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Annorauusi. V3 npoBeIeHHOr0 MHOTOIETHETO aHAM3a aBAPUMHOCTH  KpjoueBble CIOBa
OypHIIBHBIX KOJIOHH BBISIBIICHO, YTO OCHOBHOW (JAKTOp OTKAa30B M Upe3-
BbIYAWHBIX CUTYallMi CBSI3aH C HEJOCTATOYHOW YCTOMYHMBOCTBIO COCAU-  OypuiibHas KONIOHHA; U3rnb
HUTEJBHBIX 3JIEMEHTOB MPH IUKIMYECKUX Harpy3kax. ITOT BBIBOJ MO~ Oy prnbHON TPYObI; LMKNYeCK e
YCPKUBACT KPUTUYCCKOC 3HAYCHUEC TMPOYHOCTU UM HAJACKHOCTHU Harpysku; pe3b6030e coeiiHeHune;
COEJMHEHUI B paMKax Ipolecca 6ypve}mﬁ. 3 HaNpPAKeHHO-AepOPMIPOBaHHOE
IIpouecc Oypenus, mpearoaaraomni TOCTOSAHHOE BO3/ICHCTBAE WHKIH- (. roa1ie: MeTos| KOHEUHbIX
YECKHMX Harpy30K, OKa3bIBaeT 3HAYMTEILHOE BO3/ICHCTBUE HA CTPYKTYPY . 6a:
OypHIIbHBIX TPYO M coeAMHEHUIT MeX Iy HUMH. LIMKInyeckne Harpy3Ky, 2NEMEHTOB; PActieT yrnia U3riba;
COIPOBOXKAAIOIINECS TIEPEMEHHBIMUA HAarpy3KaMu U MOMEHTaMH, MOT'YT KOMIBIOTEPHOE MOACTMPOBAHINE
BbI3BIBATDH MOSABJICHUC KPUTUYCCKUX }le(bCKTOB B MaTe€puraiax u 3JI€MCH-
Tax OypHIILHOHM KOJIOHHBI.

Jnst momydyennst 6onee TIyOOKOTO MOHUMAHHS HANPSHKCHHOTO COCTOSI-
HHUS 3aMKOBOTO COCTUHCHHUS OYypWIBHBIX TPyO OBLIO OCYIIECTBICHO
UCCJIEZIOBAaHUE, B pAMKaxX KOTOPOTO MPUMEHSIICS METOJl KOHEUHBIX 3Je-
mentoB (MKD). Dtor Metos OazupyeTcs Ha IeTaaIlu3upPOBAaHHOM Pa3Ou-
CHUUN O6’beKTa Ha KOHCYHBIC 3JICMCHTHI, Ka)i(}lblf/ll N3 KOTOPBIX MpEACTaB-
JsieT co0OH Oompe/eNIeHHBIH yJ4acTOK 00BEKTa C YETKO OIPEAEICHHBIMU
TrpaHUYHBIMHU ycsioBHsME. [locie pa3OueHust 1 yCTaHOBKH TPaHHYHBIX
ycnoBuif, MKD 1m03BOJIsIeT BEIYUCIUTH paclpeeeHue HaMpPsHKCHUH U
nedopmaniii BHyTpH 00BEKTa, TIPEIOCTABIIASA OOIIHMPHYIO0 HHPOPMAITIIO
O €ro Harps>XCHHOM COCTOAHWH, BKIIHOYasd JaHHBIC O }Ie(bOpMaHI/IHX u
HaIlpaBJICHUAX TTIaBHbBIX HaHpﬂ)i(eHHﬁ.

TouHast MOJIETTb 3aMKOBOTO COEMHEHHS ObUIa CO3/1aHa W TIOJBEPrHYTA
JKCTIEPUMEHTaM ¢ NPUMEHEHNEM MEeTo/a KOHEUHbIX seMeHToB (MKD).
OTOT MOIXOA MO3BOJISIET JETAIBHO PACCMOTPETh IMOBEICHNE COEIMHH-
TEJIBHBIX 2JIEMEHTOB B yCIOBHUSIX IUKINYECKNX HArPY30K U HCCIIEI0BATh
UX YCTOWYHBOCTH B PA3NWYHBIX pabodnx cIeHapHsx. B mporecce skc-
MEpUMEHTOB OBbLI pacCuMTaH yrojl U3ruda TpyObl C y4eTOM LieJIEBOM
JIOJITOBEYHOCTHU. JIaHHBII mapaMeTp OueHb BaXKEH, TOCKOJIBKY JJOITOBEY-
HOCTb OypHJIBHBIX TPYO HaNpsIMyIO BIHMSAET Ha NX paboTOCIIOCOOHOCTD U
6e30macHOCTh B ycinoBuAX Oypenus. [loimydeHHBIE pe3ynbTaTbl MOTYT
OBITH MCIIOIB30BAHBI JJIsl CHIDKCHUSI PUCKOB aBapHii B mporecce Oype-
HUSI, ONTUMH3ALUH KOHCTPYKIIMK OYpUIIBHBIX TPYO M MOBBINICHHS 0€3-
OIAaCHOCTHU B He(hTera3oBoi MPOMBIIIIEHHOCTH.

[Ona untnposaHunsa
JOypbimaHoB H.B., TapaHuH M.A. PacueT yrna n3rmba 6ypunbHOro 3aMka C NPMEHEHEM MeTOofa KOHEYHbIX 31eMeHTOB //
Hedterasosoe geno. 2023.T. 21, N2 6. C. 51-57. https://doi.org/10.17122/ngdelo-2023-6-51-57.
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Abstract. From a long-term analysis of drill string accidents, it was
found that the main factor of failures and emergencies is associated with
insufficient stability of connecting elements under cyclic loads. This
finding highlights the critical importance of the strength and reliability
of the joints during the drilling process.

The drilling process, which involves constant exposure to cyclic loads,
has a significant impact on the structure of the drill pipe and the connec-
tions between them. Cyclic loads accompanied by variable loads and
moments can cause critical defects in drill string materials and compo-
nents.

A finite element method (FEM) study was conducted to gain a deeper
understanding of the tightness of the drill pipe joint. This method is
based on a detailed breakdown of the object into finite elements, each of
which is a specific portion of the object with well-defined boundary
conditions. After splitting and setting boundary conditions, FEA allows
you to calculate the distribution of stresses and strains within an object,
providing extensive information about its stress state, including data on
strains and directions of main stresses.

An accurate model of the lock compound was created and subjected to
experiments using the finite element method (FEM). This approach
allows you to examine in detail the behavior of connecting elements
under cyclic load conditions and investigate their stability in various
operating scenarios. During the experiments, the bending angle of the
pipe was calculated taking into account the target durability. This param-
eter is very important, since the durability of the drill pipe directly
affects their operability and safety under drilling conditions. The
obtained results can be used to reduce the risks of accidents during drill-
ing, optimize the design of drill pipes and improve safety in the oil and
gas industry.
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Beenenne

W3 ananm3a WHIIMAEHTOB, IPOBEICHHOTO B
TEUCHHE MHOTHX JIET, BUIHO, 9T0 60 % Bcex ciry-
YyaeB aBapuil CBSI3aHbI C OrPaHUYEHHON ITUKITNYe-
CKOHM CTOMKOCTBIO PE3bOOBBIX COCMUHUTEIHHBIX
AJIEMEHTOB OYPHIILHOM KOJIOHHEI [1].

W3Bunrcras TpaeKTopusi CKBaKWHBI TIpe-
CTaBisieT coOOM Ba)XKHBI MOMEHT B OypeHHH,
KOTOPBII OKa3bIBAET CYIIECTBEHHOE BIMSIHNE Ha
TEXHUUYECKHE acCIeKTHI Iporecca. ITa ocoOeH-
HOCTbH CKBKHHBI XapaKTePU3YeTCs KPUBOINHEH-
HBIM HAIpPaBIIEHHEM €€ OCH B IIPOCTPAHCTBE B
pe3yabpTare IpoBeAeHHs TOPU3OHTAIBHOTO HITH
HaKIJIOHHOTO OypeHus. V3BUimcTas TpaeKToOpHs

leonorus. leodunsnka. bypeHne

YaCTO UCTIONB3YETCs C LIENBIO JIOCTHIKSHUS OIpe-
JICJICHHBIX IIeJIed, TAaKUX KaK yBEJIHYEHHUE J0-
OBIYM YIJIEBOAOPOIOB U3 CIIOKHBIX T'€OJIOTHYE-
ckux oOpazoBanuit [2]. D10 mo3BOIsIET OYPUTH
CKB2)KMHBI BJIOJIb IJIACTOB WIJIM OOXOJUTH T€0JI0-
TUYECKHUE MPETSITCTBHS, YTO IMO3BOJISIET TIOBbI-
cuth 3QHEKTUBHOCTH TOOBIUH.

OnHaxo, M3BUIIUCTAsl TPACKTOPHS TAK)KE BHO-
CHT JIOTIOJTHUTEIbHbIC TEXHUUECKUE BBI30BHI: MO~
JOOHAsI TPACKTOPHSI MOYKET JIOTIOJTHUTENLHO yBeE-
JUYUTH PUCK M3JIOMa OypHIBHBIX TPYO, YTO
MpEACTaBISIET COOOH MOTEHIIMAIBLHO CePhE3HbIE
MOCJICACTBHS JIJIs Tpoliecca OypeHust u Oe3ormac-
HOCTHU Ha MecTe pa0oThl. 3rub OypuiibHBIX TPYO
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B YCIOBHSX HM3BWJINCTON TPAEKTOPUU MOXKET
BBI3BaTh YCTAJIOCTh Marepuala M, B KOHEUHOM
UTOre, IPUBECTH K UX pa3phIBy [3].

Taxue UHITIEHTH! HE TOJIBKO IPUBOJIAT K He-
00XOAMMOCTH 3aMEeHBI IOBPEKACHHBIX TPYO, 4TO
BIIe4eT 3a cOOOH JOMOTHUTEIbHBIE 3aTPAThl 1
BpPEMEHHBIE 3aJIepP)KKH B Ipoliecce OypeHus, HO
Y MOTYT ITOBJIEYh 32 COOOM MOTEPIO0 KOHTPOIIS HAJT
CKBa)XKMHOHU.

MeTton KoHeUHBIX diieMeHTOB (MKD) — aT0
YUCJICHHBI MeTON perreHus auddepeHuas-
HBIX YPaBHEHUH, KOTOPBIM LIMPOKO UCIOIB3YETCS
JUTSL aHATIN3a U MOJITMPOBAHUS Pa3UIHbIX (hu-
3UYECKUX SIBIICHUH, TaKWX KaK TEIUIONPOBO-
JTHOCTh, MEXaHUKa J1e(hOPMUPYEMBIX TN, dIIEK-
TPOMAarHeTusM u apyrue [4].

OcHOBHas Hies METOJa 3aKITFOYaeTCs B TOM,
YTOOBI Pa30UTh CIOKHYIO TEOMETPHIO OOBEKTa
WJIU CHCTEMBI Ha OoJiee MPOCThIe TTOI00IACTH,
Ha3bIBa€MbIE KOHEUHBIMH AIeMeHTaMu. Kaxabii
KOHEUHBIM 2JIEMEHT IPEACTaBIACT COOOH He-
OOINBIION Yy4aCTOK CTPYKTYPHI, I KOTOPOTO
MOYKHO JIETKO 3aIIMCaTh U PEIINTh yPaBHEHHUS CO-
cTosiHUS. 3aTeM, OOBeAUHSAS Pe3yibTaThl JJIs
BCEX DJIEMEHTOB, MOIyYaeTCs MPUOIIHKEHHOE
peleHue Jijis Bceil cucteMsl [5—6].

B nmanHOM mcciieqoBaHUM METOZ KOHEYHBIX
AIIEMEHTOB OyJET MCIOIB30BaThCs I pacyeTa
yria u3ruba TpyObl, OpHEHTHPOBAHHOTO Ha J0-
CTIKEHHE OTIPE/ISIIEHHOTO YPOBHS IEJIeBOH A0IT-
TOBEYHOCTH.

B Havane mcciaenoBanus ObuTa pazpaboTaHa
nmoapoOHas MoJenb OypUIBHOTO 3aMKa.
Konduryparwst 3aMKOBBIX COEAMHEHUH OypHITb-
HBIX TPYO MOXKET U3MEHSTHCS B COOTBETCTBUH C
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TpeOOBaHUSIMU KOHKPETHOU crucTeMbl. Ha maH-
HBII MOMEHT HauboJee MIHPOKO MPUMEHSIOTCS
KOHUYECKHE Pe3hObl, TAKHE KaK T€, KOTOPhIE
npemocTaBIsaoT American Petroleum Institute
(API) u coorBerctByroT 'OCT 633-80 «Pe3n0b1
KOHWYECKHe IINHApUIecKue. J[omyckn u KoH-
TPOJIB», 00€CIIEeYNBAIOIINE BEICOKYIO IIPOYHOCTH
Y CTIOCOOHBIE BBIICPKUBATh 3HAUNTEIHHBIE Ha-
Tpy3KkHu. Marepuaibl, UCTIOIb3yeMbIe TP U3T0-
TOBJICHHH PE3bOOBBIX COETMHEHUN OypUIBHBIX
TpyO, JOIDKHBI 00JIaAaTh BHICOKOH MTPOYHOCTHIO
Y CTOHKOCTBIO K KOPPO3HH, YTOOBI TAPAHTUPO-
BaTh JIONTHI CPOK ciy»)0bI cuctemsl [7—10]. B
CBSI3U C ATUM HamOoJIee PacipoCTPaHEeHBI CIIIaBhI
Ha OCHOBE yIJiepoJa M xpoma, Takue Kak 40X,
40XH, 38XMIOA u npyrue. B kagectBe 00bekTa
HCcCienoBaHus OBIT BRIOpaH 3aMoK Tuma 3H.

B kxauectBe mMarepuana OBLT BEIOpaH CILIAB
40X. TIpouyHOCTHBIE XapaKTEPUCTHUKH TIPEICTaB-
JIeHsl B Ta0ime 1.

[Tocie mpoBeaeHNs MONIETMPOBAHMS U OTIpe-
JleJIeHUs] Marepuana Obljla co3jaHa CeTKa, pas3-
OuBaromas Mo/ieIh Ha OTAENbHBIC 2JIEMEHTHL. B
pe3ynbrare (pOpMUPOBAHHS CETKH OBLIO MOIY-
yeHo 776270 y3noB u 209448 snemenToB. Ha
pUCYHKe 2 TIpuBefileHa KOHEYHO-DJIeMEHTHAas
ceTKa.

Monens OblTa aHaIU3UPOBaHA B YCIOBUSIX
cumMmetpur. Ha pucyHke 3 npeactaBieHbl rpa-
HUYHBIE YCIIOBHS, KOTOPBIE OBIIIN YUTEHBI TIPU
MPOBEJICHUH WCCIEAOBaHUS. DTH YCIIOBUS
UTPAOT KJIIOYEBYIO POIb B ONPE/ICTICHUHN B3aMO-
JIEUCTBHUS MOJIEJIM C BHELTHEW Cpeslol U orpaHu-
YUBAIOT CBOOOY JBIKEHUS CTPYKTYPHBIX dIle-
MeHTOB. VX mpaBUIIBHOE OTIpeieieHne U y4eT B

! B000mm

Bl0Omm

R500mm

Pucynoxk 1. ['eomerpust oObekTa aHasm3a

Figure 1. Geometry of the analysis object
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Taoauna 1. [TpogHOCTHBIE XapaKTEPUCTUKU CTAITH

Table 1. Strength characteristics of steel

PETROLEUM ENGINEERING

CaoiicTBO 3HavyeHue Enununs! uzmepenus
Monayns ynpyroctu 2,14e+11 H/m?
Koadpunmenr ITyaccona 0,3

Monysb ciBura 8,5-10' H/m?
MaccoBast IIOTHOCTb 7820 Kr/m*
[Ipenen mpo4yHOCTU NPU PACTSIKEHUU 9,4-108 H/m?
[penen TekyuecTu 8108 H/m?

Pucynoxk 2. Koneano-anmemMeHTHas ceTKa

Figure 2. Finite-element grid

aHaJIu3e CroCOOCTBYIOT JTOCTOBEPHOMY MOJIEIIH-
POBaHUIO PEATTbHBIX YCJIOBHI U TIOBEICHUS CH-
CTEMBI B Pa3JIMYHBIX CIICHAPUSIX HATPY3KH U BO3-
JIEUCTBUA.

[leneBast qoarOoBeYHOCTH cocTaBisieT 450 ya-
COB, YTO B IIUKJIAX PaBHO 3,25 MITH CHUMMETPHUY-
HBIX IIUKJIOB M3ruda. CornacHo KpUBOH ycTaso-
CTH (pPUCYHOK 4), OpPUEHTHUPOBOYHAS aMILTUTY/a
HanpsbkeHnid cocrasiseT 680MIla.

Hcxons u3 aToit mHpOpMaInu, onpeaesieM
nepeMelieHne paJuyCHOro CerMeHTa, pu KOTo-
POM JIOCTHTaeTCsl ONTHUMAaJIbHOE 3HAUYEHHE MOy~
CYMMBI TIEPBBIX M TPETHUX TTIABHBIX HAIPsDKE-
Huil. Ha pucyHke 5 nipejicraBieHa BU3yanu3aiust

HaNPsHKeHUH U1 JAHHOTO MOMEHTA, YTO TI03BO-
JIIeT OLEHUTH paclpeielieHue HalpsHKeHU! u
BBIJICJIUTH T€ 00JIACTH, TJI€ OHU MOTYT JIOCTUTATh
KPUTHYECKUX 3HAYEHU.

Ha pucynke 6 pacueTHblit pecypc npu cUMMe-
TPUYHOM H3THOE TPYOBI.

Ha pucynke 7 npuBeneHo jgeopMupOBaHHOE
COCTOSIHUE TPYOBI, TPH KOTOPOM BO3HHUKAIOT ITPH-
BE€JICHHbIE HA PUCYHKE 5 HAIPsKEHUS U YTOI U3-
ruda KOJOHHBI. [Ipu TOCTHIKEHUH TAHHOTO yTyia
n3ruba BO3MOKHO BOSHUKHOBEHHE JiehopManinu
MeETaJlla, 4TO BJIEYET 3a COOOM MOTEHIIMAILHEIN
pHUCK aBapuil.

Pucynoxk 3. ['panudnsie ycnoBus (A — mepeMelieHne paaiyCcHOT0 CeTMEHTa IS U3ruda Tpyos!,
B — mapuupHo-noasmwkHas onopa, C — mIapHIPHO-HETIOABI)KHAS OTI0Pa)

Figure 3. Boundary conditions (A — moving the radius segment for bending the pipe, B — hinged-movable

support, C — hinged-fixed support)
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PucyHnox 4. XapakTepuCTHKH yCTaJIOCTH MaTepuaia TpyObl

Figure 4. Pipe material fatigue characteristics

Pucynoxk 5. IlepBble ¥ TPETHU ITIaBHBIE HAPSKEHUS Pucynox 6. Pacuetnslii pecypc TpyObl

Figure 5. First and third main stresses Figure 6. Design pipe life
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Pucynok 7. JlepopmupoBanHoe cocTosiHUE OypUIIbHON KOJIOHHBI M yroJl U3ruoda

Figure 7. The deformed state of the drill string and the bending angle
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