I'-T"
1 40,105 48,984 48,37
2 40,928 49,342 48,996
3 42,235 49,616 49,386
4 44,253 49,938 49,605
5 47,253 50,406 50,376
6 49,628 50,857 50,897
7 49,915 51,403 51,207
8 50,874 51,763 51,953
9 52,177 52,092 52,359
10 53,477 52,329 52,891

paspe3ze A-A u B-B HanpspkeHHs ymeHb-
PesynbTaTbl U nx obcyxaeHne o
[Ial0TCS OT KOPHS IIIBAa K €ro BepXHeW ya-

UccnenoBanus mokasain, 4To Hau- CTH, B pa3pese b-b HanpsbkeHus ysenndu-

0osbLIME HANPSKEHHS BO3HUKAIOT B BEPX- BalOTCSI OT KOpPHSI K €ro BEPXHEH YacTu

HEM TaBPOBOM ILBE, COCIMHSIONIEM 00e- (puc. 5). PacmpenencHue HanmpsHKCHUN B

4aiiKy U BEpXHUH MaTpyOoK B paspese A- OOKOBOM TaBPOBOM IIIBE€ BO BCEX pa3pe3ax

A, mpuyeM pacnpeaeIeHIe HAlPSUKSHUH B OIMHAKOBO — HANPSDKCHUS YMEHBIIAIOTCS

pasMYHBIX pa3pe3ax HeoJuHaKoBo. B OT KOpHS IlIBa K €ro BEPXHEH 4acT, IpH-

M3Bectus KOro-3anagHoro rocyaapcTBeHHoro yHuBepcuterta / Proceedings of the Southwest State University. 2019; 23(4): 19-30



KoTenbHukoB A. A., Hatapos A. C.

25

WccneposaHue pacnpeneneHuna HaI'IpH)KeHI/IIZ,

4€eM pasHula MEXKIAY HauOOJBIINM U

HAaUMEHBIIINM 3HAYEHUEM 3HAYUTEIHHO
HUKE, YeM Yy BEpPXHEro TaBPOBOTO IIIBA
(puc. 6). B CTBIKOBOM IIBE MNPOUCXOIUT
yBEJIMYEHUE HANpPSHKEHHH OT KOPHS K €ro

BepxHeit yactu (puc. 7) [8, 9].
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YTO pachpejiesieHne HaIpsKeHH, BO3HU-
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TOJILKO OT THUIIA CBAPHOTO COEIUHEHHS, HO
U OT €ro pacrojioKEHUs] B KOHCTPYKLUHU
[10-19].
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Touku uciegoBanus

Puc. 5. PacnpegeneHne HanpsXeHWiA B BEpPXHEM TaBPOBOM LLBE B XapaKkTepHbIX paspesax

Fig. 5. The distribution of stresses in the upper T-joint seam in the characteristic sections
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Fig. 6. The distribution of stresses in the side T-seam in the characteristic sections
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Fig. 7. The distribution of stresses in the butt joint in the characteristic sections

BbIBOAbI 3. YCTaHOBIIEHO, YTO B Pa3JIMYHbBIX

TUMAaX CBAPHBIX COCTUHEHUN M B Pa3Iny-
1. Bein mpuMeHEH MeTOJ KOHEYHBIX .
HBIX pa3pes3ax pacrnpeieiicHHe 3HAYeHUM
AJIEMEHTOB ISl UCCIIEIOBAHUS HAIPSHKCH- .
HaIpPsDKEHUH HEOTMHAKOBO.
HO-7€(OPMHUPOBAHHOTO COCTOSTHHUSI CBap-
. 4. YCTaHOBJIEHO, YTO MaKCHMAaJIbHOE
HBIX CO€IMHEHUH OasuIoHa. .
W3MCHECHHE HAIPSHKCHU TMPOUCXOIUT B
2. C nomoIp0 MpOrpaMMHOIO0 KOM- .
TaBPOBOM IIIBE€, COEIUHSIONIEM OOeYalKy
mwiekca APM FEM OGpumun nonyuens! 3Ha-
. U NaTpyOOK, HAUMEHbILIEE — B CTHIKOBOM
YeHHS HANPSDKCHWW B CBApHBIX COCIMHE- .
LIBE, COEAMHSIONIEM 00eUaliKy U JTHHUILE.
HUSX B PA3IIUYHBIX pa3pe3ax.
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