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Abstract. Portal cranes are a key piece of equipment in any modern port. They perform the
indispensable function of moving cargo between ships and the coastal zone, guarantee
prompt and productive handling of containers, various cargoes, bulk materials and other
types of products, which directly affects the speed of cargo turnover and profitability of the
port. The efficiency of loading and unloading operations in river ports is largely determined
by the availability and serviceability of portal cranes. However, unfortunately, in Ukraine a
significant part (over 90%) of these cranes have already exhausted their service life, but
continue to be actively used. This creates a serious problem, as stable and uninterrupted
operation of portal cranes is critical for continuous functioning of the port infrastructure.The
study analyzed malfunctions of the mechanisms of GANZ portal cranes with a lifting capacity
of 5 tons that occur during operation under heavy load conditions in a river port. Within the
framework of the study, 16 cranes of the same type with a lifting capacity of 5 tons, operating
in the grapple mode in the water areas of river ports, were selected.

Data from the maintenance and repair logs of these cranes for the period from 2015 to 2022
were used for the analysis.

Based on the collected data, the availability factors were calculated.

The analysis of the study results showed that the largest number of failures was found in the
mechanisms for moving, lifting and changing the reach of the crane boom. The main reasons
for the failure of the lifting mechanisms are the wear of brake pulleys, destruction and wear
of shafts and bearings in gearboxes. The failures of the slewing mechanisms are mainly due to
damage to the coupling that connects the gearbox to the open gear. Failures of the boom
outreach change mechanisms are caused by damage to the rack and pinion teeth, hinge joints,
bearings, and dampers.

The identified malfunctions of the mechanisms were caused by non-compliance with the
established requirements for their operation and repair. The cause of defects in the
mechanisms is a violation of the operating procedures and repair processes.
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Introduction. Portal cranes are the real workhorses of any modern port. These powerful
and tall structures play a critical role in the process of transferring cargo from ship to shore
and back again [1-11]. They ensure efficient and fast handling of containers, general cargo,
bulk materials and other types of goods, which directly affects the speed of turnover and
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economic efficiency of the port [2-11] . Loading and unloading operations in river ports
largely depend on portal cranes [1-11]. Unfortunately, in Ukraine, the majority of these cranes
(over 90%) have already reached the end of their service life, but continue to be heavily
used [4-8]. This poses a serious problem, as the reliable operation of portal cranes is critical
for the smooth functioning of port lines [2-11]. The operation of such cranes under cyclic
loads leads to the accumulation of fatigue damage, which increases the risk of breakdowns
and accidents. Therefore, ensuring the safe and reliable operation of portal cranes, either
through modernization or replacement, is a crucial task [1-13].

Given that portal cranes are a key element of the technological process, their reliable
and uninterrupted operation directly affects the efficiency of port lines [2,4-9].

Literature Review

Nowadays, insufficient attention is paid to the study of reliability of portal crane
mechanisms operated for more than 35 years in sea and river ports, as evidenced by the
analysis of works [1-9].

Insufficiently in-depth study of processes occurring in metal structures significantly
reduces the probability of timely detection and prevention of various defects.The use of
cranes with defects can lead to the destruction of metal structures and accidents with
casualties. In this regard, each portal crane requires individual and detailed study [6,9]. Given
the annual increase in the volume of cargo transshipment in the world, this problem is of
particular relevance. Predicting equipment breakdowns is crucial to minimize maintenance
costs, downtime and safety risks [13-16].

The purpose of this paper is to analyze failures of mechanisms of portal cranes
“GANZ” 5 with overtime periods of operation in the river port.

Research methodology and results. For the study, 16 cranes of the same type, each
with a lifting capacity of 5 tons, were selected, operating in grab mode in the waters of sea
and river ports.

The information contained in the relevant maintenance and repair logs of the respective
cranes from 2015 to 2022 was used for the analysis. The frequency of visual inspection of the
cranes was once every six months during the observation period.

Statistical data on crane failures were collected directly at the ports, at the place of crane
operation, from crane operation passports and logbooks, as well as from the shift mechanic's
department and other port services,

Reliability analysis of portal cranes implies consideration of the working process as a
set of failure and recovery flows. As a key reliability parameter a complex indicator - availa-
bility factor - is used (Kr):

— TM
P (1)
T,+T,
where Tu - is the average operating time between crane failures for a specified period of
time;
Ts - is the average recovery time for a specified period of time.
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The availability factor is determined by two key parameters: the length of time the unit
has been in operation 7xu and the time taken to repair the unit 7s. Repair time represents the
period required to repair a crane malfunction. This indicator is of paramount importance in
evaluating and comparing different designs, as it directly reflects the crane's ability to perform
its functions over a period of time. This makes it possible to analyze the dynamics of changes
in the characteristics of various crane installations depending on their service life.

The availability factor was determined for each of the 16 cranes and the results were av-
eraged (Fig. 1).

A comparison of crane reliability levels shows two extremes (Fig.1), which are
associated with the arrival of investors in ports and, consequently, an increase in the amount
of money spent on crane maintenance and repair.
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Figure 1 - Dependence of average values of availability coefficients Kr
on portal cranes operation time (year)

The histogram of probability distribution of the amount of cargo lifted by the portal
crane in each cycle of its operation, during the transshipment of bulk materials under the
warehouse-ship option for the navigation period is shown in Fig. 2.

Analysis of the results of the study showed that the largest number of failures was
identified in the traveling, lifting and luffing mechanisms of the crane (Fig..3).

The main causes of failures of lifting mechanisms are wear of brake pulleys, destruction
and wear of shafts and bearings in gearboxes. Failures of slewing mechanisms are mainly
associated with damage to the coupling connecting the gearbox to the open gear. The main
causes of failure of lifting mechanisms are brake drum wear, damage and wear of shafts and
bearings in the gearboxes. Failure of slewing mechanisms is most often associated with
damage to the coupling connecting the gearbox to the open gear. In addition, in the process of
research at half of the cranes was found wear of rollers of slewing and support devices.

The key element of any crane installation is the lifting mechanism.The analysis of Fig. 2
shows that during the working shift the crane mechanisms are subjected to uneven load. In
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reality, the trajectory of the grab is formed under the combined influence of the lifting, boom
reach, swivel and running gear. Fluctuations in luffing speed cause inconsistencies in grab
velocity due to the flexible steel wire connection. To address this, the grab's speed alteration
must be managed and attuned until synchronization is achieved. This is due to the uneven
scooping of cargo by the grapple. In addition, as follows from the figure, two grapples with
different scooping volumes were used for cargo reloading.
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Figure 2 - The histogram of probability distribution of the amount of cargo lifted by the portal

crane in each cycle of its operation, during the transshipment of bulk materials under the
warehouse-ship option for the navigation period
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Figure 3 - Luffing mechanism of portal crane «Ganzy»

The main failures of the traveling mechanism come from the gearbox and the open gear
support (Fig.4).
It should be noted that they were similar to failures of the crane “Gantz ”16.
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Failures of the boom outreach mechanisms are related to damage of rack teeth, swivel
joints, bearings and dampers. Replacement of shock absorbers is not difficult. It should also
be noted the following failures of the outreach mechanism: loosening of gearbox fastening,
damage of laths, lath attachment units to the boom, wear of shock absorber rods.

Among the most typical failures of the boom and metal structures it should be noted:
cracks in the lower portal tighteners, welds of the lower column support and portal head,
damage of fastening bolts. The appearance of cracks can be attributed to poor welding quality
and unsuccessful design.

In almost all the examined stocky metal structures, water was found inside.
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Figure 4 -The main failures of the traveling mechanism portal crane «Ganz»

Practically in all examined chunky metal structures water was found inside, which
contributes to premature failure, Besides, in 3 cranes corrosion damage of elements of metal
structures of the boom was revealed, which exceeds permissible norms. As a consequence,
the booms of the cranes were replaced with new ones. These lesions can be explained by
gross violation of painting technology and untimely maintenance and repair activities.

The defects in the mechanisms were caused by non-compliance with the rules of use
and improper repair. Violation of the rules of use and repair technology led to defects in the
mechani In the course of the study, the nature of the damage occurring in the crane
mechanisms was determined. The information obtained will allow specialists involved in the
operation of crane equipment to optimize the planning of preventive maintenance work, as
well as the volume and range of spare parts and components needed for
replacement.sms.Improper operation and poor repair caused defects in the mechanisms.

Conclusions. The study analyzed malfunctions of the mechanisms of GANZ portal
cranes with a lifting capacity of 5 tons that occur during operation under heavy load
conditions in a river port. Within the framework of the study, 16 cranes of GANZ of the same
type with a lifting capacity of 5 tons, operating in the grapple mode in the water areas of river
ports, were selected. When comparing different portal crane models, the availability factor
serves as a key reliability indicator to gauge their performance. Defects in machinery are the
result of non-compliance with operating rules and repair technology. It was found that the
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main causes of failure of the lifting mechanisms are wear of brake drums, damage and wear of
shafts and bearings in gearboxes. The failure of the lufing mechanisms is mostly due to
damage to the clutch that connects the gearbox to the open gear. Failures of the boom
outreach change mechanisms are caused by damage to the rail teeth, hinge joints, bearings
and damping devices. In the course of the conducted research, the specifics of damage
occurring in the mechanisms of crane equipment were revealed. The data obtained will allow
crane operators to plan preventive maintenance more efficiently, as well as determine the
optimal volume and range of spare parts and components needed for replacement. Predicting
equipment breakdowns is crucial to minimize maintenance costs, downtime and safety risks.
Predicting equipment breakdowns is crucial to minimize maintenance costs, reduce
downtime, and prevent safety hazards.
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Jocnioxcennn ekcniayamauittHoi HAOIIHOCMI NOPMATbLHUX KPAHIG
"I'AHIT"' 5-30 piuxkoeux nopmis

Ilopmaneni kpanu € KnouosumM 001AOHAHHAM 0)0b-AK020 CYYaACcHO20 nopmy. Bonu eu-
KOHYIOMb He3aMIHHY (YHKYII0 nepemMiueHHs: 6AHMAadiCi6 Midc CYyOHAMU Ma NPUOEPe*CHOI0 30-
HOI0, 2apanmyloms OnepamuHy ma npooyKmueHy 00poOKy Kowmeunepis, pi3HOMAHIMHUX
BAHMANCIB, CUNYYUX Mamepianie ma IHuWux 6udie npooykyii, wo 6e3nocepeonbo BNIUBAE HA
weuoKicms  eanmasicoobicy ma npudbymkosicme nopmy. Egexmusnicmv eanmaosicHo-
PO3BAHMAACYBANLHUX POOIM ) PIUKOBUX NOPMAX 3HAYHOIO MIDOIO 8USHAYAEMbCS HAABHICIIO
ma CNpasHicmio NOPMAIbHUX Kpauie. Ane, na scanw, 8 Yxpaini 3nauna wacmuna (nonao 90%)
Yux Kpamie egice 8i0Npayiosana ceiti pecypc, aie npooosHCYe aKmMusHO UKOPUCTOBYBATNUCS.
L]e cmeoproe cepiio3Hy npobiemy, ocKilbKu cmabiitbha ma be3nepebitina poboma nopmaib-
HUX KPAHi8 € KpUMUyHow 0jisi be3nepedilinoco QyHKYIOHY8aHHs NOPMOBOT IHGpACmMpPyKmypu.
YV oocnioscenni npoananizosarno necnpasnocmi mexamizmie nopmanvrux kpauie GANZ ean-
MAd€CONIOUOMHICIIO 5 MOHH, AKI BUHUKAIOMb NIO YAC eKCNIyamayii 8 yMosax 8eiuKo2o Haead-
HMAMCeHHs. 8 PIuKo8oMy nopmy. Y pamkax oocnioxcenHs Oyno 6idiopano 16 oOHomunuux
KpaHie 6aHmManiconiouoMHiCmo 5 moHH, Wo npayonms  epelhepHomy pexrcumi Ha akeamo-
PIAX pIUKOBUX NOPMIE.

Hna ananizy oOyau 8uKopucmaui Oaui JHCypHaie mexHiuHo2o 00CIY208)8aHH MA pemo-
HmMY yux Kpawuise 3a nepioo 3 2015 no 2022 pix.

Ha ocnoei 3ibpanux oanux po3paxosano KoegiyicHmu 00CmynHoCmi.

Ananiz pesynomamie 00cnioxcenHs noKa3as, ujo HabiibuLy KilbKicmb 8i0M0O8 8Us8NEHO
8 MexXaHizMax nepemiujeHHs, niouomy ma 3minu eunbomy cmpiiu Kpana. OCHOSHUMU NPpUYU-
Hamu 8uxo0y 3 1a0y NIOUOMHUX MeXAHIZMI8 € 3HOC 2ATbMIGHUX WIKIBI8, PYUHYBAHHS MA 3HO-
WieHHsl 8aie i NIOWUNHUKIE Y KOpoOKax nepeday. Biomosu mexarnizmie nosopomy 6 0CHOBHO-
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MY RO8'SI3aHI 3 NOWKOONCEHHAM Mypmu, sKa 3'€OHye KOpoOKY nepedau 3 8i0Kpumoio nepeoad-
yero. Biomosu mexanizmis 3minu GUIbOMY CMPIIU GUKTUKAHI NOWKOONCEHHAM 3Y018 3y0uac-
moi petiku, WapHipHux 3 €0HAHb, NIOWUNHUKIE | AMOPMUZAMOPIS.

Buseneni necnpagnocmi mexanizmie GUHUKIU BHACTIOOK HEOOMPUMAHHS 6CMAHOBNEHUX
suMo2 woodo ix excnayamayii ma pemonmy. Ilpuuunoro deghexmie mexaniamie € nopyuienHs
pedcumy excnayamayii ma pemOoHmHUX npoyecie.

Knouoei cnosa: nopmanvruii Kpaw, HAditiHICMb, 20MOBHICIb, 8I0MO8A.

Crpeaboinbkuii Bikrop BacuiboBUY — JOLEHT, KaHAWAAT TEXHIYHUX Hayk, kadenpa Ilia-
HOMHO-TPaHCHIOPTHI MAIIMHHU Ta IHXUHIPUHT TOPTOBOT'O TEXHOJOTiYHOTO oOsnaaHanus, Oxe-
CbKHUI1 HaIllIOHATBbHUN MOPCHKHI YHIBEPCUTET.

Strelbitskyi Viktor Vasylovych — PhD, associated professor, Hoisting and transport
machines and engineering of port technological equipment, Odessa National Maritime
University.
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