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JOCJIIKEHHSA EKCHJ}YATAIIH?IHI/IX JANHAMIYHUX HABAHTAKEHbD ¥
MEXAHIBMI HIUOMY ITIOPTAJIBHOI'O KPAHY «I"AHII» ITPH
INEPEBAHTAXEHHI CUIIKUX BAHTAXIB

YV pobomi nasedeno excnepumenmanvhi - OOCHIONCEHHS OUHAMIYHUX 3YCUNb Y MeXAHI3Mi Niouomy epeligpeprux
nopmanvHux Kpawie «I any» 3 NOHAOHOPMOGUMU MePMIHaMU excnayamayii, npu nepeganmadicenti nicky. O6’ekm docniodcensb
BUKOPUCIOBYIOMb  ONIsL NEePeBAHMAdICeHb CUNKUX Mamepianie y mopcbkomy nopmy. s Gu3HAYeHHSA OUHAMIYHUX 3YCUTb
BUKOPUCIAHO eNeKMPOMeH30MempuyHutl Memod. Y npoyeci 00CnioNHceHb 0OHOUACHO GUMIPIOSANU | WEUOKICIb NIOUOMY, 3a
00nOMO02010 MAXOMempie AKi OyIu 6CMAHOBLEH] CRIBGICHO 3 8ANAMU €1EeKMPOOBUSYHIG. 3a OMPUMAHUMU eKCRePUMEHMATbHUMU
OaHUMU GCMAHOBNEHO UMOGIPHICHI XAPAKMEPUCMUKU PO3NOOLLY eKCHIYAMAYIUHUX 3HAYeHb OUHAMIYHUX HABAHMANCEHb V
MexaHizmi nioiiomy. AHAniz OMpUMAanux OaHux NPOOEeMOHCIMPYB8As, WO NPpU NEPEBAHMANCEHHT 8AHMANCI8 8a2oto 8i0 8 mon do 16
MOH 3HAYEHHs KoepiyieHmie OUHAMIYHOCMI Y 3AMUKAIOYUX Kanamax eapilolomscs 6i0 1,2 0o 2. Obuucneni roeghiyicnmu
OUHAMIYHOCMI hepesUUYIOMb DEeKOMEHOO8AHI 05l NOPMANbHUX KPAHI8, WO CEI0YUMb NP0 NEePesaHmaddiCeHts NiOUOMHUX
Mexauizmis. I'icmoepama po3noodiny umosipHOCmell 8azu 8aHmMaxcy, KOmpuil nioiumae Kpar 3a yuki pobomu noxasaid, wo y
npoyeci pobomu Kpar nepesadcHo nepesanmanicye io 13 0o 15 mon eanmaoicy, wjo nioitimaemocs, 3 6paxyeanHam éazu epeligepa.

Kniouoei cnosa: nopmanvHuti Kpan, OUHAMIYHT 3YCULISL, MEXAHI3M NIOUOMY, KOeiyieHm OUHAMIYHOCTI.
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STUDY OF OPERATIONAL DYNAMIC LOADS IN THE LIFTING MECHANISM OF THE PORTAL CRANE
“GANZ” DURING THE TRANSSHIPMENT OF BULK CARGO

Portal grab cranes are an integral part of port infrastructure used to handle bulk materials, including grain, ore, coal, and other dry bulk
cargo. However, due to the difficult economic situation, more than 90% of port cranes have reached the end of their standard service life. The
supply of new machines to ports remains limited. Since portal cranes play a key role in technological processes, their reliability and uninterrupted
operation are critical to the efficiency of port terminals.

Numerous studies have confirmed that fatigue failure, which occurs due to excessive cyclic loads, is the main cause of crane accidents .
The intense load cycles inherent in crane operations accelerate the manifestation of this fatigue process. However, the dynamic loads on gantry
cranes that have been in operation for more than 40 years remain insufficiently studied. Each individual crane requires a special analysis, since
the dynamic characteristics of the mechanisms depend on the conditions of their operation, as well as on the geometric, physical, and mechanical
properties of its components.

Given that the forces in the ropes of lifting systems depend on many factors that are difficult or even impossible to take into account during
modeling, they are most often determined using experimental methods.

The paper presents experimental studies of dynamic forces in the lifting mechanism of grab portal cranes “Ganz” with extended service
life during sand handling. The object of research is used for handling bulk materials in a seaport. The electrotensometric method was used to
determine the dynamic forces. In the course of the research, the lifting speed was simultaneously measured using tachometers that were mounted
coaxially with the motor shafts.Based on the experimental data obtained, the probabilistic characteristics of the distribution of operational values
of dynamic loads in the lifting mechanism were determined. The analysis of the data obtained showed that when overloading loads weighing from
8 to 16 tons, the values of the dynamism coefficients in the closing ropes vary from 1.2 to 2. The calculated dynamism coefficients exceed those
recommended for gantry cranes, which indicates an overload of the lifting mechanisms. The histogram of the probability distribution of the weight
of the load lifted by the crane per work cycle showed that during operation, the crane mainly overloads from 13 to 15 tons of the load being lifted,
taking into account the weight of the grab.

Keywords: portal crane, dynamic forces, lifting mechanism, dynamic coefficient.

ITocTaHoBKa MpodaeMu

[NopranbHi rpeiidepHi KpaHU € Ba)KJIMBOIO YaCTHHOIO NMOPTOBOI 1HPPACTPYKTYPH, 110 BUKOPUCTOBYETHCS B
JUIsL TIEPEBAHTAXKCHHS HACHUITHUX BAaHTAXIB, TaKMX SK 3€pHO, pyda, Byriuis Ta inHmi [1-11]. Bonu mmpoko
BHUKOPHCTOBYIOTECSI Y MOPTaX IO BChOMY CBIiTY i 00po0Oku 3raganux Bantaxis [1,12,13]. OpnHak, depe3 ckiaaHe
€KOHOMIYHE CTaHOBHIIE OCTaHHIX 25 pokiB, moHa] 90% MopTOBHX KpaHiB BUYEpIaM CBif HOPMaTUBHHUH TEPMiH
ciryk0u. [loctaBkM HOBOI TeXHIKM y MOpTH € oOMexxeHMMH [4-11]. OCKiNBKM NMOPTaNBHI KPaHW € KIIOUYOBUM
€JIEMEHTOM TEXHOJIOTIYHOTO Tpollecy, iX HaJiliHa Ta Oe3nepepBHa eKCIUTyaTallis Mae KpPUTHYHE 3HAYEeHHS JUId
TPOAYKTHBHOCTI MOPTOBUX JiHiK [4-11]. [l parioHasHOTO BHOOPY KOMITOHEHTIB MPHUBOAHOI CHCTEMH KpaHa
HEOOXIHO 3HATH MaKCUMAaJbHI JUHAMIYHI HABAHTA)KEHHS Ha 1[I €JIEMEHTH.

Sk mokaszye J0CBiJ eKCIUTyaTallii, OCHOBHOIO MPUYMHOIO BiJIMOB KpaHiB € HaJMipHA €KCILTyaTallis B yMOBax
IHTEHCHBHOTO IIMKJITYHOTO HaBaHTakeHHA [4-16]. ToMy BU3Ha4UeHHS piBHS AWHAMIYHUX HABAaHTa)XEHb Yy MeXaHi3Max
migiioMy rperepHIX KpaHiB € aKTyaIbHOIO HayKOBO-TIPAKTHYHOIO 33a4ero.

AHaJii3 0CTaHHIX AxKepeJt
YucneHHi TOCiKEHHS TIOKa3aJli, 110 BTOMHE pyWHYBaHHS 4epe3 HaJMipHE LUKIIYHE HaBAaHTAXKEHHS €
OCHOBHOIO IIPUYMHOIO TTOJIOMOK KpaHiB [4-15]. IHTEHCHMBHI LMKIIYHI HaBaHTa)KEHHS, XapaKTEpHI I KPaHOBHX
orepariiii, MPUCKOPIOIOTH 1ieH mporec BToMH. [IpoTe, AMHaMi4yHI HaBaHTA)KEHHS Ha MOPTaJIbHI rpeiiepHi KpaHH, siKi
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eKCIUTyaTyrThcss moHan 40 pokiB, BHBUYCHI HemocTaTHbO. CIiJi BiIMITHTH, IO HABAHTAXCHHS B IiIHOMHUX
MexaHi3MaX KpaHa 3MIiHIOETbCS y 4aci mpoTsaroM mepiony ekcruryatamii [8-15].. ToMy, KOXeH KOHKPETHHH KpaH
moTpelye 1HIUBIAyaIbHOTO aHAMI3y, OCKIIHKY JUHAMIYHI BIACTUBOCTI MEXaHI3MIB 3aJIe)KaTh Bill YMOB €KCILTyaTaIlii,
a TaKOX BiJl TEOMETPUYHUX, (PI3HYHUX | MEXaHITHUX XapaKTePUCTHK iXHiX ckiaamoBux [1-5,8-15].

MeTo10 T0CTiIKEHHS € TOCTIKeHHS Ta aHaJli3 eKCIDTyaTaliiHUX IWHAMIYHIX HAaBAaHTA)KEHb B MPHUBOJII
migifoMy TpeiiepHUX MopTaNbHIX KpaHiB «[ aHID» 3 MOHATHOPMOBHUMH TepPMiHAMH EKCILTyaTaIlil.

BukJjiag ocHOBHOro MaTtepiaiy

BpaxoBytoun, 1110 3ycHIIst B KaHaTax MiAHOMHUX CHCTEM 3aJIeKaTh B/l YHUCIEHHHUX (aKTOpiB, sKi BaXKKO a00
HaBiTh HEMOXXJIMBO BpaxyBaTH IiJ 4Yac MOJEJIIOBAaHHs], IX YacTille 3a BCE BH3HAYAIOTh 3a JOIIOMOTOI0
EKCIIEPUMEHTAIBLHUX METOIIB.

O6’exTamu  OCIiIKeHDb Oyi10 00paHo 2 igeHTnuHi kpanu «[anmy 16/27.5 , ki npairoroTs B rpeiidepHomy
PEeKHMI 3 BaHTa)XKaMH Barolo Bijl 8 TOH 10 16 TOH y MOPCBKHX Ta piYKOBHX IIOPTaxX Ha BHIIbOTax cTpinmm 19 m [6,11].

Jn1s1 BUMIpIOBaHHS TMHAMIYHUX 3YCIJIb Y MEXaHI3Mi IHOMY BHKOPHCTAHO ENIEKTPOTECH30METPUIHUHA METO].

VY mpoueci migiioMy BaHTa)Xy Ba)KJIMBO BECTH KOHTPOJb 3a KUTbKOMa HapamMeTpaMmH, Io0 3a0e3rnednTH
TOYHICTP 1 HAAIWHICTh BUMipIOBaHb. BUKOPHUCTAHHS TEH30IaTYMKIB IS BUMIPIOBAHHS HAaBAaHTAXKCHHS 1 TAXOMETPIB
JUTA BUMipIOBaHHS IIBUAKOCTI IMiTHOMY JO3BOJISIE OTpUMATH O0'€KTHBHI JaHi JJIS aHANI3y €(peKTHBHOCTI MiTHOMHOT O
nporecy [10-15].

Ha mouatky mporiecy migiioMy BaHTaXy, €IEKTPOHHA CHCTEMa BHUMIPIOBaHHS aKTHUBYETHCS, IO JO3BOIISIE
3a0e3neunTr 30epeKEeHHS MOYaTKOBUX 3HAYeHb Y MOMEHT MouYaTrky po0oTH. CHrHajaM TEeH30JaT4UKiB, KOTpi Oyiu
3aKpilUIeH] Ha MIATPUMYIOYHMX Ta 3aMUKAIOUMX KaHTaxX, HAaJXOIWB JO NpUCTpolo 300py manux (ALII), xorpuit
i1’ eJHaHO 10 OJIOKY MOPTaTHBHOTO KOMII'toTepa. [lomepeqHbo TeH301aTYMKK MPOTapOBaHi 3aBOJIOM BUPOOHUKOM.

[Micns omyckaHHs rpeiidepa Ui 3aBaHTaXKEHHS BaHTaXy 3allyCKald Oe3NepepBHUH 3amuc IoKa3aHb
nmataukis. 1{g nporeaypa 103Bosse 3adhikCyBaTH 3MIHH B HABAHTaKEHHI M yac migiomy. [Ipu mimiiomi rpeiidepa Ha
BUCOTY 2,5 M, OTPIMAEMO 3MiHY ITOKa3HHUKIB, SKi BiTOOpaxatoTh K (Hi3UUHI XapaKTEPUCTUKU CAMOT0O BaHTaXy, TaK i
IUHAMIKY T THOMHOTO TIPOIIeCy.

3ycinis B KaHaTax JIeOiMOK MEXaHi3MIB MiTHOMY peecTpyBAIMCS MiJ 9ac eKCIUTyaTaIllfHUX TOCIiIKCHb
KpaHy 3a BapiaHTOM «CKJaJ-CyJHO», 3 METOI0 BH3HAYCHHS KUIBKOCTI IIEPEBaHTAXXEHOTO BaHTaXy. [icrorpama
po3moAiTy HIMOBIpHOCTEH Bard BaHTaXy, KOTPHH MiTiliMae KpaH 3a UK poOOTH HaBeIeHa Ha puc. 1.

IMonanemmii anaii3z Ta 00poOKa OTPIMaHUX EKCIIEPUMEHTAIBHAX JAHUX O3BOJIMIIM BCTAHOBHUTH, IIO:

1) maTemaTnyHe CHOAIBaHHS AMHAMIYHUX 3yCHJIb B 3aMHKAIOYHX KaHaTtax ckiamae m(S,) = 296kH;

2) MaTeMaTHYHE CIIOJIBaHHS THHAMIYHUX 3YCHIIb B MATPUMYIOUHX KaHaTax ckiamae m(S,) = 239kH.

JlociiKeHHs! ToKa3aiH, 110 PIBEHb 3yCHJIb Y 3aMHKal04OMY KaHaTI IEPEBHUILLY€E PIBEHb JJIsI IAITPUMYIOYOTO,
II0 I[LJTKOM Y3TO/KY€ETHCS 3 BIIOMUMH J0CTiKeHHsIME [9-14].

3a BiIOMHM pO3MOALIOM HMOBIPHOCTEH Bard BaHTaxy Oyaa  moOyJOBaHA ricrorpama pO3IOILTY
HMOBIpHOCTEH 3HAUeHBb KOoe(illieHTiBB TUHAMIYHOCTI, KOTp1 po3paxoBaHi 3a popmymnoro (1).:

Sk
ky=-. 1)
ne Q- Bara BaHTaxy;
Sk — IMHaMIYHE 3yCHUILISl B KaHATI.

CraructiuHa 06po0Ka OTpUMaHHUX eKCIIEPHUMEHTAFHUX TaHUX MOKa3aja, I1o:

1) MaTtemaTH4HEe CHOJIBaHHS MaCH BaHTaXy, IO MiAIMMAEThCS, 3 BpaxyBaHHIM Baru rpeiidepa ckiamae
m(Q) = 14,9m;

2) cepeHbOKBApATHYHE BiIXUIICHHS MACH BAaHTAXY, 110 HijgiiiMaeTses ckiagae o(Q) = 0,143m.
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Puc. 2 - Po3snoainy iiMmoBipHocreii P Bin koediuienTtiB nnnamivynocti Kx

AHaii3 pe3yJbTaTiB MOKa3aB, IO MPH POoOOTI 3 BAaHTa)XaMuU Baroo Bix 8 T 1o 16 T koedillieHT AMHAMIYHOCTI
3MiHIO€ThCS Bif 1,2 10 2, 3aleXHICTh Bill Baru BaHTaXy € HEINiHIIHOW. Y mpoleci poOOTH KpaH MEPEBaXKHO
nepeBaHTaxye Bix 13 1o 15 ToH BaHTaxy, 110 MigiiMaeThes, 3 BpaxyBaHHsIM Baru rpeidepa. 11lo MoxkHa nosicHUTH
BHUMOTOI0 BJIACHUKA 3MCHIITUTH YaC Ha 3aBaHTaKCHHsI CyTHA 3 METO0 301IBIICHHS MPUOYTKY 3a HaBirarfiro.

MakcumanbHi BUMIpSIHI 3HaY€HHsS HABAaHTA)KCHHS B TUIKaX KaHATiB CHOCTEPIrajich y MOMEHT BIIpUBY
rpeiiepa 3 BaHTaXKEM BiJi OCHOBH. 3MiHa HaBaHTAKEHb 3 YAaCOM MAa€ KOJHMBHHH XapakTep, LIO Y3rOJKYEThCS 3
nqociimkentsmu [7-10].

Po3paxoBani 3HaueHHs KOE(Il[iEHTIB AMHAMIYHOCTI MEPEBHIIYIOTh HOpMaTUBHI [7-9], 110 BKa3ye Ha
NepEeBaHTAXKECHHS IIPUBOJY IiIHOMY Ta MOXKIMBHI BHXIJ 3 Jamy HOTro CKIaIOBHX. SIK CBiquUaTh 3aIlicH Y JKypHaax
B MeXaHi3Max MiIHOMY KpaHiB MEPioANIHO 3aMiHIOBATH EICKTPOIBUTYHH.

BusiBneHi 3ane)HOCTI Jal0Th HaM 3MOTY OL[IHUTH CTYIIIHb KOJIMBaHb HABAaHTAKCHHS HA KOHCTPYKLIO 1 MOXKYTh
OyTH BUKOPHCTAHI MiJ 9ac po3poOIeHHS TUHAMIYHHX MOJENed, KOTpi JO3BOJATH MOKPALIUTH 1 CIPOCTUTH IIPOIIEC
aHaJi3y Ta BU3HAYCHHS (I3UYHHX [TapaMeTpiB JJIsI KOHKPETHUX YMOB HaBaHTa)KCHHS

BucHoBku

AHai3 OTpUMaHHX pPe3yJbTATIiB MOCTI/KCHHS IUHAMIYHMX HABAaHTAXCHb Y MEXaHI3Mi MmigioMy
MOPTAJILHOTO KpaHy «["aHI» npH nepeBaHTaXEHHI MICKy I0Ka3as, LIO:

1) mMakcuMaibHi 3HAYCHHS THHAMIYHUX HABAHTAXEHb Y TiJIKaX KaHATIB CIIOCTEPIraluch Y MOMEHT BiJpHBY
rpefidepa 3 BaHTaXKEM Bill OCHOBH,

2) 3MiHA HABAHTAXXCHb 3 YACOM MA€ KOJHMBHUI XapakTep, M0 Y3ro/KYETHCS 3 BIJOMUMH JIOCIIPKEHHAMHU;

3) MaTemaTuyHe CIOMIBaHHS MAacH BaHTAXY, IO IMiJifMAEcThCs, 3 BpaxyBaHHSAM Baru rpeiidepa criagae
m(Q) = 14,8m;

4) cepeHHOKBAJPATUYHE BiXUIICHHS MACH BAaHTAXY, 10 migiiMaeTbes ckinanae o(Q) = 0,143m;

5) MaTemMaTHUHE CIIOIiBAHHS AUHAMIYHUX 3yCHJIb B 3aMHKal0YMX KaHatax ckinagae m(S,) = 296kH;

6) MaTemaTH4HE CIO/IiBAHHS AUHAMIYHUX 3yCHJIb B MIATPUMYIOUYHX KaHATAX CKJIAJIA€ m(Sn) =239kH.

BcraHoBiieHi 3a1€5KHOCTI I03BOJISIFOTh HAM BU3HAYUTH PiBEHb 3MIH B HABAHTAXXCHHI Ha CTPYKTYPY 1 MOXKYTb
OyTH 3aCTOCOBaHI MPU CTBOPEHHI TUHAMIUYHMX MOJIEIICH.
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