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CALCULATION OF THIN-WALL METAL SEALS OF COMPLEX GEOMETRIC
SHAPE

AHHOTaUMA. TOHKOCTEHHbIE METaNNMYECKME YMIOTHEHUST HALLMNM CBOE MPUMEHEHME B KOHCTPYKLMSAX
N coeanHEeHNAX, KOTopble NMPUMMEHNUMbI B YCINOBUAX ONHAMUYECKUX (yp,aprlx) Harpys3ok, HeCTauMOHapHOCTH
OaBrneHna n tTemnepartypbl, a Takke arpeCCMBHOCTU cpea. CyLLLeCTBeHHbIM HeJoCTaTKOM TaKuMX yI'IJ'IOTHGHI/IVI
ABNAETCA 4yBCTBUTEJIbHOCTb 00ono4YeyHoro anemeHTa Kk YCNoBUAM HarpyxeHud, Hanpumep, CO CTOPOHbI
30M0THMKA 3aTBOpa knanaHa. ObecneveHne HaaeXHOCTU TaKMX COeAVHEHUIN MOXET ObiTb AOCTUrHYTO 3a
CYET CHWKEHUSI XKECTKOCTU 0DO0N0YEYHOro anemeHTa. [ns CHUKEHNS >XEeCTKOCTU O0DONI0YEYHOro arieMeHTa
MOXeT ObITb MCMOMb30BaHa TOHKOCTEHHas nnacTuHa (06onoYeyHo-NNnacTuHYaToe YNroTHEHWE), CUIbGOH
(obonoyeyHo-cunboHHOE YNNOTHEHNE), MembpaHa (00ono4Ye4HO-MeMOpPaHHOE YNNOTHEHUE), TOpouaarb-
Has dopma (0bonoyeyHo-TopomaanbHOE YMoTHEHWE). Huxke OygoeT paccMOTpPeHO TOMbKo OOO0MoYeYHo-
CcunNbdOHHOE YNIOTHEHWNE, KaK FeOMETPUYECKU Boree CnoXHoe.

KnioyeBble crnoBa: TOHKOCTEHHOE YMNJIOTHEHNE, 060N0YKa, HanpshkeHHO-AeOPMUPOBAHHOE CO-
CTOAHME, pacyeTbl Ha NPOYHOCTb, MOAeNMUpoBaHme.

Abstract. Thin-walled metal seals have found their application in structures and joints that are ap-
plicable under conditions of dynamic (shock) loads, non-stationary pressure and temperature, as well as
aggressive environments. A significant disadvantage of such seals is the sensitivity of the shell element
to loading conditions, for example, from the side of the valve spool. Ensuring the reliability of such con-
nections can be achieved by reducing the rigidity of the shell element. To reduce the rigidity of the shell
element, a thin-walled plate (shell-plate seal), a bellows (shell-bellows seal) and a toroidal shape (shell-
toroidal seal) can be used. Below, only the shell-bellows seal will be considered, as it is geometrically
more complex.

Keywords: thin-walled seal, shell, stress-strain state, strength calculations, modeling.

MPOYHOCTHOM pacyeT TOHKOCTEHHbIX YMSOTHEHUN CMOXHOM reoMeTpU4eCcKom
dopMbl MOXET ObITb BbINOSIHEH C MCMNOSIb30BAHMEM METOAO0B KOHEYHO-3MIEMEHTHOIO
(MKQ) mogenupoBaHusl, Tak Kak npyu aHarMTUY4EeCKOM peLleHuu Takme 3agaym Onuchbl-
BalOTCS 3HAYMTENbHLIM YMCITIOM YpaBHEHWIA, @ MOTYT N HE UMETb peLleHuns BoBce [1, 2].
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PucyHok 1 — O6ono4yeyHo-cnnb@OHHOE YNIIOHEHWE:!
a — cxema HarpyxeHus; 6 — aKBMBarneHTHble HanpsXXeHus npu Harpyske 1,5 kH;
8 — CyMMapHsble nepemeLleHns npu Harpyske 1,5 kH
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PucyHok 2 — O6onoye4Ho-memMbpaHHOE yNnoHEHNE:
a — CXema HarpyxeHus; 6 — aKBMBarneHTHble HanpsXXeHus npu Harpyske 1,5 kH;
8 — CyMMapHsble nepemeLleHns npu Harpyske 1,5 kH

lMocTpoeHne reomeTpun, 3agaHne Harpysok, pasbmnexHmne Ha KO mogenu B Femap
(MSC.vN4W) npoun3Bogunocb COrfnacHo pekoMeHaaumsiMm ykasaHHbiM B [3]. [eomeTpu-
yeckme pasmMmepbl cegna (BbicoTa 0060MOYKM, AMaMETPbI, TOMWMHA) BO BCEX MOAENSX
OLMHAaKOBbI.

PacuyeTt mogenen npoussoguncs B Femap, Tak kak oH 6onee ynobeH npu npuno-
XEHMM HarpysoK, a pe3ynbTaTbl pacyeToB OTNINYAKOTCHA, HAaNpMMep, OT pe3ynbTaToB B
WinMachine meHee 4yeM Ha 5%. NonyyeHHble pe3ynbTaTbl MogenupoBaHus ang obo-
NOYEYHO-CUNbGOHHOMO N — MeEMBPAHHOIO YNMOTHEHUIW, CPaBHUBANUCL C aHaNOM4YHbl-
MK pacyeTamu gnst 060/104€4YHO-NNACTUHYATOro YNNOTHEHUS [4].

K OCHOBHbIM BblBO4AM MOXHO OTHECTM: HamMpsiKeHUs, BO3HWKalOLWMe Ha Topue
000MoYKN NpakTUYEeCKM OAMHAKOBbIE, YTO CBMOETENbCTBYET O MPaBUSIbHOM MOCTpoe-
HUN MOAENN N OAMHAKOBbLIX YCNOBUSIX HArpy>XeHUs; BO3HUKaOLLMeE, NOCNe NpUoXeHus
Harpy3ku, nepemMeLleHnsa otnuyartcs (y o6onoyeyHo-MemMBpaHHOro BbILLE), YTO YyKa-
3blBA€T Ha Pa3HYHK XXECTKOCTb KOHCTPYKTUBHbLIX pelleHui. C noBblLUEHNEM CKOPOCTU
cpabaTtbiBaHNA 30M0THWKA KnanaHa, MMEeT CMbICT paccmaTpuBaTb 000M04YeYHO-
MeMbBpaHHOE YNNOTHEHME.

Cnenyet oTMETUTb, YTO UCMNONb30BaHME OBOMNOYEYHOro ceana NMOHMKEHHOW Xe-
CTKOCTM MO3BOMSET 3HAYNTENBHO CHU3UTb OUHAMMUYECKYHD HArpysKy, YTO AaeT BO3MOX-
HOCTb BbIMOMHUTL ceasio 60nee TOHKOCTEHHbIM — CHU3UTb YCUNMEe B 30HE 30JSI0THUKA U
ceana ons obecneyeHns repMeTUYHOCTU YNNOTHUTENBHOMO COeANHEHMS.
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