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STUDY OF A STRESS-STRAIN STATE OF PACKER RUBBER SEALS FOR TESTING CONTROL
HEAD AND BOP EQUIPMENT

AHHOTaLmMA. PaccMaTpuBaeTca HanpaXEHHO-AedpOpMUPOBAHHOE COCTOAHKE PE3UHOBOTO YMAOTHEHMA NaKepa
MaHeTHoro Tuna. Takne nakepbl OTHOCATCA K CaMOYNIOTHATENbHbIM, UCMONb3YIOTCA A/1A NPOBEPKU repmeTn3aL,u-
OHHOWi CNOCOBHOCTM HEDTAHBIX W ra30BbIX CKBAXMH M cpabaTbiBatOT NOJ, AeACTBUEM AABNEHUA B CKBAXKUHE.

Ons peweHns 3agauv B nporpammHom Komnaekce « MIPE/TA+» Mcnonb3yeTcsa npocTPaHCTBEHHO-BPEMEHHOM
KOHeUHbI 31eMeHT. B pesynbTaTe uncneHHOro pacyéta bbiim noayyeHbl pacnpeAeneHna BEAUYUH NepemelLeHnii,
fedopmauuin M HanNpAXKeHUN Pe3MHOBOrO 3/1eMeHTa C YY4ETOM BA3KOYMpyroro gepopmuposaHua. MonyyeHa senu-
YMHA OCAfKM MAHXKETbI B 3aBUCUMOCTM OT HArpy3Ku ¢ YHETOM PEONOrnMYecKnX XapakTepucTuk matepuana.

KnioueBble cnoBa: HanpAaKEHHO-AedpopMMPOBaHHOE COCTOAHME, BA3KOYNPYroCTb, PE3MNHA, NaKep MaHKeTHO-
ro TMna, CamoynioTHUTENbHAA MaHKeTa

BeepeHune. B npouecce coopyxeHUA HedTAHbIX U Fa30BbIX CKBAXKMH C LLeNblo NPOBEPKM
repMeTn3aLmnoHHON CNOCOBHOCTM NPOTMBOBLIOPOCOBOE M YCTbeBOE 000pPYA0BaHME MOA/EKUT
TMAPABANYECKOMY UCTIbITAHMIO.

B 60/1bLUIMHCTBE C/ly4aeB UCMbITaHWE NPOBOAUTCA B YCI0BMUAX OTKPLITOTO CTBONA CKBAX U-
Hbl. Co34aHNe B CKBAXKMHE NPU TaKMX YCNOBUAX UCMbITAaTENbHOTO AABAEHWUA MOXKET NPUBECTU K
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MOTNOLWEHNIO NPOMbIBOYHOW KMAKOCTH, @ MHOTAA
[axe 00 rMApaBAMYECKOro paspbiBa nnacTa. Kak
CNefCTBME, B TaKOM C/yYyae HEBO3MOXKHO COb/t0-
CTU pernameHTHble TpeboBaHWA Mpolecca MUCMbi-
TaHWA CMOHTMPOBAHHOTO 060pyA0BaHMA. AHano-
TMYHAsA CUTyaLMa MMEET TaKKe MECTO NpPU UCMbITa-
HUKU 060PYA0BaHNA Nepes PEMOHTOM HedTAHbIX 1
ra3oBbIX IKCMYaTaLMOHHbIX CKBAXKMH.

[na oTaeneHus CTBONA CKBaXKMHbI OT npe-
BEHTOPOB WM YCTbeBOrO 060OPYAOBaHMA NPU WX
UCMbITAHUM UCMOB3YIOT WUCNbITaTENbHbIE MAKepbl
MaH}XeTHOro TMna.

UcnbiTaTeNbHble NaKkepbl MaHXETHOTo TUna
OTHOCATCA K CaMOYNOTHUTENbHbIM M CcpabaTbiBa-
0T NoA, AeNCTBMEM AaBNeHUA B CKBaXMHe. Ux xa-
paKkTepHas 0COBEHHOCTb — MPOCTOTa KOHCTPYKLMM
MO CPABHEHWIO C APYTMMU TUNAMU NAKEPOB, a TakK-
K€ OAHOCTOPOHHEee BOCMpUATME AaBneHusa. Ha
puc. 1 npeactaBneHa Hambosiee PacnpoCcTpaHEH-
HaA KOHCTpyKLUMA nakepa — YBY 168x50.

OcHOBHaA COCTaBAAOWANA YacTb Nakepa -
pe3nHOBas  CaMOYM/JOTHUTENbHAA  MaHMKeTa
(puc. 2).

Paboyan 4acTb MaHKeTbl BbINONHEHA B BUAe
ABYX ry6 — BHELIHEN 1 BHYTPeHHeil. [eomeTpus ry
[0/KHA BbITb TaKoW, Y4TOBbI MOCNE CrycKa nakepa
B CKBa)KWMHY rapaHTMpOBaTb CO3[aHWe npeaBapu-
TE/IbHbIX KOHTAKTHbIX AaBAEHUN (o HA COMPANKEH-
HbIX NMOBEPXHOCTAX: BHYTPEHHAsA ryba — cTBOA nNa-
Kepa 1 BHellHAA ryba — obcaaHas Tpyba, YTo nos-
BOMIMT peanu3oBaTb MPUHLUMN CaMOYNNOTHEHUs
npu pabote maHxeTbl. MocnesHee OyaeT MMETb
MECTO NPU HANMYUK HATAra YKa3aHHbIX COMPAKEH-
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1 - Kopnyc; 2 — BTY/IKA ONOPHasA; 3 — MaHXKeTa;
4 - ynop; 5 — nepeBogHUK
PucyHok 1 — McnbiTaTenbHbi Nakep MmaHXeT-
Horo Tvna YBY 168x50

PucyHok 2 — CamoynnoTHUTENbHAA NakepHasa MaHXeTa

HbIX COeANHEHWUIA,

AsTopamu NpoaHaAn3npoBaHbl
KOHCTPYKUMMU CaMOYNAOTHUTE/IbHbIX Ma-
KEPOB, M3roTaB/MBAaeMble NpeanpUATU-
aMu YKpauHbl, Poccum, AsepbaiigikaHa,
CLUA n pesynbTaTtbl NPOBEAEHHbIX HAyu-
HbIX MccnedoBaHui. MoxHO  yTBEp-
¥IATb, YTO B HACTOALLEE BPEMA MPAKTU-
Yeckn oTCyTCTBYET Hay4HO-
MeToAMYeCKan 6as3a AnA NpPOeKTUPOBa-
HWUA CaMOYNIOTHUTENbHBIX MaHXKeT AnA
CKBaXKMHHbIX MakepoB. OTaenbHble pe-
KOMEHZALMM He 4a0T BO3MOXKHOCTM pe-
a/M30BaTb CUCTEMHbIN NPUHLMM MPOEK-
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PucyHOK 3 — Pasmepbl MaHKeTbl Nakepa nog, obcagHyto

Tpyby 168x10,6

TUPOBAHMWA, He Y4MTbIBAlOT pAag, dakTo-
POB, MMEIOLLMX MECTO NPMU IKCNyaTaLUM
nakepos.

CNnoXHOCTb pacyéta U NPoeKTUpo-
BaHMA ONTUMANbHOW KOHCTPYKLMM MaH-
KeTbl CBA3aHa npexae Bcero ¢ ocobeH-
HOCTAMM  MEXaHWYeCcKoro noBeseHUs
PE3VHbI NPU 3HAYUTENIbHbLIX HArpy3Kax, a
MMEHHO: HENMHENHOW 3aBUCUMOCTbIO
HanpaxeHusa ot AedopmaLmn, He NO3BO-
NAET WUCMONb30BaTb 3aKOHbI Kaaccuue-
CKOW Teopuu ynpyroctu; M3MeHeHuem
reomeTpuyeckor Gopmbl MaHKeTbl npu
Harpyskax, 4To ABAAETCA CAeACTBMEM
9NaCTUYHOCTU PE3WHbI; Bbl4aBAMBaHUE
pesnHbl B CBOBOAHbIE MPOCTPAHCTBEH-
Hble 30Hbl W, KaK CNeacTBue, BO3HMKHO-
BEHWE  CNOXHOrO  HEeoA4HOPOAHOrOo
HaNpPAXEHHO-AePOPMMPOBAHHOIO MOAA
B MaTepuane MaHXeTbl U T.4.

[na onpeaeneHna HanpaXEHHO-
£edOpPMMPOBAHHOMO COCTOAHMA 3NEMEH-
TOB CO C/JOXHOW ¢dopmoit cBOOOAHOM
NOBEPXHOCTU TOYHbIE aHANUTMYECKME
METOAbl He npuemnembl BCNeACTBUE
CNOXHOCTEN B pELIeHUN HEeUHEWHbIX
cuctem auddepeHUnanbHblX YpaBHEHUI

B YACTHbIX NPOMU3BOAHbLIX NPU PeLeHMN KpaeBblX 3af4a4 TePMOBA3KOYNpPyroctu. Tak, UCnonab3y-

t0TCA YNCNEHHbIE METO/bl, OCHOBHbIM W3 KOTOPbIX ABNAETCA METOA KOHEYHbIX 3N1EMEHTOB [2].
Mo3Tomy ¢ NomoLbio NporpamMmHoro npoaykta «MIPE/IA+» u Gbina pelweHa 3agaya no

onpefeneHno HanpAaXEHHO-AedOPMMUPOBAHHOTO COCTOAHMA CaMOYNAOTHUTENbHOW MaHXKeTbl

YCTbEBOro Nakepa.

UncneHHbl pacyér. CTaHAapTHLIN METOA KOHEUYHbIX SNEMEHTOB B popme MeToAa nepe-
MELLEHMI HEe NO3BOJAET YYNUTbIBATb HKECTKME CMELLEHUA KOHEYHOTO 3/1EMEHTA U QUKTUBHbIE
caurosble fedpopmaummn — «3GdeKT NOXKHOro casura». Ytobbl yCTpaHUTb NEpPeYnUCcNeHHble He-
A0CTaTKK, byAeM MCNoNb30BaTb MOMEHTHYHO CXEMY KOHEYHOTO 31emeHTa [3].

[ns peleHns 3agaun B nporpaMmmHom Komnaekce « MIPENA+» [4] Byaem ucnonb3osathb

NPOCTPAHCTBEHHO-BPEMEHHOM KOHEYHbI
snemeHT [5].

PaccMOTpMM 31aCTOMEPHYI0 MaHKeTy,
pa3mepbl KOTOPOM NpuBeaeHbl Ha puc. 3. U3
YCNOBUIA 3KCMAyaTaLMU MOLENUPYEM Cheay-
oLWwmMe rpaHnyHble YCNoBUA: rpaHb AB KECTKO
3alemneHa, rpain AQ n CD 3aKkpenseHbl B
pagnanbHOM HanpasaeHun, K rpaHam QR, RG,
GF, FE, ED npunoxeHa oceBas Harpyska,

OCTa/lbHble rpaHu cBoboAHbI (puc. 4).
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PucyHoOK 4 — PacuéTHasa cxema MaHXeTbl
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CooTBETCTBYIOLLAA KOHEYHO-3/IEMEHTHAA MOZLENb NPUBEAEHA Ha puc. 5. Ynpyrue xapak-
TEepUCTUKN: Go = 2,425 MMa, G, = 1,312 MMa, v=0, 49. Harpy3Ka 3agaHa Ha rpaHax SG, FG, FEu
ED, BennunHa eé sapbuposanacb ot p = 0,1 MMNa go p=0,5 MMa.

B pesy/abTaTte UncieHHOro pacyérta Oblav NosyyeHbl pacnpeaeneHns BeNUYMH nepemellie-
HUI, pedopmaunii U HanNPsXKeHWI 31aCTOMEPHOrO 3/EMEHTa B YC/0BMAX BA3KOYMNpYroro Ae-

bopmupoBaHus.
[edopmmnpoBaHHas KOHEYHO-3/1EMEHTHaA MOAENb 3N1acTOMEPHOro obpasua npeacrasse-

Ha Ha puc. 6.
Be/IMUMHbI 0CaZKM U HAaNPAKEHWI MaHKETbl B Pa3/IMYHbIE MOMEHTbI BpeMeHU n3obpaske-

Hbl Ha puc. 7 — puc. 9.
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p 5_K PucyHok 6 — MonyToHOBasA KapTUHA pacnpeseneHns
UCYHOK 5 — KOHEYHO-91eMeHTHaA MoAeNb MaHKeTbl NepeMmeLLEeHHil B 0CEBOM HanpaBAeHMH

nakepa nog obcagHyto Tpyby 168x10,6

Tabaunua 1 — MaKcmanbHble nepemelLeHns Touek rpaHy DC anactomepHoro obpasua

Harpyska, MMa _ Nepemeutenus (107), m _
HayaNbHbI MOMEHT BpeMeHM KOHEYHbI MOMEHT BpeMeHM
0,2 -0,064471 -0,086431
0,4 -0,12894 -0,17286
0,6 -0,19341 -0,25929
0,8 -0,25789 -0,34573
1 -0,32236 -0,43216

Tabaunua 2 — BennumnHbl HanpsaxeHuin rpaHn DC 3nacTomepHoro obpasua B 3aBUCMMOCTY OT NPUKAAAbIBa-
eMblX Harpy3ok

HanpsaxeHuna, MlMa
Harpy3ka, MMNa < 5
Ha4a/IbHbI MOMEHT BPEMEHM KOHEYHbI MOMEHT BpeMeH!
0,2 -0,30695 -0,30698
04 -0,6139 -0,61396
0,6 -0,92085 -0,92094
0,8 -1,2278 -1,2279
1 -1,5347 -1,5349
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B pesynbTaTe YMCNEHHOTO pacyéTa
6blna nonyyeHa BeSMUMHA OCaJKM 3Na-
CTOMEPHOW MaHeTbl B 3aBUCMMOCTU OT
NPUKNAAbIBAEMOW HArpysku ¢ y4éTom
PEONIOrMYECcKMX  CBOWCTB  maTtepuana.
TakKe onpeaeneHbl BE/MYMHbI Hanps-
KEeHUW B 3nactomepHom obpasue. Mpu
3TOM HeobXoAMMO OTMETUTb, YTO BCea-
cteme addekTa penakcaumun, Hanpsaxe-
HWA B Ha4YasIbHbIA U KOHEYHbIA MOMEHTbI
BPEMEHN HE3HAYMTE/IbHO  OT/IMYAKTCS
Apyr ot apyra. YYéT peosiornyeckux
CBOWCTB  YBENMYMBAET MEPEMELLEHNS
KOHCTPYKLMM NpubAn3nTENbHO Ha 25 %.
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AHoOTaUiA. Po3rNaaaeTbca HanpyeHo-A4e$opMOBaHMIA CTaH TYMOBOTO YLLiNbHEHHA NaKepa MaHXeTHOro T1ny.
Taki nakepu HanexaTtb A0 CaMOYLLiNbHIOBAZIbHMX, BUKOPUCTOBYIOTbCA ANA NEPEBiPKM repMeTU3aLiiHOl 34aTHOCTI
HadTOBMX i ra30BMUX CBEPANOBMH i CNPaLLbOBYIOTL Nig, AI€I0 TUCKY B CBEPANOBUHI. [N BUPILLEHHS 3a4a4i B Nporpam-
Homy KomnneKci «MIPE/IA+» BUKOPUCTOBYETHCA MPOCTOPOBO-YACOBUIA KiHLIEBMIH €/1eMeHT. B pe3y/ibTaTi YucenbHoro
PO3paxyHKy 6ynu oTpumaHi PO3NOAINM BEAUYMH NepemilieHb, AedopmaLiii i HanpyKeHb T'YMOBOrO eNeMeHTY 3
ypaxyBaHHAM B’A3KOMpPY}KHOro AepopmyBaHHA. OTpUMaHa BENMUYMHA OCAZKM MAHKETU 3a/1€XKHO Bif, HABAaHTAXKEHHS
3 ypaxyBaHHAM PEOIONYHMX XapaKTEPUCTUK MaTepiany.

KntouoBi cnosa: HanpyxeHo-4edOPMOBaHMIA CTaH, B'A3KONPYXKHICTb, TymMa, Nakep MaHXeTHOro Tumy, camoy-
LWiNbHIOBAIbHA MaHKeTa

Abstract. The article considers a stress-strain state of the rubber seal in the collar-type packer. These packers
are self-sealing and are used to check pressurization ability of oil and gas wells, and they are actuated by the pres-
sure in the well.

To solve the problem, a space-time finite element is used in the software package “MIRELA+". As a result of
the numerical calculation, values of displacement, strain and stress distributions in the rubber element were ob-
tained with taking into account viscous-elastic deformation. Value of the collar sediment was calculated depending
on the load and with taking into account rheological properties of the material.

Keywords: stress-strain state, viscous elasticity, rubber, collar-type packer, self-sealing collar
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