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EKCHHEPUMEHTAJIbHI TOC/IIJUKEHHS TUHAMIYHUX HABAHTAKEHbD
Y IIPUBOAI HIJUOMY MOCTOBOTI'O OJJTHOBAJIKOBOI'O KPAHA

B pobomi Oocniosceno Ounamiumi HABAHMANCEHHS, WO GUHUKAIOMb Y KAHAMAX NIOUOMHO20 MEXAHI3MY
00HO6ANIKO80O20 MOCMOB020 KPAHA, NPU NEPEeGAHMAIICEHHI PYIOHI8 CMAli Y 3aKPUMOMY CKIAOCbKOMY RPUMILYeHHI
PiuKo8020 nopmy. /s ananizy OUHAMIYHUX 3YCULL Y eleMEeHMax npueooy 3aCmoco8aHuLl MeH30MempudHuil Memoo. Ananis
OMPUMAHUX OAHUX, NOKA3A6, WO 3MIHA 3YCUIA Y 2yl KaHamy 3 4acom mae Koaushuil xapaxmep. Pospaxosani
Koeghiyienmu Ounamiunocmi npu niouomi eanmadcie 6i0 2 m 0o 6 m eapioromuca 6 medxcax 6i0 1,11 do 1,34.
Hasanmaoicenus y einkax kanamy, SKi UHUKAIOMb NPU 2AIbMYBAHHI, He NePesUYIOmb Mi, W0 CHOCMePiearmovcs nio Yac
noYamK08020 NiooOMy 8AHMANCY 3 OCHOBU.

Pesynvmamu 00cioxHcenHsa MoXCymy 6ymu KOPUCHUMY 015 YIMOYHEHHS HAAGHUX A PO3POOKU HOBUX OUHAMIYHUX
MoOdenell MOCMOBUX KPAHi8.

Knrouosi crnosa: mocmosuii 00H0OAIKO8UL KPAH, MEXAHI3M NIOUOMY, OUHAMIYHI HABAHMANCEHHSA, KoediyieHm
OUHAMIYHOCII.
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EXPERIMENTAL STUDIES OF DYNAMIC LOADS IN THE LIFTING DRIVE OF A SINGLE-
GIRDER BRIDGE CRANE

Single-girder overhead cranes play an important role in the logistics infrastructure of port warehouses, ensuring efficient
handling and movement of good. Their design, consisting of a single load-bearing beam supported by end trolleys, allows for optimal
space utilization and adaptation to different layouts. It is known that during the operation of cranes, when loads are lifted, significant
dynamic loads are applied to the ropes. This, in turn, causes additional forces in the hoisting drive, which can potentially lead to its rapid
wear and breakdown. Given their key role in the technological cycle, the stability and uninterrupted operation of these systems critically
affect the efficiency of port lines.

A review of the literature has revealed that dynamic phenomena in load lifting mechanisms have been insufficiently studied. It
was found that the actual mechanisms of machines are often reduced to elementary calculation schemes, and the resulting mathematical
models are generalized and do not take into account the unique features of the functioning and design of specific cranes.The aim of the
study is to experimentally investigate the dynamic loads in the ropes of the single-girder crane lifting drive, taking into account the
peculiarities of operation.

For the study, 4 identical 6-ton hook cranes were selected, which had been in operation in warehouses for more than 12 years
and had been handling steel coils. The performance and manufacturing time of the cranes differed slightly. To analyze the dynamic forces
in the drive elements, the strain-gauge method was used. The analysis of the data obtained showed that the change in the force in the rope
branch over time is oscillatory. The calculated dynamism coefficients for lifting loads from 2 tons to 6 tons vary from 1.11 to 1.34. The
analysis of the data obtained shows that the loads in the rope branches that occur during braking do not exceed those observed during the
initial lifting of the load from the base.

The results of the study can be useful for refining existing models and developing new dynamic models of overhead cranes.

Keywords: single-girder overhead crane, lifting mechanism, dynamic loads, dynamic coefficient.

Crarrs Haziiuia 1o penakuii / Received 20.03.2025
[MpwuitasiTa 1o npyky / Accepted 12.04.2025

IMocranoBka npodieMu

MocToBi 0HOOATKOBI KpaHHU IOCIAAIOTh BAXKIIMBE MICIE B JIOTICTHYHIN iH(GpacTpyKTypi CKIIamiB
noprtis, 3abe3nedyroun eeKTHBHE NepeMilieHHs BaHTaxiB [1-7]. Txus koHCTpyKIlis, KOTpa cKiafaeThes 3
OJtHI€T Hecy4ol OaNKy, 10 CIIUPAETHCS HA KiHIEBI Bi3KH, J]a€ 3MOT'Y ONTHMAJIbHO BUKOPUCTOBYBATH MPOCTIp 1
amanTyBaTHCS 10 Pi3HHUX IUaHyBaHb [1-7]. T'aGapuTu OCHOBHOI OaJK BH3HAYAIOTHCS BaHTAXKHICTIO KpaHa,
JIOB)KMHOIO TIPOTOHY Ta yMOBaMH BUKOPHCTaHHSI.

VY ckmagax OmHOOATKOBI KpaHW HE3aMiHHI JUIs HaBaHTaXEHHs/PO3BAHTAKEHHS TPAHCHOPTHHX
3aco6iB Ta Opraizallii CKIaJCHKUX Onepaliil. IX KOMIaKTHICTh i MaHEBPEHICTh JAOTh 3MOTY e()eKTHBHO
MpaIfoBaTH B yMOBaX OOMEXEHOTro MpOCcTOpy. Bubip 0mMHOOATKOBOTO KpaHa 3aJeKUTh BiJl KOHKPETHUX
3aBJlaHb i YMOB eKcCIUTyaTarii. BayxmBumu (axkropaMu € BaHTaXOIiAHOMHICTh, BUCOTAa MigHOMY, HPOIIT
KpaHa, MBHUJIKICTh HepemimeHHs Ta iH. [IpaBuibpHuit Bubip kpaHa 3a0e3nedye MiaBHIIEHHS POIYKTHBHOCTI,
3HIDKEHHS BUTPAT 1 MiABUINEHHS O€3MEKU oTepartiil.

Bimomo, mo mijx yac ekcruryaraiii KpaHiB, KOJU BiqOyBa€ThCS MiJiIOM BaHTaXiB, BHHUKAIOTh 3HAYHI
JIMHAMIYHI HaBaHTaXeHHS Ha KaHatu [1,3,4]. OcTaHHI € OCHOBHOK MPUYWHOK BUXOIY 3 JIaay IiIHOMHHX
MEXaHi3MiB, TaK SK CHPHUYMHAIOTH BTOMHE pYyHHYBaHHS METAJICBHMX KOHCTPYKIIH KpaHIB Ta Jerayied
MEXaHi3MiB, IPUCKOPEHUH 3HOC IIOBEPXOHb TEPTS, BAHMKHEHHS HEJIOMYCTUMHUX 3aJIMIIKOBUX AedopMallii Ta
iHI rofiOHi mpoOnemu. 3Bakaroud Ha IXHIO KIIFOUOBY POJIb Y TEXHOJIOTIYHOMY LMK, CTaOUIBHICTH i
6e3nepeOiifHICTh iX (PyHKIIOHYBAaHHS KPUTHYHO BIUIMBAE Ha e()EKTUBHICT pOOOTH NOPTOBUX JIiHIH.
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AHaJti3 0CTaHHIX TKepeJ

Ornsig po6it [1-4] BusIBMB, 110 AMHAMIYHI SBUIA B MEXaHi3Max MiIHOMY BaHTaXy JOCIIiIKEHI
HeIOoCTaTHIO. 3'SICOBAHO, IO IiCHI MEeXaHI3MH MaIlliH YacTO 3BOJAATHCS IO EIEMEHTAPHHUX PO3PAaXyYHKOBUX
CcXeM, a OTpHMaHi MaTeMaTH4HI MOJENi MAaloTh Y3araJbHCHHH XapakTep 1 HE BpPaxOBYIOTh YHIKaJbHi
0cO0MMBOCTI (DYHKITIOHYBaHHS Ta KOHCTPYKIiI KOHKpeTHHX KpaHiB [5-11]. V 3B's3ky 3 HemiHilHICTIO
XapaKTepUCTHK KPAHOBHUX EJCKTPOIIPHBOMAIB, TPH aHAMi3i JAWHAMIYHUX 1 EHEPreTHYHUX IapaMeTpiB
migifiMaTbHAX KPaHiB MIMPOKO BUKOPUCTOBYIOTH METOIM YHCEIBHOTO MoemoBanus [3,4].

MeTo10 10CJIiIZKeHHSl € EKCIICPUMEHTAIBHE JOCTIHKEHHS JUHAMIYHUX HAaBaHTa)KCHb B KaHATaX
NIPUBOY MiJHOMY 0JHOOAJIKOTO KpaHy 3 BpaxyBaHHSIM 0COOINBOCTEH pOOOTH.

Buxkaanx ocHoBHOTO MaTepiaiay

Juist mocmipkeHb Oynu oOpaHi 4 iI€HTHUYHI KPIOKOBI KpaHHW, BaHTa)KOMiJHOMHICTIO 6 TOH, KOTpi
MIPOTIPALIIOBAIIY Ha CKJIaiax nmoHax 11 pokiB Impu nepeBaHTaXXeHHI pysIoHiB 31 craii (puc.l). [IpoxykTuBHICTD
poOoTH Ta TepMiHM BUTOTOBJICHHS KPaHiB BiIPI3HSINCH HE3HATHO.

[pu migiiomi BaHTaXXy, HaWOIMBIINI BIUIMB Ha (QYHKIIIOHYBaHHS MEXaHI3My MalOTh HaBaHTa)KCHHS,
10 JOCATAIOTH MIKOBUX 3HAYCHb Y MOMEHT BiIpMBY BaHTaXXy Bix moBepxHi. L{i HABaHTa)KECHHS, BPaXOBYIOUH
iX 3aJeXHICT Big YHCICHHUX (PaKTOpPiB, MOXIMBO BH3HAYUTH JIMIIEC MUITXOM EKCIIEPUMEHTAIBHIX
nocmimkens [1-11].

MocToBuii KpaH  pyXaBcs B3HOBXK MPOJITHOI OalKW A0 LEHTPAIbHOI YacTHHH MPOJBOTY,
Oe3rnocepeHbO O MiClIs MiZHOMY BaHTaXXy, BUKOPUCTOBYIOUH MEXaHi3M IifioMy. JloBXXKHHA IPONILOTY KpaHa
craHoBwia 12 MeTpiB, a HalOUIbIA BHCOTa migiiomy — 3,5 Mmerpa. KepyBaHHs KpaHOM 3IiHCHIOBAOCS Y
PYYHOMY PEXHMI.

VY nporeci eKCepruMeHTIB MPOBOUINCH BUMIPIOBAHHS AMHAMIYHUX HABAHTAXKECHb y TIKAX KaHATy
3a JIOTIOMOTOI0 TEH30METPUYHMX JAaTdyukiB. Ilepes moyaTkoM BUMIpIOBaHb AATYUKU OYJIM TOIEPEIHBO
BiJIKaTiOpoBaHi.

BanTtaxxHui rak miIHOMHOTO MEXaHI3My OITyCKaJIH, MICJIsl YOr0 BaHTAX 3aKPIIUIFOBAIU CTPOIAMH
(puc.1). ITigitom BaHTaXKy 1HII[IFOBAH JIUIIIE MiCJIs aKTUBAILIIT cHCTeMH BUMiptoBaHHs. CHTHAI 3 TEH30/JaTYHKIB
HAJIXOJOWB Ha TPHUCTPiH 300py maHUX (aHAIOrO-IHU(POBUI HEpeTBOPIOBad), SKWH OyB Mim'eTHAHWHA 10
MMOPTATUBHOTO KOMITIOTEpa, A€ TOYHHABCS 3alUC MOKAa3HHKIB. 3i0paHi MaHi 0OpoOISUIMCS OCTaTOYHO Ta
BimoOpakaics Ha eKpaHi KOMITIOTepa.

Puc.1. 3aragpnuii BUIISIL JOCTIAKY€MO KPaHiB

Jocunian 1uist KoxHOi Macu 2T, 4T Ta 6T OBTOPIOBAIM TPUYi, pe3yNbTaTH ycepeaHioBany. [lIBuakocti
6apabany, npu migiiomi Bantaxy - 0.5 m/c.

PesynbTat qocnimpkeHb HaBeAeHI Ha puc.2,3.

AHani3 OTpUMaHMX JaHUX, [TOKa3aB [0, 3MiHA HABAHTAXXEHb Y T1JIKaX KaHATy 3 9YacOM MpH MigHoMmi
BaHTaXXy MalOTh KOJIMBAIBHUH XapakTep (puc.2). [1ix yac miniioMy BaHTaX KOJTMBAETHCS Yepe3 iHEePIiiHI cuy,
SKi IIFOTh HA HROTO 3aJIEXKHO BiJ] MPUCKOPEHHs a00 YNOBUIBHEHHS pyXy. 3racaHHs KOJWBaHb BiIOyBaeThCs
Yyepe3 IUCHIAII0 €Heprii B MEeTaJIeBHX eJeMEHTaxX KpaHa, KaHaTaxX, a TaKOX 3aBIIKH 3/aTHOCTI HNPHUBOLY
MexXaHi3My MMiIHoOMy BaHTaxy MOTIHHATH KosuBaHHs [1,4]. OmHMM 3 KIFOYOBHX MapaMerpiB TMPH OIHII
JMHAMIKH BaHTXOIIJHOMHHX pOOiIT € HAaBaHTAXKEHHSI KaHATIB, sIK1 y CBOIO Yepry, Oe3mocepeJHb0 BU3HAYAIOTh
X TepMiH eKcIuTyaTarii.

Jlisi BU3HAuUeHHS NWHAMIYHUX HABAaHTA)XEHb NPHU OIyCKaHHI BaHTaXy, KpaH IEpeMillyBald 0
CepeIMHH TIPONILOTY, BMUKAJIN PEECTPYIOUY anaparypy, BaHTax OITycKayu 31 mBuakictio 0.5 M/c Ha BiICTaHb
1,5 merpa Ham 3emiiero, MICHIS 4YOro Mpolec 3yHmUHsuM. KoXHHMH 1oCiiJ MOBTOPSUIM TPHUYi, Pe3ylbTaTH
ycepeaHoBaiu (puc.3).
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Puc.2. 3Minu AMHAMIYHAX HABAHTAKEHD Y TJINi KaHTaTa Puc.3. Koediuienrn runamivnocti y kanarax npu nigiiomi
npu nigiomi BaHTaxKy 6 T Ta ONMYCKAHHI BAHTAKY

3MiHa HaBaHTAXXEHP Yy TIKaX KaHATY 3 YaCOM IIPH OIYCKAaHHI BaHTaXXy MAlOTh TaKOX KOJIMBATbHUI
xapakTep. BoHa 3yMOBIIeHI MmepexiTHUMHE MpoIiecaMy, sIKi CIIOCTEPIraloThCs Ha MOYAaTKOBIM cTafii pyxy mifg
yac pO3TOHY JBUTYHA Ta Ha 3aBEPINAIBLHOMY €Talli IIPOLECy IIPU OMyCKaHHI BAHTAXY.

Crhix BIAMITHTH, IO 3HAYHI IIepeBaHTa)XKCHHS, IO BHHHUKAIOTH y CHCTEMi '"BaHTaXKOIIiTHOMHIHA
MEXaHi3M — BaHTa)X-OCHOBA'", MPUCKOPIOIOTH 3HOIIYBAHHS KOHCTPYKIIH KpaHa, CIPHIMHAIOUN IXHI TOJIOMKH.
BaxnuBo BHOpaTu pexMMHU (YHKIIOHYBaHHS MiAHOMHOTO MEXaHi3My TaKUM YHWHOM, 1100 KOJMBAHHS HOTo
CKJIaZI0OBUX OyJIM MIHIMAJBHUMHU 32 aMILTITYZ0!0. 3MEHIIEHHS KOJIMBaHb CHPUsIE MiIBUILEHHIO HAIIHHOCTI Ta
JIOBTOBIYHOCTI 00JI1aTHAHHS, @ TAKOXK MOKpaIlye 0e3MeKy eKCIUIyaTallii miifOMHOTO MEXaHi3My.

PesynpraTi mociikeHb CBiAYaTh MpO Te, IO O JWHAMIYHI BIUIMBU IIiJ| 4ac TaJbMyBaHHS He
MEePeBHLIYIOTh THX, L0 BUHUKAIOTH MPH ITIOYATKy MiAHOMY BaHTaxy ‘3 OcHOBU” (puc.3), pI3HHULS MiX
po3paxoBaHUMH Koe(illieHTaM1 TUHAMIYHOCTI NPH MiZHOMI Ta ONTyCKaHHI BAHTaXXy He IepeBHIILye 6%.

BucHoBku

PesynpTaTi NpOBENCHNUX AOCTIKEHB IIPOICMOHCTPYBAJIH, 10 3MiHAa HABAaHTAXXCHHS Y TiJIKax KaHaTy,
IpH MiZAOMI Ta ONYCKaHHI BaHTaXy, 3 4YaCOM € KOJHMBAJbHUMHU. BOHN 3yMOBIICHI Barorw BaHTaxy, IPHIOMY
OUHAMI9HI e(eKTH MpH ralbMyBaHHI HE MEPEBUIIYIOTh aHAJOTIUHI MPH BIIPHWBI BaHTaXy BiJ MOBEPXHi.
3aTyXaHHs KOJHMBAJIbHUX MMPOLECIB BiOYBAETHCS BHACTIZOK PO3CIFOBAaHHS €HEPTii B METAJICBUX KOMIIOHEHTAX
KpaHa, KaHaTaxX, a TAKOXK 3aBJISKH JeMII(pIpyIOYUM BIACTUBOCTSIM IIPUBOJLY MiIHOMHOTO MEXaHI3MY.

3aJIexHICTh 3yCHJIb y KaHATax BiJ| BarkM BaHTaXy Mae HENIHIIHUI XapakTep i JOoCsraroTh MIKOBUX
3HauYeHb Y MOMEHT BIIDMBY BiJl OCHOBM a00 3yIHHKHU NPHU OITyCKaHHI BaHTaxy. TpuBasia podoTa MeXxaHi3mMy
miioMy B yMOBax 3HaYyHMX aMIUTITY/ KOJMBaHb MOJXKE IPHU3BECTH 0 NEPEJUYacHOr0 3HOIICHHS HOro
KOMITOHEHTIB. Ba)JIMBUM MapamMeTpoM NpH aHajli3l JMHAMIKH BAHTaXKOIIAMOMHUX ONepaliif € HaBaHTaKEHHsI
Ha KaHATH, OCKIJIbKH BOHO Oe3MocepeIHhO BIUIMBAE HA TEPMIiH iX ciayx0u. HeoOxigHo minbupatu mapaMeTpu
poOoTH MmigiiMaIbHOTO MPHUCTPOIO TAK, 00 aMILIITyAa KOJUBaHb HOT'O €IEMEHTIB Oyia SKOMOTra MEHIIOHK.
Uepe3 HemiHINHI 0COOMMBOCTI KPAaHOBHX CINEKTPUYHAX CHCTEM, aHANI3 iX MUHAMIYHHX 1 CHEPreTHYHHX
napaMeTpiB  BHMara€  3aCTOCYBaHHS ~ METOJIB  YHCEJIBHOTO  PO3paxyHKy OpU  JOCIiDKeHHI
BaHTAXKOIIJIIMaTbHAX KPaHiB.

BusBneni nmedexkTH B MeXaHi3MaxX 3yMOBJICHI HENOTPUMAHHSM TMPaBHJI EKCIUTyaTamii Ta
MOPYIICHHSAMH TEXHOJIOT1] PEMOHTY.
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