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B panee BrImonHeHHOH paboTe ObLTa 000CHOBaHA BO3MOKHOCTh AMArHOCTUPOBAHUS Je(eKTa CTATBbHOIO KaHaTa 10 CHeK-
TPaJILHOMY COCTaBY €ro CBOOOIHBIX HONEpeYHbIX KojieOaHmi. B Hacrosmed paboTe npeanoxeHa aHAIMTHYECKas MOIEINb
HOTIEPEYHBIX KOJICOAHHI CTAIBHOrO KaHaTa, HMEIOLIETO JIOKaIbHOE MoBpekAcHHe. Hannuue nedekra B MOJICIM YUHTHIBACTCS
TOJILKO B BUJIE YOBUIM M3IHOHOM KECTKOCTH COOTBETCTBYIOILETO ydacTKa 0e3 U3MEHEeHHs yAeNIbHOM 110 JulnHe Macchl. Mozeinb
MIPEICTABIISIET COOOH TPH «CIIUTHIX» APYT C APYTOM OIHOPOAHBIX yUacTKa KaHaTa, Tie CpeIHHI IpecTaBisieT co00i nedeKTHbIiI
Y4YaCTOK C MEHBIINM 3Ha4YCHHEM U3THOHOM eCTKOCTH. COMIACHO MOJIEIIBHBIM pacyeTaM MOKa3aHo, YTO XapaKTep 3aBUCHMOCTH
COOCTBEHHBIX YaCTOT KOJeOaHHH OT MX HOMepa NPAaKTHYECKH HE M3MEHSETCs pU Hanuuuu Jedekra. OQHAKO ero Haluudue u
pACIIONIOKEHUE BIIMSIET Ha COOTHOIICHHE aMILIUTY]] KojeOaHN# HEMOBPEKACHHBIX YY4aCTKOB, YTO MOYKHO HCIIOJNB30BATh VIS
MOHUTOPHHI'a COCTOSIHUA KaHara.

Kniouesvie crosa: cTanbHOM KaHAT, CTOSYUE BOJHEL, CHJIA HATSDKCHUS KaHATa, M3THOHAs )KECTKOCTh, MOHUTOPHHT COCTOSIHUSL.

MODEL OF INFLUENCE OF A ROPE DEFECT ON THE SPECTRUM OF ITS
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In earlier work the possibility of diagnosing a defect of a steel wire rope by spectral composition of its free transverse
vibrations was substantiated. In the present work, an analytical model of transverse vibrations of a steel wire rope with local
damage is proposed. The presence of the defect in the model is taken into account only in the form of a loss of bending stiffness
of the corresponding section without changing the specific mass along the length. The model represents three homogeneous rope
sections “stitched” together, where the middle one represents a defective section with a lower value of bending stiffness.
According to the model calculations, it is shown that the character of the dependence of the natural frequencies of oscillations
on their number practically does not change in the presence of a defect. However, its presence and location affects the ratio of
vibration amplitudes of undamaged sections, which can be used to monitor the condition of the rope.

Keywords: steel wire rope, standing waves, rope tension force, bending stiffness, condition monitoring.
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CrajbHble KaHAThI ABJISISICH HECYIIIUM 3JIEMEHTOM KOHCTPYKIIUI TPEOYIOT MOBBIIIIEHHOTO BHUMAHHUS 1
MO3TOMY MPOXOJIAT MEPUOAMUCCKIE 00CIIE0BAHUS PAa3HBIMKM METOAAMHU U cpejicTBamu [ 1—3], uTo ObIBa-
eT 3aTpynHuTenbHO. [IoaTOMy B OmpeneseHHBIX YCIOBUSAX PAIlOHATHLHO BHEAPEHNE MOHUTOPHHTOBBLIX
cucteMm [4]. B pabote [5] Hamu Obl1a NOKa3aHa MPUHIUITHAIbHAS BO3MOXKHOCTh O0OHAPYKEHHUS JeEKTOB
KaHaTa 10 pPEe3yJbTaTaM PETUCTPAIllMU CIEKTPa €ro COOCTBEHHBIX IOINEPEYHBIX KOJICOAHHMN (CTOSYMX
BOJIH). AKTyaJIbHOH SIBIISICTCSI KOJMYECTBEHHAS OIICHKA TaKOH BO3MOXXHOCTH, ITO3TOMY C IIEJIBIO €€ TIPO-
BEPKHU OBUIH BBITIOJHEHBI MOJICTIbHBIC PACUYETHI BIUSHUS Ae(PEeKTa KaHaTa HA CIEKTP ero KoJeOaHWMiA.

MOJIEJIb BBIMUCJEHUS YACTOT KOJEBAHUM KAHATA C JIE®EKTOM

JuddepennnansHoe ypaBHEHHE, OMMACHIBAIOIICE TIOTIEPEYHbIE KOIeOaHNsI KaHaTa ¢ YUYeTOM €ro peak-
MY Ha W3THO 1 03 ydeTa 3aTyXaHusl, UMEET BU/I;
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du du du 1
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dx dx* dt
e ¢ — TOMNepeuyHoe CMEUICHUE; X — KOOPIMHATA BIOJIb OCH KaHaTa; t — BpeMs; f = F/T — OTHOILEHHE
CHJIBI HATSDKEHMS 7 M Macchl T OJJHOTO MeTpa KaHara; g = El/T — OTHOIICHHE H3TUOHOM )KECTKOCTH KaHa-

ta EI u t. CTOsTuMe BOJIHBI, SABJISAIONIMECS OJHUM U3 pelieHui ypaBHeHus (1), 3a1a1uM BBIpaKEHUEM:
u = Acos(2nv t)sin(kx +¢), (2)

rae A — aMIuuTyaa KoineOaHuil; v — JacTora KojaebaHul; k — BOIHOBOE 4KcIo; @ — (ha3a KoeOaHui
pu x = 0.

OrpaHnyeHne NpOCTPaHCTBA CYIIECTBOBAHUS CTOSIUCH BOJHBI, KaK M3BECTHO, IPUBOIUT K TUCKPET-
HOMY Ha0Opy BO3MOXHBIX YacTOT KoyieOaHWH. B ciydae ogHOpOTHOTO KaHara IO BCei ero miumHe L
coBMecTHOe penienne ypaBHenuit (1) u (2) mact Habop BO3MOXKHBIX YacTOT:

2
T
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3nechk n — HOMEP TOHA (TapMOHUKH).

Uro0bl He mpuberarh K CI0KHOMY YHCICHHOMY MOACITUPOBAHHIO KOJEOaHWH KaHaTa C JIOKAJIH30-
BaHHBIM JIe(peKTOM, HAMH TIPEASIOKEHA MOEIb, H300pakeHHas Ha puc. 1. Kanar cieBa u cipaBa 3akpe-
IUIEH B TOYKaX ¢ KoopamHatamu —L/2 u +L/2, nentp nedekTHOro ydactka OpOTSKEHHOCTBIO A uMeeT
KOOpAHWHATY /.
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Puc. 1. MonenbHast cxema pacnoiokeHus Aeexra Ha KaHaTe.

Konebanus B kax 101 13 XapaKTePHBIX 30H KaHATa OMUCHIBAIOTCS ypaBHEHHEM (2) CO CBOMMHU 3HAYE-
HHSAMM aMILIUTY/bI A, BOJHOBOIO uucna k, v Gpasoi ¢, Tak kak 30HBI | U 3 HE UMEIOT MOBPEKACHUSA, TO
UX BOJIHOBBIE YHCJIIA OJUHAKOBBI k1 = k3 = ko, B 30HE 2 — k2 = k. YacToThl KOJI€OaHUNA OJMHAKOBBEL.
KpaeBbIMH yCIIOBUSAMHU SBIISIOTCS YCIOBUs HEMOABUKHOCTH Ha KOHIAX KaHata (u, = u, = 0), Hepa3phIB-
HOCTb B TOYKAX «CHIMBKW (U, = Uy, U, = U,) ¥ OTCYTCTBUE U3IOMOB B HUX (du, /dx = du,/dx, du,, /dx = du,/
dx).

PE3YJIIBTATBI U UX OBCYKIAEHUE

UTo0bI OLIEHUTh BO3MOXKHOCTH OIPEENICHUS] TOBPEXKIEHUS KaHaTa OBLIM HMCIIONB30BaHBI JaHHBIC
peanbHBIX U3MEpPEeHNH KaHaTOB BaHTOBOTO mnepexona (L, F, E1, T) u3 paboTsl [5]. YMeHblleHne H3rHOHOM
JKECTKOCTH B3siTO He Oonee 10 %. Oxumanuch UCKAKCHHS XapaKTepa 3aBUCUMOCTH V(71) OT 3aKOHOMEp-
HOCTH /715l OTHOpOHOTO KaHata (ypaBHenue (3)). Camblii HEOMAronpusTHBIN BAPHAHT JIOKALUK Je(eKTa
JlaJl OTKJIOHEHUSI, KOTOPbIE MPAaKTHUECKN HEBO3MOXKHO 3apErHCTPUPOBaTh HHCTPyMEHTaIbHO (puc. 2). Ha
puc. 3 TpencTaBieH pe3ylibTaT MOACIUPOBAHUS C MEHEE PealIbHbIM COUETaHuEeM MmapaMeTpoB L, F, El, 1
1 1e(heKTOM MPOTSHKEHHOCTBIO 5 % JUIMHBI BCETO KaHata. 3/1eCh Mbl BUIUM, YTO HaJMUUe Je(eKTa U ero
JIOKaIMsl BCE-TaKW OKAa3bIBAeT BIMSIHHE HA YacTOTy KojeOaHWil NBalaTh MSITOM TapMOHHKH (YepHBIC
MapKephl), OJHAKO XapakTep V(71) Ka4eCTBEHHO HE MEHSETCSI.

OTHOLIEHHE aMILTUTY]I HETIOBPEXKIEHHBIX YJaCTKOB A,/A, NpH HaIM4IuK Ae(EKTa OTIMYACTCSA OT /M-
HUTIBI (KpacHBIe Mapkepsl Ha puc. 3). Ha puc. 4 mpeacTapieH MOAETBHBIN XapakTep pacipeesIeHs ToTe-
pPEYHBIX CMEIIeHnH KaHaTa B TPEX XapaKTepHBIX 30Hax. Ha puc. 5 moka3zaHbl BRIYHMCIEHHBIE OTHOIICHUS
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Puc. 4. Xapakrep BrnusiHUs [eeKTa KaHATa Ha pacripe/ielICHue Puc. 5. 3aBucumocts oTHOMIEHHS ammuMTy/ | 1 3 30H OT
AMIUIATY/BI €T0 KoneOaHuii. HOMEpaA 4aCTOTHI U TOJIOKECHUA Ile(beKTa.
AMILTUTY]L A3/A1 JUTsT OOJIBIIIOTO HAa0opa YacTOT W YeThIpeX JoKanui nedekra. o HU3KMX YacToOT

(n <10) otnomenue A,/4, = 1. C pocTOM HOMEpa FAPMOHUKU OTHOWIEHHE A;/A | OTKJIOHSETCS OT €IMHULIBI
1 B OKPECTHOCTHU 1 = 35 npuOIMKACTCs K €IMHUIIS, @ 3aTEeM CHOBA OTKJIOHSIETCS ¥ B OOJIBIICH CTEIICHH.

3AK/IIOYEHUE

[TomyueHHBIH pe3ylbTaT B MEPCHEKTHBE MOXXHO HCIONB30BaTh IS CO3/IaHUS MOHHTOPWHTOBOU
CHUCTEMBI COCTOSIHHS CTAJbHBIX KaHATOB. JIHarHOCTHPOBAHHE MOBPEKACHUS KaHATA BO3MOXKHO C MTOMO-
IIBI0 OMpEACICHUSI COOTHOIICHHUS aMIUIUTY KojeOaHWi Ha pa3HbBIX YacTOTax W BOJHM3M 32)KHMOB.
ABTOpBI ONaroapsIT 3a MoICPKKY JAHHOTO MCCIICOBAHUS HAIMOHABLHBIN MPoeKT «Hayka u yHuBepcu-
TeTbl» MHUHHCTEpPCTBA HAYKH M BICIIIEro oOpa3oBanus Poccuiickoit ®eneparmu (FEWN-2021-0012).
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