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JOCJIIPKEHHS BIVIMBY MEXAHI3MY NIEPECYBAHHA HA PECYPC
METAJIOKOHCTPYKIII MOCTOBUX KPAHIB MOPCHKHUX ITOPTIB

B po6omi HasedeHo pe3ysbmamu docaidyiceHb MOCMOBUX KPAHis, AKI ekcnayamyrwmb y 3aKpumux cK/a1adax
MopcbKkux nopmis. I[IpoaHanizoeani degpexkmu, ski euHukaroms y npoyeci ix exkcnayamayii. OmpumaHi pesysbmamu
8KA3ylOMb HA Mme, WO HAlbinbW HABAHMANCEHUM e/NeMEHMOM € KiHyesi 6a/nKu Mmocmosux Kpaie. 3a donomozoro
MazHimHo20 (KoepyumumempuyHozo) Memody npoaHani3oeaHo cmaH ix KiHyesux 6asn0Kk, nposedeHull aHaniz
pe3ysbmamis nokaass, Wo 0ea KpaHu caid He2allHO npunuUHUMU eKkcnayamysamu.

Katouosi cnoea: mocmosuii KpaH, MexaHiamM nepecy8aHHs, KOepyumueHa cuia, pecypc.

Victor STRELBITSKIY
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RESEARCH OF THE INFLUENCE OF THE MOVEMENT MECHANISM ON THE RESOURCE OF METAL
STRUCTURES OF OVERHEAD CRANES OF SEAPORTS

Overhead cranes are widely used when performing reloading operations on closed ones (fig.1) and open warehouses of sea and
river ports. Since they are a link in the technological process, the productivity of Port lines depends on their reliable and continuous
operation.

Overtime and long term operation of metal structures of overhead cranes in the mode of intensive cyclic loading leads to the
formation of fatigue defects and subsequent failure of components and accidents. The main criterion for achieving the maximum condition of
metal structures is considered to be the development of its resource, and their technical diagnostics and expert examination remain the
method of establishing the real condition of cranes.

The paper presents the results of studies of overhead cranes that are operated in closed warehouses of seaports.

The 8 bridge cranes of the same type were selected for research, with a load capacity of 10 tons, which are made of BCm3cn5
steel, operate in Hook mode and operate in closed warehouses of ports. The crane travel path did not exceed 24 m.

To assess the stress-strain state of metal structures of end beams, the method of magnetic (coercimetric) monitoring using a KPM-
1-K2M magnetic structuroscope was used. The measurements were carried out over three years, with a frequency of 1 time per year. On the
metal structure of the crane, it was necessary to select the area where the force effect on the metal was the least during operation, and the
values of the coercive force (a/CM) were measured. The obtained values are comparable to the passport values, the difference did not exceed
10%..

Experimentally, it was found that the most loaded node of the overhead crane is the end beams, since they have the greatest
amount of damage. It was found that the greatest stresses occur in the attachment point of the corner axle boxes of the running wheels on
the end beams, which are affected by vertical loads and transverse horizontal forces that occur when the crane moves. Two cranes have been
found to have emergency cracks, so they need to be repaired or replaced. To obtain objective information, it is necessary to periodically
monitor and regularly enter the NS value in the work log, while noting the actual values and intensity of the load.

Keywords: overhead crane, travel mechanism, coercive force, resource.

IHocTaHoBKa Mpo0/IeMH y 3arajIbHOMY BUIJISATI
Ta 1i 3B’5130K i3 Ba;KJIMBUMM HAYKOBHMU Y MPAKTHYHHMH 3aBIaHHIAMHI

MocCTOBI KpaHH IIUPOKO BUKOPHUCTOBYIOTHCS IIPH BUKOHAHHSI [IEPEBAHTAXKYBAILHUX OTIEpalliil Ha 3aKPUTHX
(puc.1) Ta BIIKpUTHX CKJIaJJaX MOPCHKHX Ta PIYKOBHX MOPTIB.

OCKIIbKM BOHM € JIAHKOIO TEXHOJIOTIYHOTO Mpoliecy, TOMy Bij ix HapiiiHoi Ta ©Oe3mnepepBHOi pobOTH
3aJIeXKHTh MPOJAYKTUBHICTH MOPTOBHX JIHIH.

IIpore, Ha croromHi B YKpaiHi HE CIIOCTEPIraeThCs MEPEOCHANICHHS MOPTIB y MOBHOMY 00’€Mi, Tak sIK
3aMiHa yCiX 3raJlaHMX KpaHiB BHMAara€ 3HauyHMX IiHBecTHIiH. Tomy  Oumeme 85% kpaHiB BialparoBamu
HOPMATHBHHI TEPMiH CIy)XOH eKCIuTyaTyroTs [1-2].

[TonagHOpPMOBa Ta TpHBaa €KCILTyaTallis METAJIOKOHCTPYKIIH MOCTOBHUX KPaHIB B PEXHUMi IHTEHCHBHOTO
IUKJIIYHOTO HAaBaHTAXXEHHs NPHU3BOJAWTH JI0 YTBOPEHHS BTOMHHUX JE(EKTIB Ta MOAAIBIIOI BIIMOBH BY3IIB Ta
aBapiit [1-2].

OCHOBHUM KpHUTEPi€EM NOCATHEHHS TPAHWYHOTO CTaHYy METAJIOKOHCTPYKIIH BBaXKarOThb BHPOOJIEHHS ii
pecypcy, a METOJOM BCTAHOBJIEHHS PEAJTbHOTO CTaHy KpaHIiB - 3JIMIIAIOTHCS 1X TEXHIYHE iarHOCTYBAaHHS Ta
excriepTHe obcTexxkeHHs [1-3]. 3a pe3ynapTaTaMu AKX MPUAHATH PIMICHHS PO X MOJANBITY €KCILTyaTalilo.

AHaJi3 10caigKeHb Ta myOaikauin
AHani3 npoBeJIeHUX JOCIHIIKEHb METAJIeBUX KOHCTPYKIIH MOCTOBHMX KpaHiB SIKi HONpAIIOBaIN 3HAYHUH
TEpMiH NOKa3aB 1I0:
1) nedexTH y METANOKOHCTPYKLISIX  MOXYTh BHHHMKATH Yy MpOLECi TPHBAIOI eKCIUTyaTalii, npH
BUKOPDHCTaHHI KpaHIB HE 3a IPH3HAYEHHSM, a TaKOX BHACTIJOK KOHCTPYKTHBHHMX HEIOPOOOK 1 HEeIOJIKiB
BUTOTOBJICHHSI Ta MOHTaXxy KpaHiB [1-3,5];
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2) TepMiH HaMpPALIOBaHHS HEOJAHO3HAYHO BILIMBAE HA MEXaHIUYHHMX XapaKTepucTHKax maTepianis [1,3,5]

3) 3) BusiBICHI KOpO3iiiHI MOIIKO/PKEHHS Yy BHUIVIAAI BHPAa30K UM MOBEPXHEBUX YIIKOIKCHb, HOCSThH
BHITIAIKOBUH XapaKTep Ta BIIMBAIOTH iCTOTHO HA 3aJIMIIKOBY JTOBTOBIUHICTH [5];

4) pyfiHYBaHHS METATOKOHCTPYKIH B TMpoOIleci eKCIUIyaramii TmepexyciM TIOB’S3aHO 3 IHKJIYHHMH
HaBaHTAXXCHHAMH B TPOIECi eKCIUTyartalii, SKi CHPHUSIIOTh YTBOPEHHIO MIKPOTPIMIHMH, KOTPi Y MOJANBIIOMY B
MAaKpOTPIIMHK Ta TOIMUPIOETHCS B TiJIO METATOKOHCTPYKIIii [1-3,5];

5) Gesmeka eKcrutyararlii MOCTOBHX KpaHiB, sKi BiANpaIfOBAI HOPMAaTHBHHN TEpPMiH Tpale3IaTHOCTI,
HAIPAMY 3aJICKUTh BiJl XapaKTEPUCTHK TPIMIMHOCTIHKOCTI MeTany KiHmeBux 6anok [1-3,5];

6) olliHKa TEXHIYHOTO CTaHy € iHOMBIAYaJbHOIO ISl KOXKHOrO Kpany [1-3,5].

OpHak, BIUIMB MEXaHI3My HEpecyBaHHS Ha pPECypc METAIOKOHCTPYKIIH MOCTOBHX  KpaHiB SKi
npornoroBaiy Oinpire 20 pokiB y MOPCHKHX TIOPTax, Ha ChOTO/IHI B HAYKOBIH JIiTepaTypi pO3rIITHYTO HEAOCTAaTHBO.

@opMyJIIOBAHHS Wijel cTaTTi
Metoro pobOoTH €: HOCHIMKEHHS CTaHy BY3JiB Ta BIUIMB MEXaHi3My IIEpecyBaHHS Ha pecypc
METAJIOKOHCTPYKIIH MOCTOBHX KpaHiB 3 TOHATHOPMOBHMH TEPMiHAMH €KCIUTyaTallii y 3aKpUTUX CKIaJaX MOPCHKIX
MIOPTIB.

BukJiax ocHOBHOTO MaTepiay

s nocmimkers 0yino o0paHo § MOCTOBHUX OINHOTHUITHHX KpaHiB (puc.l), BaHTaxkomiaioMHicTO 10 ToH, sKi
BUTOTOBJIEHI 3a ctani BCT3cnS, nmpamiooTh y KPIOKOBOMY PEXHUMI Ta €KCIUTyaTyIOTh y 3aKPUTHX CKIIaJaX MOPTiB.
[nsx nepeMilieHHs KpaHiB HE MEPEBUILYBaB 24 M.

BizyanbHuil orisin Beix MeTajueBUX KOHCTPYKIIH KpaHiB BiIOyBaBcs MPOTATOM JBOX POKIB poOOTH, uepes3
KOXHI 3 micsi.

AHaji3 npoBeIeHUX AOCIIIKEeHb [T0Ka3aB 110:

1) y BiX KpaHiB 3HOC KOJIiC TIEPEBHUILLY€e IPaHUYHI 3HAUCHHS ;

2) y 75 xpaHiB TPIIIHMHA B OCHOBHOMY METaJli KiHIIEBHX Oaiok (puc.2,a)

Puc. 1. ®oTo g0c1i1KyBaHOT0 KPaHa

3) y TpeTHHU KpaHiB BUSBIICHI TPIIMHN Y 3BapHUX 3 €THAHHSX TOJIOBHOI Ta KiHIIEBOI Oanok (puc 2,a);

4) y 80% kpaHiB BUSBIICHI TPIIMHU B KyTaX BEPXHHOTO W HIDKHBOTO BHPI3iB BEPTHKAJIBHUX JIMCTIB IiJ
6oToBI 3’€AHAHHS OyKC TPIIIMHY B KyTaxX BEPXHBOTO I HIDKHBOTO BUPI3iB BEPTHKAIBHUX

JUCTIB M1 OONTOBI 3’ €qHAHHS OYKC

5) y Bcix kpaHax Oy 3ahikCOBaHI TPILIMHU Y MICISIX KPIIUIEHHST TOJIOBHHMX OalloK 3 KiHIEeBUMH (puc.2,0
Ta B)

6) y NOJIOBHMHI KpaHiB BUSIBJICHI TPIIIMHK B MICLISIX NIPUBAPKU Kpalok pedep KOPCTKOCTI JI0 MOsICY Oaliku
(puc.2,a);

7) y 80% kpaHiB BUSBIICHI TPILIMHM B KIHILIIB KOCHHOK, 1110 3’€THYIOTb TOJIOBHI 1 KiHI[EBi O0ajku (puc.2,B).

VY nBOX KpaHax BHSBJICHI TPILIMHU aBapiHOTO XapaKTepy, T.T. BUMAararTh iX PEMOHTY a00 3aMiHH.

AHani3 pe3ynbTaTiB AOCH/DKEHb II0Ka3aB, IO BUSBICHI TPIIMHM y Oankax BHHHUKAIOTh BHACIiIOK
MOPYIICHHS yMOB €KCIUTyaTalii, IHTEHCHBHOTO 3HOCY KOJiC, 3MiHM XapaKTEPHCTHKH KpPaHOBOTO NIIAXY Ta
YTBOPEHHX CHIJI TIEPEKOCY, a TAKOXK BiOpamiiHUX HAaBaHTa)KCHb SIKI BUHUKAIOTH Yy MPOIECi pOOOTH Ta TMPU3BOJISTHCS
JI0 3MiHM HaIpy>KeHHO-1e()OPMOBAHOTO CTAHy €JIEMEHTIB KpaHa [2].

Micre 3apomKeHHs 1 KOHQITypalliss BTOMHHX TPIlIMH CBIAYUTH MPO TE, IIO0 BOHH YTBOPKOKOTHCSA BiX il
HAaBaHTa)KEeHb, SAKi BUKIMKaHI, TOJOBHUM YHHOM, CHJIOBOIO B3a€MOJIEI0 KOJIC KpaHa 3 peiikamu Hpu Horo pyci
Y3I0BXK MUISXIB.

IMomKkomKEeHHsI 3BapHUX MOCTIB, € HACJIJIKOM IHTEHCHBHOMY 3HOUIYBaHHS peOOpI KOJiC BHACITIJOK il
HOIEePEYHUX CHJI Y KOHTaKTi KOJecOo-peHoK IpU pyci KpaHIB 3 MOHTAXHHM IIEPEKOCOM IX XOJOBHX KOJIC Yy
TOPHU30HTAIBHIH MIOIIKHI.

Byno BCTaHOBJIEHO, 0 HaiOLIBIII HANIPY)KEHHS B HUKAIOTh Y BY3JIi KPIIUICHHS KyTOBHX OYKC XOJOBHX
KOJIiC Ha KiHIEBUX Oalikax, Ha SIKi IiIOTh BEPTHKaJIbHI HABAHTAXKCHHS 1 MONEPEYHi TOPU30HTANIBHI 3YCHIIIS, KOTpi
BUHMKAIOTh TP pYyCi KpaHa. ['Opn30HTaNIbHI 3yCHIUIS KOHIEHTPYIOThCS B OYKCOBHX YacTHHAX KIHLEBHX OaloK y
BUTJISII KPYTHOTO MOMEHTY, KOTPHH YTBOPEHHH CHIIOIO MEpPEeKoCy. 3MiHa KpYTHOIO MOMEHTY Y IpOLECi pyxXy
NIPU3BOJNUTE IO TIOSIBH y BY3JIi KPIIUICHHS 3HAKO3MIHHUX HaIlpy>KeHb, 4aCTOTA SIKUX 3aJIC)KUTD Bijl YHCIIA BKIIOYEHb
MeXaHi3My IlepecyBaHHs KpaHa.

250 Herald of Khmelnytskyi national university, Issue 3, 2022 (309)



TexHiuHi HayKu ISSN 2307-5732

s T
5
i

Q

| do o _H() i ~
e i 0| I A

a)

Puc. 2. Tpimunu y KiHueBux 6ajikax (a), Micusix 3’€IHAaHHsS roJOBHOI Ta KiHLeBoi 62,10k (0,B)

J1st oLiHKY HanpyXeHO-1e(OPMOBAHOI'O CTaHy METAIOKOHCTPYKIIN KIHIIEBUX OalloK 3aCTOCOBAHO METO[
MAarHITHOTO (KOSPIUTHMETPUIHOTO) KOHTPOIIIO 332 JONOMOTOI0 MarHiTHOTro crpykrypockona KPM-II-K2M (puc.3)
[6,7]. TonoBHOI TepeBaror HpHIaNy IOJATAE Y TOMY, IO HAa MOKAa3aHHA NPWIATy BIUIMBAIOTH BIACTHBOCTI
MeTally, He BIUIMBAIOTH 3aXHCHI MOKPUTTS ((hapOu, IUTBKU Ta iH.) TOBIIMHOIO A0 6 MM Ta KOpPO3is, MIOPCTKICTb,
KpPHUBH3HA MMOBEPXHI TOIIO [6,7]. BumiptoBaHHS MPOBOAMWINCE MPOTATOM TPHOX POKIB, 3 MEPIOANIHICTIO | pa3 B pik.

Puc. 3. Crpykrypockon (koepuutumerp) KPM-I[-K2M

Crnixg BiAMITHTH, OO0 MarHiTHa [iaTHOCTHKA [0 KOCPIUTHBHIA CHII pearye JHWIIe Ha CTPYKTYpHY
nepeOyJOBY Ta 3aJIMIIKOBI HAlpyXXEHHs, BUSBISIOUM HAIPSMOK Jii TOJOBHUX CHJI B YChOMY KOHTPOJBbOBaHOMY
00’eMi MeTamy.

Cxema KOHTPOJIbHHX TOYOK BUMIpIOBaHHS KOEPUUTHBHOI CHJIM HaBeZeHa Ha puc.4, a,B.

Ha meranokoHcTpykii kpana 0yio BUOpaTH AUISHKY, Ha sIKiii CHJIOBHI BIUIMB Ha MeTasl OyB HaiiMEHIINM

. L . 0 . . .
y TIpoIIeci eKCILTyaTallii, Ta BUMIpsHI 3HaueHHS KoepuuTHBHOI ¢ H - (A/cm). OTpruMaHi 3HaUeHHS MOPiBHAHI 3

MacOPTHUMH, Pi3HMI He nepeBuiyBaia 10%.

Jaii, BUMIpIOBaIM KOEGPLUUTHBHY CHIIy Y KOHTPOJIBHHX TOYkax (puc.4,a ta 0). Y KOXHIH TO4YLl KpaH
BUMIPIOBaHHS MTPOBOAMIN TPHYi, OTPUMaHI 3HAYEHHS yCEPEAHIOBAIIN.

3a pesymbTaTaMH TOBIIMHOMETpii, 3TiZHO BUMOT [4], CKIaJeHi BiJIOBIJHI TMPOTOKOIM Ta BHECEHI
BIJIMITKH y TTACTIOPT KpaHa.

PesynbpraTi BUMipIOBaHb HaBe/IeHI Ha pHC.4,B.

OTpuMaHi eKCTIepUMEHTAIbHI BeIHYMHH Hc TOPIBHIOBANH 31 3HAUYCHHSIMH JUIS BiAIMOBIAHOI MapKd cTai
(puc.5.) [8]. HaBeneHi miarpaMu J03BOIITIOTH BUPINTYBAaTH 3BOPOTHI 3a/1adi — TOOTO BH3HAYATH PiBEHH JIFOUUX YU
3aJIMIIKOBUX HANPYXXEHb Y KOHCTPYKIIIT 32 JaHUMH KOHTPOJIIO BEJTMYMHH KOSPIIUTHBHOT CHITH.

AHani3 oTpUMaHHX JaHUX BKa3ye HaTte, 1I0:

1) ABa KpaHM CiiJl HErallHO MPUIMHUTH €KCIUTyaTyBaTH, OCKUIBKH Yy HHUX BHSBJICHI TPILIMHU aBapiiHOTO
XapakTepy, MarHiTHUH KOHTPOJIb II0Ka3aB 10 Pecypc IX eKcIulyaTanii IpaKTHYHO BUUEPIIaHO;

2) KpaHM HaOJNU3WIMCSA JIO PEXKUMY KPUTHYHOI eKciulyaramii, TOOTO  MeTal METaIOKOHCTPYKIIiN
3HAXOJWUTHCS Ha CTaJlii BUYEPIIaHHs 3aIacy IIAaCTUYHOCTI, TPUYOMY 3aJIMIIKOBI HAIIPY>KEHHS Y HUX IEPEBHILYIOTh
MEXXY IUTHHHOCTI JIJIS BiIITOB1THOT MapKH CTaJIi.

BucHOBKHM 3 JaHOTO0 AOCTIZKeHHS | ePCNEKTHBH NOJAJNBIINX PO3BIIOK Y JaHOMY HANPAMI

ExcrieppuMeHTanbHUM IUITXOM 01710 BCTAHOBJICHO, 1110 HAHOLIBII HAaBaHTa)KEHUM BY3JI0OM MOCTOBOT'O KpaHa
€ KiHIeBl 0aJKH, TaK sIK y HUX BHSBJICHO HaHOLIbIIy KUIbKICTh HOIIKO/UKEHb. Byo BcTaHOBIICHO, 10 HAHOLIbMII
HaNpy>KeHHS BHHHKAIOTH Yy BY3Ji KPIIJICHHS KYTOBHX OyKC XOJOBHX KOJIC Ha KiHIIEBHX Oajkax, Ha SIKi JifOTh
BEPTHKAIbHI HABAHTAXEHHS 1 MONIEPEYH] TOPU30HTANBHI 3yCHIUIA, KOTPi BHHUKAIOTH MPH PYCi KpaHa.

Y nBOX KpaHax BHSBJICHI TPILIMHU aBapiifHOTO XapaKTepy, TOMY iX HE0OXiIHO peMOHTYBaTH ab0 3aMiHHTH.

Jis otpumanHs 00'eKTHBHOI iH(popMatii HEOOXiTHO 3AIMCHIOBATH MEPIOJUYHUI KOHTPOIb 1 PEryIspHO
3aHOCHTH 3Ha4yeHHS Hc y poboumii >KypHam, 3a3Ha4arouu MpH ObOMY ()aKTHYHI 3HAYCHHS Ta IHTEHCHBHICTH
HaBaHTAXXCHHS.
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Puc. 4. KonTposabHi Toukn (2,0) Ta pe3y1bTaTH BUMiPIOBAHHS KOEPIUTHBHOI CHJIH (B) y KiHIIeBHX fa/IKkax
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MakcuMarnbHI 3HaYeHHS Hi~. A/eM

Puc. S. Homorpamu /i1st MAarHiTHOT0 KOHTPOJIIO 32JIMIIKOBOI0 Pecypcy MeTaJOKOHCTpYKUii migiilomuux cnopya 3a ISO 4301 [8]
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